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Appendix A, Section 1 

S-IC Back-up Data 

The correlations between S-IC design changes, the INT-20 requirements 
necessitating the changes, and the impact on the S-IC contract end item 
(CEI) specification are shown in Table A-1. 
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TAELF, A-1. S-IC DESIGN CHANGE/RF,QUIRE~!ENTS MATRIX 

a 

STRICTURES SUBSYSTEM CHANGES 

P3rUud Skirt 

No change required 

Oxidizer Ta& 

Add I n b a r d  suct ion f i t t i n g  
c3ver 

Delete LOX standpipe 

4 

Add support r i ng  

No c h g e  required 

L 

Inter tank Szructure 

No charge required 

m e 1  Tank 

Add inbcard f i e 1  suct  ion 
elbow covers 

Add i n b a r d  LOX tunnel 
cover 

-. Revise base gores 

Revise instrumentat ion 
cover 

l o  change required 

.i 

CHANGE DESCRIPTION 
REFERENCE (~5-17009-2) 

4.2.2.1.a.1 
~ -- 

4.2.2.1.a.2 

4.2.2.1.a.2 

4.2.2.1.a.2 

N/A 

N/A 

4.2.2.l.a.4(a) 

4.2.2.l.a.b(b) 

4.2.2.l.a.4(c) 

4.2.2.l.a.4(d) 

SVPWRTING DATA 
REFERENCE (D5-17009- 3, 
APPENDIX A )  

2.1.2.2 

2.1.3.l.b 

2.1.3.1.a 

2.1.3.1.a 

2.1.3.2 

2.1.4 

2.1.5.1 

2.1.5.1 

2.1.5.2.c 

- 

2.1.5.2 

INT- 20 REQUIRl3IENT 

Revised loads  and environment 

No. 5 engine LOX duct de le ted  

Standpipe not required 
( cos t  reduct ion)  

Provide cruciform support and 
maintain e x i s t i n g  bulkhead 
f i t t i n g  geometry 

Revised tank loads and 
environment 

-- 
Revised loads  and environment 

No. 5 engine f u e l  suct ion 
ducts  deleted 

No. 5 engine LOX suct ion duct 
deleted.  Cover f o r  persgnnel 
sa fe ty  and t o  construct  gas flow 

Increased hoop c~mpress ion  1  ads 

Relief pressure switch added fo r  
revised prepressurrizat i3n schedule 

Revised tank loads and e n v i r ~ m e n t  

CEI SPECIFICATIONS IMPACT 
( m 1  PARAGRAPH) 

3.1.1 F'unctional Charac ter i s t ics  
3.1.1.1.1 Support and bgost 3f upper vehicle  
3.1.2.8.3 Temperature and pressure 
3.1.2.8.4 Aerodynamic and s t  l-uc t u r a l  l c~ads  
3.2.1 In t e r f ace  requirements 

3.3.1.2.1.2 Oxidizer tank 
3.1.1.2.1 Stage mass proper t ies  

3.1.1.2.1 Stage mass proper t ies  

3.3.1.2.1.2 Oxidizer tank 
3.1.1.2.1 Stage mass proper t ies  

3.1.2.8.3 Temperature and pressure 
3.1.2.8.4 Aerodynamic and s t r u c t u r a l  loads 
3.1.2.8.1 Vibration, a c m s t i c s  and s h ~ k  

3.1.2.8.1 Vibration, acous t ics  and shock 
3.1.2.8.4 Aerodynamic and s t r u c t u r a l  loads 

3.1.1.2.6 Fuel f i l l  and dra in  systems 
3.3.1.2.1.4 Fuel tank 
3.1.1.2.1 Stage mass p r ~ p e r t i e s  

3.3.1.2.1.4 Fuel tank 
3.1.1.2.1 Stage mass prgper t ies  

- 

3.1.2.8.3 Temperature and pressure 
3.1.1.2.1 Stage mass proper t ies  

- 

3.1.2.8.3 Temperature and pressure 
3.1.2.8.1 V ib ra t im ,  acm,~st ics  and shgck 
3.1.2.8.4 Aerowamic  and s t r u c t u r a l  lcJads 

i 



! 
TABLE A- 1 (Continued) 

D5-17009-2 

SUPPORTING DATA 
REFERF=NCE (~5-17009- 3, 
APPENDIX A) 

2.1.6.1 

- 

2.1.6.3 

2.1.7 

- 

2.1.7 

2.1.7 

STINCNIZES SUBSYSTEM CHANGES 

Thrust Structure 

Delete No. 5 engine support 
s t ruc tu re  

, + . 

Delete No. 5 engine fue l  
suc t  i ~ n  duct s u p p ~ r t  1 inks 

N o  change required 

Heat Shield 

Revise heat shield panel 
configuration 

Delete No. 5 engine flame 
cur ta in  

Revise heat shield support 
s t ruc tu re  

No change required 

! 

INT- 20 REQUIREMENT 

No. 5 engine deleted 

No. 5 engine f u e l  suct ion 
ducts  deleted 

Revised loads and environment 

No. 5 engine heat sh ie ld  
penetrat ions deleted 

No. 5 engine deleted 

S m a l l  panel support requirements 
deleted 

Revised thermal environment 

CHANGE DESCRIEION 
REFERENCE ( ~ 5 - 1 7 0 ~  9-2) 

4.2.2.1.a. 5 (e)  

4.2.2.l.a. 5 (b)  

N/A 

4.2.2.1.a. 6 

4.2.2.1.a. 6 

4.2.2.1.a. 6 

N/A 

CEI SPECIFICATION IMPACT 
(CEI PARAGRAPH) 

3.1.1 Functional c h a r a c t e r i s t i c s  
3.1.1.2.1 Stage mass proper t ies  
3.1.1.2.2.5 S t ruc tu ra l  support f o r  engines 
3.3.1.1.1.2 Engine loca t ion  
3.3.1.2.1.5 Thrust s t ruc tu re  
3.2.1 In te r face  requirements 

3.1.1.2.1 Stage mass p r ~ p e r t i e s  

3.1.2.8.1 Vibration, acous t ics  and s h ~ c k  
3.1.2.8.3 Temperature and pressure 
3.1.2.8.4 Aerodynamic and s t r u c t u r a l  loads 

3.1.1.2.1 Stage mass proper t ies  
10.1.7 S t a t i c  f i r i n g  head sh ie ld  
3.2.1 In te r face  requirements 

3.1.1.2.1 Stage mass pr3per t ies  

3.1.2.8.3 Temperature and pressure 
3.1.2.8.1 Vibration, acous t ics  and shock 
3.1.2.8.3.3 Base region 



'IABLE A- 1 (Continued) 

CEI SPECIFICATIONS IMPACT 
( CEI PARAGRAPH) 

3.1.1.2.3 Oxidizer f i l l ,  f e e d a n d d r a i n  systems 

3.1.1.2.3 Oxidizer f i l l ,  feed and d ra in  systems 
3.2.1 In te r face  requirements 
3.1.1.2.1 Stage mass p rape r t i e s  

Y 

3.1.1.2.1 Stage mass proper t ies  

3.1.1.1.4.1 Propulsion t h r u s t  t e q i n a t i m  
r 

3.1.1.1.4.1 Propulsi3n t h r u s t  t e r m i n a t i m  
3.1.2.7.2.3 Redundancies 

3.2.1 In te r face  requirements 
3 . 1 . 1 . 2 . 1  Stage Mass prope r  ties 

3.1.1.2.18.4 Data t ransmit ted 
3.1.1.2.22.2 Hardware da ta  s igna l s  

3.2.1 In t e r f ace  requirements 
3.1.1.2.1 Stage mass proper t ies  

3.2.1 In te r face  requirements 
3.1.1.2.1 S t a g e m a s s p r 3 p e r t i e s  

3.1.1.2.1 Stage mass proper t ies  

3.2.1 In te r face  requirements 

- I 

PRORTLSION/MECHANICAL 
SUBSYSTEM CHANGES 

Oxidizer F i l l  and Drain System 

No change required 

Oxidizer R e d  System 

Delete inboard LOX suction 
duct,  prevalve and PVC 

Add inboard- LOX interconnect 
spool support adapter and 
closure p l a t e s  

- Delete LOX cutoff  sensors 
a t  engine posi t ions 2, 4 & 5 

Add redundant LOX cutoff  
sensors a t  engine pos i t ions  
1 and 3 

Oxidizer Interconnect System 

Replace pos i t ion  2, normally 
closed, interconnect valve 
with duct segment (spool) 

Add temperature transducer 
in &OX interconnect system 

Oxidizer Bubbling System 

Delete bubbling l i n e  t o  
No. 5 engine 

Oxidizer f i e s su r i za t ion  System 

Delete GOX re turn  l i n e  from 
engine in te r face  t o  GOX 
manif old 

Add closure p l a t e  t o  GOX 
manif old 

Replace the  LOX tank pre- 
press  and r e l i e f  switches 
with s imi la r  switches of 
higher pressure s e t t i ng  

SUPPOKTING DATA 
REFERENCE (~5-17009- 3, 
APPENDIX A )  

2.2.2 

2.2.3.1 

2.2.3.1 

2.2.3.2 

2.2.5 

2.2.6.2 

CHANGE DESCRIPTION 
REFERENCE (D5-17009-2) 

- 

4.2.2.l.b.l(b) 

- 
1 :  

! 1 

4.2.2. l .b . l (c)( l )  

I I 

4.2.2.l.b.l(c)(2) 

4.2.2.l.b.l(d) 

I i 

4.2.2.l.b.l(d) 

INT- 20 REQUIRETmT 

Increased ul lage volume 

No. 5 engine deleted 

LOX intercannect system re ta ined  
f o r  LOX f i l l  conditioning, 
c i r cu l a t ion  and drain 

No. 5 engine LOX feed system deleted 
No. 2 & 4 engine e a r l y  cutoff  

Retain LOX depletion cutoff  l og ic  
( 2  out of 4 voting) 

Retain system performance 
cha rac t e r i s t i c s  and r e l i a b i l i t y  

To monitor system operation 

N3. 5 engine deleted 

- 

To meet F-1 engine s t a r t  NPSH with 
increased u l lage  required f a r  INT- 
20 1.25:l t h rus t  t o  weight r a t i o  



TABLE A- 1 (Continued ) 

-;-* . . ,  '. 

IN'r-20 F3QUIREMENT 

Increased ul lage volume 

No. 5 engine deleted 

SUPPOliTING DATA 
REFEFBNCE (~5-17009-3, 
APPENDIX A )  

2.2.7.1 

2.2.7.2 

2.2.7.3 

2.2.7.3 

2.2.7.4 

2.2.7.4 

2.2.8.1 

2.2.8.2 

CEI SPECIFICATIONS IMPACT 
(CEI PARAGRAPH) 

3.1.1.2.6.1-1 Fuel loading measurements 
3.1.1.2.1 Stage mass p r ~ p e r t i e s  

3.1.1.2.6 F'uel fill, f e e d a n d d r a i n  systems 
3.2.1 In t e r f ace  requirements 
3.1.1 2.1 Stage mass proper t ies  

3.2.1 In te r face  requirements 
3.1.1.2.1 S t a g e m a s s p r o p e r t i e s  

CHANGE DESCRIPTION 
REFEmCE (~5-17009- 2) 

4.2.2.l.b.2(a) 

4.2.2.l.b.2(b) 

4.2.2.l.b.2(c) 

- - 

:- 
- 

4.2.2. l .b .2.(~)  

4.2.2.1.b. 3(a) 

4.2.2.l .b.3(c)(l)  

PROPULSION/MECIIANICAL 
GuBsySTEM CEIANC;ES 

Fuel Fill and Drain System 

Lengthen fbel loading probe 

Awl Fked System 

Delete a l l  inboard fue l  
feed cmponents (ducts, - 
prevalves, PVC) frm fuel 
tank elbow t o  engine in te r face  

Fuel Pressurizat ion System 

Delete helium aupply and 
r e t u r n  preesurizat ion ducts 
f r a n  h e l i m  manifold t o  
engine in te r face  

Add closure p l a t e  at helium 
manifold 

%size helium flow control  
o r i f i c e  p l a t e s  

4 

Increasetheprepressurization 
r e l i e f  pressure switch s e t t i n g  
and add a r e l i e f  pressure 
switch with a higher se t t ing .  
Replace r e l i e f  valve with 
ex i s t i ng  s imi la r  valve which 
has a higher mechanical r e l i e f  
pressure s e t t i n g  

Control Pressure -System 

Delete cont ro l  pressure 
system components f o r  No. 5 
engine prevalves and No. 2 
interconnect valve 

Turbopump LOX Sea l  Purge System 

Delete LOX s e a l  purge l i n e  
f r m  inboard engine interface 
t o  purge manifold 

LC- 

To meet F-1 engine start NPSH 
and tank s t r u c t u r a l  requirements 
during f l i e h t  

Increased u l lage  f o r  1.25 : 1 
t h r u s t  t o  weight r a t i o  

No. 5 engine LOX and f i e 1  feed 
system deleted 
No. 2 interconnect valve deleted 

No. 5 engine deleted 

3.1.1.2.1 S t a g e m a s s p r o p e r t i e s  

3.2.1 In t e r f ace  requirements 

- 

3.1.1.2.1 Stage mass proper t ies  

3.2.1 In te r face  requirements 
3.1.1.2.1 Stage mass p r ~ p e r t i e s  



TABLE A- 1 (Continued) 

No. 5 engine deleted 

' PROIZTLSIOFT/MECW~ICAL 
SUBSYSTEM CBI:GES 

LOX Dome and GG Purge 

Delete LOX dome and GG 
purge l i n e  from inboard 
engine in te r face  t o  purge 
manif old 

Engine Cocoon Condit ioning Furge 

Delete condit  ioning purge 
l i n e  frgm inboard engirie 
in te r face  t o  manifold 

Thrust OK Checkout 

Delete CALIPS l i n e   fro^ 
inboard engine interface t o  
manif o ld  

Thrust Chamber Pref ill 

Delete p r e f i l l  l i n e  f r m  
inboard engine interface t o  
manif o ld  

POGO Suppression 

Delete POGO suppress ion 1 ine 
from inboard engine interface 
t o  manifold 

Fluid Power System 

3.2.1 In te r face  requirements 
3.1.1.2.1 S t a g e m a s s p r o p e r t i e s  

CHARGE DESCRIPTION 
REFEP3:CE (~5-17009-2) 

4 .2 .2 . l .b .3(~) (3)  

4 .2 .2 . l .b .3(~) (4)  

4.2.2.l.b. 3 (c ) (5 )  

4 .2.2. l .b .3(~)(6)  

4.2.2.1.b. 3 (c ) (7 )  

SUPPORTING DATA 
RJ3FERENCE (05-17009- 3, 
APPENDIX A )  

2.2.8.2 

2.2.8.2 

2.2.8.2 

2.2.8.2 

2.2.8.2 

Delete inbcard engine 
hydraulic supply and return 
l i n e s  from inboard en,' 11le 
in te r face  t o  manifolds 

Add closure p l a t e s  t o  r e n i f ~ l d s  

Thrust Vector Control 

No change 

Engine and Related Compgnents 

Delete inbcard engine, l ~ o s e  
equipment, thermal insulzt  ion, 
s t a t i c  f i r i n g  a2 p = ~ e ,  engine 
attachment and suppart hardware 

T 

2.2.8.4 

> 

4.2.2.1.b. 4 (a)  

4.2.2.l.b.4(b) 

4.2.2.1.b. 5 

INT- 20 REQUIRE3BNT 

No. 5 engine deleted 

No. 5 engine deleted 

No. 5 engine deleted 

No. 5 engine deleted 

No. 5 engine deleted 

CEI SPECIFICATIONS IMPACT 
(CEI PARAGRAPH) 

3.2.1 In te r face  requirements 
3.1.1.2.1 Stage mass proper t ies  

3.2.1 In t e r f ace  requirements 
3.1.1.2.1 Stage mass p r ~ p e r t i e s  

3.2.1 In t e r f ace  requirements 
3.1.1.2.1 S t a g e m a s s p r g p e r t i e s  

3.2.1 In te r face  requirements 
3.1.1.2.1 Stage mass proper t ies  

3.1.1.2.1 Stage mass proper t ies  

INT-20 conf igurat  ion - 
4 engine S - I C  

3.1.1 F u n c t i ~ n a l  cha rac t e r i s t i c s  
3.1.1.2.1 Stage mass propert ies  
3.2.1 In te r face  requirements 
3.3.1.1.2 Engine loca t ion  



mBLE A - 1  (Continued) 

t CEC and add Minimize I .U.  impact and f a c i l i t a t e  In te r face  requirements 

Center engine deleted 

sequenced engine To avoid exceeding s t r u c t u r a l  

"G" l i m i t  engine 

3.1.2.7.2.3 Redundancies 

Provide reverse sequence Provides optimum performance f o r  3.1.1.1.4.1 Propulsion th rus t  t e r m i n a t i ~ n  
engine cutoff  s ing le  engine cu tof f  

Revised prepressurizat ion schedule 

No change required 

CEI SPECIFICATIONS IMPACT 
(CEI PARAGRAPH) INT- 20 FtJ3QUIREMENT 

Revise d i s t r i b u t i ~ n  t c ~  accommodate 
c i r c u i t r y  changes . 

SLTPPOKTDJG DATA 
REFEFENCE (D5-17009-3, 
APPENDIX A )  

2.3.1 

L 

ELECTRICAL/ELF:CTRONIC 
ISUBSYSTEM CHANGES 

Rmer Generation & Dis t r ibu t ion  

No change required 

S.IC/&ZVB In te r face  

CHANGE DESCRIPTION 
REFERENCE (~5-17009- 2) 

RIA 



UBLE A- 1 (Continued) 
- 

Separation & Ordnance System 

No change required Increased U a g e  

Deactivate 39 measurements 

E l e c t r i c a l  Network 

Revise d i s t r i b u t o r  wiring To implement system changes with 

r e v e r s i b i l i t y  



D5-17009-2 

A P P E N D I X  A, S E C T I O N  2 

S - I C  B A C K - U P  D A T A  

2.0 DESIGN DATA, TRADES A N D  RATIONALE 

2.1 STRUCTURES SUBSYSTEMS 

2.1.1 Loads and Environment 

Thz loads and environment used i n  establishing and evaluating the S-IC stage 
baseline structural configuration defined i n  D5-17009-2, Section 4.2.2,l.a are 
included i n  this section. The applicable rationale and assumptions are also shown. 
This data encompasses and supplements the vehicle technical data included i n  
D5-17009-2, Section 4.1. 

2.1.1.1 Stage Shear 

Thz baseline INT-20 vehicle ground wind shear distribution i s  shown in  D5-17009-2, 

FIGURE 4.1.6.2-I*. The ground wind shear for the S-IC stage corresponding to a 99. gO/O 
pre-launch wind was conservatively assumed to act for a l l  INT-20 conditions. 

2.1.1.2 StageMoment 

The baseline INT-20 vehicle bending moment distribution for ground wind, max qoc, 
on pad, rebound, and maximum acceleration conditions are shown i n  FIGURE 4.1.6.2-2", 
FIGURE 4.1.6.3-5*, TABLE 4.1.6.2-I*, TABLE 4.1.6.2-111 and TABLE 
4.1.6.3-111* of D5-17009-2, respectively. 

2.1 .I .3 Stage Longitudinal Force 

The baseline INT-20 vehicle longitudinal force distribution for on pad, rebound, 
max q d ,  and maximum acceleration conditions are shown in FIGURES 4.1.6.3-3* through 
4.1.6.3-7 of D5- 17 009-2. These values a r e  based on acceleration data developed 
during the Phase I study effort. The revised accelerations developed during Phase I1 
per FIGURE A-23 w i l l  change these values slightly. However, the impact w i l l  not 
be significant for this study. 

2.1.1.4 StageCombinedLoads 

a. Compressive loads 

The combined compressive loads per I inear inch of stage circumference 
due to moment, longitudinal force and minimum tank ullage pressure are 
calculated i n  TABLES 4.1.6.2-1, 4.1.6.2-III, 4.1.6.3-1 and 4.1.6.3-111 of D5-17009-2. 
Values are shown for on pad, rebound, max q ~ ,  and maximum acceleration 
conditions. The maximum combined ultimate compressive loads are shown 
in D5-17009-2, FIGURE 4.1.6.3-1. 



2.1.1.4 (Continued) 

b. Tension loads 

The combined tension loads per linear inch of stage circumference due 
to moment, longitudinal force and maximum tank ullage pressure are 
calculated i n  TABLES 4.1.6.2-11, 4.1.6.2-IV, 4.1.6.3-11 and 4.1.6.3-IV o f  D5-17009-2. 
Values are shown for on pad, rebound, max and maximum accelera- 
t ion conditions. The maximum combined tension loads are shown i n  
D5-17009-2, FIGURE 4.1.6.3-3. 

a. Baseline f l ight pressures 

S-IC propellant tanks w i l l  be subiected to higher f l ight pressure loadings 
on INT-20 than on Sat V. The reason being that INT-20 w i l l  experience 
higher acceleration due to the reduced vehicle weight and relatively 
higher propellent levels during f l ight due to the lower four engine burnrate. 
The tanks do however have a margin of safety for Sat V pressures. Con- 
siderable effort was extended during the Phase I and Phase II study efforts 
to  assure that the increased baseline INT-20 pressures would not exceed 
the capability. 

The Phase I tank pressure studies were based on simplified analysis methods 
which did not include a l l  engine performance characteristics or 3-Sigma 
dispersions. The techniques used would generally be adequate for a pre- 
liminary design. The Phase I analysis d id show the actual tank pressures 
very close to the capability; therefore in  consideration of the impact of a 
possible tank redesign i t  was decided that a detailed tank pressure evalu- 
ation was warranted during the Phase I1 act iv i ty.  

Saturn V methods and computer programs were used for the Phase I I 
INT-20 tank pressure study. The technique consists of a series of 
iterations involving ullage pressures, performance parameters, propellant 
levels, and structural and systems capabilities. The result i s  a combin- 
ation of ullage pressure schedules, propellant loads, accelerations and 
other parameters based on the stage capability. Two iterations were 
performed for INT-20. These iterations are discussed i n  the following 
paragraphs : 

1. First iteration 

(a) First iteration stage performance 

The Mark V I I  A computer program used for Sat V was modified to 
simulate an I NT-20 vehicle with a l i f to f f  acceleration of 1.25 g's 
and a 2-2 engine cutoff sequence l imit ing the vehicle acceleration 



2.1.1.5 (Continued) 

(a) to 4.68 g's at  cutoff of  each engine pair. The 1.25 g acceleration 
after completion of the slow release (.625 seconds after hold down 
arm release, HDAR) determined the total propellant load. The pro- 
pel lant loads (T = -7 seconds) considered are presented in TABLE A-1 1. 
The first stage dry weight used was 256,620 pounds and the total upper 
stage weight used was 405,837 pounds. 

The following assumptions were included i n  the Mark VI I  A simulation: 

(1) Rocketdyne F-1 engine tag values (1522 K Nominal, 
1544 K at HDAR). 

(2) Standard F-1 engine tag value climb out. 

(3) Two degree engine cant after 20 seconds of f l ight. 

(4) Sat V Lox and Fuel Tank ullage pressure schedules 
( i t  was determined that revised schedules for INT-20 
would have no significant impact on the Mark V I I  A 
ru n) . 

(5) Gradual release mechanism after hold down arm release. 

(6) Depletion and timer cutoff systems presently used on Sat V. 

The following three different cases were simulated with i n  the 2-2 
cutoff sequence. TABLE A-1 1 shows propellant loads, load levels, 
u l  lage volumes, and propel lant densities for each case. 

(1) Case 1: First pair cutoff by timer at 137.325 seconds 
and 4.31 g's. Second pair cutoff by timer a t  219.25 
seconds and 4.31 g's. 

(2) Case 2: .First pair cutoff by timer at 137.325 seconds 
and 4.31 g's. Second pair cutoff by Lox depletion a t  
216.098 seconds and 4.496 gas. 

(3) Case 3: First pair cutoff by timer at  137.375 seconds 
and 4.31 gls,second pair cutoff by fuel depletion a t  

214.884 seconds and 4.496 g's. 

AI  I timer cutoff accelerations were l imited to 4.31 gls because of a 
+ 3-sigma acceleration band of 2 0.37 g's estimated from timer cutoffs - 
of the S-IC stages. This w i l l  l imit  the INT-20 acceleration to 4.68 g's 
up to the improbable event of a N . 3 7  g acceleration over nominal at  
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the time of timer cutoff. Similarily, the Lox and fuel depletion 
cutoffs of the second pair of engines were I im ited to 4.496 g ' s  because 
of the + 3-sigma acceleration band of 20.184 g ' s  estimated from level 

cutoffs of the S-IC stages. This w i l l  l imit  the INT-20 vehicle accelera- 
t ion to 4.68 g's up to the improbable event of a +3-sigma acceleration 
of 0.184 over nominal at the time of a depletion cutoff. 

Time history plots of INT-20 vehicle mass, vehicle thrust, acceleration, 
altitude, velocity, and propellant levels resulting from the first iteration 
MarkV114 computer run for the three cases mentioned above are shown 
in  FIGURES A-1 thru A-1 1. Acceleration and propellant level 3-sigma 
dispersions estimated for INT-20 based on S-IC dispersion studies are 
also shown where applicable. The altitude and velocity data are subject 
to possible revisions by a more comprehensive 6-D trajectory program. 

(b) First iteration u l  [age pressures 

The Lox and Fuel ullage pressures for INT-20 have been increased over 
Sat V values for engine start and during early f l ight (to T + 50 seconds) 
because of NPSH requirements due to reduced INT-20 propellant heads. 
The INT-20 ul lage pressures (PSIA and PSIG) and the ambient pressures 
are shown i n  FIGURES A-12 thru A-16. The revised pressure schedules 
and systems changes are discussed in detail i n  D5-17009-2, Section 
4.2.2.l.b.l.(d) and 4.2.2. l .b .2(~)  and Section 2.2.6 and 2.2.7.4 of 
APPENDIX A. 

(c) First iteration total pressure 

Total tank pressure i s  a combination of ullage pressure, l iquid head 
and acceleration. Three-sigma dispersion l iquid head and acceleration 
effects are taken into account b y  considering the worst of the following 
three possibilities: 

(1) Nominal l iquid head and acceleration 

(2) +3-Sigma Liquid head and -3-Sigma Acceleration 

(3) -3-Sigma Liquid'head and +3-Sigma Acceleration 
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Total INT-20 maximum tank bottom pressures for the first iteration ullage 
pressures and the three first iteration performance cases were calculated 
to be as shown below: 

* Capabil i ty = 59.6 PSIG 

LOX TANK 

Nominal 
+3 -6Liquid Level 
-3 -6 Liquid Level 

* Capabil i ty = 49.3 PSlG 

MAXIMUM PRESSURE (PSIG)" 

FUEL TANK 

Nominal 
+3 - 6 Liquid Level 
-3 -6Liquid Level 

As indicated above, the first iteration Lox tank bottom pressure would 
exceed the capabil i ty for Cases I and I l l .  The fuel tank capability 
wou Id be exceeded for Case II. These results, however, serve as a basis 
for determining requirements for the second tank pressure study iteration. 

CASE 1 

60.2 
59.2 
59.5 

Lox and fuel first iteration tank pressure envelopes, bottom pressures 
and lower tangent point pressures for performance Case I with maximum 
ullage pressures and a l  l other parameters nominal are shown in  FIGURES 
A-17 thru A-22. 

-7 
I 

MAXIMUM PRESSURE (PSIG)* 

Second iteration 

CASE I I  

59.1 
58.3 
59.1 

CASE 1 

48.8 
48.7 
48.2 

Evaluation of tank bottom pressures for the three performance cases con- 
sidered for the first iteration indicated that acceptable tank pressures could 
be obtained i n  both tanks by revising the Case I propellant load. For the 
second iteration, 14300 pounds of fuel was added and 26200 pounds of Lox 
was subtracted from the Case I propellant load. The S-IC dry weight was 
increased by 8500 pounds for the second iteration to reflect the later 
baseline INT-20 configuration definition. 

- 
CASE I l l  

60.8 
59.6 
61 .O 

I 

CASE II 

50.3 
50.2 
50.1 

CASE I l l  

48.1 1 
48.2 
47.4 i 
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2.1.1.5 (Continued) 

2. For the second iteration, i t  was assumed that a timer cutoff based on 
real time acceleration inputs from the I U would be used for both engine 

pairs to significantly reduce the 3-sigma cutoff acceleration variation. 
I t  was assumed that this mode would allow a 4.68 g l imit  at cutoff for 

nominal and 3-sigma conditions. 

(a) Second iteration stage performance 

A second Mark V I  I A computer run was not considered necessary 
due to the preliminary nature of this study. The second iteration 
modifications were incorporated by extrapolating from the first 
iteration Mark VI I  A run. Only one case was considered. 
Propellant loads (T = -7 seconds) for the second iteration were as 

fol lows: 

Lox Load = 3,019,780 Lbs. 
Lox Level = STA 1 4 1 7 2 4  
Lox Ullage = 11.2% 
Fuel Load = 1,328,118 Lbs. 
Fuel Level = STA 65622 

FuelUl lage = 9.9% 

Time history plots of second iteration propellant levels and acceleration 
are shown in  FIGURES A-23 thru A-25. Three-sigma dispersions are 
also shown. 

(b) Second iteration ullage pressures 

The ullage pressures were not changed for the second iteration. The 
first iteration pressures shown in FIGURES A-12 thru A-16 also apply 
for the second iteration. 

(c) Second iteration total pressure 

Total second iteration maximum tank bottom pressures were calculated 

to be as shown below. The 3-sigma dispersion impact was considered 
in  the same manner as for the first iteration. 

LOX TANK M A X  PRES (PSIG)" 

Nominal 
+3 +Liquid Level 
+3 +Liquid Level 

* Capability = 59.6 PSlG 

A-47 
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FUEL TANK M A X  PRES -- (PSIG)* 
Nominal 
+3 +Liquid Level 
-3 -6 Liquid Level 

As indicated above, the second iteration Lox and Fuel Tank pressures 
are within the structural capability for the INT-20 baseline mission. 
However, l i t t le  f lex ib i l i ty  in  varying parameters which could increase 
tank pressures exists for INT-20. This situation i s  discussed further in  the 
following paragraph: Second iteration nominal Lox and Fuel Tank bottom 
pressures versus time are shown in  FIGURE A-26. 

b. Reduced payload f l ight pressures 

The margins of safety in  the propellant tanks due to tank bottom pressures 
during f l ight are very small for the baseline INT-20. For this reason, 
caution must be exercised when considering optional missions and payloads which 
would increase cr i t ical  accelerations and propellant levels such that the tank 
pressure capabil ities would be exceeded. 

1 . Big G and retrofit payloads 

The baseline Big G and retrofit missions have smaller payloads than the 
INT-20 baseline. The reduced payloads are compensated for by S-IC 
propellant ballast i n  order to maintain a 1.25 thrust to weight ratio a t  
l i f to f f .  Because of the INT-20 tank pressure restrictions, these missions 
were investigated to determine the impact of the added propel lant bal last 
on tank pressures. 

For the retrofit mission, 6600 pounds of propellant ballast w i l l  be added. 
For the baseline Big G mission, the payload w i l l  be reduced by 14,706 
pounds. However, 10,050 pounds w i l l  be compensated for by the LES 
and only 4656 pounds by  additional propellant ballast. Inspection of the 

resulting additional l iquid heads (less than 1 inch) indicated that the S-IC 
could accommodate the additional propel lant ballast for retrofit and baseline 
Big G missions. The maximum resulting tank bottom pressures (3-sigma 

dispersions considered) are 49.3 PSI and 59.6 PS l i n  the fuel and Lox tanks, 
respectively. 

2. Other reduced payloads 

For large payload reductions (greater than about 7000 pounds) compensative 
variation in  parameters other than increased thrust to weight ratios or 
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2. additional S-IC propellant ballast must be used to avoid exceeding tank 

capabilities. This point i s  illustrated i n  FIGURE A-27 which shows that 

capabilities would be exceeded in  both tanks i f  compensative propellant 

ballast (82000 pounds with 30% in  fuel tank and 70% in Lox tank) were 

added for a 50000 pound payload mission. A similar situation would 
result i f  the same mission were flown with no compensative ballast and a 
higher thrust to weight ratio because relative higher accelerations would 

be incurred. 

Final resolution of the tank pressure restrictions for small payloads i s  
outside of the scope of this study. However, several alternatives were 

considered and are listed below: 

(a) Reduce ullage pressure 

Reduction i n  ullage pressures was determined to be technically 
undesirable. (See Szction 2.2.6.2 of APPENDIX A). 

(b) Cutoff first engine pair early 

This alternative has potential but would require a detailed investigation 

to establish correlation between payload capability and acceptable tank 
pressures. 

(c) A l  low 1.25 factor of safety 

Th is  i s  possible as potential reduced payload missions could be high 
energy, unmanned missions. 

(d) Add dead weight ballast 

Additional dead weight ballast for small payloads would entail a 
significant design effort. 

(e) Redesign tanks 

Tank redesign for increased aft  bulkhead pressure capability would 

necessitate an increase in hydrostatic proof pressure which would impact the 
design conditions for other tank components or require change in  hydro- 
static test procedures. 

(f) Add ballast to upper stages 

This would impact S-IV B requirements. 
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(g) Re-Orifice F-1 engine to reduce thrust 

A Mark V l l  A computer run was made for a 50000 pound payload 
and a reduced thrust as required to maintain a 1.25 thrust to weight 
ratio. A l l  other parameters were the same as for the second iteration 
pressure studies. The resulting maximum Lox and fuel bottom pressures 
were not significantly reduced. 

c .  Rebound and l i f to f f  tank pressures 

The maximum tank pressures for these conditions occur a t  the apex of the lower 
bulkheads. Pressures on the lower heads are a combination of dynamic pressure, 
static head pressure due to propellant level, and ul lage pressure. Lox and Fuel 
Tank l i f to f f  and rebound pressures are shown in TABLE A- I l l .  The values 
shown are for the first iteration pressure study. Corresponding values for the 
second iteration study were not calculated because of the adequate first 
iteration margins o f  safety. 

d. Tank hoop compression loads 

The S-IC propellant tank lower bulkheads are subject to hoop compression 
loads during f i l l  and towards the end of flight. The bulkheads are relatively 

f lat  near the apex such that, when the l iquid level i s  low and acceleration i s  

high, the bulkheads tend to compress i n  the upper area as shown in  FIGURE 
A-28. Liquid head, acceleration and ullage pressure, which are the con- 
tributors to hoop compression loads, are shown for INT-20 i n  FIGURES A-23, 
A-24, A-25, A-73and A-76. The net hoop compression loads are higher 

for INT-20 than for Sat V. 

2.1.1.6 Vibration and Acoustic Loads 

The maximum INT-20 acoustic environment w i l l  be less than the corresponding 
Sat V environment as shown in FIGURE 4.1.3.1-I*. Component vibration is basically 
proportional to the acoustic excitation. Therefore, INT-20 vibration and acoustic 

loads w i l l  be less for INT-20 than for Sat V. 

2.1.1.7 AccelerationLoads 

INT-20 Vehicle acceleration versus f l ight time i s  shown in  FIGURE A-23. INT-20 

acceleration w i l l  be relatively higher than for Sat V. 

2.1.1.8 Slosh Loads 

Propellant slosh loads are influenced by lateral vehicle acceleration. The pre- 

dicted maximum lateral acceleration for INT-20 (0.21 g ) i s  less than that used for 
Sat V slosh loads calculations ( 0.50g). INT-20 slosh loads w i l l  therefore be 
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be less than for Sat V.  

2.1.1.9 Aerodynamic Loads 

The only increased aerodynamic loading for INT-20 w i l l  be a negative lateral 
aerodynamic pressure on the forward skirt due to the conical shaped S-IVB A f t  
Interstage. FIGURE A-29 shows the aerodynamic pressure distribution along the 
INT-20 vehicle and illustrates the spike at the S-IC,/S-IVB interface. 

2.1.1.10 Forward Skirt Temperatures 

INT-20 thermal data and comparative INT-20 and Sat V thermal responses of the 
forward skirt skin and hat sections are shown in  FIGURES A-30 thru A-35. 
Temperature gradients are shown for the clean body areas and the region of max- 
imum protuberance heating. The forward skirt was assumed to be uninsulated and 
painted black. The INT-20 temperature data was calculated using existing Sat V 
computer programs with INT-20 trajectory data. The Sat V temperature data 
shown i s  the most recent published data for AS-51 1. The forward skirt temperatures 
are in  general approximately 5 0 ' ~  higher for INT-20 than for Sat V. 

2 , l .  1 .11 Base Heat Shield Temperatures 

The base heat shield thermal environment established for I NT-20 i s  expected to be 
close to actual and only moderately conservative. The INT-20 incident radiation 
i s  shown in  FIGURE A-36. I t  was based on AS-504 which flew a similar trajectory. 
During the first 100 seconds of f l ight the level was increased over AS-504 data 
because deletion of the center engine increases the form factor to the center of the 
heat shield. After recirculation becomes established this effect w i l l  be negated by 
the ful ly expanded plume and the forward flow of burning exhaust cases. Some 

conservation was included since the four engine plume w i l l  have less total energy 
than a f ive engine plume. Gas recovery temperatures established for INT-20 

(FIGURE A-37) are maximum Sat V fl ight data with 5 0 ' ~  added after T + 80 
seconds. The convective coefficient of heat transfer for INT-20 (FIGURE A-38) 

i s  the current S-IC design curve which has worked wel l  in  f l ight reconstructions. 

A l l  three environment figures were correlated with altitude to account for trajectory 
differences between INT-20 and Sat V. The radiant level and convective 

coefficient were reduced by one-half at the first two engine cutoff. 

The time-temperature history of a typical section of the heat shield when subiected 
to INT-20 thermal environment i s  shown in FIGURE A-39. Comparitive Sat V 
(AS 51 1) values are shown in FIGURE A-40. A cross-section of the heat shield 
panel showing the points of interest i s  illustrated in FIGURE A-41. Bondline and 

forward surface temperatures run higher on later S-IC stages (AS 510 and on) due 
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to the use of FTA-442A heat shield material which has more strength but less thermal 
resistance than the M31 material used on early S-IC stages. INT-20 temperatures 
are also increased over Sat V values due to the longer run and soak time. 

Time - temperature data for the heat shield attach points and back up structure for 
INT-20 and comparative Sat V values (AS 51 1) are shown in  FIGURES A-42 & A-43, 
respectively. A cross-section view with points of interest indicated i s  shown in 
FIGURE A-44. 

2.1.1.12 Cutoff and Separation Loads 

a. Cutoff 

A simulation of the INT-20 vehicle during final two engine shutdown was run. 
The thrust decay curves taken from AS 505 fl ight data were assumed to be 
representative for I NT-20. The resulting INT-20 accelerations were found to 
be less severe than the corresponding values for AS 505 outboard engine cutoff. 
A t  no point d id any acceleration induced by the decay transient exceed the 
steady state acceleration level prior to shutdown. 

b. Separation 

The loading effects of propellant residuals impacting upon the forward tank 
bulkheads during separation w i l  l be different for INT-20 than for Sat V because 
of the increased INT-20 residuals and the 2-2 INT-20 engine cutoff sequence. 
TABLE A-IV i s  a comparison of the factors which relate to this condition. 

The analysis required to accurately determine the resultant bulkhead loads i s  

outside the scope of this preliminary study because of the complexity of the 
impact phenomenom . A simpl i f ied assessment performed for this study indicated 
that the cr i t ical  resultant bulkhead loads for INT-20 with four retro-rockets 
would be slightly higher than for Sat V but would probably be acceptable. A 
factor of safety less than 1.4 could result but a reduced factor was considered 
acceptable after separation. Preliminary indications are that the INT-20 
bulkhead loads resulting i f  eight retro-rockets were used would be significantly 
greater than Sat V loads and could be un-acceptable. A simple test i n  which 
a scaled-down model of the tank bulkhead i s  subjected to f luid impingement 
would be required for a detailed analysis in  order to establish hydro-dynamic 
parameters. 

2.1.2 Forward Skirt 

Refer to D5-17009-2, Section 4..2.2.l .a. 1 for the baseline forward skirt configu- 
ration definition. 
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2.1.2.1 S-IC/S-IVB Interface 

a. Discussion 

McDonnel l Douglas was assigned responsibility for selecting the S-IC/S-IVB 
interface configuration by the program manager during the study proposal 

act iv i ty .  The reason being that the S-IC i s  handled from the forward skirt 
and hence required configuration changes would probably be more cost 
effective i f  made to the S-IVB. The objective of our study effort was to 
establish a basis upon which to build a coordinated Boeing/McDonnell 
Douglas interface definit ion and implementation plan and to establish pre- 
l iminary configurations which could be used by Michoud Engineering for 
evaluation. 

In order to evaluate potential S-IC/S-IVB interface configurations, i t  was 
necessary to identify the existing Saturn V configuration of both stages i n  
the interface area. The configurations are shown in FIGURE A-45. Basically, 

the interface areas of both stages are similar i n  that they are made up of 
built-up rings consisting of inboard and outboard chords, webs, stiffeners and 
splices. The S-IC interface ring has 96 ring stiffeners, 6 chord splices and 
12 web splices. The S-IVB interface ring has 132 ring stiffeners and 6 frame 
splices. There are 216 1/2 inch diameter interface bolts on a 199.17 radius 
bolt  circle and 288 3/8 inch diameter interface bolts on a 196.875 radius for 
the existing S-IC and S-IVB, respectively. The S-IC has 216 forward skirt 
skin stringers while the S-IVB has 144 af t  interstage skin stringers. There are 
four retro-rocket adapters on the S-IVB in the interface area. The S-IC has 
three alignment p in receptacles. 

b. Trades 

Several S-IC/S-IVB interface alternatives were studied and coordinated 
between Boeing and McDonnel l Douglas. 
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1 . Continuous Adapter Ring 

(D5-17009-2, FIGURE 4-1) 

2. Modif ied Direct lnterface which uses a modification of the existing S-IC 

interface bolt  pattern consisting of 130 1/2 inch diameter bolts and 28 3/8 

inch diameter bolts (D5-17009-2, FIGURE 4.2.2.1-2 and McDonnell Douglas 
Drawing lT16648.) 

3. Increased Modif ied Direct lnterface which uses a modification of the 
existing S-IC interface bolt  pattern consisting of 192 1/2 inch diameter 

bolts (FIGURE A-46.) 

4. Segmented, Non-Continuous Adapter Ring (McDonnel l Douglas Drawing 

lT16648.) 

5. Compatible Direct lnterface which uses an interface bolt pattern compatible 
with the existing bolt  patterns of both stages. I t  consists of 66 1/2 inch 

diameter bolts and 84 3/8 inch diameter bolts (Mc Donnel l Douglas 
Drawing IT 16648). 

A l l  of the above methods were evaluated from cost, manufacturing and structural 
viewpoints. Two of the methods were determined to be the most feasible. They 

are the continuous adapter ring (Method 1) and the modified direct interface 

(Method 2). 

The increased modified direct interface (Method 3), with 192 1/2 inch diameter 
bolts, has more structural capability than the Method 2 configuration. However 

preliminary analysis indicated the additional capabil i t y  was not required for 
INT-20 loads. The non-continuous adapter interface (Method 4) has less capa- 
b i l i t y  than the continuous adapter ring and was determined not acceptable from a 
structural standpoint. I t  would also probably require a restraining storage fixture 

for the components. The compatible direct interface (Method 5) could be used 
after the existing bolt  patterns were dri l led in  each stage. However, this method 

i s  undersirable because of the preponderance of unused holes and the close prox- 
imity of holes to structural features. In addition, retrofit and conversion to add 

the compatible interface holes would require the S-IC work to be performed in  the 
Michoud VAB or at KSC. 

c. Selected interface description 

Method 1 (continuous adapter ring) was selected for the retrofit and baseline 
configurations. Method 2 (modified direct interface) could be used as an 

alternate for the basel ine configuration. 
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c. Method 1 consists of adding a 5 inch deep channel adapter ring which i s  com- 

patible with the existing interfaces of both the S-IC and S-IVB. I t  w i l l  attach 
to the Saturn V interface bolt  patterns on both stages. The ring could be a 
continuous weldment or fabricated as a mechanical assembly. 

Method 2 consists of using a direct interface and modifying the existing S-IC 
interface bolt  pattern. The modified hole pattern w i l l  use 130 of the existing 
216 1/2 inch diameter S-IC bolt  locations and add 28 new 3/8 inch diameter 
bolt  locations i n  local area. The modification to the S-IC pattern was required 
to avoid interference with S-IVB ring stiffeners, splices and retro-adapters. 

The a l  ignment provisions are basically the same for Methods 1 and 2. The 
three S-IC alignment receptacles w i l l  be retained. A l  ignment pins and 
fittings w i l l  be required on the S-IVB a t  suitable locations. 

N o  modifications w i l l  be required to the S-IC handling ring for either Method 
1 or 2. For Method 1, the S-IC forward area i s  unchanged. For Method 2, 
130 of the existing handling bolt  locations remain unchanged. Prel im inary 
assessment indicates the S-IC stage for INT-20 can be handled using only 
these 130 handl ing bolts. However, additional handl ing holes could be 
added to the S-IC i f  subsequent detailed analysis indicates the necessity. 

d. Interface cost and task study 

A prel iminary Michoud operations exercise was run to determine the cost factors 
and to identify major tasks peculiar to the adapter ring and direct interface 

methods. 

1. Non-recurring operations and costs 

(a) Adapter ring 

Tooling costs for the adapter ring are estimated at $45,000 for direct 
labor and material. This includes: 

(1) Extrusion die 

(2) Stretch form tooling 
(3) Stress re1 ieve fixture 
(4) Dr i l l  fixture 
(5) Transportation do1 l y 
(6) Assembly fixture 
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(b) Direct interface 

Existing S-IC/S-II and S- IVB /S -11  interface tool masters would be used 
to generate a new S-IC/S-IVB interface control master from which trans- 

fer gages could be made for both Boeing and McDonnel l Douglas. The 
new master and transfer gages would be supplied by McDonnel l Douglas 

as both the existing tool masters are located in  California. The estimated 
cost of the new gages, dr i l l  plate fabrication and the Michoud Assembly 
fixture changes i s  essentially the same as for the adapter ring tooling. 

2. Recurring costs 

Recurring costs for six adapter ring segments i s  estimated at $2,166 using 
ro l l  forming or $2,486 using stretch forming processing. This costs includes 
the dr i l l ing of the interface holes in  the segments but does not include 
assembly of the segments into a structural ring. The cost of the hole 
dr i l l ing i s  about 50% of the total parts cost. There would be no delta 
recurring cost impact on the S-IC for the direct interface method. 

3. Other factors 

The modified direct interface would destroy reversibility in  the S-IVB af t  
frame. Retrofit or conversion of the S-IC using the direct interface would 
require removal of the handling ring. This can be accomplished only in 
the vertical position at the Michoud VAB or a t  KSC. 

4. Conclusion 

The modified direct interface method would be preferable i f  retrofit of 
existing stages was unl ikely and i f  conversion decisions could be made 
prior to dr i l l ing the interface hole patterns. These qua1 ifications l imit  
the f lex ib i l i ty  of the direct interface method. 

Although the adapter ring imposes a moderate added recurring cost, i t  
has a number of inherent advantages which relate to avoidance of potential 

costs. These advantages are: 

(a) N o  change to existing interface requirements for stage tooling, 
processing or inspection for either stage. 

(b) Retrofit and production configuration could be identical. 

(c) Flexibil i t y  of reversibil i t y  i s  maximized. 

(d) Avoids control requirements for more than one interface configuration. 

(e) Avoids revision to S-IC handling. 



2.1.2.2 ForwardSkirtStructuralAssessment 

Beam column computer programs which simulate the S-IC forward and S - l l  a f t  

structure are presently used for S-IC forward skirt analysis. The program inputs 
are column loads, section properties, material properties, thermal deflections, 

structural m isal ignments, and ring and skin spring constants. The outputs are 
internal loads, deflections and stresses. For INT-20, i t  was decided that new 
programs which simulate the S-IVB A f t  lnterstage were outside the scope of this 
study and were not necessary for a preliminary assessment of the forward skirt for 
INT-20 loads, 

The preliminary forward skirt structural assessment conducted for this study consisted 
of comparing the corresponding INT-20 and Sat V loads and extrapolating the 
impact of the INT-20 loads from the existing Sat V analysis. The contributing 
INT-20 forward skirt loads are vehicle combined axial loads, lateral aero-dynamic 
pressure, forward skirt temperature gradients and a radial kick load at  the S-IC/ 
S-IV3 interface due to the conical S-IVB Af t  Interstage. 

a. Axial  loads impact 

The forward skirt axial loads w i l l  be considerably lower for INT-20 than for 
Sat V because of the smaller upper stage and payload weights. 

The maximum combined compressive loads for Sat V and INT-20 are as follows: 

N c  (Max - INT-20) - - 2312 LB/IN (ULT) (Section 2.1.1.4, 
Appendix A) 

N c  (Max - Sat V) - - 6845 LB/IN (ULT) (S-IC-4 & ON ) 

b. Lateral aerodynamic pressure impact 

The aerodynamic pressure spike at the S-IC/S-IVB interface as discussed in  
Section 2.1.1.9 of Appendix A w i l l  produce an internal forward skirt pressure 
for INT-20 which could be as high as 6.0 PSIG. This condition does not 
exist on Sat V. The magnitude of the impact of the internal pressure was 
investigated by conservatively assuming that the 6.0 PSI pressure was 
uniformily distributed between STA 1541 and the next lower intermediate 
forward skirt ring at STA 1500. 

(1) STA 1541 impact 

The resultant radial force at STA 1541 was calculated as follows: 

H (Radial - STA 1541) = 1.4 (P) (L) 
3 
L 

= 1.4 (6.0) (41) = 172 LB/IN (ULT) 
2 
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b. (1) This induced radial load w i l l  produce the following radial 
deflection at STA 1541: 

A R =  H R' (A = STA 154 1 Fwd 
A E Skirt Ring Area) 

6 
3.7 (10 x 10 ) = .I82 inch 

(2) Skin - stringer impact 

The maximum skin-stringer deflection and moment due to the 
internal pressure were calculated as follows. Simple supports 
were assumed. 

4 
A R  = 5 WL (1.4) (b) (b = 5.76 effective Sat V 

384 E l  beam - Column width) 

= .216 inch 

= 1770 IN-LB/IN (ULT) 

c. Radial kick I w d  impact 

0 The conical S-IVB aft  interstage has a slope of 16.5 . This results in a 
radial component of the maximum combined axial compressive load of 690 
LB/IN (ULT) at STA 1541. The resulting radial deflection at STA 1541 was 
calculated as follows: 

AR = H R ~  (A  = Combined S-IVB and S-IC Ring 

A E areas) 

= 690 ( 1 9 8 ) ~  
= .435 inch 

6.2 (10 x lo6) 
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d. Temperature gradient impact 

Axial temperature gradients as discussed in Section 2.1.1 .10 of Appendix A 
produce local bending i n  the forward skirt. Maximum uninsulated Sat V (S-IC- 
4 & on) forward skirt expansion due to temperature gradient i s  .09 inch. Sat V 
thermal expansion at STA 1541 i s  .O1 inch. The estimated INT-20 expansions 
due to temperature gradient are .12 inch maximum and .013 inch at STA 1541. 
The increased INT-20 temperatures wi l l  also cause a 5% material property 
loss . 

e. Net  INT-20 forward skirt loads impact 

(1) STA 1541 

The total INT-20 forward skirt maximum axial load i s  2312 LB/IN 
(ULT). The total moment at  STA 1541 due to the above conditions 
was calculated as follows: 

Total R = .630 inch 
Max Moment = 2312 (.630) 

- - 1460 IN-LB/IN (ULT) 

The magnitude of the impact of these loads was determined by 
applying them to the leg of the S-IC interface ring outer chord 
which i s  ,375 inch thick. The following calculations show that 
the resulting stresses wi l l  be within the structural capability. 

fc = P/A = 2312 = 6150 PSI (ULT) 
.375 

fb = 6  M (M. R. = Modules of Rupture for 
V ( M .  R) Plastic bending) 

= 6 (1 460) = 44500 PSI (ULT) 

( 0 3 7 5 ) ~  (1.4) 

f (Total) = 51000 PSI (ULT) 

F (Allow) = 65000 PSI 

(2) Skin - stringer 

Maximum outboard skin-stringer deflection for Sat V (S-IC-4 & on) 
occurs at STA 1520. This location was therefore investigated for 
INT-20 loads. The outboard deflection at STA 1541 due to the 
INT-20 radial kick load was also assumed to act at STA 1520. An 
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(2) axial load induced radial deflection of .05 inch was assumed to act 
a t  STA 1520 for INT-20. This was arrived a t  by multiplying the 
rat io of INT-20 to Sat V axial loads times the total Sat V deflection 
a t  STA 1520 minus the thermal deflection. The following calculations, 
which use the beam-column properties used for Sat V analyses, show 
that skin-stringer stresses for INT-20 w i l l  be within the structural 
capability. 

/ \ R  = .821 Inch 

Max Moment = .821(2312) + 1770 

= 3670 IN-LB/IN (ULT) 

Axial  load = 2312 LB/IN (ULT) 

Effective Seam Width = 5.76 lnch 

I = .82 IN 
4 

A = 1.384 IN 
2 

= 2312 (5.76) + 3670 (5.76) (.517) 

1.384 .82 

= 23000 PSI (ULT) 

Fc (Allow) = 35400 PSI 

f. S-Ic/s-IVB interface assessment 

1. Modif ied direct interface 

A very conservative analysis of the modified direct interface bolts was 
performed to establish structural acceptability. The following assumptions 
were made! 

(a) A 3/8 inch bolt  with a 9 inch spacing was assumed crit ical. 

(b) The maximum combined tension load of 121 lb/in a t  STA 1541 
(FIGURE 4-9*,D5-17009-2) was assumed to act concurrently with the 
maximum bolt  shear. 
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(c) Ground shear of 38000 I b (Section 2.1.1 . 1  of Appendix A )  was assumed. 

(d) The total net STA 1541 radial deflection of .630 inch and the total 
S-IC and S-IVB ring areas of 6.2  IN^ were assumed to influence bolt 

shear. 

The following calculations show that the interface bolts w i l  I be structurally 
acceptable: 

Bolt Tension = 121(9) = 1090 L b / ~ o l t  

Bolt Shear = 38000 (9) + .63(6.2)(9)(10xlo6) 

'iT( 198) 1 98L 

M. S. (Conservative) 

g. Adapter ring 

The adapter ring is.50inch thick as compared to the S-IC interface ring leg 
which i s  .375 i n  thick. Since the loads for these two components w i l l  be 
approximately the same i t  i s  concluded that the adapter ring w i l l  also be 
structurally acceptable. 

2.1.3 Oxidizer Tank 

Refer to D5-17009-2, Section 4.2.2.1 .a.2 for baseline oxidizer tank configuration 
definition. 

2.1.3.1 Trade Studies 

Oxidizer tank design changes w i l l  be required in  the area of the inboard lox 
suction f i t t ing due to the deletion of the inboard lox suction duct. Trade studies 

were performed to determine whether or not to  delete the lox standpipe and to 
determine the configuration of the suction f i tt ing cover. 



2.1.3.1 (Continued) 

a. Loxstandpipe 

The primary considerations in determining whether or not to delete the 
standpipe for INT-20 were cost and ease of reversibil ity. The estimated 
cost saving i f  the standpipe were deleted i s  $10000.00. Reversibility can 
be maintained i f  the standpipe were deleted because i t  i s  designed to be 
able to be installed or removed after tank assembly. I t  was therefore con- 
cluded that the standpipe should be deleted for INT-20. 

b. Suction fitt ing cover 

Two cover configurations (D5-17009-2, FIGURE 4.2.2.1-3) were evaluated. 
Method 1 used a constant thickness flat plate. Method 2 used a flat plate 
with a floating flange of the same configuration presently used for hydrostatic 
test. Although Method 1 would be the most cost effective, stress analysis 
showed that i t  would be structurally unacceptable. Method 2, which required 
no analysis as hydrostatic proof pressures are not changed for INT-20, was 
therefore selected. 

The fitt ing computer analysis used for Sat V bulkhead fittings was used for 

the Method 1 configuration analysis. The computer runs for the two critical 

f i tt ing cross-sections are shown in  FIGURES A-47 thru A-54. The results are 
tabulated in  TABLE A-V . A general discussion of the computer program 
and the output terminology i s  contained in D5-122846, Section 6. The 
crit ical area for the Method 1 configuration was the cover attach bolts. The 
bolt  analysis i s  as follows: 

H 9 (Shear a t  bolts) 

= 4780 LB/IN (For Pressure = 59.6) 

Bolt Spacing = 1 .89 IN 

Bolt Shear = 1 .89( 1 .4)(4780) 

= 12700 L B / B O ~ ~  (ULT) 

Allowable bolt shear = 11 100 ~b/Bolt  (Min. Section) 

2.1.3.2 Oxidizer Tank Structural Assessment 

a. Lox tank skins and Y-rings 

Tank skin and Y-ring loads consist of axial loads and internal pressure. 
Crit ical conditions occur during hydrostatic proof test and flight. For 
hydrostatic test, proof pressures are unchanged for INT-20. 
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UULKHEAO F I T T I N G  STRESS ANALYSIS 

JUEl 18, 1 9 6 9  PAGE 1 
- -- -- 

---SO1 v 1 ANNULAR RIIJGSv MNHOLE, PLATE 

8 INPUT DATA 

- - . -  . .  - 

T ( S )  = 0.k620 T ( A l ) =  0 . 6 6 0 0  T ( A ~ I =  N/b- T ( A 3 ) =  N/A T(A4) :  N/A 
- T r C f i = r J i A  T ( C 2 ) =  N/A T ( P )  = 0 . 7 5 0 0  T ( H )  = h/A 

P = 57.9nO FXT L= N/A P f C l I =  tJ/A P ( C 7 ) =  N/A F = N/A 

- 
FIGURE 24-47 , -- 





BULKHEAD FITTING STRESS ANALYSIS THE BOEING COUPANY ** SATURN BOOSTFR BRANCH 

JUN 18, 1969 PAGE10 
-- - -- 

CASE NO. LLCSO1, 1 ANNULAR RINGS* MI4HOLEvPLATE 

. . 

* INFLUENCE MATRIX 

H l 0 1 )  H102) M l01 )  M(02)  t i l 0 9 )  M109) H(1O) M 170 ) CONST 
- - -- 

-2.1649E-05 9.6906E-06 -1.5743E-05 0. n. 0. 0. 0. -4.5297E-03 
- - --- - - - - - - - -- -- - - - - -- -- -- -- .. - - - - 

1.1473E-05 -1.2101E-05 0. 2.5824E-07 1.1156E-06 -2.5824E-07 0. 0. 5.0356E-03 

-1.2260E-05 0. -3.8089E-04 2.6696E-04 0. 0. 0. 0. -2.8234E-02 

-3.6346E-06 2.5824E-07 3.1606E-04 -2.8681E-04 2Z417E-06  1.0942E-06 0. 0. 2.7553E-02 

0 .  1.1156E-06 0. 2.3417E-06 -4.~732E-05 7.3755E-05 9.5160E-06 -7.6097E-05 -3.1839E-02 
-- 

0. -2.5824E-07 0. 1.0942E-06 7.3755E-05 -2.0402E-04 0. 2 .6293~-04  6.1522E-02 
- - 

0. 0. 0. 0. 9.5160E-06 0. -1.O357E-05 0. 5 .779s -05  

0. 0. 0. 0. -7.6097E-05 2.0293~-04 0. -2.2086E-04 -4.6698E-02 
-- 

* SOLUTION VECTOR 

t i lO1)  H I021  M l O l )  t'102) H(091 MI091 H l 1 0 )  Mf 1 0 )  
9.9882E 0 1  -1.8926E 02 3.3883E 0 1  -5.283lE 0 1  1.2646E 03 -7.8377E 02 1.1564E 0 3  -9.4439E 02 

* DEFLECTIONS AND ROTATIONS 

DEFLI SE)= 1.3502E-02 HOTNI SE)= -4.2158E-03 
DEFLIAlO)= 1.3502E-02 
HOTNIA10)= -4.2158E-03 
DEFLl RC)= 1.1087E-02 HOTNI RC)= -4.0219E-03 DEFLI RO)= 1.2036E-02 ROTNf RO)= -4.021%-03 
DEFLIMHP)= 1.3584E-03 

- - 

F I G U R E  A - 4 9 .  
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~ U L K H E A D  FITTIHG STRESS ANALYSIS THE BOEING CO'IPANY *+ SATURN BOOSTER BRANCH 

JUN 18, 1969 - 
C A S E N O .  LLCSOlr 1 ANNULAR RINGS0 MNHOLEtPLATE 

* SHELL m S m  AND MARGINS OF SAFETY 
- - - - -  - --- 

MERIDIONAL DIRECTION 
FIEAD)= 1.7761E 04 F (EORl= -  9.5246E 02-MSlEOl=p2.4246E 00 - 

- - 

ANNULAR RING STRESSES AND MARGINS OF SAFETY 

MERIDIONAL DIRECTION * A1 
- - - - - 

8 

* RING STRESSES AND MARGINSOF SAFETY _- - _ _ - . - - -  - - - 

HOOP DIRECTION 
FIRAD)= 1.0945E 0 4  FIROBI= -8.4966E 03 F (R IB I=  8.4466E U 3  MS(RI ]= 1.0930E 0 1  YS[ROI= 2.7930E 00 
FIEAD)= 9.5965E 02 FIEOBI= -1.4889E 03 F ( E I B I =  1.4889E 03 M S l E I ) =  1.9114E 03 MS(EO)= 3.1271E 0 1  

8 MANHOLE COVER PLATE STRESSES AND MARGINS OF SAFETY 

MERIDIONAL DERECTION 
F(PAD)= 1.5418E 03 F(POBI= 2 ~ 7 1 6 1 E ~ 0 3 M S l P O l =  1.7792E 0 1  

- -. - -- 

F I G U R E  A-50, 
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TABLE A-V. LOWER LOX CLOSURE ANALYSIS RESULTS, METHOD 1 

NOTES: 

Internal Pressure = 57.9 PSI 
Stresses are in  PSI (Limit) 
H Force in ~ ~ / l n c h  of Circumference 
M Force i n  IN-~O/lnch of Circumference 
Negative Sign Denotes Compression in  Outer Fibers 
Hq & M q  act at the Boss ~ing/Cover Plate Interface 

I 

2219 - 187 Aluminum = 

F,, = 63,000 PSI  

F ty  = 50,000 PSI  

CASE 

LLCSO 1 

- 

LLCS07 

MAX. TOT4L STRESS EXTERNAL LOAD Hq 

1265 

4647 

LOCATION 

Shell 
Annulus 

Boss Ring 
Plate 

Shell 
Annulus 

Boss Ring 
Plate 

fd 
17,761 
15,053 
10,945 

1542 

18,922 
11,782 
10,602 

5693 

fd 
- 
- 
- 
- 

- 
- 
- 
- 

M q  

-784 

474 

fb 
953 

-1464 
-8497 
2716 

-2652 
2858 

-5544 
2674 

f b 
- 
- 
- 
- 

- 
- 
- 
- 

MERIDIONAL STRESS 
fd fb 

HOOP STRESS 

17,761 
12,433 

- 
1542 

18,922 
1 1,782 
- 

5693 

fd 
- 

15,003 
10,945 

- 

- 
1 1,456 
10,602 

- 

953 
-833 

- 
2716 

-2652 
2858 

- 
2674 

fb 
- 

-1464 
-8497 
- 

- 
-462 
-5544 - 



a. For flight, the maximum axial load wi l l  be significantly reduced and the 
maximum pressure slightly increased for INT-20 as shown below: 

For Sat V (S-IC-4 & on) 

N c  (STA 1401 Aft) = 6600 ~ b / l n  (ULT) 
P (Bottom) = 56.8 PSlG 

For INT-20 (Sections 2.1.1.4 & 2.1.1.5.a,2.(c) of APPENDIX A) 

N c  (STA 1401 Aft) = 1230 Lb/ln (ULT) 
P (Bottom) = 59.5 PSI  

The net result w i l l  obviously be a reduced loading for INT-20. 

b. Lox tankbulkheads 

1. Membrane and weld lands 

The tank bulkhead membrane and weld lands are designed for hydrostatic 
proof pressures which wi l  l not be changed for INT-20. 

2. Lox tank fittings 

The majority of the upper and lower lox tank fittings are crit ical for proof 
pressure and hence w i l l  not be impacted for INT-20. Three upper fittings 
and two lower fittings are crit ical for external loads plus flight or static 
firing pressure on Sat V. The acoustic and vibration environment for INT-20 
i s  the same as or less than for Sat V. Hence the external fitting loads for 
INT-20 w i l l  not be increased. The design fl ight pressure for the upper 
bulkhead i s  the ullage pressure towards the end of flight which i s  the same 
for Sat V and INT-20. It was therefore concluded that a l l  of the upper lox 
fittings w i l l  be acceptable for INT-20. 

The two lower fittings crit ical for flight are the lox f i l l  and drain fitt ing 
and the center lox suction fitting. The minimum factor of safety for these 
fittings for Sat V (S-IC-5 & on) i s  1.64. The maximum lox tank bottom 
pressure w i l l  increase from 56.8 PSlG on Sat V to 59.5 PSlG on INT-20. 
Assuming that the factor of safety i s  proportional to pressure, the predicted 
factor of safety for INT-20 w i l l  be 1.56. 

3. Lox tank hoop compression 

An analysis of the lox tank for INT-20 loads showed that the lower bulkhead 
wi  l l be structurally acceptable for INT-20 hoop compression without revision. 
Although hoop compression loads (Section 2.1.1.5.d of Appendix A)wil l be 
higher for INT-20 than for Sat V, the tank capability w i l l  not be exceeded. 
The same computer analysis used for Sat V was used for the IN T-20 



2.1.3.2 (Continued) 

3. assessment. The technique and terminology i s  discussed in D5-122846, 
Section 7. The INT-20 computer output i s  included i n  FIGURES A-55 
thru A-57. The resulting INT-20 hoop compression loads versus location 

and comparative Sat V values are shown in  FIGURE A-58. TABLE A - V l  
shows the correlation between ultimate hoop compression loads and 
capabilities. Areas of interest are illustrated in  FIGURE A-59 . 

c. Lox tank baffles 

1. Cruciform baffle 

The lox cruciform baffle i s  loaded b y  f luid lateral slosh, f lu id vortex 
slosh, vehicle acceleration, and vibration. The only one of these 
contributors to increase for INT-20 i s  acceleration. The net result 
of these loads for INT-20 was not investigated in  detail. However, 
a factor of safety of 2.05 exists for Sat V (S-IC-4 & on) and i t  was 
concluded that a t  least a 1.4 factor of safety w i l  l exist for INT-20. 

2. Ring baffle 

The design loads for the ring baffles occur during hydrostatic test and 
fl ight. N o  load changes w i l l  occur during hydrostatic test for 1NT-20. 
For flight; slosh, vibration, acceleration, tank pressure, and helium 
bottle loads act on the lox tank ring baffles. The minimum ring baffle 
factors of safety for Sat V (S-IC-4 & on) are 1.50 i n  the helium bottle area 
and 1.67 i n  other areas. Based on a preliminary investigation of the Sat V 
stress analysis and an assessment of the INT-20 loads impact, i t  was con- 
cluded that the ring baffles would have at least a 1.4 factor of safety for 
INT-20. 

2.1.4 Intertank 

Contributors to intertank loading are longitudinal force, drag force, bending 
moment, shear, temperature and internal pressure. None of these items w i  l l be 
greater for INT-20 than for Sat V. Therefore, there w i l l  be no impact on the 
intertank for INT-20. 

2.1.5 Fuel Tank 

Refer to D5-17009-2, Section4.2.2.1 .a.4 for'the baseline fuel tank configuration 
definition. 
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OUTPUT 
G A C M A  5.740000E-02 G 1.45COOOE 00 PO 1.8700OOE G I -  

-- YO 5.690000E 02 
P H I  
P H I  2.000000E 0 1  Y 1.244817E 02 NHOOP 7.479327E 03 
P H I  3.000000E 0 1  Y i.084512E 02 NHDOP 5.743954E 0 3  - 

P H I  4-000000E 0 1  Y 9.022748E 0 1  NHOOP 3.910182E 03 
- .  

P H I  - 5.000000E O i  Y 7.145327E 0 1  NHOOP 2.2145UlE 0 3  
P H I  6.000000E 0 1  Y 5.293341E 0 1  NHOOP 7.84225OE C2 t = E  

-PHI r .  ooom U E  01 Y.-+-~Ts~~T XH-IXTP- -3.24610'1~ c2 
-- 

P H I  8.000000E 0 1  Y 1--734676: 0 1  NHOOP -1.096300E 03 
P H I  9.000000E 01 Y 2.41686VEA02 NHOOP -1.238947E 03 - -  - 

G A M M A  5.740000E-02 G 1.680000E 00 PO 2.160000E C 1  - - 
YO 5.020000E 02 

P H I  1.000000E 0 1  Y 1.358414E 02 NHOOP 9.28428Of 03 
P-H I 2.0a037mE ~ - ~ 1 ~ 2 % ~ E - - 6 2 - - - k h ~ ~ P  7.9OTlT7-E-m- 
P H I  3.000000k 0 1  Y Lo084512E 02 NHOOP 6.041974E 03 
P H I  4.000000E 0 1  Y 9.022748E 0 1  NHOOP 4 .079241ET3-  - - 

P H I  5.000000E 0 1  Y 7.145327E 0 1  NHOOP 2.265977E C3 = L 
P H I  6.000000E O i  Y 5.293341E 0 1  NHOOP 7.358960t 722 

--- - 
P H I  7.000000E 0 1  Y 3.4Y1590E 0 1  NHOOP -4.539849E 02 
P H r 8 . O  c T O ~ F € T - - - Y T . 7  3 4m6-ETT--N HIS 9 7  6-t- 
P H I  9.000000t 0 1  Y 2.416869E-02 NHOOP -1.782924E 03 

G A M M A  5.740000E-C2 G l.900000E 60 PO 2.350000i 0 1  
YO 4.3600006 02 

P H I  1 ~ 0 0 0 0 0 0 E  0 1  Y 1.358414E 02 NHOOP 9.41282OE 63 
P H I  2.000000i C l  Y 1.L44817E 02 NHOOP 70986226E 03 

P n I 3 . 0 0 0  00aE 0 1 7 7 .  C0551-E7S2 -THO a P  6.7ZX859 
P H I  4.000000E 0 1  Y 9.022748E 0 1  NHOOP 4.051697E 03 
P H I  5.000000E 0 1  Y 7.i45327E 0 1  NHOOP 2.189463E C ?  
P H I  6,000000E 0 1  Y 5.293341E 0 1  NHOOP 6.172168E 02 t = C 
P H I  7.a00000E C 1  Y 3.491590E 0 1  NHOOP -6.104039E 02 

-- P H I  8.OOOOOOE 0 1  Y 1.734676E 0 1  NHOOP -1.483015E 03 
V H I ~ m a ~ m - v I 5 4 ~ m ~ ~ H H D r m ~ . U 1 8 ~  

G A C M A  5o740000E-02 G 2.300000E 00 PO 2.35000CE 0 1  
YO 3.660000t 02 

P H I  1.000000t 0 1  Y 1.358414E 02 NHOOP 9.496134E C3 
P h I  2.000000E C 1 -  Y 1.2448176 02 NHOOP 8.007648E- 05  - -  - 

P H I  3-000000E 0 1  Y 1.084512E 02 NHOOP 6.014973E 03 
-- 

P H I  4.000000E 0 1  Y 9.022748E 61 N H O ~ P ~ ~ ~ ~ ~ ~ -  
P H I  5.000000E 0 1  Y 7.145327E 0 1  NHOOP 1.998717E 03 
P H I  6.000000E C 1  Y 5.293341: 0 1  NHOOP 3.716899E-07 
P H I  7.000000t 0 1  Y 3.491590E 0 1  NHOCP -9.082153E 02 &.= €3 
P H I  8.000000C C 1  Y 1.734676E 0 1  NHOOP -1.e3775TE 01 
P H I  9.000000E 0 1  Y 2.416869E-02 NHOOP -2.440423E 03 

G A M M A  5. ~ m 0 0 5 - 0 2  G i . 9 8 6 0 D 0 I O ~ B b - T . 3 5 0 0 O C E  C l  
YO 2.970000E 02 

- - P H T  -I.O00606E C l -  - Y -1.358414E 02- NhOCP-- 9,571f15VEm- 
P H I  20OOOOOOE 0 1  Y 1.244817E 02 NHOOP 7.999292E C3 
PHI 3 ~ 0 0 0 0 0 0 ~  0 1  Y 1.064512~ 02 N H O O P  5.~03738E-63- - - - -  

P H I  4.000000E 0 1  
P H I  5.000000E C 1  
P H I  6.000000E 0 1  
P H I  7.000000i 0 1  

. . 
P H I  8.000000E 0 1  
P H I  - 0.000000E 0 1  

G A M M A  5.740000E-02 
Y O  2.290000f C L  

P H I  l,OOOOOOE 0 1  
P H i  - 2.000000E 0 1  

- - P H I  3o000000E 0 1  - 
P H I  C.000000E C L  
P H I  5.000000E 0 1  

NHOOP 3.715341E 03 
NHOOP 1.70b660E 03 
NHOCP 6.759903E C C  k= IC 
NHOOP - -1 .344062Fm--  - 

NHOOP -203531426 O? 
NHOOP -3.055484t'm1----- - 

PO 2.35000015 0 1  

NHOOP 9.415506E 03 
fdHOOP 1 .763632E 03 
NHOOP -50572152E 03 
NHOOP 3.29873Ot-%-3------- 
NHOOP 1.220804E 03 k = 1 r 



P H I  6.000 70; 0 1  Y 
3 P H I  7.0001rl)OE 0 1  Y 

P H I  8.CO0300E 0 1  Y 
P H I  9 .000000t  0 1  Y 

GACMA 5,74000OE-C2 G 
YO 1.6800GOE 0 2  

P H I  1 . 0 0 0 0 0 0 ~  0 1  Y 
P H I  2.000000E 0 1  Y 
P H I  3.000300E 0 1  Y 
P H I  4.000000E 0 1  Y 
P H I  5.000000E C l  Y 

Y P H I L ,  0000 Q O C  C1-- 
P H I  7.000000€ C 1  Y 
P H I  8.0005006 0 1  Y 
P H I  9.0000005 C l  Y 

G A C C A  5.740000E-02 G 
YO 1.i90OOOC 0 2  

- Y P H I  ll.OOOOOO_E_ 0 1  - 

P H I  2 .000000t  0 1  Y 
P H I  3 .000000 i  C1  Y 
PHI  4,OQOOOOE C 1  Y 
P H I  5 .000000t  C l  Y 
PHI  6,000000L C 1  Y 
P H I  7.000000E - 0 1  Y 
PHI  8,000000€ C1  Y 
P H I  9.000000E 0 1  Y 

G A P M A  5.740000E-02 G 
YO 9.500000E 0 1  

P H I  1.0000QOE 0 1  Y 
P H I  200OOOOOE 0 1  Y 
P H I  3 .000000i  C 1  Y 
P H I  4.000000E 6 1  Y 
P H I  5.000000E C1  Y 
P H I  6.000000E 0 1  Y 
P H I  7.000000E 0 1  Y 
P H I  8.OOOOOOE 0 1  Y - - - - - - -- - - 
PHI  9.000000E C l  Y 

GAMMA 5.740000E-02 G 
YO 5.100000t  C 1  

P H I  1.00000OE 0 1  Y 
P H I  2.000000E 0 1 -  Y 

NHOOP 
NHOGP 
NHOCP 
NHOCP 

PO 
- 

NHOOP 
NHOOP 
NHOOP 
NHOOP 
NhOGP 
NHOCP- - - 
NHOCP 
NHOOP 
NHOOP 

P 0 

!!HOOP 
NHOOP 
NHOOP 
NHOOP 
NHOOP 
NHOOP 

N"O_CP_. 
NHOOP 
NHOOP 

PO 

1.358414E 0 2  NHOCP 5 . 2 7 4 3 i l E  O? 

9,02274RE O i  NHOOP 1.388252E O? 
7.145327E 0 1  NHOOP 9.424681E 0 1  
5.2933415 0 1  NHooP -1.006996E c 3  k= l a c  

'3.491590E 0 1  NHOOP -1.555718E C? 
1.734676E 0 1  NHOOP y l - f i 1 8 Z 2 8 E  C3 - - - - - - - - - - - - 
2.416869E-02 NHOCP - i .77515CE 0 3  
3.Y30OOOE 0 0  PO 2.350000E C1 

1.358414F 0 2  NHOOP 4.490Rl6E 0 3  
1.244817E 0 2  NHOOP 3.4214656 03 

Y 1.084512E 0 2  NHOLP- -_ZL_O~89OCE O ?  P H I  3.00OOOOE-CL 
P H I  4 .000000r  0 1  Y 9.02?.748~-di-Ni i io~ 6 . s l 8 0 8 7 f  C2 
P H I  5 .000000 i  0 1  Y 7,143327E 0 1  NHOOP 2.011753E 02  ~ = Z C  
PHI  6.000000E 0 1  Y 5.L93341E 0 1  NHOOP -1.738924E 02  
P H I  7.000000E 0 1  Y 3.491590E 0 1  NHOCP -4.7396496 C2 
P H I  8.000000E C 1  Y 1,734676- 0 1  NHUCP -6 .644381 t  C Z  
P H I  9 . 0 0 0 0 0 0 ~  C 1  -Y --2,4168S_C)fj-02 NHOOP -7.296015E 0 2  

GACMA 5.740000E-02 G 4.680000E 0 0  PO 2.350OOOt 0 1  
YO 0. 

P H I  1.000000E C1  Y 1.358414E 0 2  NHOCP 3 . ~ 4 4 0 9 4 E  C3 
P H I  2 . 0 0 0 0 0 0 ~  0 1  Y 1.244817E 0 2  NHOOP 2.749174k 0 3  
P H I  3.000000k 0 1  Y 1.084512E 0 2  NhOOP 2.207357E O? 
P H I  4.000000E 0 1  Y 9.022748E 0 1  NHOOP 1.0243925 O? t= 2 
P H I  5.00U000r CL Y 7 .145327 i  0 1  NHOOP 1.079347E 03 
P H I  6.000000E C1  Y - 5 . ~ 9 3 3 4 1 E  0 1  NHOOP 6.2185366 G i  
P H I  7 0 0 0 0 0 0 0 E  0 1  Y 3o491590E 0 1  NHOCP 2.804101E G2 
P H I  8.000000E 0 1  Y 1.734675E 0 1  NHOCP 7.043679E C1 
P H I  9.000003L 0 1  Y 2.4168bYF-02 NHOOP -4 .74325 iE -01  

L I N E S  PWIhTEU 1 6 0  - 
C A R D S  R E A D  5 9  

FIGURE A-57. 



DISTANCE ABOVE APEX - IN (M) 

FIGURE A-58, LOX TANK HOOP COMPRESSION LOADS 



TARTiE A-VI . LOX TANK HOOP COMPRESSION SUMMARY 
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SECTION A-A 



2.1.5.1 Tradestudies 

A trade study was performed to determine whether to make the inboard fuel suction 
closures a t  the suction elbows or to delete the elbows and provide the closures at 
the suction fittings. The factors leading to the decision to add the closures at the 
suction el bows were as follows: 

(1) N o  additional analysis would be required as the fitt ing 
configuration with the elbows retained w i l l  be the same 
as for Sat V hydrostatic test. 

(2) Adding a flat plate cover directly to the inboard lox suction 
fitt ing proved to be structurally unacceptable (Section 2.1.3.1. b 
of Appendix A ). A similar result was anticipated for the fuel 
suction fitting. 

(3) The trapped fuel w i l l  be insignificant. 

A study was not performed to determine the gas flow through an open inboard lox 
tunnel or to establish tunnel cover design requirements. However, i t  was con- 
sidered good design practice to provide a cover for the tunnel to prevent unrestricted 
gas flow and for safety reasons. 

2.1.5.2 Fuel Tank Structural Assessment 

a. Fuel tank skins and Y-rings 

Tank skin and y-ring loads consist of axial loads and internal pressure. 
Crit ical conditions occur during hydrostatic test and flight. Proof pressures 
are unchanged for INT-20 hydrostatic test. The maximum axial load wi l l  be 
significantly reduced and the maximum pressure slightly increased for INT-20 
during fl ight as shown below: 

For Sat V (S-IC-4 & on) 

Nc  (STA 602 Aft) = 7528 Lb/ln (ULT) 
P (Bottom) = 43.2 PSIG 

For INT-20 (Sections 2.1.1.4 & 2.1.1.5.a.2.(~) of APPENDIX A) 

Nc  (STA 602 Aft) = 4940 Lb/ln (ULT) 
P (Bottom) = 49.2 PSlG 

The net result w i l l  obviously be a reduced loading for INT-20. 



2.1.5.2 (Continued) 

b. Fuel tank bulkheads 

1. Membrane and weld lands 

The tank bulkhead membrane and weld lands are designed for hydrostatic 
proof pressures which w i l l  not be changed for 1NT-20. 

2.  Fuel tank fittings 

Most of the fuel tank fittings are crit ical for proof pressure and hence w i l l  
not be impacted for INT-20. Three upper fittings and six lower fittings 
are crit ical for external loads plus f l ight or static f ir ing pressure on Sat V. 
Since the acoustic and vibration environment i s  not increased for INT-20 
the external f i t t ing loads w i l l  not increase. The design fl ight pressure for 
the upper bulkhead i s  the ullage pressure towards the end of f l ight which i s  
the same for Sat V and INT-20. I t  was therefore concluded that a l l  of the 
upper fuel fittings w i l l  be acceptable for INT-20. 

The minimum Sat V (S-IC-5 & on) factors of safety for the six lower fuel 
fittings which are crit ical for external loads plus pressure on Sat V are 
as fol lows: 

lnboard suction Ftg: F. S. = 1.47 (Flight) 
Outboard suction Ftg: F. S. = 1.52 (Flight) 
Electrical Ftg: F. S. = 1.50 (Flight) 
lnboard Tunnel Ftg: F. S. = 1.83 (Static Test) 
Emergency Drain Ftg: F.S. = 1.50 (Static Test) 
Outboard Tunnel Ftg: F.S. = 1.57 (Static Test) 

The maximum fuel tank bottom pressure w i l l  increase from 43.2 PSlG on 
Sat V to 49.2 PSlG on INT-20. The inboard fuel suction f i tt ing was 
concluded to be acceptable for INT-20 because the external f i t t ing loads 
w i l l  be significantly reduced over Sat V values due to deletion of the 
fuel suction duct for INT-20. The high factor of safety for the inboard 
tunnel f i t t ing for Sat V insures that i t  also w i l l  be acceptable for INT-20. 
Standard Sat V f i t t ing analysis techniques would probably show the 
remaining four lower fittings marginal for INT-20 pressures combined 
with Sat V external loads (probably conservative). However, based on 
an assessment of f i t t ing stress influencing factors and existing f i t t ing 
structural test results, i t  was concluded that a 1.4 factor of safety could 
be shown for these fittings for INT-20. 



2.1.5.2 (Continued) 

c. Fuel tank hoop compression 

Analysis of the fuel tank for I NT-20 hoop compression loads (Section 2.1.1 .5. d 
of Appendix A) showed that the existing lower bulkhead capability would be 
exceeded. The lower fuel base gore segments were therefore revised for 
INT-20 to increase the thickness i n  the cr i t ical  area near the Y-ring as dis- 
cussed i n  D5-17009-2, Section 4.2.2.1 .a.4.(c). 

The revised base gores were analyzed for INT-20 hoop compression loads 
usina the same computer analysis used for Sat V. The technique and term- 
inology i s  discussed in D5-122844, Section 7. The computer output for 
I NT-20 i s  included i n  FIGURES A-60 thru A-64. The resulting INT-20 hoop 
compression loads versus location and comparative Sat V values are shown 
in FIGURE A 4 5  . TABLE A-VII  shows the correlation between ultimate 
hoop compression loads and capabilities for the revised INT-20 configuration 
and the existing Sat V configuration. Areas of interest are illustrated in  
FIGURE A 4 6  

3. Fuel loading probe support 

The fuel loading probe w i l l  be lengthened 14 inches for INT-20 (D5-17009-2, 
Section 4.2.2.1 .b,2, (a)). Consequently, the fuel loading probe support 
bracket load w i l l  be increased from 1800 pounds for Sat V to 2300 pounds for 
INT-20. Preliminary assessment indicates that the probe support wi l  l be 
structurally acceptable for this increased load. 

d. Fuel tank baffles 

1. Cruciform baffle 

The fuel cruciform baffle i s  loaded by  slosh pressure, vibration, and vehicle 
acceleration. The only one of these contributors to increase for INT-20 i s  
acceleration. The net impact of the loads for INT-20 was not investigated 
i n  detail. However, the minimum factor of safety for Sat V i s  1.57 and i t  
was concluded that a 1.4 factor of safety w i l l  be maintained for INT-20. 

2. Ring baffle 

The design loads for the ring baffles occur during hydrostatic test and flight. 
N o  load changes w i l l  occur during hydrostatic test for INT-20, During fl ight 

the rings have slosh, vibration, and vehicle motion loads in  addition to tank 
pressure. Preliminary assessment of the Sat V fuel tank ring baffle analysis 
indicated that relatively low factors of safety exist i n  two areas for Sat V. 
A 1.47 factor of safety exists i n  the crit ical inboard ring baffle chord for 
Sat V due to hoop tension resulting from internal pressure and bending due 
to slosh. Maximum slosh occurs at the fuel surface where the internal 



CASE 8 8 6 6 6 6  C  R,BLAIN 5 - 7 3 5 1  8 4 0 3  
T I T L E  RULKtiEAD HOOP LOADS % MARCH 5 1 9 6 9  

- ONE INPUT(GAMMAtGtPO)% 
PH 1Xf i ~ ~ i i a m o  ) $ 

I N P U T ( Y 0 )  s 
P R I N T ( Y o ) %  
S T A R T ( I ~ ~ , ~ O ) $  -- 

I I = F L O A T ( I ) $  
PH1=9.0 + I 1  8  - - - - - - - -- -- - .  

A=198.0% 
B=140.0$ 
COS=COSN(PHI*0.01745)$ 
S IN=SINE(PHI *O.O1795)% - - - - 

COT=COS/SINS 
SR=(l.O-(lL0/~l.O+(((B/A)*~T)**?))))**O.5~$ - - - -- - - - - -. 
Y=(B*SR)% 
Yl=l '+O.O-Y% 
CONl=(((A**2)*(SIN**2))+((B**2)*(COS**2)))**0,5OS 
CON2=l.O/CONl% 
CON3=CON1/ (2 ,0 * (B* *2 ) )S  

- - - - -  COP.14=C_ON2-CON3% - 
CON5=(A**2 ) * (CON4)$  
CON~=(G*GAMMA)/(~.O*(B**~)*(SIN**~))S - 

CON7=CON1**3S 
CHECK=(Yl -YO)$ 
RRANCH(CHECKtTW0,TWOJHREE)S 

TWO C O N 8 = P O + ( G * G A M ' 4 A * ( Y O - Y 1 ) ) %  -- -- 

CON9=(B*(Yl**2))-((Y1**3)/3.0)% 
NHOOP= (CONe*CON5) - (COId6*CON9*CON7) 8  
P R I N T ( P H I , Y ~ N ~ ~ O O P ) S  
RhANCH(F0UR)S 

T t 1 R E E C O N l O = ( B * ( Y 0 * * 2 ) ) - ( ( Y O * * 5 ) / 3 . 0 ) $  
NHOOP=(PO*CON5)-(CON6*CON10*CON7)% - 
P R I N T ( P H I ~ Y ~ N H O O P ) ~  

FOUR R E P E A T ( I t 8 1 ) B  
PRANCH(ONE)% 
END% 

F I G U R E  A-60. 
- - - - .  



- 
OUTPUT 
GAMMA 4.070000E-02 G 1.780000F 00 PO 0, 

Y O  2.950000E 02  
- 

PHI  1.000000E 0 1  Y 1.358414E 02 h11100P 2.797506E 03 
- 7 H T  - 2 r U O O C i O D E 1  ~ 7 2 4 4 8 1 7 E  02  NIiOOP 2.283851E 03 

P H I  3.000000E 0 1  Y 1.084512E 02 NHOOP 1,606285E 03 
PI41 4.00UOOOE 0 1  Y 9e02274RE 0 1  NHOOP 9.0631ROE 02 
P H I  5.000000E 0 1  Y 7.145327E 0 1  NtlOOP 2,682573E 02  
P H I  6.000,OOOE 0 1  Y 5.29334lE 0 1  FJli00P -2073396OE 02 
PI11 7.000000E 0 1  Y 3.491590E 0 1  NHOOP -70136344E 02 

- P H I 8 0  iJ06Ur3~-0 1 Y 1.734676E 0 1  NHOOP -1,062539E 03  
PH I  9.000000E 0 1  Y 2 0416869E-02 FlHOOP -1 r 338819E 03 

GAMMA 4.070000E-02 G 1.780000E 00 PO 1,950000E 0 1  
Y O  2.950000E 02  

P H I  1.00000OE 0 1  Y 1.358414E 02  NHOOP 5.406435E 03 
PI11 2.000000E 0 1  Y 1.244817E 02 NHOOP 4.5650AOE 03 

- p t J ?  5;B7mmorTff Y 1.084512E 02  NHOOP 3.437921E 03 
P H I  4.000000E 0 1  Y 9.022748E 0 1  NHOOP 2.254217E 03 
PH I  5.000000E 0 1  Y 7.145327E 0 1  NHOOP 1,163886E 03 
PH I  6.00000UE 0 1  Y 5.293341E 0 1  NHOOP 2,426185E 02  
P H I  7.000000E 0 1  Y 3.491590E 0 1  NHOOP -4.809537E 02  
P H I  8.000000E 0 1  Y 1.734676E 0 1  NHOOP -1.004091E 03  
P-t i l  ' c ) . W @ O D E  0 1  Y 2.41606gE-02 N I - I O O P ~ . ~ ~ ~ ~ ~ ~ E  03 

GAMMA 4.070000E-02 G 2e080000E 00 PO 0. 
Y O  2.550000E 02 

PH I  1.000000E 0 1  Y 1.358414E 02  NWOOP 2.815946E 03  
P H I  2.000000E 0 1  Y 1.244817E 02  NHOOP 2.272626E 03 
PH I  3 . 0 0 0 O O O E  0 1  Y 1.084512E 02  NHOOP 1,55893RE 03 - 

-PUT Y . O O O ~ O E O ~  Y 9 . 0 2 2 7 4 ~ ~  01 NFIOOP a . 2 5 0 0 1 0 ~  02 
PH I  5.00000OE 0 1  Y 7.145327E 0 1  FIHOOP 1.579403E 02 
P H I  6,000000E 0 1  Y 5.293341E 0 1  NHOOP -4.090816E 02 
P H I  7.000000E 0 1  Y 3.491590E 0 1  NHOOP -8.743156E 02 
PH I  8.000000E 0 1  Y 1.734676E 0 1  NHOOP -1.251768E 03 
P H I  9.000000E 0 1  Y 2.416869E-02 NHOOP -1.564394E 03 

- G A 7 1 1 V I A  4.Oi-UOW-02 G 2.080000t  00 PO l X 0 O i r O E  0 1  
Y O  2,550000E 02  

P H I  1.000000E 0 1  Y 1.358414E 02  NHOOP 5.424875E 03 
P H I  2.000000E 0 1  Y 1.244817E 02  NHOOP 4.553856E 03 
P H I  J.OOOOOOE 0 1  Y 1.084512E 02  ~ t 1 0 0 ~  3.390574E 03 
PH I  

P H I  
P H I  
P H I  
P H I  
P H I  

GAMMA -- 
YO 
PHI  
P t i I  
PI11 
PH I  
P H I  5.000000E 0 1  

-PHI.&. OdlJ0a(TE~l1 
PH I  
PH I  
P H I  

GAMMA 
YO 

PHT- 
,PHI 
P H I  

9 . 0 2 2 7 4 8 ~  0 1  FJHOOP 
r .145327t  01 WOP 
5.293341E 0 1  NHOOP 

1.734676E 0 1  NHOOP 
2&16869E-02 NHOGP 

1.358414E 02  NHOOP 
10244817E 02 NHOOP 
1.084512E 02  NHOOP _ 
9.022748E 0 1  NHOOP 

Y 7.145327E 0 1  NHOOP 3.048965E 00 
Y 5 . 2 9 n 4 1 E  0 1  NHOOP - 6 . 3 0 5 5 c ) 2 ~ - 0 F  
Y 3.491590E 0 1  NHOOP -1,156595E 03 
Y 1.734676E 0 1  NHOOP -1.595597E 03  
Y 20416869E-02 NHOOP -1 0977969E 03 
G 2.630000E 00 PO 1,950000E 0 1  

-- 
Y 1.358414E 02  ~ 1 ~ 0 0 ~ 5 . 5 9 6 6 3 1 E  03  
Y 1.244817E 02  NHOOP 4.653898E 03 - 

Y 1.084512E-02- PIHOOP 3.400618E 03 

F I G U R E  A - 6 1 ,  



P H I  
P l i I  
P H I  
P H I  
PI4 I 
P H I  

G A M I ~ I A  
YO 

P H I  
P t j I  -. - 

P H I  
P H I  
PI11 
Ptt I 
P H I  

. P t ! I  
P H I  

GAMMA 
Y G 

P H I  
P H I  
PH I  - 
PI41 
P H I  
P H I  
PI4 I 
P l l I  

Y O  
P H I  
P H I  
P H I  

. P H I  
P H I  
P H I  
P H I  
P H I  
P H I  

GAMMA -. - .. - - - - 
YO 

P H I  
P H I  
PI41 
P H I  

4.000000E 0 1  Y 9.02274DE 0 1  NIIOOP 2.095090E 0 3  
5.000000E 0 1  Y 7.145327E 0 1  FJtiOOP 8.996777E 02  
6.000000E 0 1  Y 5e293341E 0 1  NHOOP -1.145397E 02  
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FIGURE A-66 FUEL TANK LOWER BASE GORE 



2.1.5.2 (Continued) 

2. pressure acting i s  ullage pressure. Since ullage pressure i s  not changed 
for INT-20 a t  the cr i t ical  time period i t  was concluded that this factor of 
safety would not be significantly reduced for INT-20. 

A 1.44 factor of safety exists in a bolt  attaching the ring baffle diagonal 
strut between STA 404 and 365 for Sat V. An assessment of the Sat V 
analysis for this bolt  indicated inherent conservatism in the analysis. I t  
was concluded that a 1.4 factor of safety would be maintained for INT-20, 

A l l  other component margins of safety for Sat V are sufficient to assure 
acceptabil i ty for INT-20. 



2.1.6 Thrust Structure 

Refer to D5-17009-2, Section 4.2.2.1 .a .5 for the baseline thrust structure con- 
figuration definit ion. 

2.1.6.1 TradeStudies 

The inboard Lox interconnect spool w i l l  be supported by a new support adapter 
which attaches to the inboard propellant duct support structure for INT-20 
(D5-17009-2, Section 4.2.2.1 .b. 1 (b)). Some consideration was given to deleting 
the inboard propellant duct support structure for INT-20 and providing a truss 
support for the interconnect spool. However, after evaluating the design effort 
and qualif ication testing required for the new truss i t  was decided to retain the 
inboard propellant duct support structure. Th i s  i s  also consistent with INT-20 
reversibil i t y  guideI ines. 

Consideration was also given to simplifying the thrust structure cross beam as 
significantly lower loads w i l l  develope for INT-20 due to deletion of the center 
engine. However, this was judged to be outside the scope of this study and 
inconsistent with INT-20 reversibil i t y  guide1 ines. 

2.1.6.2 Slow Release System 

The difference between total l i f to f f  thrust and total l i f to f f  weight for Sat V with 
6 a thrust to  weight rat io of 1.25 i s  1.5 x 10 pounds. For INT-20 the difference 

6 i s  1.2 x 10 pounds. Therefore, fewer slow release devices w i l l  be required for 
INT-20 than for Sat V. Although, the number has not been established for 
INT-20, the capabil i ty of reducing the quantity of slow release devices exists 
(D5-17009-2, Section 4.2.2.1 .a .5. (c)). 

2. 1.6.3 Thrust Structure Structural Assessment 

Reduced thrust structure axial loads due to the lower INT-20 upper stage weight 
and reduced total thrust due to deletion of the center engine assure that the 
thrust structure w i l l  be acceptable for INT-20. 

2.1.7 Heat Shield 

Refer to D5-17009-2, Section 4.2.2.1 .a.6 for the baseline heat shield configur- 
ation definit ion. 

2.1.7.1 TradeStudies 

Three heat shield configurations were evaluated for INT-20 (D5-17009-2, 

FIGURE 4.2.2.1-10). 



2.1.7.1 (Continued) 

a. Heat shield method 1 

Method 1 considered changes to both the panels and support structure. New 
panel configurations, some of which are larger than those qualif ied for Sat V, 

would be required i n  the vacant curtain area. Maior support modifications 
would also be required. 

b. Heat shield method 2 

Method 2 minimized required panel changes. N o  new panel configurations 
would be required because standard square panels w i l l  be used. Although 
support structure modification would be extensive, only one new part would 
be required. Existing beam and attach bracket configurations would be used. 

c. Heat shield method 3 

Method 3 minimized support structure changes. However, new large panel 
configurations which are unqualified would be required. 

d. Conclusion 

The major cost drivers for heat shield panels were found to be edge trimming, 
attachment provisions, and new panel tooling . These cost factors outweigh 
required support structure changes. Based on these cost considerations and 
the fact that panels which are larger than those used on Sat V would probably 
require qualif ication testing, Method 2 was selected for INT-20. 

2.1.7.2 Heat Shield Structural Assessment 

a. Heatshieldpanel 

Base heat shield loads and environment are essentially the same for Sat V 
and INT-20 except for the longer INT-20 burn time and the increased base 
heating for INT-20. Maximum heat shield forward surface temperature, 
w i l  l be approximately 100 '~  hotter for INT-20 than for Sat V (AS 510 & on). 
Refer to Section 2.1.1.11 of Appendix A. 

Extensive heat shield testing has been performed for Sat V. Test specimens 
which were mechanically delaminated to the crushed core and subjected to 
combined heat and vibration were not detrimentally affected even though 
the forward surface temperature reached 7 5 0 ' ~  i n  the delaminated areas. 
Some test specimens were run through more than one Sat V cycle and the 
total test time was greater than the INT-20 burn time. I t  was therefore 

concluded that the heat shield would be structurally acceptable for INT-20 
and that sufficient test data existed to preclude the requirement for an 



2.1.7.2 (Continued) 

a. INT-20 heat shield qualif ication test. 

b. Heat shield support structure 

INT-20 heat shield support structure temperatures w i l l  not be appreciably 
increased over Sat V (AS 510 & on) values. Refer to Section 2.1.1.11 of 
Appendix A. The revised center area support structure grid for INT-20 i s  
the same configuration and uses the same components used i n  adjacent areas 
for Sat V. Since heat shield loads are basically uniform, the INT-20 support 
system i s  essentially the same configuration and subjected to the same loads 
as proven Sat V configurations. 

c. CEI impact 

CEI requirements presently l imi t  the maximum forward surface temperature to 
300°F which w i l l  be exceeded for INT-20. The CEI w i l l  be revised to l imit  

the support structure temperature to 3 0 0 ° ~  and to allow local hot spots on the 
panels provided that the heat shield function i s  not compromised. INT-20 
heat shield environment w i l l  not exceed these revised requirements. 



Ref. D5-17009-2 APPENDIX A 

2.2 PROPU LSION/MECHAN ICAL SUBSYSTEMS 

2.2.2 Oxidizer F i l l  and Drain 

The INT-20 criteria (S-IC propellant load data for the baseline mission) located 
the LOX level at station 1404.0, at T = 0. The second iteration S-IC boost 
trajectory run and associated propellant load analysis established the LOX level at 
station 1405.0 a t  T = 0. See Paragraph 2.1.1.5.a.2(a) of Appendix A. The pre- 
ignit ion level for LOX i s  determined by adding thrust buildup and hold down 
volume for engines #1 through #4. The resulting nominal LOX preignition level i s  
at  station 1417.0. Applying S-IC three-sigma deviations to the LOX volume yields 
a level of 1417 2 4 . 0  inches. 

The LOX loading probe sensing element of the existing S-IC has an operative 

sensing range between station 1400.5 and 1483.0 (FIGURE A-67 ) .  Therefore 
the minimum LOX loading level 1413.0 w i l l  be 12.5 inches above the lower 
sensing l imi t  of the present loading probe. 

I f  the above minimum LOX loading level i s  not significantly reduced (ullage 
volume increased) by mission adaptation loading requirements, the present LOX 
loading probe i s  acceptable for INT-20 without change. 

2.2.3 Oxidizer Feed System 

2.2.3.1 Center Engine Lox Duct Configuration 

Two Lox del ivery system configuration change concepts were investigated. These 

were: (a) total deletion of the center Lox feed system, except for the Lox inter- 
connect spool, as reported in D5-17009-2, paragraph 4.2.2.1 . b. 1 .(b). (b) deletion 

of the center Lox prevalves and the pressure-volume compensator (PVC) duct only. 

The factors considered in  the above configuration trade were, system performance, 
revesibility, weight and cost. Total deletion of the No. 5 Engine Lox Feed System 
(concept a) was selected for the fol lowing reasons: 

(a l )  Deletion of the Lox suction duct w i l l  not affect the performance 
of the engines No. 1 through No.  4 during Lox f i l l ,  standby, 
f l ight nor drain. A minor configuration change of the Lox 
interconnect system required for satisfactory compatable system 
performance i s  discussed under a following paragraph, 2.2.4.1. 
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2.2.3.1 (Continued) 

(02) Reversibility (the abi l i ty  to remove or reinstall the LOX 
suction duct on assembled stages) i s  possible with minor 
changes to existing tooling. Geometry layouts, FIGURES A-68 
and A-69 were prepared to verify this capability. 

(a3) Deletion of the duct and its residual Lox volume w i l l  result 
in  a weight savings of approximately 10,000 pounds. 

(a4) Deletion of the duct represents a significant cost reduction 
for production INT-20 stages. 

Concept (b) has the advantage of simplified conversion ( r e v e r ~ i b i l i t ~ ) .  The 
following disadvantages, however are inherent i n  this configuration: 

(bl) LOX geysering in  the retained center engine suction duct 

during f l ight i s  probable. The effects of geysering on the 
outboard engine Lox supply flow i s  analytically not predictable. 

(b2) Bosses in  the suction duct represents additional possible leak 
points. 

(b3) Retention of the center engine Lox duct represents added 
weight and cost. 

In both configurations the center engine Lox interconnect spool must be retained 
A spool support adapter (to replace the prevalve) can be installed on the existing 
center engine propellant duct support structure. D5-17009-2, paragraph 4.2.2.1(b) 
defines the adapter, its support interface, and the closure plates required to seal 
the upper and lower ends of the interconnect spool. Existing seals can be used 
with appropriately designed closure plates. 

The existing center engine propellant line support structure and its interface for 
the Lox duct support i s  retained. Although this structure i s  moderately complex, 
costly to fabricate and structurally excessive for the interconnect spool support, a 
redesign of the support frame would be inconsistant with the minimum change and 
reversibility guidelines. The interconnect system change definition and design 
trade factors are noted i n  paragraph 2.2.4.1 of APPENDIX A. 

2.2.3.2 Lox Cut-Off Sensors 

The primary cut-off mode for engines #2, #4 and #I, #3 for the INT-20 w i l l  be by 
programmed time to "g" l imit  command from the Instrument Unit (IU). The existing 

S-IC employs Lox depletion a< the primary outboard engine cut-off in i t iat ion mode. 
Each outboard engine Lox supply f i t t ing a t  the tank has an optical cut-off sensor. 
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2.2.3.2 (Continued) 

"Two-out-of-four" voting circui t  logic i s  used to init iate the outboard engines 
cut-off sequence. The retention of an equivalent Lox depletion capability, as a 
backup cut-off system, on the INT-20 i s  considered consistant with Sat V criteria 
and mandatory for crew safety. 

The changes defined i n  D5-17009-2, paragraph 4.2.2.1 (b) provide the required 
sensors for a Lox depletion cut-off system to back up a programmed cut-off of the 
sustainer engines #1 and #3. Qual i f ied 60B41008-5 sensors can be installed i n  an 
existing boss on the #1 and #3 engine Lox ducts. This boss, however, i s  located 
approximately 23.9 inches below the retained cut-off sensor i n  the Lox suction 

f i tt ing. See D5-17009-2, FIGURE 4.2.2.1-16. This downstream location of the added 
snesors i s  predicted to be acceptable. 

Lox depletion cut-off circuitry i s  not provided for engines 12 and 14. The depletion 
sensors i n  the #2 and #4 suction f i t t ing are therefore deleted. In the event of 
reversed sequence cut-off, init iated by a premature cut-off of either #l or #3 
engine, the sustainer engines must be programmed for early cut-off prior to possible 
Lox depletion. 

2.2.4 Oxidizer Conditioning System 

2.2.4.1 Lox lnterconnect System 

Deletion of the #5 engine Lox suction duct necessitates a change in the Lox 
lnterconnect System, (D5-17009-2, FIGURE 4-17). A decision to replace the 
normally closed valve a t  engine position 12 (Fin B) with a spool as shown in  
D5-17009 -2 FIGURE 4.2.2.1-18 is based on the following examination of the interconnect 
system functions: 

FIGURE 4.2.2.1-17 of D5-17 009-2 is a schematic of the - existing S-IC LOX Interconnect 
System with the INT-20 changes noted. The figure includes cr i t ical  elevations of 
the system components. lnterconnect valves at positions # I ,  15 and #4 are of the 
normally "open" type, whereas, the valve at position #2 i s  normally "closed. I' 

For Lox f i l  I and standby operation the interconnect valves are in  their normal 
position. Existing S-IC two line bubbling causes Lox circulation "up" l ine # l  and 
"down" l ine #2, "up" line #3 and "down" lines #4 and #5. During f l ight a l l  
interconnect valves are "closed" to isolate the #5 suction line. During suction 
l ine drain, a l l  the interconnect valves are "open. " 

The possibility of using the existing S-IC lnterconnect System with the #5 engine 
suction duct deleted was investigated. Two problems with such an arrangement 
are evident. The first problem i s  as follows: 



2.2.4.1 (Continued) 

During Lox loading the existing two line bubbling would be used. This would 
give circulation i n  lines 63 and #4, and lines # 1  and #2. However there would be 
no flow i n  the interconnect line between suction line #2 and the position #5 l ine 
spool. An elevation view of this interconnect section i s  shown by FIGURE A- 
During loading, part of the position #5 spool and part of the interconnect duct 
would become f i l led with Gox (vapor) as shown in FIGURE A -  70 . The rest of 
the interconnect duct and spool would be f i l led with saturated Lox. This would 
probably not cause a problem during loading and standby. However, during 
flight, with the valve at position #5 i n  the closed position a problem would exist. 
Continued boil ing during f l ight may cause excessive pressures i n  this unvented 
section of the interconnect. This condition could be avoided by leaving the 
interconnect at position #5 open for f l ight. This i s  not acceptable, however, 
because the Gox (vapor) would change the natural frequency of the suction l ine #3 
and may cause a POGO problem. 

Another alternate would be to leave the interconnect valve at suction line #2 open 
for f l ight. However, i f  this were done, i t  i s  l ike ly  that the Gox cavity would 
form i n  the position #5 art of the interconnect duct and change the natural fre- R quency of suction line 2. A third alternate would be to leave both interconnect 
valves a t  positions #2 and #5 open for flight. This would eliminate Gox i n  the 

interconnect duct because i t  could escape into the suction lines. However, this 

open interconnect would dynamically couple suction lines 62 and #3. 

The second problem associated with the use of the existing interconnect system 
configuration for INT-20 with the engine #5 suction duct removed is:  I f  the 

interconnect valve a t  the suction line #5 position were inadvertently closed after 
Lox loading, i t  would only be a matter of time unti l  the interconnecting duct 
would rupture due to overpressure. 

The defined interconnect system changes for INT-20, i.e., replacement of the 
position #2 interconnect valve with a spool eliminates the above problems and 
provides for the existing basic S-IC system functions as follows: 

(al) During f i l  I, standby and drain operations a l l  three 
remaining interconnect valves w i l l  be i n  their normal 
"open" position. 

(a2) During f l ight a1 I three valves w i l l  be held "closed" to 
isolate the four suction lines. 
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(a3) During thermal pumping there w i l l  be Lox flow in  a l l  inter- 
connect ducts. Th i s  w i l l  eliminate the possibility of Gox 
buildup. There would be "up" flow in  the osition #1 and 
#3 lines, and "down" flow a t  the position 4 and #4. The 
down flow a t  position #2 would be spit between the position 
# 1  and #3 ducts. This circulation pattern i s  different from 
the existing S-IC, where a l l  the "down" flow in  the #2 duct 
goes "up" i n  duct # l .  N o  potential problem has been identified 
with this predicted flow change. Proper circulation character- 
istics should however be demonstrated during the first Lox 
loading of this system. A temperature probe i s  specified i n  the 
#5 position spool to allow evaluation of the circulation 
characteristics a t  this location. Consideration should be given 
to demonstrating the predicted satisfactory circulation character- 
istics on the S-IC-T (appropriately configurated to be represen- 
tative of the INT-20 #5 position duct and interconnect system.) 

In summary the defined changes and prel iminary supporting analyses of the inter- 
connect system with the INT-20 Lox feed system configuration indicates that: 

(b l )  The Lox conditioning system w i l l  operate satisfactorily. 

(b2) The Lox emergency bubbling system w i l l  operate satisfactorily. 

(b3) Geysering after #2 and #4 engine cut-off does not appear to be 
a problem because the Lox suction l ine pressure w i l l  increase 
much faster than any conceivable suction line temperature rise, 
i. e., the Lox i n  the suction lines w i l l  always be subcooled. 

(b4) Vortexing w i l l  not be a problem. Although this item was not 
evaluated a t  depth, i t  i s  not apparent that a vortexing 
problem would exist. 

(b5) The POGO suppression system w i l l  work, i.e., its S-IC 
functional characteristics should not be affected by the 
defined changes to the Lox feed and interconnect systems. 

2.2.5 Lox Bubbling System 

Elimination o f  the center engine bubbling system branch l ine i s  defined by D5-17009-2 

paragraph 4.2.2.1 (c) (2). Removal of the #5 engine position LOX feed duct 
eliminates the need for the emergency bubbling supply to the center engine Lox 
spool. To maintain the same helium flow per duct to the four remaining ducts as 
now specified for the S-IC, adiustment and recal ibration of the ground supply (GSE) 
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system regulator i s  required. See D5-17009-2 paragraph 4.2.2.2.a. 1 (c). 

2.2.6 Oxidizer Pressurization System 

2.2.6.1 Center Engine Gox Return Line Elimination 

Removal of the center engine Gox return line i s  necessary to prevent the need for 
closure of this branch l ine aft of the base heat shield plane. Termination of the 
center engine Gox return branch at the manifold flange further permits the elimin- 
ation of potential leak points and the removal of the bol ted-on duct support 
bracketry. Elimination of unused system components from the stage w i l l  reduce 
hardware and installation costs for the production INT-20 stage. N o  dynamic 
load problems are apparent. The existing seal at the manifold flange can be used 
with an appropriately designed closure plate. 

2.2.6.2 Oxidizer Tank Pressure Control System 

The S-IC-11 oxidizer tank prepressurization requires revision to accomodate the 
increased ullage requirements for the baseline INT-20. The defined minimum Lox 
tank level at station 1413.0 with the S-IC prepress lower l imi t  of 24.2 PSIA w i l l  
not satisfy the engine (gas generator) start pressure requirement. FIGURE A-71 
relates the S-IC and INT-20 Lox and fuel pressure switch settings to F - I  engine 
start pressure requirements. FIGURE A-72 relates the engine start requirements to 
INT-20 ullage pressures. 

The requirement to increase the INT-20 prepressurization switch settings necessitate 
changes i n  other related pressure control and rel ief  system components. The Lox 
tank pressurization schedule for INT-20 i s  shown by  FIGURE A-73 . N o  change 
requirement i s  apparent, from a preliminary analyses, for the Gox flow control 
(GFC) system. The INT-20 system regulating characteristics of the GFC valve are 
expected to be somewhat different from a 5 engine supplied S-IC system. Pressure 
regulation i s  however predicted to be within the valve specification range shown 
by  FIGURE A-73. 

Revision to the mechanical rel ief  valve i s  not required. In fact a change to the 
existing 23.5 - 25.5 PSlG control range i s  not permissible. The upper l imi t  i s  

constrained by the Lox tank structural capability. Lowering o f  the mechanical 

rel ief  operating pressure band i s  highly undesirable because i t  would increase the 
probability of maximum tank pressure regulation by overboard venting (re1 i e f  valve 
cycling.) A change of the Lox re1 ie f  valve pressure switch setting however i s  
required to maintain an acceptable differential between the revised prepreswrization 
switch and the rel ief  valve switch pressure control as shown in FIGURE A- -- 73 . 
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The above system pressure values should be considered prel iminary. An objective 
of the study was to permit the use of pressure settings of existing qualified switches. 
More detailed analysis may disclose system requirements which dictate the use of 
different pressure settings. 

Another re1 ie f  Lox tank pressure system which merits consideration would be to 
activate the mechanical operation of the second relief valve, which i s  not used 
during flight. This could provide a redundant a l l  mechanical rel ief  system, 
operative prior to and throughout flight, and would permit the deletion of the 
re I ie f pressure switch . 
2.2.7 Fuel System 

Because of the INT-20 increased ullage volume, the fuel loading probe w i l l  be 
lengthened 14" (D5-17009-2 FIGURES 4.2.2.1-22 and -23). The change, in 
essence, lengthens the probe stil lwell 14". The electronics package w i l l  remain 
unchanged. 

The lengthened probe w i l l  require a vibration requalification test only. A clearance 
study (FIGURE A-74 ) demonstrates that the lengthened probe can be removed 
without interference with the aft Lox bulkhead. 

The increased loading probe length was established in i t ia l ly  using nominal engine 
performance data (1522K). In subsequent studies, using actual performance data 
(approx. 1531K) i t  was determined that additional propellants would be 
required to satisfy the 1.25 thrust to weight ratio. See para. 2.1.1.5.a.2(a) 
APPENDIX A. Based on this higher fuel loading level (Sta. 65622") use of the 
existing S-IC fuel loading probe w i l l  be re-evaluated during the INT-20 design 
definit ion phase. 

2.2.7.2 Fuel Feed System 

Al l  inboard fuel feed system hardware a f t  of the fuel suction elbows w i l l  be deleted. 
This hardware (PVC ducts, suction ducts and prevalves) i s  very costly and not 
required for system performance. Deletion of this hardware also represents a weight 
savings and reduces the number of possible leak points. 

The inboard fuel suction elbows were not deleted in  order that the existing elbow 
to tank structural configuration be retained. Closure plates and existing seals w i l l  

be used to seal the downstream end of the fuel elbows. The inboard fuel elbows 
w i l l  act as reservoirs from which fuel cannot be drained. The quantity of fue I, 
however, contained i n  these e l  bows i s  considered insignificant. 
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2.2.7.3 Center Engine Helium Return Line Elimination 

Removal of the center engine Helium supply and return lines i s  necessary to prevent 
the need for closure of these branch lines aft of the heat shield plane. Termination 
of the center engine Helium supply and return branches at the manifold flange 
further permits the elimination of potential leak points and the removal of the 
bol ted-on duct support bracketry. E l  imination of unused system components from 
the stage w i l l  reduce hardware and installation costs from the production INT-20. 
stage. 

FIGURE A - 7 5  shows the portion of the remaining Helium supply and return 
manifolds associated with the center engine. The configuration as defined i n  
D5-17009-2 must be re -evaluated during the design definit ion phase. A dynamics 
assessment of the defined change revealed that the first lateral mode of the section 
of manifold mounted on the cross-beam couples with the first lateral mode of the 
cantilevered duct segment which i s  supported by the torsional stiffness of the 
cross-beam mounted manifold duct. Firm loads were not determinzd by the pre- 
liminary study. However, during the design definit ion phase, firm loads w i l l  be 
established and the following action taken, as required. 

If the loads are not considered excessive, the defined change w i l l  be used. 

I f  the loads are excessive, then the following changes w i l l  be incorporated: 

a. Baseline Configuration 

Replace 60849605-1 and 603-1 with manifold segments that do not 
include center engine branches. 

b. Retrofit Configuration 

Shorten the length of the cantilevered branches as shown in FIGURE A-75. 

2.2.7.4 Fuel Pressurization System 

The S-IC-I 1 fuel tank pressurization system requires revision to accommodate the 
increased ullage requirements for the baseline INT-20. The defined minimum fuel 

level a t  Station 640 w i l l  not satisfy the engine (gas generator) start pressure require- 
ments using the present S-IC prepress lower l imi t  of 27.5 PSIA. FIGURE A-71 
relates the S-IC and INT-20 Lox and fuel static head plus prepress to F-1 engine 
start pressure requirements. FIGURE A- 72 relates the engine start requirements 
to INT-20 ullage pressures. 

The requirement to increase the INT-20 prepressurization switch settings necessitate 
changes i n  other related pressure control and rel ief  system components. The fuel 
tank pressurization schedule for INT-20 i s  shown in  FIGURE A-76 . Changes in  the 

mechanical fuel rel ief  valve and rel ief  pressure switch settings are required to 
maintain an acceptable differential between these devices and the revised 
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prepressurization switch. FIGURE A-76 illustrates the INT-20 fuel pressurization 

system prepress and re1 ie f  device operating bands. FIGURE A- 76 also shows the 
instal lation of a fourth pressure switch (35.7 to 38.5 psia). This switch was added 
to give redundancy to the mechanical rel ief  valve (35.8 to 39.8 psia) while the 
vehicle i s  on the pad and during early part of  flight. The existing -27 pressure 
switch (29.7 - 31.5 psia) w i l l  be inhibited unt i l  T+50. From T+50 unti l  end of 
flight, however, the switch w i l l  be the primary relief mechanism. The number 5 
Helium flow control valve pressure switch (19.5 to 21.5 psia) w i l l  remain unchanged. 
A l l  the above hardware has been qualified with the exception of the new prepress 
switch (32.5 to 34.5 psia). This switch can be manufactured as a modification of 
an existing switch and qualified by similarity. 

The above system pressure values should be considered preliminary. An objective 
of the study was to permit the use of pressure settings of existing qualif ied switches. 
More detailed analysis may disclose system requirements which dictate the use of 
different pressure settings. 

Helium flow control valve orif ice sizes and operating times w i l l  be established during 
the design definit ion phase. A t  that time the S-IC Fuel Tank Pressurization System 
Program w i l l  be run using INT-20 design and performance parameters. Also, 
during the design definit ion phase, consideration should be given to the development 
of a psig mechanical rel ief  valve. This would eliminate the need for the -27 
pressure switch and the components required to enable that switch during flight. 

2.2.8 Auxi l  iary Systems 

O f  the three auxil iary systems; Control Pressure System, Environmental Control 
System and Engine Support and Purge Systems, only the Control Pressure and 
Engine Support and Purge Systems require changes. 

2.2.8.1 Control Pressure System 

The control pressure system provides a pressure supply and distribution system for 
command operation of various pneumatic onboard valves and to supply storage for 
the engine purge systems (D5-17009-2, FIGURE 4.2 .2 .1-26) .  A ground distribution 
system actuates those valves which function only prior to I ift-off or during captive 

firing. These valves are controlled with 750 psi GN2 routed directly from the GSE 
source thru the Af t  No. 1 umbilical plate to the valves. There are three such 
valves: a normally closed fuel f i l l  and drain valve, a normally closed Lox f i l l  and 
drain valve and a normally closed Lox interconnect valve (D5-17009-2, 
FIGURE 4.2 .2 .1-26) .  Venting these systems and thus closing the valves is accomplished 
back thru the ground support equipment. 

The vent lines from the prevalve 3 way control valves are used as a back-up 

system during static f ir ing (D5-17009-2, FIGURE 4.2.2.1-27).  A GSE pressure source 
at  the A f t  Umbilical No. 3 can be used to close the prevalves i n  the event of an 
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electrical power failure. 

The deletion of the center engine prevalves and the No. 2 Lox interconnect valve 
on INT-20 has been defined previously. Deletion of these valves was used as 
justification for the removal of their associated control systems. 

A l l  associated changes to GSE are defined i n  D5-17009-2 paragraph 4.2.2.2. 

2.2.8.2 Engine Support Purge Systems 

The engine support and purge systems consist of the following: 

Turbopump Oxidizer Seal purge 
Lox Dome and Gas Generator Lox Injector Purge 

Engine Cocoon Thermal Conditioning purge 
Thrust O K  Checkout 

Thrust Chamber Prefil l 
POGO Suppression 

The above systems are illustrated in D5-17009-2, FIGURES 4.2.2.1-28, -30 
and -33.  These support and purge systems are common to a l l  fine engines. 
Each system consists of a manifold mounted in  the thrust structure with branch 
lines to each engine. 

Because of the similarity i n  design, the following i s  applicable to a l l  of the 
above: Deletion of the center engine precludes the need for these systems to 
that position. Deletion o f  the branch lines U ~ S O  reduces the number of possible leak 
points and reduces the fabrication and installation costs associated with those 
lines. Removal of the lines also eliminates base heat shield penetrations and 
special line support structure. The deletion of the center engine portion of these 
systems does not effect the remainder of the on-board systems which support the 
outboard engines. Minor GSE/ESE orifice and regulator calibration changes as 
defined i n  D5-17009-2 paragraph 4.2.2.2.a.3(a) and (b) w i l l  be required. 

A preliminary examination of the dynamic loading of the capped center engine 

branch "stubs1' showed no excessive loads. These results were attributed to the 
fol lowing: 

The cantilevered "stubs" are very short. 
The "stub" i s  a bulkhead mounted fitting. 



2.2.8.3 Fluid Power System 

Hydraulic power i s  required at each engine to actuate certain components which 
are necessary to complete the start sequence. Engine generated hydraulic power 
i s  not available unt i l  mainstage has been reached. 

A ground hydraulic pumping unit  provides hydraulics to the a f t  umbilical plate 
No.  2. Stage mounted supply and return manifolds supply the f luid to the vacinity 
of the f ive engines where branch lines distribute i t  to the individual engines 
(D5-17009-2, FIGURE 4.2.2.1-34). 

With the deletion of the center engine, the ground supply and return branch lines 
to that position are no longer required. Deletion of these lines from the engine 
interface to the manifolds i s  defined for INT-20. The manifolds w i l l  be closed 
using simple f lat closure plates and the existing seals. 

Deletion of the branch lines reduce the number of possible leak points and reduces 
the associated fabrication and instal lation costs. Removal of these lines e l  iminate 
the base heat shie Id penetrations and associated branch line bracketry. 

The deletion of the center engine portion of this system does not effect the 
remainder of the onboard system which supports the outboard engines. The deletion 
o f  one engine should have a favorable impact on the flow demands upon the ground 

hydraulic pumping unit during the start sequence. A preliminary examination o f  the 
dynamic loading of the capped center engine branch "stubs" showed no excessive loads, 

2.2.8.4 Thrust Vector Control System 

a. Design impact 

The PropuIsion/~echanical elements of the thrust vector control system are 
mounted directly to the engine. They consist of the f i l ter manifold, the servo- 
actuators, the associated interconnecting ducts and the supply and return 
ducting between this system and the respective engine systems (FIGURE A-77). 
The thrust vector control system, however, i s  installed only on outboard 
engines. Deletion of the center engine, therefore, has no impact on the 
design parameters of this system. 

b. Flight Impact 

INT-20 f l ight conditions however, required study of the thrust vector control 
system. The nominal INT-20 flight profile calls for engines 2 and 4 to shut 
down a t  T + 146 sec. and engines 1 and 3 to shut down at T + 21 1 sec. Such 

a sequence results i n  the absence o f  hydraulic supply pressure to the servoactuators of 
engines 2 and 4 for the last 65 sec of flight. The fol low ing questions then 
required answers: 

W i l l  engines 2 and 4 be subject to free, unrestrained oscillations 
(flopping)for the last 65 seconds of f l ight? 
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What effect w i l l  steering command signals have on engines 
2 and 4 after T + 146 seconds? 

1. Dynamic influence 

A dynamics study identified the maximum force (worse case) on any one 

actuator of a shut down engine to be 19,500 Ibs. This force i s  a result 
of engine C. G and longitudional acceleration, PVC duct spring rates, 
lateral acceleration, recirculation and aerodynamic loads. 

2. H ydraul ic  system influence 

FIGURE A-77 illustrates that supply pressure (Point A) and return 
pressure (Point B) equalize in  an engine that has been shut down. 
FIGURE A-77 also illustrates that both the supply and return ducts w i l l  
remain flooded after shut-down. 

FIGURE A-78 illustrates the internal interrelation between the servo- 
actuator and its servovalve. This figure illustrates that, with the 
system flooded and the third stage spool i n  the neutral position, servo- 
actuator travel can only occur due to leakage flow thru the piston orifice and 
the third stage spool. 

With the engine shut down, P and R are equal as illustrated i n  FIGURE A-78 . 
With P and R equal, no flow exists and movement of the flapper by steering 
command signal w i l l  have no effect on the second stage spool. With the 
second stage spool centered, and the second to third stage ports flooded, the 
third stage i s  "locked-up." Thus, with the exception of leakage flow 
explained above, the servoactuator w i l  l be hydra1 ical l constrained. 

FIGURE A-79 relates external actuator loads to A B (flopping). This 
figure illustrates that with the maximum predicted external actuator load 
(19,500 Ibs.) the engine gimbal rate w i l l  be .4 degrees per second. 
FIGURE A-79 was plotted from calculations based on piston orifice size and 
third stage spool leakage rates. This gimbal rate i s  considered too smal l 
to present a loads problem. 
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2.3 E L E C T R I C A ~ E  LECTRON IC SUBSYSTEMS 

2.3.1 Power Generation and Distribution 

The present S-IC batteries provide a specified voltage output for a 
minimum of 640 ampere-minutes. Approximately 52.5 ampere- 
minutes are ut i l ized during activation. The maximum battery load 
i s  less than 50 amperes. Therefore, for power change over a t  T-50 
seconds and a 21 1 second flight, a maximum of 217.5 ampere- 
minutes are required per battery. A total of 587.5 ampere-minutes 
are available, leaving a minimum of 370 ampere-minutes per battery. 
Therefore, the present batteries are sufficient. 

2.3.2 S-IC/S-IVB Interface 

2.3.2.1 Functional 

Deletion of the Engine No. 5 Thrust OK measurements and addition 
of the simulated S-II/S-IVB separation indication were requested by  
IBM. Deleting the Thrust OK measurement distributor wiring provides 
a normal indication to the I. U. (simulates a normally energized N C  
relay contact.) Therefore, no change i s  required to the I. U. circui-  
try. The simulated S-II/S-IVB separation indication i s  uti l ized to 
perform switching functions i n  the I. U. Test and checkout capability 
i s  provided by the separation simulate relay (2K50). These changes 
are implemented with minimal impact. 

The S-IC functional interface with the S-IVB has been investigated 
to the extent to  determine that cornpatability can be achieved. 
Detail pin-function identification and compatible connector selections 
are considered a design detail beyond the scope of- this prel ;minary 
study. This level of interface definit ion w i l l  be accomplished during the 
Design Definit ion Phase. 

The S-IVB interface connectors are located approximately 208 inches 
higher than the present S - I l  interface connectors. Also, the S-IVB 

interface i s  located near position II instead of the S-IC position I 
location. Therefore, an additional 36 feet of cabling i s  required to 
cross the S-IVB interstage shroud and circumference from position I 
to position II. 



2.3.3 Sequence and Control 

2 .3 .3 .1  Engine Cutoff C i r c u i t r y  

The engine cu to f f  c i r c u i t r y  requirements a r e  determined by 
s t a g e  performance which has not  present ly  been uniquely de f ined .  
Therefore,  t h e  des ign  approach i s  t o  provide maximum v e r s a t i l i t y  
w i th  minimum impact. The proposed c i r c u i t r y  i s  dependent upon 
I . U .  generated cu to f f  commands. The method u t i l i z e d  by the  
I . U .  t o  genera te  these  cu to f f  commands does not a f f e c t  t he  
S-IC c i r c u i t r y .  The proposed c i r c u i t r y  provides f o r  sequenced 
engine c u t o f f ,  "g" l i m i t  cu tof f  commands, redundant LOX sensors  
f o r  engines 1 and 3 ,  and a reverse  engine cu tof f  sequence. 

a .  Sequenced Engine Cutoff 

The INT-20 veh ic l e  experiences a high r a t e  of a c c e l e r a t i o n .  
The predic ted  f l i g h t  p r o f i l e  i nd ica t e s  t h a t  two S-IC 
engines must be cu to f f  during the  launch phase t o  avoid 
exceeding a 4 . 6 8  "g" long i tud ina l  a c c e l e r a t i o n  l i m i t .  
The two engine cu to f f  w i l l  occur a t  approximately 146 
seconds. Engines 2 and 4  have been selected 
t o  be c u t  o f f  a t  t h i s  t ime. The a c c e l e r a t i o n  aga in  
approaches 4 . 6 8  "g" a t  approximately 211 seconds, a t  
which time the  S-IC launch phase i s  terminated.  E i t h e r  
"g" l i m i t  o r  programmed cutof f  commands can be u t i l i z e d  
f o r  engine c u t o f f .  

b .  G Limit Cutoff Command 

For t h i s  mode, t h e  I . U .  determines a c t u a l  a c c e l e r a t i o n  
and c a l c u l a t e s  time t o  "g" l i m i t .  The cu tof f  command 
i s  i n i t i a t e d  a t  some d e l t a  time p r i o r  t o  a c t u a l  "g" 
l i m i t .  The d e l t a  time i s  dependent upon t h e  a c c e l e r a t i o n  
measurement accuracy and cu tof f  de lay  time. Assuming t h e  
a c c e l e r a t i o n  can be determined more accu ra t e ly  than  pre- 
d i c t e d ,  t h i s  approach provides maximum poss ib le  veh ic l e  
performance. Therefore,  u t i l i z a t i o n  of t h i s  method i s  
proposed f o r  engines 2 and 4  c u t o f f .  The accuracy, t iming 
and performance w i l l  be p rec i se ly  defined during t h e  des ign  
phase. 

The same "g" l i m i t  f l i g h t  program rou t ine  can be u t i l i z e d  
f o r  engines 1 and 3 cu to f f  a t  approximately 211 seconds. 
This provides cu to f f  mode v e r s a t i l i t y  and "g" l i m i t  
back-up f o r  poss ib l e  LOX dep le t ion  c u t o f f .  A LOX deple-  
t i o n  cu to f f  can be u t i l i z e d ,  depending upon t h e  amount 
of p rope l l an t  i n i t i a l l y  loaded. Therefore,  t h e  proposed 
c i t c u i t r y  provides f o r  a "g" l i m i t  cu to f f  of engines 1 
and 3 .  This cu to f f  mode i s  a l s o  requi red  f o r  u t i l i z a t i o n  
of t h e  r eve r se  engine cu tof f  sequence. 



2.3.3.1 (continued) 

c. Programmed Cutoff Command 

For this mode, the vehicle acceleration is predicted within 
3 sigma limits. The I.U. initiates a programmed cutoff 
command to assure the "g" limit is not exceeded (+3 sigma 
level at 4.68 "g"). The cutoff command would be initiated 
at a nominal 4.31 "g" level, which occurs at approximately 
137 seconds. This results in a loss of performance with 
respect to nominal (4.68 "g" level of 146 seconds). The 
primary advantage of utilizing a programmed cutoff command 
is simplification of the I.U. programming. 

Although utilization of a programmed cutoff command is 
not presently proposed, a programmed cutoff command may 
be required as backup for the "g" limit cutoff command. 
This requirement is dependent upon I.U. single point 
critical failure modes and will be determined during the 
design phase. S-IC circuitry would not be affected, since 
the same switch selector channels would be used for the 
backup commands. 

d. LOX Depletion Cutoff Circuitry 

LOX level sensors for engines 2 and 4 would not indicate 
depletion, since these engines are normally cutoff at 
approximately 146 seconds. To maintain the present LOX 
depletion cutoff two-of-four voting logic, redundant sensors 
are added for engines 1 and 3 and sensors are deleted for 
engines 2 and 4. The two-of-four voting logic and propel- 
lant depletion enable are required to reduce the possibility 
of premature engine cutoff due to spurious LOX sensor 
indications. 

e. Reverse Engine Cutoff Sequence 

A reverse engine cutoff sequence is utilized in the event 
of engines 1 or 3 cutoff prior to two engine cutoff. The 
I.U. detects the engine out condition and switches the two 
engine cutoff command to the opposite engine. Without 
the reverse sequence, the launch would be terminated at 
the two engine cutoff command by two adjacent engines 
out cutoff. Detection of the engine out condition requires 
a minimal change in the I.U. circuitry. 

In the event the reverse engine cutoff sequence is utilized, 
the I.U. must initiate cutoff of engines 2 and 4 prior 
to possible LOX depletion. A LOX depletion cutoff capabi- 
lity does not presently exist for engines 2 and 4. Redun- 
dant sensors and logic can be implemented for engines 2 



2.3.3.1 e .  (cont inued)  

and 4 i f  t h e  performance l o s s  due t o  e a r l y  f l i g h t  termi-  
n a t i o n  i s  unacceptable .  The performance w i l l  be analyzed 
dur ing  t h e  des ign  phase. 

f .  A l t e rna t e  Design Approach 

The r eve r se  engine cu tof f  sequence switching log ic  can 
be implemented i n  t h e  S-IC. This approach would s impl i fy  
t h e  I . U .  change, p a r t i c u l a r l y  i f  programmed engine cu to f f  
commands a r e  u t i l i z e d .  Due t o  r e l a y  usage cons ide ra t ions ,  
it would be advantageous t o  incorpora te  t h e  engine 2 and 
4 LOX dep le t ion  c a p a b i l i t y  with t h e  reverse  sequence 
switching log ic .  A func t iona l  block-diagram of t h i s  c i r c u i t  
con f igu ra t ion  i s  shown i n  Figure A-80.  Although t h i s  
approach i s  not  present ly  proposed,. Zt should be recon- 
s ide red  i f  programmed cu to f f  commands a r e  u t i l i z e d .  

g. Addi t iona l  Considerat ions 

The proposed engine cu to f f  c i r c u i t r y  i s  based on the  
assumption t h a t  t h r e e  engine opera t ion  i s  f e a s i b l e .  This 
assumption w i l l  be  v e r i f i e d  during t h e  des ign  phase. The 
c i r c u i t r y  change requi red  t o  e l imina te  s i n g l e  engine cu to f f  
is  minimal and could e a s i l y  be incorporated.  

The proposed r eve r se  engine cu tof f  sequence i s  based on 
t h e  assumption t h a t  LOX dep le t ion  can be predic ted  with 
reasonable accuracy. LOX dep le t ion  would be g r e a t l y  i n -  
creased by a rup tu re  of a LOX duc t ,  which would a l s o  r e s u l t  
i n  s i n g l e  engine c u t o f f .  Engine cu tof f  would s t o p  t h e  
dep le t ion ,  i f  t h e  rup tu re  were below t h e  prevalve.  I f  
t h e  rup tu re  were above t h e  prevalve,  a ca t a s t roph ic  cond i t i on  
would probably e x i s t  p r i o r  t o  dep le t ion .  Therefore,  t he  
assumption i s  considered t o  be v a l i d .  

2.3.3.2 Fuel  Tank Vent and Rel ie f  C i r c u i t r y  

Implementation of t h e  f u e l  tank vent  and r e l i e f  c i r c u i t r y  i s  
a s t r a i g h t  forward r e s u l t  of t h e  proposed pressure  schedule 
requirements .  The f u e l  tank vent  and r e l i e f  solenoid va lve  
draws a maximum of 1 .5  amperes through approximately 165 f e e t  
of wi r ing  (0.85 ohms), r e s u l t i n g  i n  a maximum supply vo l t age  
drop of 1.275 v o l t s .  An equiva len t  r e t u r n  vol tage  drop would 
r e s u l t  i n  exceeding t h e  2.0 v o l t  maximum S-IC des ign  c r i t e r i a .  
Therefore,  t h e  s t a g e  s k i n  i s  u t i l i z e d  f o r  t h e  r e t u r n  path.  

The i n h i b i t  r e l a y  con tac t s  a r e  r a t e d  f o r  2 amperes r e s i s t i v e  
load.  This r a t i n g  is  s u f f i c i e n t  f o r  a c t i v a t i o n  of t he  so lenoid ,  
b u t  i s  not  s u f f i c i e n t  f o r  deac t iva t ion  of t h e  so lenoid .  The 
r e l a y  should not  be used t o  d e a c t i v a t e  t h e  solenoid dur ing  
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2.3.3.2 (Continued) 

test and checkout. Since the relay i s  a latching type, there i s  no 
problem during flight. 

2.3.4 Emergency Detection System 

N o  design changes are required. 

2.3.5 Range Safety System 

N o  design changes are required. 

2.3.6 Se~arat ion and Ordnance Svstem 

Coordination with M c  Donnel I -Douglas indicates system components 
can be installed ut i l iz ing existing S-IVB mounting provisions. Also, 
the existing cables between EBW Detonators and Firing Units are long 
enough for the new installation. The interface cables are lengthened 
18 feet because of the additional height of the S-IVB interstage shroud. 

2.3.7 Prope I lant Loading System 

N o  design changes are required for the electronics, although the fuel 
loading probe i s  revised to accommodate required levels. 

2.3.8 Measurina System 

The addition of 19 measurements i s  recommended for the first two 
stages. These measurements are required to verify predicted heat 
shield and Lox interconnect spool temperature, tank and gimbal 
block vibration, and intertank strain environments. The 39 
measurements deleted are no longer required, primarily due to 
deletion of the center engine. TABLE A-\'llllists the deleted 
measurements and instrumentation. A complete Instrumentation 
Program and Components List has been prepared. 

Additional changes to the measurement program should be considered 

to provide POGO related data. These changes are shown in TABLE A- I S . 
The changes have not been included i n  the proposed measurement 
program because the POGO phenomena i s  not considered to be unique 
to the INT-20 configuration. Any measurements required to monitor 
INT-20 unique POGO phenomena w i l l  be added during the design 
phase. 



MEASUREMENT /COMPONENT 

A4-120 
Accelerometer 

C3-105 
DC Amplifier 

C6-105 
DC Amplifier 

C196-115 
Temperature Gage 
DC Amplifier 

C201-115 
Temperature Gage 
DC Amplifier 

C242-105 
DC Amplifier 

C342-115 
Temperature Gage 
DC Amplifier 

C343-115 
Temperature Gage 
DC Amplifier 

DELETED INSTRUMENTATION 

INSTALLATION/PART NUMBER 



D131-115 
Pressure Transducer 

F44-105 
DC Converter 

TI-105 
Tachometer Pulse 
Converter 

TABLE A- \'I II 
(continued) 

INSTALJATION/PART NUMBER 



TABIS A - \ ' I  I I 
(continued) 

1-.- _1. - Measurement not required for INT-20 performance analysis. 

2 .  Measurement provided by engine manufacturer. 

3 .  Switchlrelay is an integral part of another stage system. 



TABLE A- I S 

POGO RELATED MEASUREMENT PROGRAM CHANGES 

ADDITIONAL MEASUREMENTS 

E90-115 
Accelerometer 

D170-119 
Pressure Transducer 
DC Amplifier 

D171-117 
Pressure Transducer 

MEASUREMENT 

XD4-101 

XD4-102 

XD4-103 

XD4 - 104 
VXD127-115 

TM CHANNEL/ PART NUMBER 

REVISED TELEMETRY CHANNELS 

FROM - T 0 - 
APlAOV13-01-00 APlAOV15-00-00 

APlAO-13-02-00 APlAO-16-00-00 

APlAO-13-03-00 APlAO-17-00-00 

APlAO-13-04-00 APlAO-18-00-00 

APlBOV13 -08-00 APlAOV26-00-00 



2.3.9 Electrical Networks 

2.3.9.1 Cabling 

Unused cabling is coiled and stowed to implement system changes 
with minimum impact and to facilitate configuration reversibility. 
If the unused cable branches were deleted, 19 additional cables 
would have to be documented. These cables would also have to 
be modified if an INT-20 configuration were retrofitted to a 
SAT-V configuration. If the reversibility requirement is limited 
with respect to the number of vehicles, the cost effectiveness 
of this approach should be reconsidered during the design phase. 
A complete Cable Interconnection Diagram has been prepared. 

2.3.9.2 Electrical Distributors 

System changes are implemented by addingldeleting distributor 
wiring to minimize the change impact and facilitate configuration 
reversibility. Wiring changes to ground unused telemetry channels 
and implement additional measurements have been defined, but 
are nDt shown in the Electrical Schematics. 



A P P E N D I X  A 

3.0 PARTS ADD AND DELETE LISTING 

T h i s  s e c t i o n  c o n t a i n s  a l i s t i n q  @f a l l  s i q n i f i c a n t  p a r t s  
a d d c s ,  d e l e t e d  or r e v i s e d  f o r  INT-20. I n c l u d e d  are  p a r t  
q u a n t i t y  p e r  stage a n d  w e i g h t s  o f  t h e  a f f e c t e d  c o ~ p o n e n t s .  

3 . 1  STRUCTURES SURSYSTE!?S 

3 . 1 . 1  F o r w a r d  S k i r t  

I Revise S-TC I n t e r f a c e  UTT, 
B o l t  P a t t e r n  
(See Method ? o f  

I FI'ZTTPE 4.2 .2 .1-2)  

T o t a l  W t .  

T o t a l  W t .  r) 

3.1 .2  O x i d i z e r  Tank 

DELETIONS WT 

LOX S t a n d p i p e  A s s y  171.5  
(69BA1271-5) 
1 e a c h  

Tnbd. 1,OX 5 u c t i o n  
F i t t i n a  C l o s u r e  C o v e r  
w i t h  F l o a t i n g  F l a n a e  
( S e e  Method 2 o f  

FIGITRE 4 .2 .2 .1 -3 )  
I. e a c h  

C r u c i f o r m  S u p p o r t  ? i n (  
( S e e  Method 2  o f  
FICIJRE 4.2 .2 .1-3)  
I e a c h  

Totai W t .  -171.5  

T c t a l  Vt .  -120.3  

3 . 1 . 3  I n t e r t a n k  

N o  a d f l i t i o n s  or 3 e l e t i o n s  are r e q u i r e d .  

A-162 



APPENDIX A 

3.1.4 F u e l  Tank 

T o t a l  Wt. 0 

T o t a l  i t .  +327.7  

- -  
DELETIONS ADDITIOYS T*?T 

-- - 

Tnhd. F u e l  Tuction 15.8 

E l b o w  1 o s n r e  
I ( S e e  FICTTRF 4.2 .2 .1-4)  I I 2 e a c h  

I n b d .  L O X  T u n n e l  I 1 1 . 7  
1 

Cove r 
I ( 9 e e  FTCT?RF: 4.2 .2 .1-4)  
I 

1 e a c h  

T u n n e l  C o v e r  A t t a c h  
Hardware  

(b?AS 1306 b o l t )  
3  e a c h  

(MBNlnr-6 n u t  n l a t e )  
3 e a c h  

(pnS2C1003-7 w a s h e r )  
3 e a c h  

R e v i s e  Lower F u e l  Base 
C o r e  Seqrnent 
( S e e  FICITPF 4 .2 .2 .1 -5 )  
8 p l a c e s  

Sevise 60R34510-?, 
Upper  F u e l  I n s t r u ~ e n -  
t a t i o n  C o v e r  
( S e e  FIGURE 4 .2 .2 .1 -6 )  
1 e a c h  

Y u t p l a t e  
(6flR12012-5) 
1 e a c h  

T n s e r t  
(MS2120qF1-15) 
A e a c h  

YIT,  

YIT, 

NIL 

?qn 

0.7  

rl.1 

YIT, 

I 



APPENDIX A 

3.1.5 T h r u s t  S t r u c t u r e  

WT DELETIONS 

C e n t e r  Engine Supt .  
S t r u t  
(60B19 001-1) 
2 each  

S t r u t  I n s u l a t i o n  
(60B19006-1, -3) 
2 each 

S t r u t  F i t t i n g  
(60B18916-1) 
2 each  

Suppor t  S t r u t  
A t t ach  Hardware 

(MBB30B-20-44 b o l t )  
2 each  

(MBNlOFC20 n u t )  
2 each 

(NAS 1587-20C Washer) 
2 each  

(NAS 158 7-20 Washer) 
2 each  

Cen te r  Engine 
Adapter  F i t t i n g  
(60B18910-1) 
1 each  

Inbd.  Fue l  Suc t i on  
Duct Supt .  Link 
(60B1976 9-1) 
8 each  

WT 

186.8 

6 . 4  

18.6 

NIL 

NIL 

NIL 

N I L  

83.5 

21.6 

I 

I 

ADDITIONS 



D5-17009-2 

APPENDIX A 

3.1.5 (Cont inued)  

T o t a l  W t .  -316.9 

T o t a l  Awt. -316.9 

3.1.6 Heat S h i e l d  

DELETIONS 

S u p p o r t  Link 
A t t a c h  Hardware 

(60B32020-8C20 b o l t )  
8 e a c h  

(60B32020-8C34 b o l t )  
8 e a c h  

(60B32023-8C n u t )  
16 e a c h  

(MS20002-8 washer)  
16 e a c h  

(MS20002-8C washer)  
16 e a c h  

ADDITIONS WT 

NIL 

NIL 

NIL 

NIL 

NIL 

WT 

WT 

392.4 

- 

DELETIONS 

F l i g h t  H e a t  S h i e l d  
P a n e l  - 1 each  
e x c e p t  as n o t e d  

(60B206 32-17) 

(60B20243-17) 

(60B20244-17) 

(60B20413-17) 

WT 

18.3 

14.4 

14.8 

7.4 

ADDITIONS 

F l i g h t  Hea t  S h i e l d  
P a n e l  
(60B20210-17) 
6 e a c h  

S t a t i c  F i r i n g  Honey- 
comb Heat S h i e l d  
P a n e l  
(6OB20210-1) 
6 each  
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3.1.6 ( C o n t i n u e d )  

I DELETIONS 

C- 
1 ( 6 0 ~ 2 0 6 3 1 - 1 7 )  

' (60820407-17)  
I 
I (60320414-17)  

/ (60B20245-17) 
I 

I (60020241-17)  

(60B20240-17) 

' (60B20242-17) 
I 
I (60B20630-17) 
I , (60820411-17) 

I (6OB20411-18) 

(6OB20403-17) 
2  e a c h  

S t a t i c  F i r i n g  Honeycomb 
Heat S h i e l d  P a n e l  - 
1 e a c h  e x c e p t  as n o t e d  

(6OB20411-17, -18)  

(60B20408-1) 

(60B20405-1) 

(60B20413-1) 

(60B20414-1) 

WT 

39.8 

51.4  

1 6 . 1  

4.8 

4.7 

6 . 3  

12 .4  

1 9 . 1  

5 . 5 

5 . 5  

75.2 

- 
- 
- 
- 
- 

ADDITIONS 

S t a t i c  F i r i n g  S t e e l  
Back-up Heat S h i e l d  
P a n e l  
(60B20422-1) 
6  e a c h  

Heat S h i e l d S u p t .  
Beam 
1 e a c h  

(60B20140-1) 

(6OB20150-1) 

(60B20200-1) 

S u p p o r t  Beam A t t a c h  
F i t t i n g  
(6OB20199-1) 
2  e a c h  

S u p p o r t  Beam A t t a c h  
C l i p  
(60B20327-1, -2) 
2  e a c h  

S u p p o r t  Beam A t t a c h  
D o u b l e r  
(60B20195-1, -3)  
2  e a c h  

S u p p o r t  Beam A t t a c h  
S p l i c e  
(60B20193-1, -3 )  
2  e a c h  

WT 

- 

6 . 1  

4.9 

1 9 . 8  

5.2 

0 .4  

NIL 

0.4 
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3.1.6 (Continued) 
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3 .1 .6  ( C o n t i n u e d )  

I 

DELETIONS 

C e n t e r  E n g i n e  Flame 
C u r t a i n  Assembly 
(60B20508-1) 
1 e a c h  

Heat S h i e l d  S u p p o r t  
Beam - 1 e a c h  

(60B20170-1) 

(60B20542-3, -4 )  

(60B20226-3, -5) 

(60B20226-1) 

(60B20160-1) 

(60B20123-1) 

(60B20180-1) 

S u p p o r t  Beam A t t a c h  
C l i p  

(60B20227-1) 
2 e a c h  

(60B20227-3) 
4 e a c h  

(60B20227-5) 
6 e a c h  

(60B20132-1) 
1 e a c h  

(60B20137-1, -2) 
1 e a c h  

WT 

110.0 

3 .3  

9.8 

1 2 . 3  

6.2 

1 . 7  

23.5 

26.0 

0.2 

0 .4  

0 .6  

0 . 1  

0.2 

ADDITIONS 

I 

WT 
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3.1.6 ( C o n t i n u e d )  

I 

WT 

1 

DELETIONS 

(60B20102-1, -2)  
1 e a c h  

(6OB20605-1) 
4 e a c h  

(60B20543-1) 
8 e a c h  

(60B20129-1, -3) 
2 e a c h  

(60B20105-1) 
2 e a c h  

(60B20131-1) 
2 e a c h  

S u p p o r t  Beam 
A t t a c h  Doubler 
(60B20145-1) 
3 e a c h  

S u p p o r t  Beam 
A t t a c h  F i l l e r  

(60B20135-1) 
1 e a c h  

(60B20146-1) 
2 e a c h  

S u p p o r t  Beam 
A t t a c h  B r a c k e t  
(60B20629-1) 
4 e a c h  

S u p p o r t  Beam 
A t t a c h  F i t t i n g  
(60B20198-1, -2) 
1 e a c h  

WT 

0 .2  

0 .4  

0.8 

0.8 

0.2 

0.2 

NIL 

0 .3  

0.2 

1 .2  

2 .7  

ADDITIONS 
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3 . 1 . 6  ( C o n t i n u e d )  

T o t a l  W t .  - 5 0 2 . 7  

T o t a l  W t .  - 6 2 . 3  

3 . 2  PROPULSION AND MECHANICAL SUBSYSTEMS 

3 . 2 . 1  O x i d i z e r  S y s t e m  

3 . 2 . 2  O x i d i z e r  F i l l  a n d  D r a i n  (60B41012)  

No c h a n g e .  

DELETIONS 

S u p p o r t  Beam 
A t t a c h  Washer  

( 6 0 B 2 0 5 5 0 - 1 ,  - 2 )  
2  e a c h  

(60B20550-3 )  
4  e a c h  

Heat S h i e l d  S t i f f e n e r  

(60B20465-1 )  
1 e a c h  

(60B20466-1 )  
1 e a c h  

I 

ADDITIONS WT 

NIL 

NIL 

3 . 4  

2 . 3  

WT 

J 
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3.2.3 O x i d i z e r  Feed System (60B41014) 

T o t a l  W t .  -2170.6 177 

T o t a l  h W t .  -1953.6 

4 

* D e l e t i o n  o f  t h i s  d u c t  w i l l  r e s u l t  i n  a LOX r e d u c t i o n  
o f  8350 l b s .  

1 

DELETIONS 

Inbd.  LOX P r e v a l v e  
( 20M320 10) 

LOX Cutof f  S e n s o r  
(60~41008-3)  
3 e a c h  

* Inbd.  LOX S u c t i o n  
Assy. (60B41011-3) 

P l u g  
(MC238C8W) 
2 e a c h  

Inbd.  PVC Duct 
6 20MO 20 02) 

S e a l s  (60B41149-65 & 
-77) 1 each  

1. 

3.2.4 O x i d i z e r  C o n d i t i o n i n g  Sys tern 

WT 

175 

2 

NIL 

WT 

390.0 

3 

Duct1272.0 

N I L  

500.0 

5.6 

ADDITIONS 

Inbd.  LOX I n t e r c o n n e c t  
Spool  Supt .  Adapter  
(FIGURE 4.2.2.1-15) 

LOX Cutof f  S e n s o r  
(60B4100 8-5) 

2 each  

P lug  
(MC238C12W) 
2 each  
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3 . 2 . 5  LOX I n t e r c o n n e c t  S y s t e m  (60B41014)  

T o t a l  W t .  - 28  

T o t a l  A W t .  - 2 1  

3 .2 .6  LOX B u b b l i n g  S y s t e m  (60B41221)  

DELETIONS 

E n g i n e  P o s i t i o n  2  
I n t e r c o n n e c t  V a l v e  
(60B41136-3 )  

T o t a l  W t .  - .9 

T o t a l  A w ~ .  -.9 

WT 

28  

DELETIONS 

T u b e  A s s e m b l i e s  
(60B41221-45  & -37 )  

U n i o n  (MC160D4W) 

A d a p t e r  (MC2 37D4W) 

C h e c k  V a l v e  
(60B41028-3 )  

Union O r i f i c e  
(60B41046-9 )  

ADDITIONS 

WT 

.4  

NIL 

NIL  

. 5  

NIL 

WT 

New I n t e r c o n n e c t  S p o o l  
(FIGURE 4.2.2.1-18)- 

L 

ADDITIONS 

C a p  
(MC177D4W) 

P l u g  
(MC238C4W) 

WT 
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3 . 2 . 7  O x i d i z e r  P r e s s u r i z a t i o n  (60R51400) 1 DELETIONS 2::o 1 ADDITIONS 1 b7T 1 
Tube A s s e v h l y  GOX M a n i f o l d  A s s y .  
(60B51404-1) C l o s u r e  

I S e a l  (6OB.11149-11) 

I B r a c k e t  
1 (60E51443-1) 

1 R o l l e r  Assernk.1.y 
(60B51416-1) 2  e a c h  1 (6OR51416-3) 

I R o l l e r  
1 (6flR51417-1) 6  e a c h  

Bus b i n 9  
(60B51418-1) 4  e a c h  
(60B51418-3) 2  e a c h  

1 Pressure Switch  1 (6OB49030-25) 

P r e s s u r e  S w i t c h  1 (60B49030-21) 

P r e s s u r e  S w i t c h  
( 6  0B49030-21) 

T o t a l  W t .  -41 .3  9 . 7  

P r e s s u r e  S w i t c h  
(60B49 n30-XX, new 
d a s h  n o . )  

T o t a l  W t .  -31.6 

3.5 

3.2.8 F u e l  S y s t e m  

3 .2 .9  F u e l  F i l l  a n d  D r a i n  (60843014)  

7 DELETIOPJS WT 

T o t a l  W t .  2 3 . 0  27 .0  

ADDITIONS 

F u e l  L o a d i n q  P r o b e  
(FOB43OO6-25F) 

T o t a l  W t .  +4.0 

23.0 L e n q t h e n  L o a d i n q  
P r o b e  (FIGURE 2 7  .O 
4.2 .2 .1-23 
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3.2.10 F u e l  Feed  Sys t em (60B43014) 

I DELETIONS I WT ADDITIONS 

I n b d .  F u e l  S u c t i o n  I I 

I 1 D u c t s  (60B43001-1) 
2 e a c h  1 159.0 1 

I n b d .  F u e l  P r e v a l v e s  
(20M32011-1) 
2  e a c h  

I n b d .  f u e l  PVC D u c t s  I 
(20M0209 3-1) I 300.0 

175.0 

( Sea1.s (60B4306 3-39) 1 - 6  1 
, 4 e a c h  I 

S e a l s  (6flB43063-37) 
2  e a c h  I 

I S u p p o r t  (60849360-1) 1 9.0 1 
T o t a l  W t .  -644.2 

T o t a l  W t .  -644.2 

3 .2 .11  F u e l  P r e s s u r i z a t i o n  Sys tem (60B49600) 

I - 
I DELETIONS I WT 1 ADDITIONS I WT 

I I n b d .  H e l i u m  R e t u r n  
(FIGURE 4.2.2.1-21, Items 

L i n e  (60B49002-3) / 7.2 1 ' 

I 
1 I n b d .  Hel ium S u p p l y  
) L i n e  (60B49022-1) 

O r i f i c e  (60B49510-11) - O r i f i c e  (6fJB49510-XX) * 
O r i f i c e  (60B49510-13) I - / 3 e a c h  

12.0 

S e a l  (6nB4114P-5, -9) 
1 e a c h  

O r i f  ice (60B49510-15) / - I  P r e s s u r e  S w i t c h  

3  e a c h  
(60B490 30-XX) * 

Helium P a n i f o l d  
C l o s u r e s  

i P r e s s u r e  S w i t c h  
(60B49030-21) 

.6 

P r e s s u r e  S w i t c h  1 3 * 5  / ( innasn3n-331  

O r i f i c e  (60Rd9510-YX) * 
O r i f i c e  (FiflBA9rSlfl-XX) * 

I 

T o t a l  W t .  
* N e w  ?a sh  numhkr 

-23.3 as r e q u i r e d .  

T o t a l  W t .  -13.3 
A-1 74 
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3.2.12 A u x i l i a r y  Sys  terns 

3.2.13 C o n t r o l  P r e s s u r e  Subsystem (60B52500) 

T o t a l  W t .  -5.5 

T o t a l  AWt. -5.5 

DELETIONS 

F l i g h t  - Onboard 

I n b o a r d  GN Supp ly  
L i n e s  (60~32500-101 ,  

1 -103, -105,  -107, -109, 
1-113) 

I n b o a r d  GN Supp ly  L i n e  
Tee ( ~ ~ 1 5 8 6 6 )  
2 e a c h  

I n b o a r d  Supp ly  S o l e n o i d  
Valve  (60B52101-3 and 
-7) 1 e a c h  

Ground - Onboard 

I n b o a r d  GN Supply  
L i n e s  (60~31223-139 ,  
-141,  -169,  -170, -171) 

I n b o a r d  GN Supp ly  L i n e  
Unions ( ~ ~ $ 6 0 ~ 6 )  6 
(MC169D12W) 1 e a c h  

I n b o a r d  GN Supply  L i n e  
Tee ( ~ ~ 1 6  266) 

WT 

2.0 

.1 

2.5 

.9 

NIL 

I 
4 

ADDITIONS 

- 

WT 

Cap (MC177D6W) 1 NIL 

Cap (MC177D8W) 

I 

NIL 
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3.2.14 Environmental  Con t ro l  System 

No change. 

3.2.15 Engine Suppor t  Purge Sys t e m s  

3.2.16 Turbopump Oxid ize r  S e a l  (60B37601) 

T o t a l  W t .  

T o t a l  h W t .  -7.2 

DELETIONS 

O r i f i c e  Adapter  Assy . 1 (60B37616-3) 

Tube Assemblies 
(60B37601-173, -145, 
-147, & -181) 

Bulkhead Elbow Assembly 
(MC165D8) 

Union Assembly 
(MC160D8W) 2 each 

F i t t i n g  Assembly 
(60B37618-3) 

WT 

.2 

3.0 

.1 

N I L  

3.9 

ADDITIONS 

Plug  (MC238C8W) 

WT 

N I L  

I 
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3.2.17 R a d i a t i o n  Calorimeter Purge  System ( F i r s t  F l i g h t  
S t a g e s  Only) 

ADDITIONS I wT 

1 

Bulkhead Elbow Assy . 
(MC165D8) 1 1 

I 

C 

DELETIONS 

Tube Assembl i e s  
(60B37601-173, -145, 
a n d  -147) 

Union Assembly 
(MC160D8W) 2 e a c h  I NIL 

WT 

1 

. 

3.0 

New L i n e  Segment 
(FIGURE 4-28) 

T o t a l  W t .  4.0 

T o t a l  W t .  +4.0 

3.2.18 LOX Dome and Gas G e n e r a t o r  LOX I n j e c t o r  Purge  
System (60B37600) 

DELETIONS 

Inbd.  GN Supp ly  L i n e s  
(60837608-623, -625, 
-627) 

A d a p t e r  O r i f  ice 
(60B37614-9) 

Union Assembly 
(Kll6OD16UW) 2 e a c h  

WT 

6.2 

- 5  

.4 

ADDITIONS 

P l u g  (MC238C16W) 

WT 

NIL 
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3.2.18 (Cont inued)  

T o t a l  W t .  -11.2 

1, 

T o t a l  AWt. -11.2 

3.2.19 Engine  Cocoon Thermal C o n d i t i o n i n g  Purge System 
(60B37602) 

ADDITIONS DELETIONS 

I n b o a r d  GN2 Supply  
F i t t i n g  (60B37637-3) 

WT 

4 . 1  

T o t a l  W t .  

T o t a l  A W t .  -7.7 

WT I 
NIL 

ADDITIONS 

P l u g  (MC238C16W) 

DELETIONS 

O r i f i c e ,  Reducer 
(60B37622-3) 

Tube Assembl ies  
(60B37602-407, -413, 
-125) 

Union Assembl ies  
(MC160D08W) 2 e a c h  

F i t t i n g  Assembly 
(60B37621-5) 

WT 

. 4  

5 . 1  

NIL 

2.2 
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3.2.20 T h r u s t  OK C h e c k o u t  S y s t e m  (60B37600) 

T o t a l  W t .  -1.0 

T o t a l  A W t .  -1.0 

3 . 2 . 2 1  T h r u s t  Chamber P r e f i l l  S y s t e m  (60B37550) 

DELETIONS 

Tube A s s e m b l i e s  
(60B37600-73, -79,  -81,  

( -83, -109)  

/ Hose Assembly  
(MBH30A-04A-0175) 

U n i o n s  (MC160D4W) 
3 e a c h  

E lbows  (MC160D4) 
2 e a c h  

T o t a l  W t .  -5.3 

T o t a l  AWt. -5.3 

WT 

- 
WT 

NIL 

NIL 

NIL 

NIL 

ADDITIONS 

I 

ADDITIONS 

P l u g  (MC238C16W) 

Cap (MC177D4W) 

WT 

1 . 8  

.4 

-l 

NIL 

(60B37656-1) 

F i t t i n g  Assembly 
(60B37621-3) 

DELETIONS 

S u p p l y  Tube  Assembly  
(60B37550-115, -145)  

O r i f i c e  (60B37525-9) 

Union Assembly  

I 
3 * 0  1 
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3 .2 .22  POGO S u p p r e s s i o n  S y s t e m  (60B41340)  

T o t a l  W t .  -4 .7  

1 DELETIONS 

O r i f i c e  (60B41354-1)  

' A d a p t e r  (MC237C4W) 

U n i o n  (MC160C4W) 
3  e a c h  

H e l i u m  S u p p l y  T u b e  
A s s e m b l i e s  (60B41344-11,  
-29, - 3 1 ,  -33 )  

R e d u c e r  (MC247CS-4) 

Nut  (MC124C8WU) 

C h e c k  V a l v e  (60B41319-3)  

T 

T o t a l  W t .  - 4 .7  

3 . 2 . 2  3  F l i g h t  C o n t r o l  S u b s y s t e m :  

WT 

.1 

NIL 

NIL 

2.6 

NIL 

NIL 

2.0 

T h e  f l i g h t  control  s u b s y s t e m  i s  made u p  of t h e  f l u i d  p o w e r  
s y s t e m  a n d  t h e  t h r u s t  vector c o n t r o l  s y s t e m .  

ADDITIONS 

P l u g  (MC238C6W) NIL 

-- 
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3 .2 .24  F l u i d  Power  S y s t e m  (60B82000)  

T o t a l  W t .  -51.6 

T o t a l  A W t .  -49.4 

J. 

3 .2 .25  T h r u s t  V e c t o r  C o n t r o l  S y s t e m  (60B8400)  

NO change. 

DELETIONS 

H/S P e n e t r a t i o n  T u b e  
(60B82024-1)  
(60B82085-3C) 

WT 

1 9 . 3  
20.0 

ADDITIONS 

I n b o a r d  H y d r a u l i c  
-i 

S u p p l y  a n d  R e t u r n  
C l o s u r e s  2.2 
(FIGURE 4.2.2.1-21, Item 411 

1 

-- 

I 
F l e x  T u b e  A s s e m b l y  1 
(60B82013-1F & -3F) 1 1 0 . 0  

B r a c k e t  C a p  
(60B82094-1A) 1 0  e a c h  

C u s h i o n  B r a c k e t  
(60B82095)  1 0  e a c h  
(60B82096)  1 0  e a c h  

B o l t ,  Nut, W a s h e r  
(NAS 1304-8W) 20 e a c h  
(MS21042-4) 20 e a c h  
(AN960C416) 40 e a c h  

2.0 

1.1 
.2  

NIL 
NIL 
NIL 
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3.2.26 Engine  and R e l a t e d  Components (60B37450) 

T o t a l  A W t .  -19,271.8 

DELETIONS 

F-1 Engine & Loose 

ADDITIONS WT WT 

I Equipment (104001) 19,260 
F-1 Engine  Thermal I 
I n s u l a t i o n  (145011) , 
(1450 21) 

C e n t e r  Engine Suppor t  
S t r u t  t o  Engine  A t t a c h  
P i n  (60B84001-1B) 2 e a .  

C e n t e r  Engine  Suppor t  
S t r u t  t o  Engine A t t a c h  
Nut (6OB84005-1A) 2 e a .  

C e n t e r  Engine Suppor t  
S t r u t  t o  Engine A t t a c h  
Washer and  P i n s  
(60B84007-1A) 2 each  
(MS24665-379) 2 each  
(MS24665-375) 2 e a c h  
(60B84090-1) 4 each  

C e n t e r  Engine  Gimbal 
Block t o  S t a g e  A t t a c h  
B o l t  (MBB30M-14-56) 
8 e a c h  

C e n t e r  Engine Gimbal 
Block t o  S t a g e  A t t a c h  
Nut (MBNlOB-14)  8 each  

C e n t e r  Engine Gimbal 
Block t o  S t a g e  A t t a c h  
Washer (NAS1587-14) 
8 e a c h  (NAS1587-14C) 
8 e a c h  

1.0 

1.2 

NIL 
NIL 
NIL 
N I L  

8.0 

1.6 

NIL 
NIL 

T o t a l  W t .  -19,271.8 



3 .3  ELECTRICAL/ELECTRONIC SUBSYSTEMS 

3.  3.1 Power  Generat ion and Distr ibution 

No additions, delet ions,  o r  revis ions  a r e  requ i red .  

3 . 3 . 2  S-IC/S-IVB Interface  

Tota l  Wt. t 25 .290  

Tota l  A Wt. t 34 .085  

3 . 3 . 3  Sequence and control  

Revisions - -  

Cable As s embly 
120W3 
(60B55303-1) 

Cable As s embly 
120W4 
(60B55304-1) 

Tota l  Wt. -3 .000 

Tota l  Wt. -2 .000 

I 

1 + 2 .  916 

I 
I Cable  Ass  embly Cable As sembly  
i 120W5 1 14 .666  I 120W47 ' (60B55305-1) 
I I ' (60B55347-1) 

! 
1 j 1 Cable A s s  embly ; 

120W13 
I 
I (60B55315-1) 
L -- -- -- - - 

Wt. 
- -- - -- -- 

Revisions 

Deletions 

LOX Leve l  Sen- 
s o r  
(60B41008- 3)  
3 each  

4 Cable Assembly 
t 9 . 0 4 0  120W45 t 2 .  916 1 (6OB55345-l) 

i 

1 j A -  Cable  Assembly 7 / 

t 6 . 9 9 8  1 120W46 
(60B55346-1) 

Wt. 

-3.  000 

Additions 
-- - 

Wt. 

LOX Leve l  Sen- 
s o r  
(60B41008-5) 

Pr in ted  Wiring 
Ass  embly 
(60B62100-5) 

t1.000 

N / A  
1 



3 .3 .3  (Continued) 

Total  Wt. t1. 082 t 4 .  766 

- - - -- - - - 
Revisions 

I 
I Cable Ass  embly 
I 115 W16 

(60B55016-1) I 

i 

Cable Assembly 1 118W16 

,Tota l  A Wt. t5 .848  

3 . 3 . 4  Emergency  Detection Sys tem 

Wt. 

t 0 . 4 3 3  

t o .  649 

No additions, deletions, o r  revis ions  a r e  required 

- 

Revisions -- - [--wt 
1 

I 

Junction Box i 
Assembly iO.001 1 
118A100 

I 

j I 
( 6 0 ~ 5 7 8 7 7 - 1 )  , I 

I 
1 I 

Cable Assembly I 

118W14 1 t 4 . 7 6 5  

3 . 3 . 5  Range Safety Sys t em 

No additions, deletions, o r  revisions a r e  required.  

Total  A Wt. t 3 . 4 . 3 4  

3 . 3 . 6  Separat ion and Ordinance Sys tem 

3 . 7  Prope l lan t  Loading System 

Revisions 

Cable Assembly 
120W10 
(60B55310-1) 

No additions, delet ions,  o r  revis ions  a r e  requ i red .  

Total  Wt. t 2 . 268  t1.166 

Wt. 
---.-.-.~ 

t 2 . 2 6 8  

-- - -- - . 
R evis ions 
. - -  - - - - -- -- - - - - - 

Cable Assembly 
120W39 
(60B55339-1) - T y 1 6 6  -- 
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3 .  3 . 8  M e a s u r i n g  S y s t e m  
- - - - - - - - - -. - - - - - - - - - -- - - - - 
I I 

I 

Dele t i ons  TW-t- T Addit ions  I Wt .  

A c c e l e r o m e t e r  I 
I R e s i s t a n c e  

(60B67520-1) 1 - 2 . 0 4 4  ; T h e r m o m e t e r  t o .  500  
2 e a c h  I I (6OB72067- 5 )  

I 

I 

I T e m p e r a t u r e  G a g e  a ! Rad ia t i on  C a l o r i -  
(60B72067-  5 )  -1. 000 m e t e r  8 -1-1 000 
2 e a c h  : (60B72065-1) 

2 e a c h  

T e m p e r a t u r e  G a g e  I T h e r m o c o u p l e  , 
(60B 72099-1) - 0 . 4 0 0  1 (60B71141-11) t o .  603 
2 e a c h  i , 

I 

P r e s s u r e  T r a n s -  T h e r m o c o u p l e  
d u c e r  I - 0 .  500  ' (60B71141-13) I i t1. 208 
(60B72200-  3 )  ! 4 e a c h  ! 

DC A m p l i f i e r  
(60B73113- 61) 

DC A m p l i f i e r  
(60B 73113- 71) 

I 

! DC A m p l i f i e r  
1 (60B73113-137) 

i DC Ampl i f i e r  
i 
1 (60B73113-15) 
i 2  e a c h  

: DC C o n v e r t e r  
(60B73138-1) 

I A c c e l e r o m e t e r  
/ N / A  (60B72192- 7 )  

I A c c e l e r o m e t e r  
I 

i N i A  ; 
(6OB72192-11) 
2 e a c h  

I 

1 Zone  Box  
N / A  ! (60B67608-1) 

I 4 e a c h  
I I 

i Zone  B o x  / N / A  (60B67608-3) ; t o .  102 

I 

: DC A m p l i f i e r  
I 

I I N / A  1 (60B73113-21) N / A  
i 1 2 e a c h  
I I 

I 

I I 

! DC A m p l i f i e r  i 
N / A  1 (60B73113-33) ' N / A  i 

i 
1 T a c h o m e t e r  P u l s e  1 i DC Ampl i f i e r  
I ! C o n v e r t e r  ' N / A  (6OB73113-45) N / A  1 
, ( 6 0 ~ 7 3 1 5 6 - 1 )  

I I 
I 



(Cont inued  ) 

- - -. - - - 
Dele t i ons  

- - .~ . . - 
- I 

Addi t ions  Wt 
~.~ . . -. -- - - - - - -- .I . . : 

, 
DC A m p l i f i e r  1 
(60B73113-85) N / A  
2 e a c h  i 

D C A m p l i f i e r  
(60B 73113-115) N / A  
8 e a c h  

C a b l e A s s e m b l y  t 6 . 0 0 0  

C a b l e  A s s e m b l y  ; t 2 7 .  000'  

C a b l e A s s e m b l y  $ 1 5 . 0 0 0  
I 

I C a b l e A s s e m b l y  , t 2 . 0 0 0  
L _ . _ _  3 - -- 

T o t a l  Wt .  - 3. 944 t 5 6 .  221 

T o t a l  A Wt. t 5 2 .  277 

Addi t iona l  p a r t s  r e q u i r e d  f o r  f i r s t  two  s t a g e s  on ly .  
. - - - - - -- - - - -- - --- I R e v i s i o n s  i Wt. R e v i s i o n s  

1 ; - -- - - - - - 
I 

M e a s u r i n g  R a c k  I C a b l e  As s e m b l y  
w t  I 

I 

I 115A500 
I 

I t 2 .  077 115W58 t l .  297 1 
(6OB70995-1) j 

1 
, (60B55058-1) 

1 ! I 
I 

I 
M e a s u r i n g  R a c k  , C a b l e  As  s e m b l y  

, 

115A501 I - 2 . 0 7 6  115W59 t l .  054 
(60B70995-  3 )  1 (6OB55059-1) 

M e a s u r i n g  R a c k  C a b l e  A s s e m b l y  
1 115A502 s $ 6 . 2 2 8  , 115W68 t 2 .  025 
, (60B70995-5)  (60B55068-1) 

I M e a s u r i n g  R a c k  1 C a b l e  A s s e m b l y  
1 115A503 , t 4 . 1 5 4  115W80 ; t 2 .  611 
/ (60B70995-7)  (60B55080-1) 

! 



3.  3 .  8  (Continued)  

- - -. - - - - - 
; Rev i s ions  1 Wt. Revis ions  
r - t - 1 - - -. . - . - 
I I I 
I M e a s u r i n g  Rack  Cab le  A s s e m b l y  

115A5 04 I - 5 .  661 l l iW81 t l .  064 
(60B 70995- 9)  ' (60B55081-1) 

i 
I 

M e a s u r i n g  Rack  1 Cable  A s s e m b l y  
115A505 -3.117 , 115W82 t 2 . 3 5 9  
(6OB70995-11) (60B55082-1) 

Cab le  A s s e m b l y  I Cab le  A s s e m b l y  
115W86 40 .436  118W53 t l .  428 
(60B55086-1) (60B55297-1) 

Cab le  A s s e m b l y  1 
115W94 t o .  756 / 
(60B55094-1) 1 

i 
-- - - I - -- - .  .- -A 

T o t a l  Wt. t 6 .  949 tll. 838  

To ta l  Wt. t18. 787 

3.  3 .  9  E l e c t r i c a l  Network  

/ Sequence  and Con- 
/ t r o l  D i s t r i bu to r  1 +O. 140 
i 115A2 I 
1 (60B62028- 9) 

j 

Rev i s ions  
+ - 

1 Wt. 
7 - < 
1 

Measur ing  Dis -  1 
t r i b u t o r  ! t o .  170 
115A7 I ! 

I 
(60B62032- 9)  i 

I 
, P r o p u l s i o n  D i s t r i -  I I M e a s u r i n g  Dis -  

bu to r  I $0.170 butor  1 -0 .146  ' 

' 115A3 115A8 
(60B62029-11) i (60B62033- 9 )  ; 

! I 

, T i m e r  D i s t r i b u t o r  I T h r u s t  OK Dis-  1 

115A4 t 0 . 0 4 9  t r i b u t o r  I -0 .194  ' 

(60B62030-5)  115A9 
I 

(60B62295-5)  
. -- - - -- - - . _ - _ _ - &  A 

Tota l  Wt. t o .  359 -0 .170  

T o t a l  /\ Wt. t o .  189 
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MSFC FORM 422-  8 ( H O R I Z O N T A L )  ( N O V E M S E R  1962)  CONTINUATION SHEET 

CENERAL NOTES: 

1. MEASURING SYSTEMS DESIGNATION 
- - 

See Sheet 1 6-23-9 

!I The following l e t t e r s  symboliie the corresponding systems, (Parameters) within t h i s  l is t :  
bl 

LETTER 
A 
B 
C 
D - 
E 
F 
G 
H 
K 
L 
M 
N 
R 
S 
T 
V* 
x* 

- .  

SYSTEM (PARAMETERS) 
Acceleration 
Acoustic 
Temperature 
Pressure 
Vibration 
Flow Rate 
Posit ion 
Guidance and Control Signal 
Signals 
Liquid Level 
Voltage, Current and Frequency 
Mscellaneous 
Angular Velocity 
S t r a ln  
RPM 
Elec t r i c a l  Support Equipment, (ESE) , Measurements 
Auxiliary Display Measurements 
*Miscellaneous Equipment 
*RF & TLM Equipment 

+ Measurements required f o r  r e a l  time display Q the launch s i t e  a re  a s  follows: 

a. An nXJ1 prefix i s  added t o  the measurement number of each masurement which i s  routed from the PCM Ground 
S ta t ion  through the Launch Vehicle ESE t o  KSC/LVO-1 equipment f o r  real t b  analog recordings. 

b. A p re f ix  i s  added t o  the measurement number of each masurement (analog o r  d i sc re te )  which i s  routed 
from the PCM Ground Sta t ion t o  the hunch  Vehicle ESE f o r  real time display o r  d i s t r i bu t i on  t o  equipment other 
than KSC/LVO-1 analog recorders. In general, these "VU measurements are displayed on ESE panels by l i gh t s  
and meters, but i n  some cases are d is t r ibuted t o  specia l  operational systems display equipment. 

c. A fTVXu pre f ix  i s  added t o  the measuremnt number of each measurement which i s  d i s t r ibu ted  by the Launch Vehicle 
ESE t o  both KSC/LVO-1 analog recorders and ESE panels o r  other display equipment. 

These sections l i s t  the names and par t  numbers of equipnent required f o r  the f l i g h t  instnunentation. 

lDENT NO. SIZE t , O B p  '100 

SHEET 



MSFC F O R M  2 - 8  ( H O R I Z 3 N f A L )  (NOVEMBER 1962 CON', .UATION SHEET 

S Y M  I DESCRIPT ION I DATE [APPROVAL 
1 I I 

/i 2. COLUMN 1KENTIFICP.TION 
I I 

- - I See sheet  1 , j-dj-4 

The number l i s t e d  in t h i s  column i s  used only f o r  computer input control  of IPBC information. 

Heasurement No. I 
1 Each measurement i s  iden t i f i ed  in the following manner: 
il I Measurement No. 

-.- / \  \ 
System Sequence No. U n i t  No. 

A. The l e t t e r  designates the parameter. 
~3 B .  Each measurement of a parameter i s  numbered i n  sequence. 
G3 C. A dash follows the  basic measurement number: The following numeral shows the un i t ,  o r  area of the 

vehicle i n  which the measurement originates.  
D. An added pre f ix  l e t t e r  "Vn or  "Xff Indicates an e l e c t r i c a l  support equipment o r  auxLliax-y display 

measurement specia l ly  handled a t  KSC. (see Sheet 5) 

Measurement Name and/or Component 

The measurement name serves t o  explain the type of measurement and indicate the system on which it i s  made. 

I! Components, l i s t e d  below the measurement name ident i fy  hardware necessary t o  make the  measurement. il 
Ranp or  Part No. 

The range i den t i f i e s  the expected upper and lower values over which the transducer i s  t o  sense the physical 
i : I  I, phenomenon. 
i i 

I 1 The  art number i den t i f i e s  the components named in the measurement name and/or component column. 
il 



Llne 

The number l i s t e d  in  t h i s  column is  used only f o r  computer input control  of IPBC information. 

MSFC FORhl 2 -  8 ( H O R I Z 3 N f A L )  ( N O V E M B E R  1962 CON', .UATION SHEET 

Measurement No. 

I 

Each measurement i s  iden t i f i ed  i n  the following manner: 

H e a s u r e ~ n t  No. 

R E ' J I S I  Or4 

System Sequence No. Unit No. 
(Parameter) 

- 

1 - S Y M  D E S C R l P T l O N  DATE APP93VAL 

A. The l e t t e r  designates the parameter. 
w B. Each measurement of a parameter i s  numbered in sequence. 
c.3 C. A dash follows the  basic measurement number: The following numeral shaws the u n i t ,  o r  area of the 

vehicle i n  which the measurement originates.  
D. An added pre f ix  l e t t e r  "Vrl or  "Xl1 indicates an e l e c t r i c a l  support equipment o r  aux i l i a ry  display 

measurement specia l ly  handled a t  KSC. (see Sheet 5) 

2. COLUMN I E N T I F I C A T I O N  

Measurement Name and/or Component 

The measurement name serves t o  explain the type of measurement and Indicate the system on which it i s  made. 

- - 
I 

Components, l i s t e d  below the measurement name ident i fy  hardware necessary t o  make the  measurement. 
I ]  

Range or  Part No. 

See Sheet 1 

;I The range iden t i f i es  the expected upper and lower values over which the transducer i s  t o  sense the physical 
I i !I phenomenon. 

.;-23,3 

I 

I! The  art number i den t i f i e s  the components named i n  the measurement name and/or component column. 
iI 

I1 I 



MSFC FORM 4 2 2 - 8  ( H O R I Z O N T A L )  ( N O V E M S E R  1962)  CONTINUATION SHEET 

F l t  . Per 

Flight  Period: 1. Igni t ion of engine cutoff. 2. Engine cutoff t o  l o s s  of telemstrg signals.  

$ Pos. Error  

This c o l m  l ists  an estimated 5 possible end t o  end e r r o r  which is associated with this measurement. 

1 Telemeter Channel 

rl This column contains an alpha-numeric code assigning each measurement t o  a epeci i ic  t e l e m t r y  channel. 

P Refer t o  telemetry code emlanat ion following the .NOTESn section.  
- 

Res . - 
; t  
i : This column iden t i f i e s  the SCO frequency response in cycles per second, assuming a modulation index of 

5 unless a note of exception i s  made, o r  i s  the multiplexer sampling r a t e  i n  samples per second. * 
I Flt. C a l .  I-r 
w + - 

This column shows whether o r  not a measurement TLM channel is calibrated during flight. 

Req . 
The number in the ''REQ" column referring t o  the measurement requesters i s  no longer used. 

3. Measurement numSers in parentheses indicate t ha t  they share the same telemeter channel as the measurement 
number under which they appear. 

4. Measuremnt locations a re  approximate. 

5. Transducer disconnected from telemetry and connected t o  s t a t i c  f i r i n g  nreasurhg system f o r  s t a t i c  f i r i ng .  



MSFC FORM * ~ 2 -  8 ( H O R I Z O N T C L )  ( N O V E M B E R  1 9 6 2 )  C O N T ~ ~ J U A T I O N  SHEET ' 

d R E ? I I S I O t J  

- 
Transducer f'urnished by engine manufacturer. 

Measurement switched t o  E M  telemeter f o r  pre-fl ight  checkout (DDAS) . 
Measurement switched off  PCM telemeter t o  accommodate those measurements switched in f o r  pre-flight checkout. 

Measurement switched t o  umbilical cable f o r  t e s t  and checkout. . . 
Measurement switched off telemeter approximately 1 second pr io r  t o  outboard engine cutoff .  

Measurement switched on telemeter approximately 1 second pr io r  t o  outboard englne cutoff .  

Transducer i s  i n t eg ra l  part of prevalve assembly. 

Measurement requires eleven sensor segments 60B72068-1. 

Measurement requires e ight  sensor segments 60B72068-1. 

Heasumment swftched of f  PCM telemeter and grounded f o r  pre-flight checkout. 



MsfC FORM 422-  8 (HORIZONTAL) (NOVEMBER 1962 CONTINUAT ION SHEET 

S Y M  DESCR IPT ION I DATE APPROVAi  i j  1 l 
I t -- See Sheet 1 I 6-23-69 1 I - 

i ' TELEMETRY CFfi?,XL, ASSIGNMENT CODE 

i i 
l j  The telemetry channel assignment f o r  a measumnent i s  defined by an alphanumeric code which requires U+ colums 

o r  l e s s .  This code i s  defined a s  follows: ii 
1. PCM/FM Telemetry Channel Assinnments: 11 

A .  Column 1 

Column 1 contains a l e t t e r  t h a t  designates the stage of the vehicle from which a measurement is  telemetered 
as follows : 

A S-1C 
B S-l l  
C S-1VB 
D Instrument Unit 
G S-IE 
E Ground DDAS 

B. .Columns 2 and 3 

Columns 2 and 3 contain a l e t t e r  and a number which serves t o  i d e n t i f y  t h e  RF data  link as w e l l  a s  the 
type and sequential  number of the prFmary telemeter which u t i l i z e s  the  link. The l e t t e r  P designates 
a PcM/FM type telemeter. 

C. Columns 4 and 5 

Columns 4 and 5 contain a l e t t e r  and number which serve the  dual  purpose of defining a multiplexer 
(physically) and  a   art of the PCM programdng format (address).  

I I 

! 1 1 )  Physical Relationship: /I 
A multiplexer i s  an "AO" multiplexer physical ly i f  it i s  defined a s  AOv in the PCM programming 
format in the  normal f l i g h t  mode. A given d t i p l e x e r  can be AO,Al,A2,AJ,BO,Bl,B2, o r  B3 
depending on how the  multiplexers a re  programmed i n  the normal f l i g h t  mode. 



2) PCM Programming Format: 

The l e t t e r s  ''AH and "B1! each define one-half of the E M  wave t r a i n  (group). "An and "Bu operate a t  a 
basic  r a t e  of 3600 wol.ds/second and are interlaced f o r  7203 words/second i n  the PCM foxmat. The 
numbers 0,1,2, and 3 a m  used with the  l e t t e r s  A and B t o  define a par t  of the  PCM prograrmnFng 
format as follows: 

D. Column 6 . . 

Column 6 contains a l e t t e r  or  dash (-) t o  indicate whether or  not  the assigned masurement i s  a t  anytire 
switched t o  another channel o r  address. 

* A dash (-) indicates t ha t  no switching occurs; the  l e t t e r  V indicates  t ha t  switching does occur. The 
I 
w remarks column and/or General Note Section of the  IP&CL defines the  exact sultching condition. These 
CD 
4 

8witchin.g conditions include, but are not l imited to: l?M/FM to DDAS f o r  prelaunch checkout, i n i l l g h t  
d t c h i n g  including f l i g h t  period switching, power t ransfers  and PCM mode sh i f t s .  

E. Columns 7 and 8 

Columns 7 and 8 contain the numbers 01 through 27 which iden t i f i es  a main channel of a Model 270 nniltiplexer 
o r  the equivalent PCM address fo r  d i g i t a l  data. 

Column 9 contains a l e t t e r  o r  dash (-) t o  iden t i fy  the type multiplexing o r  measurement routing as followa: 

G Mscrete  masurement routed d i r ec t  t o  PCM/DDAS Model 301 assembly. 
J Discrete measurement routed t o  Number 1 Model 410 multiplexer. 
K Discrete measurement routed t o  Number 2 Model UO multiplexer. 
L Analog measurement routed t o  a remote low l eve l  sub-multiplexer. 
R Discrete reasuremnt routed t o  a remote d i g i t a l  sub-multiplexer. 
H Aqalog measurement routed t o  a remote high l eve l  sub-multiplexer. 
Dash . Analog measurement routed d i r ec t l y  t o  a Model 270 multiplexer. 

1 14901 1 A 1 -  - --- SHEET 1 



MSFC FORM 422-  8 ( H O R I Z O N T A L )  ( N O V E M B E R  1962)  CONTINUAT ION SHEET 

! i 
i I F. Column 9 (continued) 

G. Columns 10 and 11 

Columns 10 and ll contain the  numbers 00 through 10 which iden t i fy  Model 270 mult iplexer sub-channels o r  the 
equivalent  PCM address f o r  d i g i t a l  data. The 00 indicates  all t e n  sub-channels o r  frames a r e  used. I 

ii H. Columns 12 

Column 12 contains a dash (-) forJ separation. 

I. Columns 13 and U 

Columns 13 and L!+ contains the numbers 00 through 10 which i d e n t i f i e s  a p a r t i c u l a r  d i g i t a l  b i t .  The 00 U 
indica tes  a l l  10  b i t s  a r e  used. en I 

I-' 

I 
I ?  Note: The numben 0 1  and 10 correspond t o  the  Most Signif icant  B i t  ( z9 )  through the  h a s t  Significant 
I-' (s), i.e., MSB-it 01, LSB-i t  10. 
CO 
Or, .. 

2. PAM/F'M/F'M Telemetry Channel Assi~nments: 

A. Column 1 

Column 1 contains a l e t t e r  t h a t  designates the  stage of the vehicle from which a measurement i s  telemetered 
as follows: 

A S-1C 
' B S-11 

C S-1W 
D Instrument Unit 
G S-1B 
E Ground DDAS 

. 1 B. Columns 2 and 3 
ii 

Columns 2 and 3 contain a l e t t e r  and a number which serves t o  i d e n t i f y  the  RF data  l i n k  a s  wel l  a s  the type i ! 
I (  

and seqventialnumber of the primary telemeter  which u t i l i z e s  the  1 b k .  CODE DWG I 
The l e t t e r  F i s  used t o  designate FM/FM telemeter. IDENT NO. SIZE 6 0 ~  57 500 I] 



- -  - - - - - - - - -  -- - - - - . - - -.- -- - 

MSfC FORM 4 ~ 2 -  8 ( H O R I Z O N T A L )  ( N O V E M S E R  1962) CONTI  NUAT ION SHEET 

C. Columns 4 and 2 

Columns 4 and 5 contain a l e t t e r  and a number which physical ly i d e n t i f i e s  a multiplexer. A multiplexer is  
~ h y s i c a l l y  i d e n t i f i e s  a s  "AC1' if it i s  defined a s  "AOn i n  the PCM programming format in the  normal flight 
mode. A given multiplexer can be AO,Al,A?,A3,BO,Bl,B2 o r  B3 depending on how the  multiplexers a r e  
programmed in the  normal f l i g h t  mode. When there  i s  no i n f l i g h t  transmission via PCM/F'M, these columns con- 
tain *-Xv which i d e n t i f i e s  the  ?oKc+JO% Sub-Carrier Band used. In  e i t h e r  case the  nniltiplexers are always 
assigned t o  channel X. 

D. Column 6 - .  
,* 

Calm 6 contains a l e t t e r  o r  dash (-) t o  indica te  whether o r  not the assigned measurement is  a t  a n y t h e  
switched t o  another channel o r  address. . 

u 
Cn 

A dash (-) indica tes  t h a t  no switching occurs; the  l e t t e r  V indica tes  t h a t  switching does occur. The remarks I 
l-' 

column and/or General Notes Section of the IP&CL defines the exact  switching condition. 4 
0 
0 

E. Columns 7 and 8 
CD 

I I 
I4 CS 
CD 
w Columns 7 and 8 contaln the numbers 0 1  through 27 which i d e n t i f i e s  a main channel of a Model 270 multiplexer. 

I F. Column 9 

I Column 9 contains a l e t t e r  o r  dash (-) t o  i d e n t i f y  the  type multiplexing a s  follows : I 
L Analog measurnment routed t o  a remote low l e v e l  sub-multiplexer. 
H Analog measurement routed t o  a remote high l e v e l  sub-multiplexer. 
Dash Analog measurement routed d i r e c t l y  t o  a Model 270 multiplexer. 

G. Columns 10 and ll 

Columns 10 and ll contain the numbers 00 through 10 which i d e n t i f y  Model 270 multiplexer sub-channels. 
The 00 indicates  no sub-multiplexing. 



MSFC FO?M 422-  8 ( H O R I Z O N T A L )  ( N O V E M 3 E R  1962)  CONTINUAT ION S H E E T  

I I ! r 

1; 3. FM/M Telemeter Channel Assipnnr?lts: 
I ' 

l j  
1 1  A. Column 1 

Column 1 contains a l e t t e r  tha t  designates the  stage of the  vehicle from which a Easurement i a  
telemetered as. follows: 

A 3-1C - 
B S-ll  
C S-1W 
D Instrument U n i t  
G S-LB 
E Ground DDAS 

B. Columns 2 and 2 
Ed 

Columns 2 and 3 contain a l e t t e r  and a number which serves t o  i d e n t i f y  the  k da ta  link a s  wel l  a s  the 
type and sequential  number of the primary telemeter which u t i l i z e s  the  l ink .  The l e t t e r  F is  used 
t o  designate FM/F'M Telemeter. 

C. Column 4 

Column 4 contains a l e t t e r  or  dash (-) t o  indica te  whether o r  not  the  asaigned measukment i s  switched t o  
- another channel. A dash (-) indica tes  t h a t  no suitching occurs; the  l e t t e r  V indica tes  t h a t  switching 

d a s  occur. The remarks colurun and/or General Notes Section of the IP&CL defines the exact  switching 
condition. 

D. Columns 5 and 6 

I C o l m  5 and 6 contain the numbers 0 1  through 18 which i d e n t i f y  the I R I G  Bands used. 

4. SS/F'M Telemeter Channel A s s i m n t s :  

A .  Column 1 

Column 1 contains a l e t t e r  t h a t  designatss the  s tage  of the vehicle from which a measurement i s  te le-  
metered a s  follows: 

D Instrument Unit 
G' S-1B 
E Ground DDAS 

'I- % I I --I I 





CONTINUATION SHEET 

1 1  

j i I. co~umn 12 
I J 

I i 
1 i 

Column 12 contains a l e t t e r  o r  number t o  iden t i fy  the  type of multiplexer o r  measurement routing w e d  

/ I  on a main channel a s  follows: 

11 r 
D 4 sub-channels (3 seconds out of 12 f o r  each measurement) 
E 2 sub-channels (6  seconds out of 12 f o r  each measurement) 
T 5 sub-channels (2.4 seconds out of 12 f o r  each measurement) 
O masurement routed through slow speed d t i p l e x e r  assembly without nniltiplexhg. 

J. Column 13 

Column 13 contains the numbers 1 through 5 which iden t i fy  the sub-channel used. This column containa 
t h e  number 0 whsn a masureaent i s  routed through a slow speed multiplexer assembly without b e h g  
multiplexed. 

\ Note: For the application whem a slow speed multiplexer assembly i a  applied t o  an FM/F'M Telemeter 

i Channel, the code requires 13 columns as follows: 

11 K. Columns 1 throuah 6 

* 
I Column 1 contains a l e t t e r  t h a t  designates the stage of the vehicle fromwhich a measurement is  
rn 
o telemetered a s  follows: 
PO 

A S-1C 
B S-11 
C S-1W 
D Instrument Unit 
G S-1B 
E Ground DDAS 

Columns 2 and 3 

Columns 2 and 3 contain a l e t t e r  and number which serves t o  iden t i fy  the RF data  link as  well as  
41 the  type and sequential number of the primary telemeter which u t i l i z e s  the link. The l e t t e r  F 

Y is used t o  designate F'M/F'M Telemeter. 
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Columns 5 and 6 

Columns 5 and 6 contain the numbers 0 1  through 18 which i d e n t i f y  the  I R I G  Bands used. 

Column 7 il 
Column 7 contains the  l e t t e r  W which is used t o  designate a slow speed rmiltiplexer assembly. 

Column 8 

C o l m  8 contains the numbers 1 o r  2 t o  provide a sequent ia l  numerical i d e n t i f i c a t i o n  of slow spead multiplexer 
assemblies on a given stage.  

Column 9 

Column 9 contains a dash (-) f o r  separation. 

Columns 10 and Il 

Columns 10 and 11 contain the numbers 0 1  through 16 which i d e n t i f i e s  a main channel of the slow speed nniLtiplexer 
assembly. B 
Column 12 

Column 12 contains a l e t t e r  t o  ident i fy  the type of mult iplexer used on main channel a s  follows: 

D 4 sub-channels (3 seconds out of 12 f o r  each measurement) 
E 2 sub-channels (6 seconds out of 12  f o r  each measilrement) 
Y 5 sub-channels (2.4 seconds out of 12 f o r  each measurement) 

Columns 13 

Column 13 contains the numbers 1 throtlgh 5 which iden t i fy  the  sub-channel used. 3 
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DESCRIPTION DATE 1 APPROVAL - 
SEE SHEET 1 ' 6-23-69 

- .  / ? j MEASUREMENT 
NUMBER E L  

I 

/If) C3-101 
. I 11  1 1' I 

1O1C3-102 
11 l 

40 I 
101 C3-103 
111 

4r) i 
10 ,  C3-104 
11' 
40 ' 

+I I / 
,"I 1 45 ~ : i ~ ~ - ~ ~ ~  

' i XC6-101 

1'3,XC6-102 
111 1 

$40 

MEASUREx'ENT NAME 
AND 01 COMPONENT 

TEMP TUReINF MANIFOLD 

DC AMPL ASSY 

TEMP TUQPINE MANIFOLD 

DC AMPL ASSY 

TEMP TURBINE MANIFOLD 

DC AMPL ASSY 

TEMP TUQeIrJF MANIFOLD 

DC AMPL ASSY 

TEMP L O X  BULK 

TEMP GAGE 119A400 
DC AMPL ASSY 

TEMP OXIDIZFR PUMP 
ERG N o e l  
DC AMPL ASSY 

TEWP OXICIZFR PUMP 
PRG NO.1 
DC AMPL ASSY 

-- 

RANGE AND OR 
PART NUMBER 

-15 TO 1100  C 

60873113 -71  

-15 TO 1 1 0 0  C 

60873113 -71  

-15 TO 1 1 0 0  C 

60873113 -71  

-15 TO 1100  C 

60873113 -71  

-190  TO -165 C 

60872067 -1  
60873113 -49  

-15 TO 205 C 

60873113-73  

-15  TO 205 C 

60B73113-73  

I  

FLT 

PER 

1 

1 

1 

1 

1 

1 

1 

1 

% 

$: 
5 

5 

5 

5 

5 

5 

5 

1 
I - -4 

TELEMETER 
CHANNEL 

APlB0-07-03-00 

APlBOV08-03-00 

APlROV09-03-00 

APlRO-11-03-00 

APlB0-11-10-00 

APlAOV01-07-00 

APlAOV02-07-00 

RES 

12 

12  

12  

12  

12  

12  

12 

FLT 
a, 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

L 
6 REMARKS - -- - - --t 

SEE PJOTF 6 / 
PACK ASSY 60870995-5 

I 
I 

SEE NOTE 6 AND 15 1 
RACK ASSY 60,870995-7 

! 
SEE NOTES 6 AND 8 

RACK ASSY 60870995-9 
I 

SEE NOTE 6 

RACK ASSY 60870995-1  

I 
u en 
I 

I CI 4 
0 
0 
CO 
I 

AT CRUCIFORM BAFFLE IS 

INSTL DWG 60867508 1 
RACK ASSY 60870995-3 

SEE NOTES 5.6 I 

RACK ASSY 60870995-5  I 
I 

SEE NOTES 596 i 
1 

RACK ASSY 60070995-7  1 
I 
I 
I 
I 

I 
I 



MSFC.FORM A22 8 IHOI)IZONTALJ INOVEMBER 19611 CONTINUATON SHE E l  

I INSTRUMENTATION PROGRAM 8 COMPONENTS LIST REVISION -- I 

INT-20 SYSTEM TEMPERATURE VEHICLE 

b 

: 
N 
E 

1 

1 
SYM - 

+ 
I 

gN 
a, 

DESCRIPTION DATE 1 APPROVAL 
-. 

SEE SHEET 1 6-23-69 1 , 
I 

MEASUREMENT 
NUMBER 

XC6-103 

XC6-104 

10 
11 
20 
40 

I 0  
11 
12 
20 
30 
4 0  

10 
11 
1 2  
20 
30 
4 0  

10 
11 

MEASUREMENT NAME 
AND OR COMPONENT 

TEMP OXIDIZER PUMP 
BRG NO01 
DC AMPL ASSY 

TEMP OXIDIZER PUMP 
BRG NO01 
DC AMPL ASSY 

. 6; 
40 

- 
!! 
o 
$ 
3.  

C26-106 

C50-106 

C52-106 

C67-120 

RANGE AND 'OR 
PART NUMBER 

-15 TO 205  C 

60673113-73  

-15 TO 2 0 5  C 

60873113-73  

60~57500 
IDENT NO - 

2 1  I -- 

C61-106 

TEMP HT SHIELD T CAL 

CALORIMETER 115A742 
DC AMPL ASSY 

TEMP GAS AFT, HEAT 
SHIELD 

TEMP GAGE ASSY 106A441  
ZONE BOX ASSY 115A748 
DC AMPL ASSY 

TEMP GAS AFT, HEAT 
SHIELD 

TEMP GAGE ASSY 106A443 
ZONE BOX ASSY 115A750 
DC AMPL ASSY 

TEMP SKIN INTERNAL 

TEMP GAGE ASSY 120A471  

FLT 

PER 

1 

1 

ZONE BOX ASSY 120A420 
DC AMPL ASSY 

TEMP HEAT SHIELD RCAL 

CALORlMETER 106453 
DC AMPL ASSY 

0 TO 4 0  
BTU/FT2 SEC 

60872063 -1  
, 6 0 8 7 3 1  13-85 

0 TO 1 7 5 0  C 

60671141-9  
60867608-3  
60873113-45  

0 TO 1 7 5 0  C 

60971141 -11  
60867608-3  
60673113-45  

-50  TO 200  C 

60R67009-1 

X 

Ei 
5 

5 

60867608 -1  
60673113-123 

0 TO 20 
B T U F T Z  SEC 

60872065-1 
60873 1 13 -05 

1 
2 

1 

1 

1 
2 

I I 

TELEMETER 
CHANNEL - 

APlAOV03-07-00 

APlAOV04-07-00 

1 

5 

5 

5 

5 

5 

1 2  

1 2  

APlBO-11-08-00 

APlBOV10-02-00 

APlROV09-02-00 

APlROV10-08-00 

FLT 
U L  

Y 

Y 

: 

APIAO-04-03-00 

I I 

REMARKS 
I 

SEE NOTES 5 - 6  

RACK ASSY 60870995-9  

SEE NOTES 596  I i 
I 

RACK ASSY 60870995-1  ' 
I 

I 
i 

1 2  

1 2  

1 2  

12  

12 

Y 

Y 

Y 

Y 

I 

1 2 0  IN, RADIUS POS 1 1  
I 

FACING AFT 
INSTL DMG 60070123 I 
RACK ASSY 60070995-7 

1 2 0  IN, RAD POS I 1  
0.25 I N *  AFT, HEAT I 
SHIELD SEE NOTE 8 CL 

INSTL DWG 60870123 2 
RACK ASSY 60070995-7  I 
INSTL DWG 60070123 g 

N 

1 2 0  I N *  RAD POS I 1  ' 

2.4 IN, AFT 'iT SHIEL r  
SEE NOTE 15 1 

INSTL DWG 60970123 : 

RACK ASSY 60070995-7 
INSTL DWG 60070123  

I 

7 IN. FWD UPPER END 
CONDUIT SEE NOTE 15 

Y 

INSTL DhG 60870577 
INSTL DWG 60870577 
PACK ASSY 60870995-3 

I 
I 

I20 IN. RAD POS IL 
FACING AFT. I 

I 



+ 
1 
N 

s 
Q 

E 
3, 

MSFC rCRM 422 B IHORIZONTALI /NOVEMBER IPb2I  CONTINUATION SHEET 

INSTRUMENTATION PROGRAM & C O M P O N E N T S  LIST 

SYSTEM TEMPERATURE -- VEHICLE INT-20 

REVISION I 
SYM - 

: 
N 

1 0  
11 
1 2  
1 3  
2 0  
30 
4 0  

1 0  
11 
1 2  
2 0  
40 

1 0  
11 
1 7  
1 3  
20 
401 

1 0  
11 
1 7  
1 t 
2 0  
4 0  

1 0  
11 
12 
13  
2 0  
4 0  

d 

DESCRIPTION I DATE I APPROVAL - 

SEE SHEET 1 6-23-69 1 
MEASUREMENT 

NUMBER 

C107-115 

XC125-119 

C126-119 

C127-115 

C128-118 

MEASUREMENT NAME 
A N D  OR COMPONENT 

TEMP AMP THPUST FRAPE 
COMPARTMENT 

TEMP GAGE ASSY 115A607 
ZONE BOX ASSY 115A435 
DC AMPL ASSY 

TEMP GAS HELIUM TANK 

TEMP GAGE 119A416 
DC AMPL ASSY 

TEMP GAS HELIUM TANK 

TEMP GAGE 119A423 
DC AMPL ASSY 

TEMP GOX INLET VALVE 

TEMP GAGE 115A755 
DC AMPL ASSY 

TEMP HELIUM INLET 
CONTROL VALVE 

TEMP GAGE 118A487 
DC AKPL ASSY 

RANGE AND OR 
PART NUMBER 

-50  TO 1000  C 

6OR71141-29 
60R67608-1 
60873113-23  

-235  TO 125  C 

6087206707  
60B73113-67 

-235  TO 125  C 

60872067 -7  
60873113-67  

-100  TO 260  C 

60872067-5  
60873113-69  

-235  TO 4 0  C 

60872099 -1  
60873113-53  

FLT 

PER 

1 
2 

1 
2 

1 
2 

1 

1 

% 

E: 
5 

5 

5 

5 

5 

TELEMETER 
CHANNEL - 

APlAO-10-10-00 

APlB0-14-10-00 

APlAOV02-08-00 

APlBOV09-01-00 

APlAO-04-08-00 

12 

1 2  

12  

1 2  

12  

FLT 
CAL 

Y 

Y 

Y 

Y 

Y 

a 

k REMARKS 

6 0  IN. FkD 3F HEAT 
,SHIELD AT POS I 1  8 0  

1:;. PADIUS FRO!-1 
VEHICLE CEhTEHLIPlE 
INSTL DWG 60871087  
INSTL DWG 60571087  
PACK ASSY 60570995-7  

I 
; 

INS IDE FIRST HELIU%' 
@OTTLE FROM POS I 
TO'HARD F I R  A 
INSTL DWG 60867509  
RACK ASSY 60870995-3  

INS IDE FIRST HELIUM 
BOTTLE FROM PO5 I 
TOWARD F I N  D 
SEE NOTE 9 u 
RACK ASSY 60870995-3  A 
INSTL DWG 60867509  cn 

-J 
0 

INLET OF GOX CONTROL 
VALVE OF LOX TANK I 
PRESSURIZATI3N SYSTE" 

C3 

SEE NOTE 15 
INSTL DNG 60570159  
PACK ASSY 60870995-11  I 

I 

INLET OF HELIUM CONT 
VALVE OF THE FUEL 
TANK PRESSURIZATION 
SY5TEF4 
INSTL DWG 60371229  
RACK ASSY 60970995-3  

I 

I 

I 
I 
i 

4 



Temp Heat S h i e l d  -20 t o  3 0 ' ~  
Forward Sur face  
Temp Gage Assy . 115A610 60B71141-13 
Zone Box Assy 115A447 60B67608-1 
DC Amp1 Assy 60B73113-21 

I MSFC FORM 422 8 ( H O R I Z O N T A L )  ( N O V E W B E R  1962 )  C O N T I U L 4 T l O V  S H E E T  
- I 

INSTRUMENTATlON PROGRAM & COMPONENTS LIST R E ' J I S I O U  
- 

I? DE>CR ?'IOY A F T - = V A L  

SYSTEM TEM P E R A T U R  € VEHICLE INT-20 SEE SHEET 1 I 

N NUMBER 

C161-106 

MEASUREMENT NAME 
AND/OR COMPONENT 

Temp Heat S h i e l d  I n t .  
Temp Gage Assy 10611452 
Zone Box Assy 1158761 
DC Amp1 Assy 

RANGE AND/OR ' i F  1 1 T I L E - * E I E I  I FLT 

PART NUMBER C H A Y N E L  
REMARKS 

I PER ERR --- 

-20 t o  5 5 O ~  APlAO-05-03-00 12 / Y , 1 120 1n.  RAD P O ~  111 I 

60B71141-13 I 
I Between S t r u c t u r e  I 

60B67608-1 and I n s u l a t i o n  
60B73113-33 I I i 
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MSFC FORM 422  1 IHORIZONTALI INOVEMBEP 19621 CONTINUATION SHEET 

INSTRUMENTATION PROGRAM~TOMPONENTS LIST 
- 

I 

MEASUREMENT NAME 
I AND OR COMPONENT 
k 

TEMP AMn SUCTION L I N E  
I 

I 

TEMP GAGE ASSY 1 1 5 A 6 1 5  
TEMP GAGE ASSY 1 1 5 A 9 0 9  
TEMP GAGE ASSY 1 1 5 A 9 1 0  
TEMP GAGE ASSY 1 1 5 A 9 1 1  
ZONE BOX ASSY 1 1 5 A 4 5 1  
DC AMPL ASSY 

TEMP FUFL SUCTION L I N E  

f NTERNAL 
EMP GAGE 1 1 5 A 4 5 2  

DC AMPL ASSY 

TEMP FUEL SUCTION L I N E ' @  
INTERNAL 
TEMP GAGE 1 1 5 A 4 5 4  
DC AMPL ASSY 

TEMP LOX SUCTIOhl L I N E  
ENG NO. 1 
TEMP GAGE 1 1 5 A 7 9 0  
DC AMPL ASSY 

TFMP LOX SUCTION L I N E  
ENG NO. 2 
TEMP GAGF 1 1 5 A 7 9 1  
DC AFlPL ASSY 

r 

14981 I SHEET -- -- 

RANGE AND OR 
PART NUMBER 

- 5 0  TO 1 0 0 0  C 

6 0 R 7 1 1 4 1 - 2 9  
6 0 8 7 1 1 4 1 - 2 9  
6 0 5 7 1 1 4 1 - 2 9  
6 0 P 7 1 1 4 1 - 2 9  
6 0 0 6 7 6 0 8 - 1  
6 0 5 7 3 1 1 3 - 2 3  

0 TO 2 5  C 

6 0 8 7 2 0 6 7 - 5  
6 0 8 7 3 1 1 3 - 6 1  

TO 2 5  C 

6 0 8 7 2 0 6 7 - 5  
6 0 8 7 3 1 1 3 - 6 1  

- 1 8 5  TO - 155C 

60P72067-5  
6 0 0 7 3 1 1 3 - 6 3  

- 1 8 5  TO - 155C 

hOR72067-5 
6 0 5 7 3 1 1 3 - 6 3  

I TEMPERATURE SYSTEM INT-2C 
VEHICLE 

FLT 

PER 

1 
2 

1 

1 

1 

1 

REVISION I 

S Y M  - 

zi 

5 

5 

5 

5 

i 

I 
TELEMETER 

1 CHANNEL 

51APlAO-09-10-00  

AP lAO-06-01-00  

APlAO-07-01-00 

APlRO-14-08-00 

A P l B 0 - 1 6 - 0 8 - 0 0 1 1 2  

DESCRIPTION DATE 

RES 

1 2  

1 2  

1 2  

1 2  

- -- - - -. I APPROVAL . 
SEE SHEET 1 C-2?-tg , I 

Y 

Y 

Y 

Y 

Y 

I d 1 REMARKS 

1 0  I t10  FCD HT S k I E L C '  
4 EACH TEMP GAGES co*~r ECTFC IN PARALLEL 
ARGUND EKG K3. 4 
SUCTIOP: L I N E  
I N S T L  DNG 6 0 9 6 7 1 1 7  
I N S T L  DkG 6 0 9 6 7 1 1 7  
I N S T L  DWG 60 l367117  , 
I N S T L  DwG 6 0 9 6 7 1 1 7  
I N S T L  DWG 6 0 5 6 7 1 1 7  
RACK ASSY 6 0 8 7 0 9 9 5 - 1  

I 

ENGINE NO. 1 I N L E T  1 
I N S T L  DWG 6 0 0 7 0 0 1 4  I 
PACK ASSY 6 0 9 7 0 9 9 5 - 5  

EMG NO. 3 I N L E T  u 
I N S T L  DWG 6 0 8 7 0 0 1 4  cn I 
RACK ASSY 6 0 8 7 0 9 9 5 - 1 1 z  

0 
0 
CO 
I 
N 

1 

IN .  AROVE PUYP I N L E T  

I 
AT SPOOL APPROX 9 0  1 

I N S T L  DWG 6 0 5 7 1 0 8 6  
RACK ASSY 6 0 8 7 0 9 9 5 - 5  

AT SPOOL APPQOX 9 0  
i 

IN.  APOVE PLJMP I N L F T  i 
I N S T L  DLvG 6 0 8 7 1 0 8 6  
RACK ASSY 6 0 B 7 0 9 9 5 - 7  , 

I 
I 



1 - I 

\ M E A S U R E M E N T  M E A S U R E M E N T  N A M E  R A N G E  A N D  O R  FLT I T E L E M E T E R  
N RES.  

FLr ! 
NUMBER AND OR COMPONENT REMARKS E P A R T  N U M B E R  C H A N N E L  CAL -a I 

MSFC FORM 422  8 iHOR1ZONTALI (NOkEMBER 1962, C O ~ T N ~ r r l i O N  SHEET 

I 
TEMP LOX SUCTION L I N E  - 1 8 5  TO - 1 5 5 C  1 5  A P l R O - 1 3 - 0 9 - 0 0  1 2  Y  
ENG NO* 3 
TEMP GAGE I 6 0 8 1 2 0 6 7 - 5  
DC AMPL ASSY 

115A792 
6 0 6 7 3 1  1 3 - 6 3  i 

I 

PROGRAM & COMPONENTS LIST 

INT-20 

TEMP LOX SUCTION L I N E  - 1 8 5  TO - 1 5 5 C  1 5 A P l B O - 1 5 - 0 9 - 0 0  1 2  Y  
ENG NO* 4 
TEMP GAGE 1 1 5 A 7 9 3  6 0 8 7 2 0 6 7 - 5  
DC AMPL ASSY 6 0 6 7 3 1 1 3 - 6 3  

I 

COMPARTGlEPlT 
TEMP GAGE ASSY 1 1 5 A 7 2 4  
ZONE BOX ASSY 1 1 5 A 7 1 9  
DC AMPL PSSY 

- 

REVISION 4 

C 2 0 5 - 1 1 5  TEMP AMS THRUST FRAME 
COMPART%qEMT 
TEMP GAGE AZSY 1 1 5 A 7 2 6  
ZONE BOX ASSY 1 1 5 A 7 2 1  
DC AMPL PSSY 

SYM 

SYSTEM TEMPERATURE .- -- VEHICLE - 

10 C Z O b - 1 2 0  TEMP AM9 INTERSTAGE 
11 AREA 
1 2  
1 3  
2 0  1 TEMP GAGE 1 2 0 A 4 9 5  

DC AMPL 4SSY 

SEE SHEET 1 
! 

AT SPOOL APPROX 9 0  
I N *  ABOVT PUMP I r i L E T  , 
I N S T L  DM(, 6 0 8 7 1 0 8 4  ' 
PACK ASSY 6 0 8 7 0 9 9 5 - 1 1  

i I 6-23-69 I 

DESCRIPTION 

AT SPOOL A C P R O X  9 0  I 
I N *  AeOVE PUUP I N L E T  ' 
I N S T L  DWG 6 0 E 7 1 0 8 6  
PACK 4 S 5 Y  6 0 8 7 0 9 9 5 - 1  

i 

DATE 

ST* 1 4 2  POS I I 1  14Q 
I N *  RAD SEE NOTE 1 5  
I N S T L  DWG 6 0 8 6 7 0 1 0  
I N S T L  DWG 6 0 8 6 7 0 1 0  ! Z  
PACK ASSY 6 0 8 7 0 9 9 5 - 1  1~~ 

' 40 

APPROVAL 

STA 1 4 2  PO5 I 1 4 0  I N . k  
RAD 
I N S T L  DWG 6 0 0 6 7 0 1 0  1 
I N S T L  DWG 6 0 8 6 7 0 1 0  
RACK ASSY 6 0 9 7 0 9 9 5 - 3  

I 
I 

STA 1 5 0 0  4 6  DEGREES 
FROM F I N  A TDWARD F I r '  
P 1 7 6  I N *  R A D  ! 

SEE NOTE 1 5  i 
I N S T L  D'AG 6 0 5 7 0 5 4 9  , 

RACK ASSY 6 C B 7 0 9 9 5 - 3  



MSFC POW AZ? a IMORIZONTALI (NOVEMBER 1962, CO~TINUATION SHEET 

INSTRUMENTATION PROGRAM COMPO~ENTS LIST 

SYSTEM TEMPERATURE --- -- INT-20 
VEHICLE 

I I 1 
I 1 

REVISION t 
-J 

\ 
N 
E 

TEMP AM!? INTERSTAGE 
AREA 

TEMP LOX TAPJK ULLAGE 1-190 TO 2 5 0  C I 1; 5 1 ~ ~ 1 8 0 - 1 1 - 0 1 - 0 0  

SYM - 

- 1 0 0  TO 25  C 1 2  

TEMP GAGE 1 2 0 A 4 9 7  
DC AMPL ASSY 

I I 
TEMP GAG€ 6 0 8 7 2 0 6 7 - 9  i 
DC AMPL ASSY 119A433 1 6 0 8 7 3 1  13 -55  I 1  

DESCRIPTION . - DATE -- -- I APPROVAL ' 
6-23-69 , I 

SEE SHEET 1 I i 

MEASUREMENT 
NUMBER 

6 0 0 7 2 0 6 7 - 5  
6 0 8 7 3 1 1 3 - 1 4 3  I 

i i l  

I I 

MEASUREMENT NAME - AND OR COMPONENT 

TEMP HT EXCP HELIUM 
MANIFOLD OUTLET 
TEMP GAGE 1 1 5 A 9 3 4  
DC AMPL ASSY 

- 2 0  TO 3 5 0  C 
1 1  

1, 5 APlAO-06-08-00 1 2  

6 0 8 7 3 1 1 3 - 1 3 1  
I 6 0 8 7 2 0 9 9 - 1  1 

I I 
TEMP FUEL TPNK ULLAGE 

TEMP GAGE 1 1 7 A 4 3 5  
DC AMPL ASSY 

RANGE AND OR 1 Fir TELEMETER FLT 
UL PART NUMBER I CHANNEL 

- 7 0  TO 1 2 0  C 5 A P l A 0 - 0 8 - 0 8 - 0 0  1 2  

6 0 8 7 2 0 6 7 - 1 1  
6 0 8 7 3 1 1 3 - 9 1  

TEMP ENVIROP'MEP4T ENG 
NO. 1 
DC AFlPL ASSY 

STA 15 
FRO!) F 
D 1 7 6  
SEE FlCl 
I N S T L  
RACK A 

-30 TO 260k 1 ' 5 APlBO-07-05-00 1 2  

6 O B 7 3 1 1 3 - 1 3 7  I 1 
TFMP ENVIROP'MENT ERG 
NO. 2 
DC AMPL ASSY 

36  DEGREES 
I P I  A T3kARD F I '  
1'1. RAD 

I T T  A I 

a 

: 

i 
-30 TO 2600C 1 5 APlR0-08-05-00  1 2  

! 
6 0 8 7 3 1 1 3 - 1 3 7  

1 i 

I N  TOP OF LOX TANK 

REMARKS 
1 

I 
I N S T L  DNG 6 0 9 6 7 5 1 0  1 

RACK A5SY 6 0 9 7 0 9 9 5 - 3  

I 
DOWGSTfJFAP OF HEAT I 
EXCHPPI~IFP 
I N S T L  [ IwG 6 0 5 7 0 0 2 6  1 
RACK ASSY 60870995-111 

APPROX 12 IN. FROM 17 
LOX LIPIF NO. 
F I N  D S T A  699 
I N S T L  DwG 6 0 8 6 7 4 4 7  
RACK ASSY 6 0 0 7 0 9 9 5 - 3  IB 
SEE NOTE 6 I 
RACK ASSY 6 0 8 7 0 9 9 5 - 5  

I 

SEE NOTE 6 I I 

RACK ASSY 6 0 0 7 0 9 9 5 - 7  
I 

SEE NOTE 6 AND 1 5  1 
! 

PACK ASSY 6 0 8 7 0 9 9 5 - 9  
I 



M S K  FORM 122  B 'Si Z 2 l - r .  NOVEMBER I9621 CONTINUATION SHEET 

~ ~ N S N T A T I O N  PROGRAM B COMPONENTS LIST REVISION 

S Y M  I DESCRIPTION DAtE 1 APPROVAL , 

1 TEMPERATURE 
INT-20 -- 

SYSTEM 
I 

VEHICLE SEE SHEET 1 I 6-23-69' , 

I 

SHEET I 



X in' 
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MSFC F O R M  422 1 ( H ~ > R I Z S N T ~ L )  ( N c l d E M B E R  11e2 C O N T I N L ' 4 ' C N  SHEET -- -- 
INSTRUMENTATION PROGRAM & COMPONENTS LIST 

PRESS1 IRE INT-20 SYSTEM VEHICLE 

- 
REVISION , 

SYM ] DESCRIPTION I DATE 
, 

APPROVAL 
I 

- 
- 3  - 

\ 
E 

SEE SHEET 1 (-23-69 , 
- 

MEASUREMENT 
NUMBER 

MEASUREMENT N A M E  
A N D  O R  C O M P O N E N T  -- 

1 0  1 0 7 - 1 0 1  e PRESS. *FUEL PUMP 
DISCHARGE NO* 2 

PRESSm,FUEL PUMP 
DISCHARGE NO* 2 

PRESS**FUEL PUMP 
DISCHARGE NO. 2 

PRESSe9FUEL PUMP 
DISCHARGE NO* 2 

PRE5S.r C O M ~ U S T I O N  
CHAMBER 

PRESS.* COMPUSTION 
CHAPBER 

PRESS*, COMPUSTION 
CHAMBER 

PRESSm*  C O Y ~ U S T I O N  
CHAMBER 

10 

1 0  

10 

S 

R A N G E  A N D  OR 
PART NUMBER 

0 7 - 1 0 2  

0 7 - 1 0 3  

0 7 - 1 0 4  

1 
I 
I 

I 
I 

i 
i 

0 TO 2 5 0 0  P S I A  

0 TO 2 5 0 0  P S I A  

0 TO 2 5 0 0  P S I A  

0 TO 2 5 0 0  P S I A  

0 - 1 5 0 0  P S I A  

0 - 1 5 0 0  P S I A  

0 - 1 5 0 0  P S I A  

0 - 1 5 0 0  P S I A  

FLT 

PER 

I I 

1 

1 

1 

1 

1 

1 

1 

1 

ms 
ERR 

0 8 - 1 0 1  

0 8 - 1 0 2  

0 8 - 1 0 3  

D8-104  

+ 
I 

," 
W 

5 

5 

5 

5 

a 5  

- 5  

- 5  

-5 

1 0  
11 

1 0  
11 

1 0  
11 

1 0  
11 

TELEMETER 
I 

CHANNEL 

APlAO-06-06-00 

APlAO-07-06-00 

APlAO-08-06-00 

APlAO-09-06-00 

AF1-11 
AP leOV07-10-00  

A F l - 1 2  
APlBOV08-01-00 

A F l - 1 3  
APlBOV09-03-00 

A F l - 1 4  
APlROV09-04-00 

IES 

1 2  

12  

1 2  

1 2  

1 1 0  

1 6 0  

2 2 0  

3 3 0  

FLT 
CAL k I REMARKS 

Y 

Y 

Y 

Y 

N 

N 

N 

N 

SEE PlOTE 6 

i I 
I 

SEE PIOTE 6 I 

I 
I 

SEE NOTE 6 
1 
I 

i 

SEE NOTE 6 
I 
i 
! 

i 

SEE NOTE 6 AQD 7 UI 
u 
CI I 
4 
0 
0 

SEE NOTE 6 A Y D  7 w 
N I 

SEE NOTE 6 A N D  7 

SEE NOTE 6 Ak!D 7 i 
I 

i 
I 



+ 
f'3 
0 

MSFC FORM 122 1 H O Q l Z ? N T A L I  INO*EMBiR 1762) iONlINU4T13N SHEET 

INSTRUMENTATION PROGRAM ~OMTONENTS LIST REVISION 1 

INT-20 SYSTEM P R e S r J R E  VEHICLE 

10 0 1 0 - 1 0 2  PRESS.* TURPINE OUTLET 

10 D 1 0 - 1 0 3  PRESS., TURBINE OUTLET 

10 D l O - 1 0 4  PRESS.* TURPINE OUTLET 

S Y M  - 

0 - 1 0 0  P S I A  

0-100 P S I A  

0 - 1 0 0  P S I A  

: 
N 
E 

10 
11 

10 
11 

19 
11 

10 
11 

10 
11 

DESCRIPTION 1 _ DATE / APPROVAL-_ 

MEASUREMENT 
NUMBER 

0 9 - 1 0 1  

D 9 - 1 0 2  

D 9 - 1 0 3  

0 9 - 1 0 4  

D l O - 1 0 1  

SEE SHEET 1 , 6-27-69 1 I 

1 2  

1 2  

1 2  

A P l A O - 0 7 - 0 7 - 0 0  

A P l A O - 0 8 - 0 7 - 0 0  

A P l A O - 0 9 - 0 7 - 0 0  

1 

1 

1 

MEASUREMENT NAME 
AND OR COMPONENT 

PRESS.9 GAS GENFRATOR 
COMB. CHAMBER 

PRESS., GAS GENERATOR 
COklB. CHAMBER 

PRESS., GAS GENERATOR 
COMB. CHAMBER 

PRESS., GAS GENERATOR 
COME!. CHAMBER 

PRESS., T U R e I N E  OUTLET 

5 

5 

5 

Y 

Y 

Y 

RANGE A N 3  OR 
PART NUMBER 

0 - 1 5 0 0  P S I A  

0 - 1 5 0 0  P S I A  

0 - 1 5 0 0  P S I A  

0 - 1 5 0 0  P S I A  

0-100 P S I A  

SEE NOTE 6 o w 
I 
tw 

SEE NOTE 6 

SEE NOTE 6 

I 

i 
I 
I 
I 

FLT 

PER 

1 

1 

* 
E: 

5 

5 

TELEMETER 
CHANNEL 

A P l A O - 0 1 - 0 1 - 0 0  

A P l A O - 0 2 - 0 1 - 0 0  

1 5 12 

1 2  

1 2  

A P l A O - 0 3 - 0 1 - 0 0  

RES 

1 2  

1 2  

Y 

Y 

Y 

/ I  SEE NOTE 6 

SEE NOTE 6 

I 
I 
I 

SEE NOTE 6 U Cn 
I 

I-' 
-3 
0 

FLT 
CAL 

Y 

Y 

A P l A O - 0 4 - 0 1 - 0 0  

A P l A O - 0 6 - 0 7 - 0 0  

1 

1 

h 

5 

5 

REMARKS 

i 

' S E E  PIOTE 6 1 
I 

SEE NOTE 6 



MSFC FORM 4:: 8 +~ORIZON'ALI INOVEMBER I Q L ~  :Z\--..-ON SHEET 
- 

~NSTRUMENTATION PROGRAM & COMPONENTS LIST REVISION 

DESCRIPTION I DATE ' APPROVAL - --- - -- - . -- - 
SEE SHEET 1 i -21-67 

PRESS' IRE INT-20 SYSTEM - VEHICLE 

SYM - 
: 
E 

11 

1:: 

MEASUREMENT 
NUMBER 

I 0 1 D 1 3 - 1 0 1  

D l 3 - 1 0 2  

0 1 3 - 1 0 3  

D 1 3 - 1 0 4  

+ 
h 
r 

PRESS. TQANS. 1 0 3 A 4 2 6  
DC AFIPL 4SSY 

S 

10 
11 

10 
11 

10 
11 
2 0  
4 0  

10 
11 
2 0  
4 0  

10 

MEASUREMENT N A M E  
A N D  O R  COMPONENT 

PRESS., C X I P I Z F R  PUPP 
BEARING JET 

PRE5S.r O X I r I Z E R  PUMP 
BEARING J E T  

PRESS., O X I D I Z E R  PUMP 
BEARING J E T  

PRESS., C X I P I Z E R  PUMP 
BEARING J E T  

6 0 0 7 2 0 7 5 - 3  
6 0 8 7 3 1 1 2 - 3  

RANGE A N D  OR 
PART NUMBER 

0 - 1 0 0 0  P S I A  

0 - 1 0 0 0  P S I A  

0 - 1 0 0 0  P S I A  

0 - 1 0 0 0  P S I A  

I 

0 - 2 5 0 0  P S I A  

6 0 5 7 2 0 7 5 - 3  
6 0 0 7 3 1 1 2 - 3  

0 - 2 5 0 0  P S I A  

6 0 8 7 2 0 7 5 - 3  
6 0 8 7 3 1 1 2 - 3  

0 - 2 5 0 0  P S I A  

I 

D 1 6 - 1 0 1  

0 1 6 - 1 0 2  

D 1 6 - 1 0 3  

FLT 

PER 

1 

1 

1 

1 

PRESS., ENG G I M 3 A L  
SYS SUPDLY 
PRESS. TQPNS. l O l A 4 4 9  
DC AMPL ASSY 

PRESS. r EF!G GIMRAL 
SYS SUPDLY 
PRESS. TRANS. 1 0 2 A 4 2 6  
DC AFlPL PSSY 

PRFSS.9 ENG G I M B A L  

1 

1 

1 

I 

SYS SUPDLY 

ms 
ERR 

5 

5 

5 

5 

I N S T L  DWG 6 0 0 7 0 8 4 3  
RACK ASSY 6 0 5 7 0 9 9 5 - 9  

I 

I 

I 

! 

l 
I 

I 
-- 

5 

5 

5 

TELEMETER 
CHANNEL - 

AP14O-01 -10 -00  

A P l A 0 - 0 2 - 1 0 - 0 0  

A P l A O - 0 3 - 1 0 - 0 0  

A P l A O - 0 4 - 1 0 - 0 0  

RE, 

1 2  

1 2  

1 2  

1 2  

A P l A O - 0 5 - 0 4 - 0 0  

A P l A O - 0 6 - 0 4 - 0 0  

A P 1 4 0 - 0 7 - 0 4 - 0 0  

Y 

Y 

Y 

Y 

1 2  

1 2  

1 2  

Y 

Y 

Y 

1 

CONNSTREAM S I D E  U en 
I 

I N S T L  DWG 6 0 9 7 0 8 4 1  
PACK ASSY 6 0 9 7 0 9 9 5 - 5  2 

w 
I 

DOWNSTREAM S I D E  c.3 

RACK ASSY 6 0 8 7 0 9 9 5 - 7  
I N S T L  DWG 6 0 3 7 0 8 4 2  

DONKSTREAP S I D E  

1 
1 

- - 
1 REMARKS 

SEE NOTE 6 
; 

SEE NOTE 6 

I 

1 
SEE NOTE 6 

1 

i 
SEE FlOTE 6 I 

I 

I 



MSFC FORM 4 2 1  8 IHORIZONTAL) (NO'.EMBtQ 19621 COkTINU4TlON S H E E T  

INSTRUMENTATION PROGRAM 8, COMPONENTS LIST 

INT-20 
SYSTEM PRESS1JQE VEHICLE 

REVISION - i 
DATE SYM 

- -- 

REMARK: 

____i 

DOkPlSTREAt' 5 I UE 1 
I 

I N S T L  DhG 6 0 9 7 0 8 4 4  
t 

RACK ASSY 6 0 3 7 0 9 9 5 - 1  , 
I 

DESCRIPTION - 
FLT 
C*L 

Y 

--. APPROVAL , - 
I 

SEE SHEET I I 6-27-69 

: 
-0  

x 

zi 
5 

: 
N 
E 

If) 
11 
20 
4 0  

14981 - I 

Y 

Y 

Y 

Y 

Y 

Y 

MEASUREMENT N A M E  
A N D  O R  C O M P O N E N T  

PRESS.* FtlG GIMBAL 
SYS SUPPLY 
PRESS. TRANS. 1 0 4 A 4 2 6  
DC AMPL ASSY 

MEASUREMENT 
NUMBER 

D 1 6 - 1 0 4  

APPROX STA 7 5  
I 

I I I I S T L  D I G  h O 9 8 i L 3 1  
RACK ASSY 6 0 9  73995-1 

APPROX STA 7 5  
i 

SEE FJOTE 1 5  
I N S T L  DWG 6 0 9 8 4 1 3 1  

! 
RACK ASSY 6 0 8 7 0 9 9 5 - 7  i 
APPROX STA 7 5  

I N S T L  DWG 6 0 8 8 4 1 3 1  U 
RACK ASSY 6 0 6 7 0 9 9 5 - 9  

CI 
-J 

APPROX STA 7 5  0 
0 

SEE NOTE 1 5  w I 
I N S T L  DkG 6 0 8 8 4 1 3 1  N 
RACK ASSY 6 0 6 7 0 9 9 5 - 1  

APPROX STA 7 5  I 
I N S T L  DNG 6 0 8 8 4 1 3 1  ' 
RACK ASSY 6 0 8 7 0 9 9 5 - 5  i 

I 
APPROX. STA* 7 5  

I 

SEE NOTE 15 
I N S T L  DAG 6 0 0 8 4 1 3 1  

i 
R A C K  A S S Y  6 0 8  10995-7 

i 
I 
I 

I 

I 
I 

I 
1 

5  

5 

5 

5 

5 

5 

TELEMETER 
CHANNEL 

APlAO-08-04-00  

10 
11 
2 0  
4 0  

1 0  
11 
2 0  
40 

1 2  

PRESS. @IFF* P I T C H  
ACTUATOR 
PRESS. TRANS, 1 0 l A 4 5 4  
DC APPL ASSY 

PRESS* D I F F *  P I T C H  
ACTUATOQ 
PRESS. TRANS* 1 0 2 A 4 3 1  
DC AMPL ASSY 

PRESS. DIFF, P I T C H  
ACTUATOR 
PRESS, TRANS. 1 0 3 A 4 3 1  
DC AMPL ASSY 

PRESS. DIFF, P I T C H  
ACTUATOD 
PRESS* TRANS* 1 0 4 A 4 3 1  
DC AMPL ASSY 

PRESS. D I F F *  YAW 
ACTUATOR 
PRESS. TRANS. 1 0 l A 4 5 5  
DC AMPL ASSY 

PRESS. D I F F *  YAW 
ACTUATOR 
PRESS. TRANS. 1 0 2 A 4 3 2  
DC AMPL A S S Y  

RANGE A N D  O R  
PART NUMBER 

0 - 2 5 0 0  P S I A  

6 0 8 7 2 0 7 5 - 3  
6 0 8 7 3 1 1 2 - 3  

0 2 1 - 1 0 1  

0 2 1 - 1 0 2  

AP lBO-24-00-00  

AP lBOV07-06-00  

APlAO-11-00-00 

AP lBOV08-06-00  

AP lAO-27-00-00  

AP lBOV09-06-00  

FLT 

PER 

1 

1 2 0  

1 2  

1 2 0  

1 2  

1 2 0  

1 2  

+ / -  2 5 0 0  P S I D  

6 0 8 7 2 0 7 7 - 3  
6 0 8 7 3 1 1 2 - 1  

+ / -  2 5 0 0  P S I D  

6 0 8 7 2 0 7 7 - 3  
6 0 8 7 3 1 1 2 - 1  

+ / -  2 5 0 0  P S I D  

6 0 8 7 2 0 7 7 - 3  
6 0 8 7 3 1 1 2 - 1  

+ / -  2 5 0 0  P S I 0  

6 0 8 7 2 0 7 7 - 3  
6 0 8 7 3 1 1 2 - 1  

+ / -  2 5 0 0  P S I D  

6 0 8 7 2 0 7 7 - 3  
6 0 8 7 3 1 1 2 - 1  

+ / -  2 5 0 0  P S I @  

6 0 8 7 2 0 7 7 - 3  
6 0 8 7 3 1 1 2 - 1  

l O / D 2 1 - 1 0 3  

11 

1 

1 

1 
2 

1 
2 

1 
2 

4 0  

10 
1 I 
20 
49 

1 0  
11 
2 0  
40 

10 
11 
2 0  

D 2 1 - 1 0 4  

D 2 2 - 1 0 1  

D 2 2 - 1 0 2  

4 n  



? 

MSFC FORM 422  0 (HORIZONTAL (NOVEMBER l 9 L l  CON-INUA'ION SHEET 

INSTRUMENTATION PROGRAM tx COMPONENTS LIST 

INT-20 SYSTEM PRESSURE VEHICLE 

11 
1 2  
13 
2 0  

1 0  
1 1  
2 0  
4 0  

1 0  

REVISION ? 

D E N T  NO 

PURGE SYSTEY 

PRESS. TRANS. 1 1 5 A 7 2 7  

PRESS. HF. CONTROL 
VALVE I Y L E T  FUEL TANK 
PRESS* TRANS, 1 1 6 A 4 0 8  
DC AMPL ASSY 

PRESS**  GbJ2 SPHERE 
CONT PRESS* SYS 

PRESS. TRANS.  1 1 5 ~ 4 6 4  

DR7-116 

D8R-115 

S Y M  - DESCRIPTION DATE 
-- I APPROVAL 

-2 

SEE SHEET 1 6-23-69 
N : 1 MEASUREMENT MEASUREMENT N A M E  

A N D  O R  C O M P O N E N T  

PRESS* P I F F *  YAW 
ACTUATOR 
PRESS. TRANS* 1 0 3 A 4 3 2  
DC AMPL ASSY 

PRESS, D I F F I  YAW 
ACTUATOR 
PRESS* TRANS. 1 0 4 A 4 3 2  
DC AMPL ASSY 

PRESS* D I F F  HEAT 
SHIELD 
PRESS* TRANS* 1 1 5 A 6 2 7  

PRESS* n I F F  HEAT 
SHIFLD 
PRESS. TRANS* 1 1 5 A 6 2 8  

PRESS* *GPIZ SPHERES* 

E 

60872178-19 

0 - 3 5 0 0  P S I A  

6 0 0 7 2 0 9 2 - 1  
6 0 8 7 3 1 1 2 - 3  

0 - 3 5 0 0  P S I A  

6 0 8 7 2 1 7 8 - 1 9  

NUMBER 

1 

1 

A P l B 0 - 1 6 - 1 0 - 0 0 , 1 2  Y 

Y 

-zS 

5 

5 

:: i D2Z-103 120 1 

AP lAOV07-09-00 

0-1 
I I N T E P M F D I A T E R I N G  

APPPOX STA 2 1 6  
SEE NOTE 9 

-3 
0 

I N S T L  DWG 6 0 0 6 7 0 0 8  0, 
I 

1W 

1 
I N S T L  DNG 6 0 8 7 0 6 7 2  
RACK ASSY 6 0 0 7 0 9 9 5 - 0 3  

j 
I N  MAPIF ASSY ON 
INTFPtr l fDIATE RING , 
APPHOX STA 2 1 6  
SEE t4OTF 9 I 

I N S T L  DWG 6 0 9 6 7 0 0 8  
! 
: 
I 
I 

I 
I 
I 

RANGE A N D  O R  - PART NUMBER 

+I-  2 5 0 0  PSID 

6 0 8 7 2 0 7 7 - 3  
6 0 8 7 3 1 1 2 - 1  

+ / -  2 5 0 0  P S I D  

6 0 8 7 2 0 7 7 - 3  
6 0 8 7 3 1 1 2 - 1  

+ / - 3  P S I D  

6 0 8 7 2 2 0 1 - 1  

+ / -3  P S I 0  

6 0 8 7 2 2 0 1 - 1  

0  TO 3 5 0 0  P S I A  

4 0  

1 0  
11 
2 0  
4 0  

10 
11 
20 

10 
11 
20 

1 2  

I TELEMETER 
C H A N N E L  1 

~ ~ 1 ~ 0 - 1 2 - 0 0 - C 0 ~ 1 2 0 ~  

D 2 2 - 1 0 4  

0 4 6 - 1 0 6  

0 4 7 - 1 0 6  

FLT 
U L  

Y 

Y 

Y 

Y 

1 
2 

1 
2 

1 
2 

1 
2 

1 

A P l B O v l O - 0 6 - 0 0 ,  

AP lBOV07-02-00  

APlBOV08-02-00 

AP lAOV10-04-00  

ERR 

5 

5 

5 

5 

5 

12 

1 2  

1 2  

1 2  ~ 1 0  

: 

D 6 7 - 1 1 5  

-. - 
REMARKS 

APPPOI 5TA 7 5  
I 

RACK ASSY 6 0 9 7 0 9 9 5 - 9  
I N S T L  D'tJG 6 0 9 8 4 1 3 1  

APPPOY STA 7 5  
I 

SEE Pin F 8 
I 
I 

RACK AZSY 6 0 8 7 0 9 9 5 - 1  
INSTL Xw 6 0 5 8 4 1 3 1  . 

1 2 0  I N .  PAD POS I V  I ' 
SEE f i O T E  8 I 
I N S T L  LJNG 6 0 8 7 1 5 8 7  

i 
! 

9 1  I N *  PAD F I N  L I N E  r; 
SEE PtOTF 1 5  
I N S T L  DWG 6 0 8 7 1 5 8 4  

I N  M A r l F  ASSY ON U 



YSFC FORM 422 1 I H O P I Z O N T A L I  / N O V E M B E R  :?6?1 C O N T I N U A T I O N  SHEET 

MEASUREMENT N A M E  
AND: OR COMPONENT 

- 
INSTRUMENTATION PROGRAM & COMPONENTS LIST 

PPESSIJRE INT-20 SYSTEM - VEHICLE - 

PRESS. FUEL TANK 
ULLAGE 

PRESS. TRANS. 1 1 8 ~ 4 5 4  / 6 0 8 7 2 1 9 9 - 5  

REVISION 

PRESS. TRANS. 1 2 0 ~ 4 7 8  1 6 0 8 7 2  199-5  

SYM 

PRESS. LOX TANK 0 -45  P S I A  
ULLAGE 
PRESS. TRANS. 1 2 0 A 4 7 8  6 0 8 7 2 1 9 9 - 5  

DESCRIPTION DATE -- 

PRESS. YE. STORAGE 0 - 3 5 0 0  P S I A  
TANK 

PRESS. TRANS. 1 1 6 A 4 1 8  6 0 0 7 2 0 9 2 - 1  
DC AMPL ASSY 6 0 8 7 3 1 1 2 - 3  
PRESS- GOX CONTROL VALY 0-1 500 PSI A 

~ ? ! ! s ~ ~ ~ R $ N s .  1 1 5 A 5 8 2  60872178-17 

-7 

PRESS. D I F F  ENG GIMEAL 0 - 3 0 0  P S I D  
SYSTEM F I L T E R  MANIFOLD 
PRESS. TRANS. 1 0 1 A 5 0 6  6 0 0 7 2 0 7 7 - 5  
DC AMPL ASSY 6 0 8 7 3 1 1 3 - 1 3 9  

- 

PRESS. DIFF ENG GIMBAL 0 - 3 0 0  P S I D  
SYSTEM F I L T E R  MANIFOLD 
PRESS. TRANS. 1 0 2 A 4 6 6  6 0 8 7 2 0 7 7 0 5  
DC AMPL ASSY 6 0 8 7 3 1 1 3 - 1 3 9  

-- 1 
APPROVAL -- 

I 

SEE SHEET I 
I $23-69 1 

PRESS. D I F F  ENG G I V R A L / O - ~ O O  P S I D  
SYSTEM F I L T E R  MANIFOLD 
PRESS. TRANS. 1 0 3 A 4 5 9  6 0 R 7 2 0 7 7 - 5  
DC AMPL ASSY 6 0 8 7 3 1 1 3 - 1 3 9  

FLT 

PER 

X 
ms 
ERR 

TELEMETER 
CHANNEL 

Y RET. HE. I r l LET  & VENT'  
LIPJE. I ! ~ ' J I D E  TOP OF 
FUEL Tk'lk' SEE r:GTE 9 
I N S T L  hOY67409 

I 

I I I N S T L  DkG 6 0 9 6 7 4 0 8  ! 

i 
Y BETWEErl C o x  DISTR & 

'VENT L I f !T  5EE NOTE 9 
I N S T L  DkiC h 0 0 6 7 4 0 8  

i 

I N S T L  DhG 6 0 0 7 0 4 8 1  lk 
PACK ASSY 6 0 8 7 0 9 9 5 - 0 5 '  

I 
Y 

I N S T L  DkG 6 0 9 7 0 8 4 1  
RACK ASSY 6 0 8 7 0 9 9 5 - 0 7 ,  

I I I N S T L  DhG 6 0 5 7 0 8 4 3  
RACK ASSY 6 0 8 7 0 9 9 5 - 0 2 ,  



HSFC F09Y 4 2 1  8 I * ~ Q I L C N T A L I  ( N O V E M B E Q  1962' C O N T I N r A T I O Y  SHEET 

INSTRUMENTATION PROGRAM & COMPONENTS LIST 

SYSTEM PRESSURE VEHICLE INT-20 

-- 

- 
R E V I S I ~  - 

S Y M  - 
- 

IDENT NO - 

38 I 

DESCRIPTION -- r- DATE APPROVAL 

1 2  

1 2  

12  

1 2  

1 2  

1 2  

1 2  

: 
N 
E 

SEE SHEET 

MEASUREMENT NAME 
AND OR COMPONENT 

PRESS. D I F F  ENG GIMBAL 
SYSTEM F I L T F R  MANIFOLD 
PRESS* TRAN5. 1 0 4 A 4 5 9  
DC AMPL ASSY 

PRESS* PEGULATOR 
PURGE SYS 

PRESS* TRANS. 1 1 5 A 5 7 9  

PRESS* REGULATOR 
CONTROL PRESS* SYS 

PRESS. TRANS* 1 1 5 A 5 8 0  

PRESS*, ENG* CONTROL 
SYS RET* 

PRESS**  ENG* CONTROL 
SYS RET* 

PRESS**  ERG* CONTROL 
SYS RET* 

PRESS*? ENG* CONTROL 
SYS RET* 

-- 

MEASUREMENT 
NUMBER 

FLT 
CAL 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

1 

1 0 ' 0 1 1 9 - 1 0 4  
111 1 

!)-23-69 
1 -- ' 

k 

I 

TELEMETER 
CHANNEL 

APlAO-04-04-00  

AP lAO-08-09-00  

AP lAO-06-09-00  

AP lAO-01-09-00  

AP lAO-02-09-00  

AP lAO-03-09-00  

AP lAO-04-09-00  

RANGE AND OR 
PART NUMBER 

o - 3 0 0  P S I D  

6 0 8 7 2 0 7 7 - 5  
6 0 8 7 3 1 1 3 - 1 3 9  

0 - 1 5 0  P S I A  

6 0 8 7 2 2 0 0 - 1  

0 - 8 0 0  P S I A  

6 0 8 7 2 1 7 8 - 1 5  

0 - 5 0 0  P S I A  

0 - 5 0 0  P S I A  

0 - 5 0 0  P S I A  

0 - 5 0 0  P S I A  

12 0 
0 

Ii 
10 

REMA?(S 
-- 

I N S T L  D X C  6 '775E44 
RACK PSSY ~ C 3 7 0 9 9 5 - 0 1  

STA 2 3 9 -  e 1.i. FRO9 
COMPT SK 1:. Z'i GAS 
L I P1F 
I N S T L  DhG t S 3 6 7 C 0 6  , 

I 
I N  MANF A S S V  O:( 
INTMED PII 'G. APPROX 
STA 2 1 6  
I N S T L  DkG 6 E 3 6 7 0 0 8  

I 

SEE NOTE 6 
U cn 
I 
F 

SEE PIOTE 6 4 
0 

o w 
I 

E.3 

SEE NOTE 6 

SEE ROTE 6 
I I 

I 
I 
I 
! 

i 

, 

I 
I 
1 

GOB57500 

V X D l 2 4 - 1 1 5  

VXD125-115 

FLT 

PER 

1 
2 

1 

1 

1 

1 

1 

1 

X 

gi 
5 

5  

5 

5 

5  

5 

5 

* 
L 

a 

-- - 

:: I 
*O I 
10 
11 

10 
11 

11 

1 0  
11 

0 1 2 6 - 1 0 1  

D 1 2 6 - 1 0 2  

1 0 1 0 1 2 6 - 1 0 3  

D 1 2 6 - 1 0 4  



OWG COB57 500 
IOENT NO I =OoE - I 

MSFC F O R M  422 B * O P 1 Z 3 r r T A L l  ,NOVEMBER 1 9 b 2 )  CONTINU4TION SHEET 

INSTRUMENTATION PROGRAM & COMPONENTS LIST 

SYSTEM PRESS1 I R E  VEHICLE 
INT-20 

REVISION j 

* 
I 

P\3 
PO 
Q, 

- 
a 
Q 

5 
4 

sYM - DEscRlpTloN - - DATE r- APPROVAL 

SEE SHEET I , 6-21-69 , I 
- I ' 

: 

I 

FLT 
CAL 

Y 

Y 

Y 

Y 

Y 

Y 

I f u ~ r r g  

AT SPOOL PI~I~DOX 9 0  
IN. AROVE IJU' IP INLET 
SEE ROTE 9 
I N S T L  D h G  t ,0871086 . 

1 

AT SPOOL A 1 1 r ) ~ o x  9 0  
IN. AeOVF 110'4P I N L E T  
I N S T L  DhG f 4 f 1 ~ 7 1 0 8 6  

i 

AT SPOOL AI~PPOX 90  
I 

IN. ABOVE IJOYP I N L E T  
I N S T L  DWG t ,0871086 

I 

AT SPOOL AI'F'?ox 9 0  
IN.  ABOVE PUWP INLET yj 
I N S T L  DwG t 1 0 8 7 1 0 8 6  , 

I 
F 
4 
0 
0 
CO 
I 

PO 

I N S I D E  FIH' IT HELIUM 
E!OTTLE FF+Orl PO5 I I 
TOWARD F t i  0 i 
I N S T L  D ~ J I  1,0670437 
R A C K  A S S Y  t4na7og95-o3  

I 

I N  HELIUb' I r lLET MAP!F 
AHEAD OF H I  A T  EXCH 
HELIUV L I ~ I I  !, APPROX 
STA 2 0 8  
I N S T L  DWG hOf367108 

i 
I 

I 

I 

I , 
I 
i 
I 

I 

RES 

1 2  

1 2  

1 2  

12 

1 2  

1 2  

I 

TELEMETER 
CHANNEL 

APlBOV13-08-00  

AP lBO-15-08-00  

AP lBO-17-08-00  

A P l 8 0 - 1 4 - 0 9 L 0 0  

AP lAO-01-08-00  

APlAO-03-08-00 

FLT 

1 

1 

1 

1 

1 
2 

1 
2 

RANGE AND OR 
PART NUMBER 

0 - 2 0 0  P S I A  

6 0 8 7 2 2 0 0 - 3  

0 - 2 0 0  P S I A  

6 0 8 7 2 2 0 0 - 3  

0 -200  P S I A  

6 0 8 7 2 2 0 0 - 3  

0 - 2 0 0  P S I A  

6 0 8 7 2 2 0 0 - 3  

0 - 3 5 0 0  P S I A  

6 0 8 7 2 0 9 2 - 1  
6 0 8 7 3 1 1 2 - 3  

0 - 4 0 0  P S I A  

60872178-13  

zs 
ERR 

5 

5 

5 

5 

5 

5 

MEASUREMENT NAME 
AND OR COMPONENT 

PRESS. LOX SUCTION 
L I N E  ENG NO. 1 

PRESS. TRANS. 1 1 5 A 7 7 5  

PRESS. LOX SUCTION 
L I N E  ENG NO. 2 
PRESS. TRANS. 1 1 5 A 7 7 6  

PRESS. L O X  SUCTION 
L I N E  ENG NO. 3 
PRESS. TRANS. 1 1 5 A 7 7 7  

\ 
H 
E 

10 
11 
1 2  
2 0  

10 
11  
2 0  

10 
11 
20 

MEASUREMENT 
NUMBER 

VXD127-115 

VXD128-115 

VXD129-115 

10 
11 
2 0  

10 
11 
I t  
20 
40 

10 
11 
1 2  
1 3  
2 0  

VXD130-115 

D 1 4 4 - 1 1 9  

0 1 4 5 - 1 1 5  

- 

PRESS. LOX SUCTION 
L I N E  ENG NO. 4 
PRESS. TRANS. 1 1 5 A 7 7 8 ,  

PRESSmr HE. STORAGE 
TANK 

PRESS. TRANS. 1 1 6 A 4 1 9  
DC AFIPL ASSY 

PRESS.r HE. I N L E T  
M ANF 

PRESS. TRANS. 1 1 5 A 6 3 1  



COOE I 

IOENT NO - 2 
14981 , i 

M S K  FORM 422 8 (HORIZONTAL1 (MOVEMBER 19621 CON"'HUATI0IJ SHEET -- 
INSTRUMENTATION PROGRAM ti COMPONENTS LIST 

SYSTEM PRESSIJRE INT-20 
VEHICLE 

- -- 
REVISION I 

SYM - DESCRIPTION DATE - r APPROVAL 

SEE SHEET 1 6-23-69 f 
I 

" 
5 

I 

- I .  
REMA##$ 

I 

l 

FUEL PUrEP II~LET DUCT 
NO. 1 9 ErlG r~'), 2 I I N S T L  DWG ( ,0971527 , 
RACK ASSY t40970995-7 

TOP OF FUFL T A P I K *  
i 
I 

APPPOX 22.5 DEGREES 1 

FROV POS 1 T3WARD ; 
F I N  A *  96 I t l .  RAG 
FROM CL 
I N S T L  DWG 6 0 8 7 0 1 7 8  I 

I 
TOP OF LOX T A N K *  6 0  
IN. RAD APPHOX 22.5 i 
DEG FROM PO5 1 1 1  9 

I OWARD FI r r  U 
NSTL DWG 6 0 8 6 7 4 0 9  

u 
APPROX STA 276, ON 
HOT HELIUM DUCT* CI 

OW R VERT CAL 4 
0 

~ N s ~ L  DWG 6 0 ~ 7 0 0 6 1  g 
I 
h3 

APPROX STA 6 0 2  ON 
COLD HELIUM DUCT* I 

L 5  I 

NEAR GOX CONTROL I 
VALVE* I N  GOX VALVE / 
SENSING L I N C  
I N S T L  DWG 6 0 8 7 0 0 2 7  : 

! 
I 

I 

RES 

1 2 0  

1 2  

1 2  

12 

1 2  

1 2  

I 

TELEMETER 
CHANNEL 

APlAO-24-00-00  

APlAO-07-08-00 

AP lAO-10-01-00  

AP lA0-05-08-00  

APlBO-15-10-00 

APlRO-07-01-00 

F l T  

Y 

Y 

Y 

Y 

Y 

Y 

ERR 

5 

5 

5 

5 

5 

5 

FLT 

1 

1 
2 

1 
2 

1 
2 

1 
2 

1 
2 

- -- 

RANGE AND OR 
PART NUMBER 

0 - 3 0 0  P S I A  

6 0 8 7 2 2 0 4 - 1  
6 0 8 7 3 1 1 2 - 3  

0-45 P S I A  

6 0 8 7 2 1 9 9 - 5  

0 -45  P S I A  

6 0 8 7 2 1 9 9 - 5  

0 - 2 0 0  P S I A  

6 0 6 7 2 2 0 0 - 3  

0 - 4 0 0  P S I A  

6 0 0 7 2 1 7 8 - 1 3  

0 -45  P S I A  

6 0 8 7 2 1 9 9 - 5  

MEASUREMENT NAME 
AND OR COMPONENT 

PRESS. FUEL SUCTION 
L I N E  I N L E T  
PRESS. TRANS. 1 1 5 A 9 1 2  
DC AMPL ASSY 

PRESSOFIJEL TANK ULLAGE 

PRESS. TRANS. 1 1 8 A 4 9 4  

PRESSOLOX TANK ULLAGE 

PRESS. TRANS. 1 2 0 A 5 6 4 ,  

PRESS. HT EXCH 
HELIUM MANF OUTLET 

PRESS. TRANS. 1 1 7 A 4 3 9  

PRESS. YE. FLOW 
CONTROL VALVE OUTLET 

PRESS. TRANS. 1 1 6 A 4 2 3  

PRESS. COX CONTROL 
VALVE SENSING L I N E  

PRESS. TRANS. 1 1 5 A 8 6 4  

: 
N 
E 

10 
11 
20 
4 0  

10 
11 
1 2  
1 3  
4 
0 

10 
11 

0 

1 0  

10 

P; 
0 
Y 

MEASUREMENT 
NUMBER 

D 1 4 6 - 1 1 5  

0 1 5 2 - 1 1 7  

D l 5 3 - 1 1 9  

0 1 5 4 - 1 1 6  

0 1 5 5 - 1 1 6  

0 1 5 6 - 1 1 5  



V 5 F C .  F O R M  4 2 2 - 8  1 P O R I Z O N T A L )  (NOVEMSER 19E2) C O k T I N U A T I O Y  ShEET 
- - . -- - - - - -- - . .- 

INSTRUMENTATION PROGRAM & COMPONZNTS LIST I------ -- - .----- - - -- - 

1 R E V I S I O N  
iy;~./- -. - - - . - - - - - - - - - 

D E S C R i F T l G N  1 D A T E  / APPROVAL 
- -- - -- -- -- - -- -- - 

S Y S T E M  VIBRATION VEHICLE INT20 -- 1 SEE SHEET 1 I 1 6-23-69 1 



.. - 

A N D  O R  C O M P O N E N T  

- - 

F44-101 FLOW RATF LOX HT EXCH 
I N L E T  DC 
DC CONVERTER 

. - 

PROGRAM & ~ ~ % M Z ~ F G E  LIST 

SYSTEM FLOW - R A T E  VEHICLE INT-20 

F44-102 FLOW RATE LOX HT EXCH 
I N L E T  DC 
DC CONVERTEP 

- - 
REVISION 

SYM DESCRIPTION 
I 

I b A r E  
- - APPROVAL - 

F44-103 FLOW RATE LOX HT EXCH 
I N L E T  DC 
DC CONVERTER 

SEE SHEET 1 
I 
6-23-69 -i 

FLOW RATE LOX HT EXCH 
I N L E T  DC 
DC CONVERTEP 

RANGE A N D  ' O R  
PART NUMBER 

- 
FLT 

PER 
- 

1 

1 

1 

1 

- 
Z 

ms 
ERR 

1 I 

TELEMETER 
CHANNEL REMARKS ! 

I 
RACK h5SY 6G970995-5 ' 

I 

SEE F l O T t  6 I I 
RACK A i S Y  60670995-7  

SEE FlOTE 6 i 
RACK A5SY 60370995-9  ' 

I 

SEE NOTE 6 I - 
RACK A5;Y 60970995-1  



MSrC FORM 4?? 8 H O P ' Z 3 W T I L l  (NOVEMBER 1761) CGNTINUATIOY SHEET 

INSTRUMENTATION PROGRAM & COMPONENTS LIST 

INT-20 SYSTEM POSITION VEHICLE 

REVISION I 

SYM - DESCRIPTION -- 
I DATE 
A - -  I APPROVAL - .  

SEE SHEET 1 
I 

6-23-69 1 I 

FLT 

PER 

1 

- 

RANGE A h D  OR 
PART NUMBER 

0  TO 100% 

MEASUREMENT NAME 
AND OR COMPONENT 

P O S I T I O b d  GOX FLOW 
CONTROL VALVE 

\ 
N 
E 

10 
11 

? 
E3 
W 
0 

Ei 
5 

MEASUREMENT 
NUMBER 

G4-115 

I 

TELEMETER 
CHANNEL 

APlAO-09-01-f~q 

k 
i 

REMARKS 1 
4 

I I 
I 

u 
Cn 

I 
CI 
4 
0 
0 
w 

I 
to 

I 
I 
1 
! 
I 

i 
I 
i 

I 

RES 

12 

FLT 
CAL 

Y 



-a -a 
30 30 
at- lnt- 

3C 
lnz 





INSTRUMENTATION PROGRAM & COMPONENTS LIST 

INT-20 

LOX LEVFL CUTOFF NO. 2 

MEASUREMENT 
NUMBER 

LOX LEVEL CUTOFF NO. 3 

REVISION 1 

MEASUREMENT NAME 
AND ,OR COMPONENT 

LOX LEVEL CUTOFF NOW 4 

SYM 

SIGNALS SYSTEM VEHICLE - i 

I G N I T I O N  SIGNAL RETRO 

DESCRIPTION DATE - -. I APPROVAL -. 

SEE SHEET i 6-23-69 , ! 

EBW VOLTAGE N0.1 
(RETRO) 

EBW VOL 
(RETRO) 

TAGE NO. 2 

EBW VOLTAGE NOW 1 
DESTRUCT 

ERW VOLTAGE NOW 2 
DESTRUCT 

EBW VOLTAGE Now 1 
SEPARATION 

EBW VOLTAGE Now 2 
SEPARATION 

1' 
REMARKS 

i 
I -- 



MSFCFORM A 2 2  0 : H O R I Z O N l A L !  I N O V E M B E P  1962, CONTINUA~~ON SHEET 

 MENTA TAT ION PROGRAM (L COMPONENTS LIST REVISION - 
SYM DESCRIPTION DATE I APPROVAL-: 

S IGrJALS -- VEHICLE - I INT-20 SYSTEM SEE SHEET 1 
i 6-23-69 , 



PR=M~=M=ENTS LIST REVISION A 

DESCRIPTION i DATE I APPROVAL 
INT-20 -- -- - - . 

SYSTEM S I G N A L S  -- -- 

~-kc 
VEHICLE 1 SEE SHEET 1 t 









- *  - 

INSTRUMENTATION PROGRAM & COMPONENTS LIST REVISION I 

SYM DESCRIPTION- - L . - DATE 
- - 1 APPROVAL 

INT-20 SYSTEM SIGNALS VEHICLE - I SEE SHEET I I 6-23-69 , 



M S f C  FOPN 122 1 I H O R t Z O N T A L I  ( N O V E M B E R  19621 C O H T I C I U I T I O N  SHEET 1 

I 

14981 SHEET i I 



3 SNIn - u -43 -3 
r n ~  a - J  LLW LLW za za 
W *3 W *3 cnY m u  3 3 

on on 3 ~ 0  3-10 u u 
kt- m z  m z  m 1  r n ~  w o  w o  

a uau h a w  z m  ZUI 
W I - 0  
Y-ln 
UZZ 
0 3 W  
a ln 
0 

OZW 
awn 
k a d  
W - 3  
aka 

In 
Z4-I  
0 3 - *a 
I-0 
aza 
Q: 0 
a b m  
a-Z 
w z w  
m3m 

m 
Z N-I 
0 3 
w *a 
co 
azu 
u 0 
<I-m 
auz 
w z w  
In>a 



I 

I i 

6 
; 
5 

> 

! 
= < 
5 
g 

9 

i 

I 

-- 

z 
0 
2 
L, 
9: 

0 
N 
I 

g 
H 

W 
a 
g 

I- 
%! 
-1 

V) 
C z 
w 
Z 
0 

z 
5 0  
u 

z 
E 4  fi 
G'L -I 
H C 3  
$ 0  5 : z  - 

rT) z 
0 - 
C 

5 
HE r z tW ; z  5 

I- 
ul Iz 

d < > 
2 
a 
a. 
4 

-- 

2 

Z 

p 
E 

n 

Sl 
2 '  

-- - 

V) Y 
a < 
3 = 

m u 0  

In 
2 

E;; 
L z  
$ 5  
g 5  

-v---- 

- 

: Y  
2 
I 

'Q 

- - 

- 
L 
W 
I 
V) 

g w  
W W  

W '  

* $ S  

2 ;  

0: 

? S  
o m  $ 9  
w 
o z  
f 2  
a 

a a a a a a a a 

d d d 4 d d d d 

LL LL. LL LL LL LL LL LL 
LL LL LL LL LL LL LL LL 
0 0 0 0 0 0 0 0 
I I I I I I I I 
Z z Z 2 Z z z Z 
0 0 0 8 0 0 0 0 

D n n b 
-1 J J J LL- LL- LL- L L u  
0 0 0 0 LLO LLO LLO L O  
CY CY a CY oz oz oz oz 

C Z  C Z  C Z  CW C W  t W  CW 
ZW Z W  Z W  Z W  2-J 3J 3J 3J 

oa oa on uo uo uo uo 

- D5-17009-2 

z Z Z z z z z z 

0 0 0 0 
N N tu N N N N N 

d 4 d d d d d 4 

d N rn e 0 a In 9 
0 0 0 0 0 0 0 0 
I I I I I I I I 
CB (r CB OI 0 0 0 0 
O 0 0 0 0 0 0 0 
CY CK CY CK w w w w 
0' u' 0' 0, d 4 d 4 

d d d N tu N N 
I I I I I I I 
0 0 0 0 0 0 0 

[3 m 61 m m m m m 
d d d d d d d d 

a a a a a a a a 

--- 

0 
0 

0 
'Q 

Ln 

0 w 

2 9  4 

w ?  G 
O *  OC 
8 5  

e v 

.I 

2 0  

+ 

6 w  
2 - d  

Z f  
p z  

A-zw 

' L p o  U O  U O  U O  m m m m 
G 0 0 0 tu m .j 

 NU 3nu 3 31nu a a n a 
0 UJ O W  O W  O W  .O .O .O *O 
1.a J ~ C Y  J.(Y a e a  oc o t  oc oc- 
LL Cl LLC LO LL c zu, zu, z m  z m  

zp  zc3 20 zo 
C 4 Z Z  E Z  X Z  E Z  W J  W J  W d  UJ  

3 ~ a  a a a Z ~ N  ZUN 
->z ->z 2% u>z -2 H Z  -z -2 
J J T  JJ5 J J Z  JJ5 WW 0 W W  0 013 
wuo w a o  w a o  W ~ O  2-0 zuo ZMO zuo 
x>u I > U  I > U  x>u w m z  wmz w m z  wmz 

a3 a) aY a3 
+ 4 d d In In m In 

4 r( r( r( 4 4 4 

1 I I I d d d d 

a2 u' 0 d I I I I 
In d 9 9 01 0 d N 

.-( A 9 r r- r- 
Y Y Y Y d d d d 

> > > > 2 Y Y Y 

W H N  O d N  O d N  C?cl(V O d N  OdN C+N CdN 
ddd r(dd ddd ddd ddd dd+ rtdd dr)d 

A-243 
1 

(W/WI(CI m 



YSCC FORM A22 B IHORIZONTIL) lNOVENDER 19121 CONTINUITION SHEET 

INSTRUMENTATION PROGRAM~,COMPONENTS LIST 

INT-20 SYSTEM SIGNALS VEHICLE - 

R€VI;ION I 
SYM - 

1 

DESCRIPTIOr4 - -- -L - -  

SEE SHEET I 6-23-69 

: 
N 
E 

10 

? 
tc 
A 
A 

60~57500 

14981 

MEASUREMENT 
NUMBER 

K175-115 

MEASUREMENT N A M E  
A N D  O R  C O M P O N E N T  

OUTBD C/O SIGNAL 

RANGE A N D  OR 
PART NUMBER 

ON-OFF 

FLT 

1 

% 
WS 
ERR 

TELEMETER 
CHANNEL 

APlAO-14-00-00 

j 
RES [!: t 

, : REMARKS I 

129 Y REOUMDANT TQ 
MEAS N3-115 

u 
en 
I 

I-' 
4 
0 
0 
CD 
I 
f3 

i 
i I 
I 



MSFC FORM 122 8 IHORIZONTILI INOVEMBEI 19b2l  CONTlNLJITlON SHFFT 

I 
. -. ..--- 

I I Stt SHEET I i 

CODE 

IDENT. NO 

14981 A 



MS?C FORM a22 8 I * O R I Z O N T A L )  (NOVEMBER 1962; C O N T I N J A T I O N  SHEET 

& COMPONENTS LIST REVISION 4 1 
SYM DESCRIPTION -- DATE .- 1 APPROVAL 

SYSTEM LIOUID LEVEL VEHICLE 
INT-20 - I 

SEE SHEET I 6-23-69 I 

MEASUREMENT MEASUREMENT NAME 
NUMBER A N D ,  OR COMPONENT PART NUMBER 

LOX LEVFL TIME 
CORRELATION Po5 1 1  
TIME CO"RELATION U N I T  

LOX LEVFL TIME 
CORRELATION RESIDUAL 
TIME CORRELATION UNIT 

FUEL LEVEL TIME 
CORRELATION CENTER 
TIME CORRELATION UNIT 

I 1 

TELEMETER 
CHANNEL 

APlBO-20-04-00 



z 
0 
%? > 
W 
a 

0 
N 

I 
w 
Fi 

W 
-I u 

i- 
I", 
A 

2 
CI 
CI 
4 -if:- 

o\ 
W I Q  
+ I 
4 c7 
0 N 

I 
\O 

-i - 

- 

v, 

2 
I 

r w o  

,-a 

y's 

= A  

c " w  
w z  
C Z  W <  

a s  

z : 
E 

23; 

+ a  
y' L 

w 

LL 

- 
& ,  

" In In 

dN .4N 4N 

V u V 
W W LL1 
m n  m m  c n r n  
\ I I  I  
urn urn u r n  

O * W *  W U  W Q  
: q o o  o o  o o  

N N N 
o r  o r  o r  
d m  - ' m  -'a 

0  0  0  
1 9  1 9  1 9  
\ \ \ + + + I 

D5-17009-2 -----. 

v) 
W 
0 

z 
3 ; '  

l-l 
a 

C W 
W 

I V) 

-- .. 

' @ a 3  m a )  6 Q  
m u '  m ( r  m m  
A ( r  A ( r  

r o  . o r  m m  P o  m m  a r c  r o  a r c  m c n  
0 0  0 0  0 0  
4 2 9  9 9  9 . o  

o w  1 3 0  w w  
3 3  3 3  3 3  
0 0  o n  0 0  

J J  A J  J J  
C C  C C  C C  
m u - l  Y , Y ,  m y ,  

W 
W * 

o o 
w 
b 
w 

'E 

z z  z z  z z  
Y U  U U  U Y  

4 

> > >- 
. 

* 43 0  
I - '  N 

pp 

0 0 0  
0 0 0 
I  I I 
UJ r 4- 
0  0  0 
I I  I  

m cn 
0 0  0 

gg m> N> 00 00 
I  a; I  m t a 
4.4 4 d  A d  

~ a  ~ a  L L ~  
aa aa aa 

0 w 

2: 4 

C 

? 00 
" +  0. 
5 3  g 0 C 



I C F C  cOPh4 6 2 2  8 ( H O P  Z O N T A L I  ' P 9 V r " Z E R  1 ? 5 2 )  C C  UATIC '4  E'EZT 
- - - - -- - - - - - - -- -- -- - - - -- -- -- - - 

INSi-ZlJi;IE[~4TAi-IOP~ PK(3GiZAM 2< C,Otvi;lO;\:ZN-i-S LIST R E V I S I O N  
- .- - - - - - - - - - - - -- - I k y M  1 D E S C R I P T I O N  

- . - - - -- - -- 
DATE I eF 'FOVAL 

--- -- 

'"STEM STRAIN V E H I C L E  INT-20 - 1  - SEE SHEET I / 6-23-69 1 
N 
E 

10 
11 
12 
13 
14 
15 
2 0 
2 1 

10 
11 
12 
13 
14 
2 0 
2 1 

? 22 
23 

CD 

10 
11 
12 
13 
14 
20 
2 1 

1 0  
11 
12 
13 
14 

201 

MEASUREY ENT 
r ) U P 4 0 5 4  

S17-118 

S18-118 

S19-118 

S20-118 

2 1 
2 2 
23 

- 

- -- p- -- - --- - - - - - - - - 
1 I 

M E A S b R E V E N T  N A M E  ) RkNSE A N D O X  F-T I " ' POS 1 TELE'ICT-R 
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DESCRIPTION I DATE I APPROVAL ' 1 

PURPOSE i I 
The purpose of t h e  En3 Item Test  Plan i s  t o  present t h e  requirements 
f o r  t e s t i n g  the  assembled Interineiliate 20 S-IC Stage p r i o r  t o  del ivery  ! 
t o  t h e  procuring agency. I 

i 
This  document i s  prepared i n  accorilance.with Contract Document NPC 200-2 
and submitted i n  a c c o r h n c e  with Contract Document- 

I 
I 

SCOPE I I 
Thi s  document c o n t ~ i n s  l e v e l  one t e s t  requirements f o r  t h e  coapleted 
Intermediate 20 S-IC Stage. The t e s t s  required f o r  acceptance of t h e  
IntermeSiate 20 S-IC by Stage Contract En3 Item Specif ica t ion Part I1 
are 19ent;ified by an nstcrisk preceding requirernen.t;s. 

CODE DWG 

i 
IDENT NO S I Z E  66~10920 

I 
f 

A-264 1 
--- 



SYM DESCRl PT C3N I DATE I APPROVAT. [ - 
I a 

GENE% TEST DESCRIPTION 

The End-Item Test Plan provides f o r  t e s t i n g  tke  Intermediate 20 S-IC Stage 
a f t e r  it has been-completely assembled. The descript ion of t h e  individual  
t e s t s  spec i f i ed  i n  t h e  following sect ions  incls9e  t h e  func t iona l  
c h a r a c t e r i s t i c s  t o  be t e s t ed  along with t h e  nozinal  and to lerance 
values t o  be useii. 

Tes t ing on t h e  stages w i l l  be performed i n  accordance with approved 
proce3ures s a t i s e i n g  the  requirements of t h i s  plan. The procedures . 
t o  be used and t h e i r  appl icable  configqrations a r e  i den t i f i ed  by 
t h e  appropriate Test Documentation Index. 

Time an3 cycle recording equipment w i l l  be i n  operation at  a l l  t i n e s  
SE o r  .s tage power i s  applie3. I 
The s tage  s t r uc tu r e  system w i l l  not beo t e s t e3  by t h i s  plan as it must 
be acceptable p r i o r  t o  Level I checkout. . 

2.1 TEST PHASES - INTERMEDIATE 20 S-IC STAGE 
- .  

k 3  item t e s t i n g  of t he  completed Stage w i l l  be accotriplished i n  t he  
f i v e  phases shown diagramatically i n  f i gu re  2-1. The nomenclature 
an3 a b r i e f  descr ip t ion of each t e s t  phase i s  rs follows: 

a. The 1~MWAC'IVRING CHECKOITT phase i s  the  t e s t  performed on t he  
corcpleted s tage  p r i o r  t o  shipment t o  t k e  s t a t i c  t e s t  stand. 
The t e s t  requirements f o r  t h i s  phase Erz spec i f i ed  i n  sec t ion  3. 

b. The PRE-STATIC CHECKOUT phase i s  t he  f i n d  t e s t  of t h e  complete3 
s tage  at t h e  s t a t i c  t e s t  s tand t o  ver i fy  r e d i n e s s  f o r  . ' 

s t a t i c  f i r i n g ,  The t e s t  requirements f o r  t h i s  phase a r e  ' 

speci f ied  i n  sect ion 4. 

c. The STATIC FIFUNG t e s t  phase cons t s t s  of  t he  countdown f o r  and 
t he  ac tua l  f i r i n g  of t he  s tage  at t h e  s t e t i c  t e s t  s tand and 
t h e  honitorlng of Stage syetems operet ic2  3uring t h i s  i n t e rva l .  
The t e s t  r e q u i r e ~ e n t s  f o r  t h i s  phase rre spec i f i e3  i n  sec t ion  5. 

3. The POST FIRING EVALUATION checkout pksse i s  t he  t e s t  perfomed 
a f t e r  s t a t i c  f i r i n g  and p r i o r  t o  t he  s k i p e n t  of t h e  s tage  t o  
Michou3 f o r  Post S t a t i c  Checkout. Tnis 7hase ve r i f i e s  t h e  
i n t e g r i t y  of t he  s tage  f o r  shipment. Tze t e s t  requirements 
for t h i s  phase a r e  spec i f i ed  i n  sec t ion  5. 
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e. The POST STATIC CHECKOUT phase i s  t he  f i n a l  t e s t  performed on 
t h e  s tage  a f t e r  refurbishment p r i o r  t o  shipment t o  KSC, t o  
ve r i f y  t he  reafiiness of t h e  s tage  f o r  shipment. The t e s t  
requirements f o r  t h i s  phase a r e  speci f ied  i n  section 4. 

W M  

TEST PHASES - IEFUEIBISHXD S-IC STAGE TO I?TI'ERI\EDIAICE 20 CONFIG-LTRATIOP: i 

. DESCRIPTION 

i 
f i 

End Item Test ing of the  refurbished S-IC Stage t o  Intermediate 20 
conf igurat ion w i l l  be accomplished i n  one of the  two t e s t  flows a s  
shown i n  Figure 2.1. I f  a refurbishe3 S-IC i s  one' of the  f i r s t  two 

' Intermediate 20 Stzgcs, it xi17 be S t a t i c  F i re3  as  pa r t  of iievelopniental 
t e s t i n g  t o  prove t he  design. The refurbished S-IC t e s t i n g  will s t a r t  
with t h e  PRE-STATIC CIIECKOW phase ( ~ e f e r e n c e  2.1.b). After  two 

i 
I 

APPROVAL ,. 
v 

Internlediate 20 S-IC Stages have been S t a t i c  Fired,  t h e  refurbished 
S-IC Intermediate 20 Stage t e s t i n g  w i l l  s t a r t  with t h e  POST STATIC 
CKECKOUT 'phase (reference.2.1.e). . 

1 

L 
k 

3. .il . 
I 

I: t< I 

DATE 
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i: E V IS 1.C) 1 4  5 
SJM 

F 
DESCRIPTION DATE APPFiOVk12: 6 a I I 1 

2.2 wMOUhTTED FLIGIIT HARD:k!ARE 

The requirements  f o r  i t ems  of  In te rmedia te  23 S-IC unmounkeci f l i g h t  
I 
P - 

hardware and t h e i r  avai labi l i1;y and-.uce during l e v e l  one t e s t i n g  a r e  
as fo l lows:  

. I 
a. F i n s  an3 F a i r i n g s  - w i l l  be shipped t o  KSC where t h e y  w i l l  be 

mated t o  s tage .  

: b. Engine Q r o t e c h n i c s  - w i l l  be a v a i l a b l e  at t h e  s t a t i c  f i r l n g  
s i t e s  and i n s t a l l e d  dur ing  p repa ra t ions  f o r  s t a t i c  f i r i n g  
t e s t s ;  a r e  rep laced  by s u b s t i t u t e s  an3 s imula tors  ( s ee  2.3) at  
a l l  o t h e r  t imes .  

/ 

c. F l i g h t  B a t t e r i e s  - not a v a i l a b l e  h l r i n g  l e v e l  one t e s t i n g ;  
i n s t a l l e d  j u s t  pr5.01. t o  s t a g e  launch at KSC; a r e  s imula ted  
by jumper c a b l e s  2113. t e l eme t ry  t cnn ina t ion  modules Sur ing  
ground checkout. 

. Engine S k i r t  Ektensions - w i l l  be i n s t a l l e 3  p r i o r  t o  and 
removed a f t e r  s t a t i c  f i r i n g ;  w i l l  be  mzte5 t o  t h e  s t a g e  
engines at KSC. 

e. Ret ro- rockets ,  r e t ro - rocke t  CDF Eknifold and Ordnance, and 
r e t ro - rocke t  pyrogen i n i t i a t o r s  - not  a v a i l a b l e  dur ing  
l e v e l  one checkout; i n s t a l l e d  on t h e  s taqe  a t  K S C ; i n i t i a t o r s  
rep laced  by pulse'  sen'sors at a l l  o t h e r  t imes. 

f. F l i g h t  h e a t  s h i e l d  - 
(1) . I n  S t a t i c  F i r i n g  t h e  S t a t i c  F i r i n g  h e a t  s h i e l d  w i l l  be 

i n s t a l l e 3  an3 t h e  f l i g h t  h e a t  sh ie l i i  i n s t rumen ta t ion  w i l l  
be te rmina ted  wi th  t e l eme t ry  terminat ion moiiule. 

I (2) During refurbishment  t h e  s t a t i c  f i r i n g  h e a t  s h i e l d  w i l l  be I 
1 .  removed an3  t h e  non-instrumented panels  of t h e  f l i g h t  h e a t  

1 s h i e l d  w i l l  be i n s t a l l e d .  

(3) I n  PSC t h e  f l i g h t  h e a t  s h i e l d  ins t rumenta t ion  w i l l  be 
te rmina te?  wi th  t e l eme t ry  te rmina t ion  moiiules. 

(4) The instruniented h e a t  s h i e l d  panels w i l l  be i n s t a l l e d  
a t  KSC. 

g. Range Sa fe ty  an3  Stage Separa t ion  Systems Ordnance Devices - not  
a v a i l a b l e  dur ing  l e v e l  one t e s t i n g  f o r  s a f e t y  reasons;  i n s t a l l e d  
on t h e  S tage  at  KSC; a r e  rep laced  by EBW pulse  s enso r s  ( s e e  2.3) 
during Zevel  one t e s t .  

- . 
I CODE I DWG I 

66~10920 

SHEET A-267 1 



1 2.3 LIST OF SIl.ULA!I!ORS 
B 

- -- 

I S(M I DESCRIPTION 1 DATE [ APPROVAT[ [ 

The fol lowing i s  a l is t  of s imulators ,  cables,  an3 terminat ions  t h a t  
w i l l  be used during l e v e l  one t e s t :  

a. Upper Stage S u b s t i t u t e s  - c o n s i s t s  of a drawer i n  t h e  SE t h z t  
K i l l  be connected and removed along wTth t h e  r e s t  of t h e  SE at  
each t e s t  s i t e ;  used t o  comp1.ete s i g n a l  paths t o  Stage switch 
s e l e c t o r  engine gimballing pos i t ion  i n d i c a t i o s s ,  e t c .  

b. Eatterjr j u ~ n ~ e r  cables  - c o n s i s t s  of jumper ceb les  from a ground 
power supply t o  each of t h e  s t age  main b a t t e q -  busses; aye used 
i n  place of f l i g h t  b a t t e r i e s  i n  considerat ion of t o t a l  pover 
rcquircmcnts during checkout a t  each t e s t  l ocz t ion ;  installed 
when SE i s  hooked up. These cables  arc s l u n ~  between t h e  ctag-e 
and ground, an3 do not  go through u n ~ b i l i c a l  co-necti-ons. 

c. Turbine Ehhaust and Gas Generator I g n i t e r  S u b s t i t u t e s  - c o n s i s t s  
o f  plugs t o  t h e  engine openings which have t h e  c a p a b i l i t y  of 
providing e l e c t r i c a l  s imulat ion of t h e  a c t u a l  i g n i t e r s ;  i n s t a l l e d  
dur ing p r e - s t a t i c  checkout and remain on t h e  s t age  a t  a l l  t imes 
except f o r  acttial s t a t i c  f i r i n g s  and launchings. 

3. Hypergol Car t r idge  Simulator - c o n s i s t s  of an attachment (with 
~ n e u m a t i c s )  t o  t h e  hypergol conta iner  on t h e  F-1 Engine; provides 
simulat ion of hypergol i n s t a l l e d ,  not instal 'Le3,and ruptured; 
i n s t a l l e d - p r i o r  t o  Engine Systems Tes t s  a t  each test  s i t e  and 1 
removed fol lowing Simulated S t a t i c  F i r i n g  o r  S i n l a t e 3  F l i g h t  1 
Tests .  

e. ~ a u n c h '  Equipment E l e c t r i c a l  Simulator (LEES) - c o n s i s t s  of 
e l e c t r i c a l  networks an3 t imers  t h a t  can be i n s t a l l e d  i n  t h e  SE; 
provides c a p a b i l i t y  of making t h e  S-IC Stage e c t  as a completed 1n te r -  
m e 3 1 a ~ 2 0 V V e h i c l ~ ; i n s t a l l e ~  only f o r  s imulate3 s t a t i c  f i r i n g  an3 
simulated f l i g h t  t e s t s  during each t e s t  phase. 

f. Stage Separat ion Simulator - c o n s i s t s  of e q u i p e n t  t o  provide t h e  
c a p a b i l i t y  of e l e c t r i c a l  s t age  separa t ion  s i ~ ~ l e t i o n ;  i n s t a l l e d  
on SE,only during Post S t a t i c  Checkout f o r  t h e  simulated f l i g h t  
tes t .  

f::fT N { *  1 ,56B10420 - 1 
14981 SHEET A-268 1 
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~ < E V I S I O ~ ~ S  f 
5 x 4  

t 
DESCRIPTION DATE APPROVAL !: 

b 

I 1 1 i 

2-3 (continued) 

g. Telemetry Channel Termination 1.b3ules - Several groups of telemetry 
channel terminations are pm:-i.iied t o  711aintai.n t h e  in.l;egrity of t he  
telemetry during t e s t  and ci~eckout. These a r e  generally removed 
from the  s tage  as f l i g h t  h ~ r i - ~ a r e  i s  i n s t a l l ed .  The flows f o r  t he  
various groups a r e  as fo l loxs :  

(1) Terminations i n s t a l l e d  cn t h e  s tage  during connection of SE 
and removed a t  completion of PSC p r io r  t o  shipment of s tage  
to KSC. 

F l igh t  E a t t e r i e s  
F l igh t  )-:eat Shield 
In te r s tage  Ambient Temperature 

(2) Termination modules use3 at t h e  s t a t i c  f i r i n g  s i t e  - i n s t a l l e d  
f o r  S t a t i c  Fi r ing;  ren3ve3 during i n s t a l l a t i o n  of SE f o r  
refurbishment checkout. 

Pump Bearing 

14981 SHEET A-2 6 9 
- - ----"s 
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R E u l s I o l d s .  
SYM DESCRIPTION 

i, / 
DATE APPROVAL : 

J i 

I. I 

This sect ion spec i f ies  the  t e s t  requirements f o r  t he  assembled In te r -  
mediate 20 S-IC stage p r io r  t o  shipment t o  the  s t a t i c  t e s t  stanii. 

I 

DC END TO END RESISTANCE i I 
Measure an3 record t he  s tage DC res is tance through access points 

. located near posit ion I a f t  and posi t ion I11 forward. 

Perform system t e s t  t o  comply with requirements of paragraph 4.16. 

RANGE SAE'ETY AI'U'Trl3GiAS 

Perform system t e s t  t o  comply Kith requirements of paragraph 4.26 
0 

ENVIORNbENTAL CONTROL 

Perform system t e s t  t o  comply with'requirements of paragraphs 
4.4.1, 4.4.3, 4.4.4, 4.4.5, an3 4.4.6. 



urrc FORM 422-0 ( v r a ~ ~ c r ~ ~  ~ W O V C M R C A  1962) COY? I ~ U A T I O W  SHCET 
-*-7 

1 R E V 1 5 1 0 t : S  
MIA i DESCRIPT ION I DATE 1 APPROVP L 

I 1 11 

1: 

This sect ion spec i f ies  t e s t  requirenents f o r  Pre S t a t i c  Checkout k 
and Post S t a t i c  Checkout. The following l is t  del ineates  t he  
prerequis i tes  f o r  the  performance of each t e s t  o r  t e s t  block 
The l i s t  ~ f l e c t s  only the  m i n i m u m  safety  an3 technical  r e s t r i c t i ons  
on t h e  checkout sequence an3 the  ac tua l  oriter of perfonnance i s  t o  
be deternine3 by the  t e s t  con3uctor i n  view o f . t he se  r e s t r i c t i ons .  

PARAGRAPHS 

Receiving Inspection 
Stage In s t a l l a t i on  
Stage Connection 
Fordarii Environmental Control 
AFT Environmental Control 
Bus Resistance 
C r i t i c a l  Power Dis t r ibut ion o 

Power Applicetion 
Power Removal 
Pover Transfer 
Bus Voltage 
Stage Sequencing 
Stage Separation 
Engine Cutoff 
E l ec t r i ca l  Heaters 
Telemetry Antennas 
S t  ra in  Gege Pressure Transilucer 
Liquid Level I n i t i a l i z a t i o n  
PCM/DDAS and PCM/FM 

' Ieasurement Power 
FIEJFM 
RACS 
Neasurement Prof i le  
DC Signal ConAitioner 
Spurious Emissions 

Range Safety Antennas 
Comman3 Receiver 
Range Safety System 

Hyilraulics 
Hydraulic Checkout Valve 
Thrust Vector Contml 
GN2 Control System 
GN2 Purge System 
Pressure Switches 
LOX Dome Purge 
Pref ill 

PREREQUISITES 

None 
4 . 1  
4.2 
4.2 
4.2 
4.2 

4.19 
4.12 
4.12 
4.23 ( ~ 6 - 1 0 1  th ru  -104) 
4.2 

Pre - 4.11 
Post - 4.11, 4.16 
None 
Pre - 4.11 
Post - 4.11, 4.16 
4.19 
4.17, 4.22 
None 
4.8, 4.16 

4.2 
4.19 
Pre - 4. 27 
Post- 4. 26, 4.27 
4.8 
4.8 1 

1 

4.29.1, .2, -3, .4,  .5 
4.8, 4.34 
4.8 , 

4.8 
4.8 
4-35 



M I I C  PORM 4224 (VCIITICAL) (YOVEM.EII 19W) COYIIWUATIOW SMELT 

h 1 R E v I S I Q M S  

DESCRIPTION I DATE I APPROVAL 
I 1  

j; 4.0 (cont inued)  

1 I 

Cocoon Purge 
GOX Flow Control  Valve 
LOX P r e s s u r i z a t i o n  High Pressure  
LOX P r e s s u r i z a t i o n  Low Pressure  
Fue l  P r e s s u r i z a t i o n  
LOX Tank 
Fuel  Tank 
Thrust  Chamber 
Turbine Exhaust 
Turbopump Torque 
Engine Components 

4.48 Stage Components General 
4.49 Stage Components - GN2 
4.50 Stage Components - Helium 
4.51 Electromagnet ic  Compatibi l i ty  Conducted 

Overa l l  Tes t  - General 

O v e r a l l  Test - LOX Pressure  

Overa l l  Test - Fuel Pressure  

Engine Alignment 
Disconnect from F a c i l i t y  
Shipping In spec t ion  

Stage Weighing 
Remove from Tes t  F a c i l i t y  

4.42 
None 
4-39  
4,32 
4.18,4.34,4.40,4.49 
4.18,4.34,4.41,4.50 
None 
None 
None 
4.29.1,.2,.3,.4,.5,4.32, 
4.37 
4.15,4.32,4.34,4.40.4.41 
4.32 
4.32,4.41 
4.9,4.10,4.13,4.14,4.15, 
4.21,4.23,4.28,4.33,4.35, 
4.36,4.37,4.42,4.43,4.47 

Pre  - 4.9,4.10,4.13,4.14, 

4.36,4.37,4.42,4.43,4.47, 
4.15,4.23,4.28,4.33,4.35, 

4.48,4.49,4.50 
Post - 4.51 
Pre  - 4.34,4.49 
p a s t  - 4.18,4.34,4.40,4.49 
P re  - 4.34,4.49 
pos t  - 4.18,4.34,4.41,4.50 1 ;  
None 
None 

1 1  

P re  - 4.56 
Post  - 4.56,4.58 Il 
4.56 
Pre - 4.56 Ii 
Post  - 4.57 

A s p e c i a l  format i s  used i n  t h i s  s ec t i on .  The fo l lowing  i l l u s t r a t i o n  
d e f i n e s  the format. 

I X.X.1 ~ l + ~ r e  S t a t i c  and Post  S t a t i c  ;I 
X. X TITLE 

requirement 
Pre  S t a t i c  requirement only 

T e s t  o r  Tes t  Block 

I [ p l t ~ o s t  S t a t i c  requirement o n l y  
1 1  
, I  

I 
Pre S t a t i c  and Post  S t a t i c  r e  u i r e i i  
ment w i t h  d i f f  e r e n t  spec i f  ica?ions, j  
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f I-- I R E ' r ' i S l O i l S  
SYh4 1 DESCRIPTION 1' I DATE APPROVfi L. . 

1 I 1 !' 

; 
4.1 RECEIVING INSPECTION 

4.1.1 The In t e rmed ia t e  20 S-IC S t a g e . s h a l 1  be mounted h o r i z o n t a l l y  on i t s '  t r s n s  
p o r t e r  when it a r r i v e s  at t h c  t e s t  s t a n ~ / t e o t  c c l l .  A- v i s u a l  i n spec t ion  of 
t he  s t a g e  w i l l  be made f o r  apparent  daninge, f o r  v e r i f  i c a t i c n  of stage 
component s t a t u s  i n c l u d i n g  i n s t r ~ m e n t  c a n i s t e r  covers  i n s t a l l e d ,  
cssurance  t h a t  a l l  i n t e r s t a g e  cab le s  ai-i. properly mated an3 t o  v e r i f y  
t h a t  s t a g e  openings a r e  p r o t e c t e 3  t o  c a i n t a i n  t h e  r equ i r e3  c l e a n l i n e s s  
l e v e l s .  

The t r a n s p o r t e r  mounte3 p rope l l an t  4.1.2 Verify des iccant  f i l t e r s  i n s t a l l e  
tank  p re s su re  c o n t r o l  and monitor on p rope l l an t  tanks.  
system s h a l l  have maintained t h e  
f u e l  and LOX t anks  uniier p o s i t i v e  
p re s su re  dur ing  t r a n s i t .  . 

4.1.3 A c o n t i n u i t y  check of s t a g e  l i n e s  and cab le s  w i l l  be accomplisheil t o  
v e r i f y  s t a g e  essembly an3  i n s u r e  readiness f o r  t e s t i n g .  Tnis  i nc ludes  
a v i s u a l  check f o r  3 i sconnecte3  "B" nu t s .  an3 f l a n g e  b o l t s ,  de fec t ive  
f a s t e n e r s ,  an3  iienage t o  sh ie l i i ing  and in su la t ion .  



MSrC V6RM 422-8 I V E I I T I C A L I  (MOVLMCCI  1962) CONTIkU).TIOM S l { fCT  
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R E V I S 1 O I : S  i ~i 

.; SI'M DESCRI PTiON DATE APPROVAL f 
I ' 

B 

% .  
s 

r 
INSTRLAIOIg IN TEST FACILITY 

The s t a g e  and t r a n s p o r t e r  s h a l l  
be p o s i t i o n e d  ad jacen t  t o  t h e  
s t and .  The LOX and f u e l  t ank  
p r e s s u r e  s h a l l  be monitored t o  
de te rmine  t h a t  t h e y  a r e  above 
2.0 PSIC. The t r a n s p o r t e r  
mount ed p r o p e l l a n t  t a n k  p re s su re  
c o n t r o l  and t m n i t o r  system s h a l l  
be  disconnected.  The s t a g e  s h a l l  
be  l i f t e d  and r o t a t e d  t o  a 
v e r t i c a l  p o s i t i o n .  Then it s h a l l  
be lowered i n t o  t h e  t e s t  s tan3.  
The holddown suppor t  h o r i z o n t a l  
l o a d  suppor t s  s h a l l  be connected 
t o  t h e  s t a g e  a t t a c h  f i t t i n g s .  
The LOX an3  f u e l  t a n k s  s h a l l  be 
main ta ined  at a p o s i t i v e  pressure .  
The f orwar3 s t a b i l i z a t i o n  system 
s h a l l  be i n s t a l l e d .  

The s t a g e  an3  
be p s i t i o n e 9  

t r a n s p o r t e r  
i n  t h e  t e s t  

s h a l l  
c e l l .  
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i : E V l 5 1 0 t ! S  il 
S Y M  DESCRIPTION DATE APPRO\.'AL d - .---L 

CONNECTION TO TEST FACIT,lTY 

4.3.1 SE c l e a n l i n e s s  s h a l l  be v e r i f i e d  by an a n a l y s i s  of gas  from t h e  SE 
p r i o r  t o  connect ing t o  t h e  In te lmedia te  20 S-IC Stage. Lines from SE, a t  
t h e  ~ ~ / ~ t a g c  I n t e r f a c e ,  f o r  t h e  s t age  LOX, c o n t r o l  an3 helium a r e a s  
s h a l l  be blown down an3 given hy3rocarbon content  3c te rmina t ion ,  dew- 
po.ints a n a l y s i s  and p a r t i c l e  count sampling per  VSFC-SPEC-164. Lines 
at t h e  s?3/stage I n t e r f a c e  f o r  t h e  Stage f u e l  a r e a s  s h a l l  be blown 3own 
an9 given dewpoint a n a l y s i s  and p a r t i c l e  count san~pling.  Hydraulic 
l i n e s  s h a l l  r ece ive  contamination l e v e l  sampling p e r  60~32086. A 
v i s u a l  i n s p e c t i o n  t o  ve r i fy  t h a t  contarninat io~l  prevent ion covers  an3 
seals a r e  i n s t a l l e d  on t h e  SE and Stage an3  t o  v e r i f y  from records  t h a t  
S tage  and SF: c l e c n l i n e s s  requi re~nents  have been met s h a l l  be conducte3. 
a f t e r  S tage  i n s t a l l a t i o n  i n  t h e  t e s t  s t an i l / t e s t  c e l l .  S tage  t o  SE 
connect ion w i l l  be made t o  provi.de pneumatic power, e l e c t r i c a l  power 
and e l e c t r i c a l  c o n t r o l  t o  t h c  systems an3 components. 

4.3.2 Personnel  p7.aCfolms an9 bulkhead 
protective covers  w i l l  be i n -  
s t a l l e d  i n  t h e  forward s k i r t  and 
i n t e r t a n k  a r e a  and acces s  l adde r s  
w i l l  be i n s t a l l e d  i n  t h e  t h r u s t  
s t r u c t u r e .  

The work platfor?ns,  both 
i n t e r n a l  and e x t e r n a l ,  w i l l  
be placed i n t o  p o s i t i o n  
r e l a t i v e  t o  t h e  Stage. 

f COOE 1 DWG 1 
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1 R E V i S i O l d S  
1 I I 

%',\A 1 DESCRIPTION 

Verii'y FECU i s  opera t ing  anytime power i s  applied t o  telemetry 
t r a n s m i t t e r s  o r  LOX loading e l e c t r o n i c s  and when LOX i s  onboard. 

Verify FECU i s  capable of 
providing condit ioned a i r  
a t  t h e  fol lowing pressure 
an3 temperature a s  measure5 
at t h e  groun3 s i d e  of 
umbi l ica l  : 

a. 0.32 t o  2.0 PSIG 

b. 65 + 50F (used when LOX 
i s f;ot onboar3) 
&I + ~ O O F  (used when LOX 
i s  ioade3) 

Wer i fy  temperature of conditioned 
a i r  provided by t h e  FECU does 
not exceed 6 5 ' ~  a s  measured a t  t h e  
umbilical.  

*After FECU output temperature 
v e r i f i c a t i o n ,  ve r i fy  pressure a t  
umbil ical  siuiulator coupling 55YC1 
i s  within + 205 of graph value, 
Figure 4-17 corresponding t o  an 
inpu t  f lowrate of not l e s s  than 
10  lb/min. Record pressure measured 
at umbil ical  . 

*Mter  FECU output temperature 
v e r i f i c a t i o n ,  ve r i fy  pressure a t  
umbil ical  s i u u l a t o r  coupling 55YC2 
i s  within + 205 of graph value, 
Figure 4 -1; corresponding t o  an 
input  f lowrate of not l e s s  than 
5 lb/min. Record pressure measured 
at umbil ical  

With c a n i s t e r  covers i n s t a l l e i  an3 FECS operat ing,  v e r i w  flow out  of 
each c a n i s t e r  o u t l e t .  



4.5 - AFT ENVIR0NbEI'TA.L CONTROL 

. 'l*QII.DIPli<.-~~--'-w-C-C-....\.,, .- 9. 
. -~ 

- = , -.': ' - , 7 P J U , T ~ b . . . .  ..-.a-.'"-%- -u-rCVX . * " - u ~ . r r u w  h;.. 

I ? E V I S I O ! I S .  

4.5.1 Verify AECU i s  operating when LOX - 
i s  loaded. I 

4.5.2 Verify AECU i s  capable of provifiing 
conditione3 a i r  o r  GTJ2 t o  maintain 
temperature a t  battery location i n  
t h rus t  s t ructure a t  75 - + 15'~. . 

APPZOVAL Sf i , :  DESCRIPTION " 

4 - 5 3  V e r i f y  AECU provides flow by feel ing 
f o r  flow from each o r i f i ce  outlet .  I 

DATE 
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r : E \ ' I S ~ O 1 C S  ! 
SY !A I DESCRIPT~ON D A T E J A P P R o ~ A L ~ ~ '  

I 
4.6 

J 
STACE IIESISTARCE 

tt 1 i 
f B 4.6.1 P r i o r  t o  connection of Support Equipment t o  the  stage,  measure the  

res i s t ance  between each s tage  bus and s tage  common, and between each 
i] o f  the  s tage  busses. Record a l l  measurements and evaluate data  f o r  indica- 
I, t i o n s  of any poss ible  shor t  c i r c u i t s  i n  s tage  wiring between busses and 

comnon, o r  between busses. lj 
il 
t' 
Ii 

4.6.2 After  connection of Support Equipment t o  the  stage,  bu t  p r i o r  t o  
appl ica t ion of s tage  power, repeat  the  s tage  bus res i s t ance  measurements. 
Record a l l  measurments and evaluate data  f o r  indicat ions  of any poss ible  
sho r t  c i r c u i t s  in  s tage  and support equipment wiring between 'cusses and 
common o r  between busses. 

4.6.3 After the  support equipment has been connected t o  the  stage,  measure 
t he  res i s t ance  of the  a f t  c~rnpar t r~ent  thermistors a t  t he  GSE and the  
ambient tenperature of the  a f t  compartment. Verify t h a t  t he  measured 
res i s t ance  values a r e  within + 150 ohms of a value which i s  four 

curve a t  t h e  measured a f t  compartment temperature. See Figure 4-2. 
times t h e  res i s t ance  taken from t h e  Temperature Resistance Character is t ic :  

* Verify Wind Load Measurement 
s t r a i n  bridge DC res i s t ance  is 
350 2 7 ohms. With support 
equipment connected, ver i fy  
cont inui ty  'of each measurement. 

ir 

p u O 9 f i  1 
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i hlith ~ t a ~ c  power off  reclove power connectors from the  following ~ t a c c  cornponcntc. ! 
I 

a. FIJI/FM assembly 115~1100 
b . PZM/DDAS aseembly 115Ah04 j 
c.  F1 RF assembly 120Ak09 
d .  P1 RF assembly 120~1105 
e. DC Power I so l a to r  1 1 5 ~ 4 1 4  
f .  Remote D ig i t a l  Submultiplexer 115~413 
g. PCM multiplexer 115~403  

' h. Range Safety Receiver 120~996  
i. Range Safety Receiver 120k'@7 
j. Range Safety Decoder 120~958  
k. Range Safety Decoder 120A959 
1. Measuring Power Supply 1 1 5 A l l  
m. Measuring Power Supply l l5Al2 
n . LOX Residual Electronics 120~942  
o. LOX l e v e l  Elect ronics  120A933 
p. LOX Loading Electronics 1 2 0 ~ 9 4 3  
q .  Fuel Level Elect ronics  115~967 
r . Fuel h a d i n g  Elec tro1:ic s 115~966 
s. LOX Cutoff Sensors 118~1  th ru  118~5  
t. LOX cu tof f  Sensor 118~36 
u. Fuel Cutoff Sensor 1 1 5 ~ 7 6  

Apply s tage  power sys temat ical ly  t o  each component l i s t e d  i n  4.7.1 and v e r i f y  
each connector provides 28 -2 4 VDC of proper po l a r i t y  a t  only the  co r r ec t  p in  
location.  Reference' paragraph 4.8 f o r  power appl ica t ion requirements. 

With stage,power o f f  r e i n s t a l l  power connectors removed i n  4.7.1 above.. 

Ilith s tage  power o f f  i n s t a l l  power i n t e r rup t  u n i t s  t o  t h e  following components. 

LOX Residual Electronics 120~942  
LOX Level Elect ronics  120A939 
LOX Loading Elect ronics  1 2 0 ~ 9 4 3  
Fuel Level Elect ronics  120~967  
Fuel Loading Elect ronics  120~966  
LOX Cutoff Sensor 118~1 th ru  118~5 
LOX Cutoff Sensor 118~36 
Fuel Cutoff Sensor 118~76 
Rate Gyros 120A590, 120A591, and 120A592 



POWER APPLICATION 4.8 

..TC C .h C."mMsWI*LFCOI-.--..- " ..I. .&.I--- & " L I Y U - W - r l - - Y W r V ,  

R E \ ' I S I O ~ : S  6 

ti 

1; 4.8.1 *Apply power t o  Stage S ta tus  Bus 1 D l l 9 ,  verify bus voltage i s  28.0 - + 4.0 k ; 1 ' 4 
I 

VDC an3 monitor stage d i s c r e t e  infiications f o r  correct  response. % E 

S I M  

I1 
I] 4.8.2 *Verify t h a t  a l l  d i r ec t  connected loads a re  switched off a n 3  apply power 

8 t o  External Busszs l D l l l  and 1D211. Verify busses 1 D 1 1 1 ,  l D 2 i 1 ,  1 D 1 1 ,  
11 1 ~ 1 1 9  an3 1M1 voltages a r e  28.0 + 1.0 V E  and monitor s tage d i sc re te  I! - 

in3 ica t ions  f o r  correct  response. 
!I . 
jl 
I 4.8.3 * ~ p p l y  power t o  ~ e a s u r i n g  Power Supplies, ver i fy  bus 1 ~ 2 9  voltage i s  
/1 28.0 - + 1.0 VE and monitor s tage d i sc re te  indicat ions  f o r  correct  
L 
11 response. Verify busses 1 ~ 8 1  and 1 ~ 8 2  voltages a r e  5.00 - + 0.95 V E .  

4.8.4 *Apply power t o  stage measuring RACKS, ver i fy  bus 1M3 voltage i s  28.0 
+ 1.0 VDC an3 monitor s tage d i sc re te  indicat ions  f o r  correct  response. - 1 1  

4.8.5 *Apply power t o  subsidary bus 1 ~ 8 ,  vbr i fy  bus voltage i s  28.0 - + 1.0 VD3 
/ / 

and monitor stage d i s c r e t e  ind ica t ions  f o r  correct  respocse. 

1 r 

-- 
t i 

DESCRIPTION ,--- 
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Remove power from the  stage us ing t he  following sequence a f t e r . ve r i f y ing  
t h a t  the  s tage  i s  on ex te rna l  power. 

4.9.1 Remove power t o  subsidary bus 1 ~ 2 8 ,  ve r i fy  voltage i s  0.0 - + 1.0 VDC and 
monitor s tage  d i s c r e t e  ind ica t ions  f o r  correct  response. 

4.9.2 ' Remove power from Ibleasuring Power Supplies, ver i fy  t ha t  bus ID29 voltage 
i s  0.9 + 1.0 V E  an3 t h a t  busses in81 an3 1~82 voltage i s  0.0 - + 1.0 ViX 
~ o n i t o r s t a ~ e  d i s c r e t e  ind icz t ions  f o r  correct  response. 

4 9.3 Remove power f r m  s tage  measuring RACKS, ver i fy  bus ID23 voltage i s  0.0 
+ 1.0 VDC and non i to r  s tage  d i s c r e t e  indicat ions  f o r  correct  response. - 

4.9.4 Verify t h a t  a l l  d i r e c t  connected loa3s a r e  off .  Renave power f roo  
ex te rna l  busses l D l l l  and 1D211, verif'y voltages a re  0.0 - + 1.0  VDC an3 - 
monitor s tage  f i i scre te  ind ica t ions  f o r  correct  response. Verify busses 
1D11 ,  1M1, lDl0, an5 ID20 voltages a r e  0.0 - + 1 . 0  vDc. 

.4.9.5 Remove power from-stage s t a t u s  bus 1 D l l 9 ,  ver i fy  bus voltage i s  (3.0 - + 
1.0 and monitor d i s c r e t e  ind ica t ions  for  correct  response. 

6631 0920 
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; !  Tnc requirements Of 4.8 (~ower Application) w i l l  be accomplished immediately 
p r io r  t o  execution of t h i s  paragraph. i i  I 

D5-17009-2 
USFC FOAM 122-0 (VtnllCAL\ (NOVfh'DCR 1962) COtIT IHUATION SLltrT 
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I : E t ' l S i O i d S  
I 

B - t j 

li 
\ 4.10.1 Apply power t o  Telemetry Calibrator, 
2 F1 Telemetry, and P I  Telemetry. I Plonitor stage d iscre te  indications 

f o r  correct response. 
li 

d~~~ DESCRIPTION 

*Apply power t o  Te'l.elrret ry 
Calibrator, F1 Telenetry, and 

j 1 
PI  Telemetry. Konitor staze d iscre t< .  
indications for  correct respoase. f I 

il 
/1 4.10.2 *With the stage,-on external power apply power t o  stage battery busses lDlO 

and D20, ver i fy  bus voltages are  28.0 t- 4.0/-2.0 VDC. Monitor stage 
d iscre te  indications for  correct response. 

i 
P I 

DP,TE 

4.10.3 %omrnand power t ransfer  svitch t o  internal  positj.on with a l l  stage systen 
,I except Range Safety, monitor stage discrete  indications for  correct response. 
;i 

I s o n  I I 

3 4.10 

APPROVAL ; i 
t i 
I 

4.10.4 *.Remove power fro111 stage cxtel-nal busses l D l l l  end lD211, verify voltages are  
0.0 + 1.0 VDC. Verif'y busses 1 ~ 8 1  and ID02 v o l t a ~ e s  are 5.00 + 0.05 VDC, 
buss-Dl19 voltage i s  28.0 + 1t.0 J'DC and a l l  other buss voltaEes are 28.0 
+ 1.0 VDC. Monitor stage diBcrete indications for  correct response. - 

1 4.10.5 *Apply power t o  stage external busses ID111 and D211, ver ify voltages are  

d 28.0 + 4.0/-2.0 VDC. 

--- 

I .  
4.10.6 Vomrnand Fower t ransfer  switch t o  external position with a l l  stege s~c.t,e.n;s 

I on except Range Safety. Monitor stage discrete  indications for  correct response 

- * 

4.10.7 *Remove power from stage in terna l  busses D l 0  and lD20, and verify D10, lD20, 
1D12,and ID22 voltages a re  0.0 t 1.0 VDC. Verify busses l ~ 8 1  end 1 .~82  i 

voltages a re  5.00 2 0.05 VDC, buss lDll9 voltage is 28.0 + 4.0 VDC, and 
a l l  other buss boltages a re  28.0 +_ 1.0 MC. Monitor stage-discrete indications 
f o r  correct  response. ! : 

POIGR 1TWJSE'ER 1: L 
D ! i 

,Remove power t o  Telemetry Calibrator, 
F1 Telemetry, and P1 telemetry. 
Monitor stage d iscre te  indications 
for  cor rec t  response. 

*Remove power t o  
Teleaetry Calibrator, F1 I 
Monitor stage discrete  

1 Telemetry, and P1 Telemetry. , 
I 

indication for  correct 
response. 

14981 
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BUS VOLTAGE 

*With the stage on external power, verify bus voltage levels as  follows: ? 

r: 
a. Verify busses D l l g ,  l D l 1 1 ,  D211, D11, D21, D23, and D29 6) 

voltage - leve ls  ' a?e?28.0 .t 1.0 VDC . [, 
b. Verify busses b ~ l  and 1 ~ 8 2  voltage levels are 5.00 + 0.05 V3C. I 
c .  Verify busses D10, D20, D12, and lD22 voltage levels are  0.0 ;t 1.0 W. 4 

\ 
*With the  stage on in te rna l  power, verify bus voltage levels  as. follows; 4 

I 

a. Verif'y busses lDll9, U)10, D20, Dll, D21, p23 ,  D29, D12, and 
ID22 voltage leve ls  are  28.0 + 1.0 VDC. 

b. Verify busses ~ 8 1  and 1 .~82 vElta,n,e levels  are 5.00 2 0.05 W. 
c. Verif'y busses ID111 and D211 voltage levels  are 0.0 ; 1.0 VDC. 



COYTIMUATION SWEET 

L R l E Y l S l O N S  1 
I SYM 1 DESCRIPTION I DATE ( APPROVAL 

I 

4 . 1 2  STAGE SEQmNCING 
1 
i 4 .12.1 *With a S t a g e  S e l e c t  command, s e t  a l l  ones Logic i n  t h e I n p u t  R e g i s t e r  an3 
I v e r i f y  t h e  V e r i f i c a t i o n  R e g i s t e r  c o n t a i n s  a l l  z e r o s  l o g i c .  
I 

*With a.11 ones l o g i c  i n  t h e  I n p u t  R e g i s t e r ,  command Switch S e l e c t o r  r e s e t  an3 
v e r i f y  t h e  V e r i f i c a t i o n  R e g i s t e r  c o n t a i n s  a l l  ones l o g i c .  I 

*Verify no swi tch  s e l e c t o r  response when an  a.11 ones l o g i c  i s  s e t  i n  t h e  Inpu t  
R e g i s t e r  wi thou t  S tage  S e l e c t  command. 

1 
1 

*With s t a g e  s e l e c t  commands, s e t  pr imary a d d r e s s  codes of swi tch  s e l e c t 3  
f u n c t i o n s  i n  t h e  I n p u t  R e g i s t e r  and v e r i f y  c o r r e c t  V e r i f i c a t i o n  R e g i s t e r  l o g i c .  
With Read commands v e r i f y  c o r r e c t  swi tch  s e l e c t o r  ou tpu t  f o r  t h e  f o l l o w i n g  
f u n c t i o n s :  

a. Telemetry  c a l i b r a t e  
b. Telemetry  c a l i b  r a t e  r e s e t .  I 

c .  Enable eng ine  o u t  ( t h r u s t  no t  OK) 
3. Helium f low c o n t r o l  va lve  #=2 
e .  Helium f low c o n t r o l  va lve  #3 
f .  Helium f low c o n t r o l  va lve  #4 
g. Two-Four eng ine  c u t o f f  
h. Two-Four eng ine  c u t o f f  backup t 

i. Enable One-Three eng ine  c u t o f f  
j. Enable One-Three engine c u t o f f  backup 
k. A r m  EBW f i r i n g  u n i t s  ( sep .  and Retro.  ) 
1. A r m  EBW f i r i n g  u n i t s  backup ( ~ e .  and Retro .  ) 
m. F i r e  EBW f i r i n g  u n i t s  ( ~ e p .  and Retro .  ) 
n. F i r e  EBW f i r i n g  u n i t s  backup ( sep .  and Retro.  ) 
o. Enable a u t o .  a b o r t  (two a d j a c e n t  eng ines  o u t )  
p. Command One-Three eng ine  c u t o f f  
q. Command One-Three engine c u t o f f  backup 
r. Enable f u e l  vent  and r e l i e f  p r e s s u r e  swi tch  

*With s t a g e  s e l e c t  commands, s e t  complement a.ddress codes of swi tch  s e l e c t o r  
f u n c t i o n s  i n  t h e  I n p u t  R e g i s t e r  and v e r i f y  c o r r e c t  V e r i f i c a t i o n s  R e f i s t e r  l o g i c .  
With Read commands v e r i f y  c o r r e c t  swi tch  s e l e c t o r  i n p u t s  f o r  t h e  sa.me f u n c t i o n s  
s p e c i f i e d  i n  4 .12.4  a.bove. 

*Verify swi tch  s e l e c t o r  t e l e m e t r y  c a l i b r a t e  r e s e t  c a p a b i l i t y  by sequence an3 
c o n t r o l  3 i s t r i b u t o r  r e s e t  command w i t h  l i f t  o f f  re1a.y e n e r g i z e d .  

1 4.12.7  *Veri fy  s w i t c h  s e l e c t o r  t e l e m e t r y  c a l i b r a t e  r e s e t  does no t  r e s e t  o t h e r  swi tch  
I 1  s e l e c t o r  o u t p u t s  w i t h  l i f t o f f  r e l a y  energ ized .  

4 .12.8  *Veri fy  sequence and c o n t r o l  d i s t r i b u t o r  r e s e t  command does not  r e s e t  t e l e m e t r y  
c a l i b r a t e  command w i t h  l i f t o f f  r e l a g  de-energized.  

I 

I 

1 
1 
I 
I 
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A 4.13. STAGE SEPARATION 

4.13.1 *Verify t h e  two separation XBW f i r i n g  un i t s  and the  two retso-rocket EBW I 

i 
f i r i n g  u n i t s  monitor measurements indicate  4.2 + .4 VDC within 1.5 - 
seconds a f t e r  a primary ARM command. 1 

1 

4.13.2 *Verify t he  two separation EBW f i r i n g  un i t s  and t he  two retro-rocket EBW 1 1 

f i r i n g  un i t s  monitor measurements indicate  4.2 +_ .4 VDC within 1.5 I 

seconds a f t e r  a backup ARM command. 
I 

/ I  

1; 4.13.3 *Verify t he  No.1 separation and retro-rocket EBW f i r i n g  un i t s  produce pulse 
1 

1 accept indications and monitor measurements indicating l e s s  than 0.6 
VDC upon rece ip t  of the  primary FIRE Command. 

I 
I 

' 1  4.13.4 *Verify t he  Na.2 separation and retro-rocket  EBW f i r i n g  un i t s  produce I 

:I pulse accept indications and monitor measurements indicaking l e s s  than 
I 0.6 vDc upon receipt  of the  backup FIRE command. 
1 

I 

t 

11 

'i 4.13.5 *With EBW f i r i n g  un i t s  unarmed ve r i fy  pulse accept indications a re  not 
produced upon receipt  of a FIRE command. 

I j I t 
1 4.13.6 *Verify EBW f i r i n g  un i t  monitor measurements indicate l e s s  than 0.6 VDC: 

11 within 20 seconds a f t e r  removal of an ARM command. 1 
/ I  I 

4.13.7 *Verify the  primary l i f t o f f  re lay  i nh ib i t s  arming No.1 separation and 

B 
I 

retro-rocket  EBW f i r i n g  uni ts .  

\ 4.13.8 *Verify the  backup l i f t o f f  re lay  i nh ib i t s  arming No.2 separation and 
I 
l1 retro-rocket EBW f i r i n g  uni ts .  I 

li i 

I t 

/ I  
j 
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MSFC FORM 422-1 (VERTICAL) IW0VCMI)CR 1 s ~ )  COWTIMUATIOW SHEET 

h I R E V l f  I o n 5  
I 

DESCRIPTION y DATE I APPROVAL 

ENGINE CUTOFF 

V e r i f y  a l l  p o s s i b l e  combinat ions  of c u t o f f  s i g n a l s  and e n a b l e  i n  I r n  ! t  

of  eng ine  c u t o f f .  V e r i f y  eng ine  c u t o f f  does not  occur  wi thou t  a l I c . - r rec i  
s i g n a l s  and e n a b l e s .  

*Support Equipment - V e r i f y  suppor t  equipment commands c u t o f f  each en pin^. , 

"Thrust  Not OK - V e r i f y  eng ine  c u t o f f  does not  occur  by any one t h r u c t  nrlt , 
OK s i g n a l .  V e r i f y  two t h r u s t  not  OK s i g n a l s  on t h e  same engine p u t - ) f f  
t h e i r  co r respond ing  eng ine .  I 

~ n e / T h r e e  LOX Leve l  - V e r i f y  eng ine  c u t o f f  does not  occur  by an;/ -ne I I-:. 
I 

LOX Level  s e n s o r .  V e r i f y  two d r y  outboard  LOX l e v e l  s e n s o r s  c l i t n f f  ~ l ~ ~ i n e s  
1 and 3. 

x O n e / ~ h r e e  F u e l  Level  - V e r i f y  eng ines1  and 3 c u t o f f  by any one d r y  Fuel 
l e v e l  s e n s o r .  V e r i f y  two d r y  f u e l  l e v e l  s e n s o r s  c u t o f f  e n g i n e s  1 a n 3  ?. 

*Command 0ne lThree  Cutoff  - V e r i f y  eng ines  1 and 3 c u t o f f  occurs  by e i t t l r . r  
p r imary  o r  backup I U  0ne/Three commands. 

* ~ n e / ~ h r e e  LOX Leve l  Backup - Ver i fy  eng ine  c u t o f f  does no t  occur  i y  n,v 
one d r y  LOX l e v e l  s e n s o r s .  Ver i fy  two d r y  LOX l e v e l  s e n s o r s  cut  o f f  
e n g i n e s  1 and 3. 

xOne/Three F u e l  Level  Backup - V e r i f y  e n g i n e s  1 and 3 c u t  o f f  'r!y any  sric 
d r y  f u e l  l e v e l  s e n s o r .  V e r i f y  two d ry  f u e l  l e v e l  s e n s o r s  cu t  o f f  engines 
1 a.nd 3. 

*Command Two/Four Cutoff  - V e r i f y  eng ines  2  and 4 c u t o f f  o c c u r s  by e i t h e r  
p r imary  o r  backup I U  ~ w o / F o u r  commands. 

*Ins t rument  U ~ ~ ~ / E D S  - V e r i f y  engine  c u t o f f  does not occur  by any one I U  
command. V e r i f y  two I U  commands c u t o f f  a.11 eng ines .  

*Range S a f e t y  - V e r i f y  eng ine  c u t o f f  does  not  occur  by any one Range S ? f ' r t y  
c u t o f f  command. V e r i f y  two Range S a f e t y  c u t o f f  commands c u t o f f  all e n g i n e s  

*Adjacent Engine Out - V e r i f y  eng ine  c u t o f f  does  not  occur  by an,y sr l r  l i t -  

board  eng ine  o u t .  V e r i f y  two a d j a c e n t  outboard  e n g i n e s  out  cutof ' f  &l I 

r emaining eng ines .  

4.14.12 *In any mode of  c u t o f f  u t i l i z i n g  s e r i e s  re1a.y c o n t a c t s ,  v e r i f y  each contact  
f o r  c o r r e c t  r e sponse .  

4 .14.13 *Verify Engine Cutoff  t i m e r s  f u n c t i o n  w i t h i n  t h e  f o l l o w i n g  t o l e r e n c e s :  

a .  0utboa.rd LOX Leve l  1 .200 + 0.034 seconds 
b. Outboard LOX Level  Backup 1.200 ? 0.034 seconds 
c .  Outboard Fue l  Leve l  2.100 0.052 seconds  
3.  Outboard F u e l  Leve l  Backup 2.100 T 0.052 seconds  
e .  T h m s t  Not Ok 0.044 0 .010 seconds  

I 

4 .14 .14 V e r i f y  t h e  S t a t i c  T e s t  S t o p  So leno id  
I Backup v a l v e s  open when fie-energized.  



4.15.1 *Verify LOX F i l l  at13 3rain  valve hea t e r  current  i s  1.75 + 0.5 AKPS/valve 
when hea te rs  a re  on and thermostats t u rn  heaters  on a t  5 0 3  o r  a5ore and 1 
t u r n  heaters  off  a t  1 5 0 ~ ~  o r  below. I 

~5-17009-2 
MSfC FORM 422-0 I V t R t l C A L I  ( Y O V K M I C R  1962) CONT I l ,VATlOY SIiECT 

7 
.M.. w a r m " - - U I " e - r D I . . - - I . I * * r - I I I I  --PCI---? 

R E Y l S l O ! : S  ., 

4.15.2 *Verify thermostats f o r  servoaccelerometer heaters  located i n  un i t  118 
t u rn  heaters  on at 100 '~  o r  above and t u r n  heaters off  a t  200 '~  o r  below. 

SYM 

4.15.3 *Verify turbopump bearing hea te r  current  i s  12.5 + 2.5 AJPS/ENG when 
heaters  a r e  onCan3 thermostats t u rn  hea te rs  on aF 6 5 O ~  o r  above and tu rn  
hea te rs  off at  1f?O0I? o r  below. . . 

*Verify thermostats f o r  servo- ! , 
accelerometer heaters  located i n  
un i t  120 tu rn  heaters  on a t  YOO'F 
o r  nl~ovc an:l t u rn  t~catcrrs off a t  
200'~' o r  below. 

*Verify thermostats f o r  r a t e  gyro 
heaters  t u rn  heaters  on a: 5 0 ' ~  o r  
above an3 t u rn  heaters  off at 130 '~  
o r  below. 

C 1 
' OESCHlPTlON 

t-11 Tz 1 66310920 1 
14981 SHEET A-287 
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With the  cowrial switch 3e-enercized, v e r i f y  ;, 
t he  VSkJR measure3 a t  t he  output of the  mlti-  '5 

r coupler i s  2.0: 1 o r  l e s s  a t  frequencies of i ,  256.2 MIz + 25.6 K H Z  and 244.3 IZZ + 24.4 EZ. j - 
i' 

With the  cosxial  svi tch energize3 an3 I 
1 umbilical an3 aux i l i a ry  outputs t emin t e3 ,  
1 ver i fy  the  VSWR measured a t  the  output of the  
1 multicoupler i s  2.0:l o r  l e s s  a t  frequencies 1 
1 of 256.2 KHz + 25.6 KHz an3 2114.3 + 24.4 KlIz. - - 

i l li'ith t he  coaxial switch energized, apply 256.2 , 
1.31~ -+ 25.6 KHz t o  t he  F l  l ink  input.  Verify j 1 the  gttenuatiou measure3 a t  the  uab i l i c a l  an3 
aux i l i a ry  outputs i s  28.5 5b maximm. 

I? Weri fy  t he  VS1.R of each antenna, as  masure3 t 
r a t  t h e  antenna input connector i s  2.0:l o r  g 

l e s s  at frequencies of 256.2 IC-IZ and 25.6 i ~ z  k . 
an3 244.3 MHz + 24.4 KHz. - t i  

6 1  
*Verifi the  at tenuation of the  antennz system . 
i s  within t he  l i m i t s  of,  an3 does not exceed / 1 
(by more than 1 3b) t he  values recoriie3 i. 

during t h e  subsysteu bench t e s t  p e r f o n e 3  1 1  
b 1 

pr io r  to i n s t a l l a t i on .  I / 
*Verif'y the  input VSTJR of t h e  F1 t e l eze t ry  1 ! 
l i nk  i s  2.0:l o r  l e s s  at a frequency of i I 

256.2 KHZ - + 25.6 KHZ. ' I  
I 

*Verify the  input VSI.IR of t he  P1 telemetry 
l i nk  i s  2.0:l o r  l e s s  a t  a frequency of 
244.3 MIIz + 24.4 f(lIz. 

I -x.Ver-lm t h e  pl~asing of the  antenna f c c i  
cables i s  + 15 e l e c t r i c a l  degrees o r  l ess .  - 



D5-17009-2 
usrc ronu 422-0 (VERTICAL) ~ ) ~ O V E M O E R  1 0 ~ 2 )  CONTIWUATIOH s t i t c ~  . . 

SYM I DESCRIPTION I DATE IPPP~' 1 .  !I - " 
1 I I 

With stage system pressure a t  ambient, 
obtain cal ibrat ion data for  Boeing 
s t r a i n  gage pressure transducers 
during k v e l  I checkout per the 
following c r i t e r i a .  

Record Run blode, High and Low ca l ibra te  ' .  

modes of amplifier inputs (transducer, 
output) and DDAS output. Record multiplexer 
zero DC offse t .  

Multiply each q l i f i e r  input value by 
nominal gain of 125 and where applicable add 
2.50 VDC. Record each value plus DCroffset 
as stage computed values. 
Verify each computed v a l ~ e  i s  within + 
0.050 VDC of i t s  ' corresponding measurFd 
DDAS output. 

Verify coap~ ted  Run node values for  Dllg-101 
thru  ~119-104 are  within + 0.360 VDC of ODIS 
Run estimate values. veriTs' computed Run mode 
values f o r  remaining rneasurenent.~ are  within 
+ 0.150 VDC of ODIS Run e s t k t e  values. - 

4.17.5 Compute ODIS data as follows: 

a. HCKP = Computed Stage High 
b. ICHP = Computed Stage I;oY 
c .  RUNMDE = Computed Stage Run 

CODE 

--".---- - 
*A- &: s- 



1 4.18 LIQUID LlWl3L INITIALIZATION 

D5-17009-2 
utrc ronu 422.8 t v t a r t c r ~ l  ~ ~ o v c u m r ~  1 s t ~ ~ )  CONTI~IUATIOU s i ( c t t  ' - --ILy,* L -A&,.% ~ . . l , . , , - - , " a a ~ s " .  I*,.- I -,-LII..'.-I~-"'--' 7 -  .) 

R E V I S I O 1 I S  - 

4.18.1 Verify o r  adjus t  alignment 
of t h e  LOX l eve l  electron- 
i c s  with associated probes 
t o  obta in  t h e  following 
ina ica t ions :  

SY I 4  

b 

a. Run mode d i sc re te  
reads 0000 
Continuous reads 
OOOOllOOlO + 2 counts - 

- i 

DESCRIPTION 

b. LO CAL mode d i sc re te  
reads 0101 
Continuous rends 
00001001.010 + 4 counts - 

DATE A P P A O V A L  (, 

I 

c. H I  CAL mode d i sc re te  
reads 1011 
Continuous reads 
1 1 O O 1 1 1 1 1 O  + 24 counts - 

4.18.2 Verif'y o r  adjus t  alignment 
of LOX res idual  electron- 
i c s  with associated probe 
t o  obtain t he  following 
indicat ions .  

a. Run mode d i sc re te  
reads 0000 
Continuous reass  
0011011101 + 4 counts - 

b. LO CAL mode d i sc re te  
reads 0101 
Continuous reads 
0011110101 + 4 counts - 

c.  H I  CAL mode d i sc re te  
reads 1011 
Continuous reaiis 
1111101001 + 21/- 24 
counts 

4.18.3 Verify LOX and f u e l  loading 
alignment of e lec t ron ics  
with associated probes per 
t h e  following indications.  

a. Run mo3e 

14981 SHEET A-290 



D5-17009-2 
M l F C  fOnM 4 2 2 4  (VCRTICALI (NOVEMJEfl 1962) C O Y 1  lHllATIOH SHEET 

.**rm . P ' n I I I O C l t U i n n ~ ~ ~ n n r y ~ - ~ L I r B I r B . I r Y I Y - w . i L ~ w * -  
' -1 

R E V l S l O i i S ,  6 
SYM DESCRI PTlOS I DATE I APPROVAL E 

-' 

4.18.3 ( c o n t i  tiued) 

Continuous i n 3  i c a t i o n  
Cycle between : u l l  
s c a l e  and zero. 
Reference vol tnge 
i n d i c a t i o n  i s  20.0 
+ 0.1  VDC. - 
Lock i n d i c a t i o n  i s  
5.0 + 0.5 VDC. 
0 v e r ? i l l  s enso r  
i n d i c a t e s  out  of 
l i q u i d .  

b. LO CAT, 

Continuous i n d i c a t i o n  
i s  6.0 I- 0.2 VDC. ' / ~ e f e r e n z e  i s  20.0 + - 
0.1 V X .  
Lock i n d i c a t i o n  i s  
0.0 -r- 0.5 VDC. - 

C .  H I  CAL 

O v e r f i l l  s enso r  i n d i c a t e s  
i n  l i q u i d .  

NOTE: Fuel  l oad ing  probe w i l l  
have t o  be modified and r e -  
quirements  niay change by new . 
design.  

4.18.4 Veri fy  o r  a d j u s t  alignment 
of  f u e l  l e v e l  e l e c t r o n i c s  
w i t h  a s s o c i a t e d  probes t o  
o b t a i n  t h e  fo l lowing  
i n d i c a t i o n s :  

a. Run mode d i s c r e t e  
reads  0000 
Contiriuous reads  
0 000 110 010 + 2 - 
coun t s  

b. LO CAL mode d i s c r e t e  

/I reads  0101 

k Continuous reads  
0 001 001 001 + 4 ;I - 
counts  

c.  H I  CAL, mode d i s c r e t e  
reads  1011 ' 

Continuous reads  
1 100 110 010 + 24 - 
counts  

ii 
'i r 
F 
I 

I 
P 
! 

i 
I 
1 F 

L 
b - x 

CODE DWG 1 
IDENT NO S I Z E  6 6 ~ 1 0 9 2 0  

A-2-91 
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: ! E V 1 s 1 O ! i S  
am It', DESCIXIPTION DATE APPaOVAL 

I F 

3 
w 

I 

4.19.1 *Verify the  PCM/FM RF assembly power output i s  25 - + 10 watts. 

4.19.2 *Verify the PCYIF'JFM upper bandedge i s  244.33600 IGIz + 27.40 iaiz and lower 
8 1 bandedge i s  244.26400 KHz + 27.40 KHz. Verify the 6andelge difference i s  
/I 

72 KHz - + 6 KIIz. 

4.19.3 *Verify the PCMJDDAS 600 Kliz VCO signal strength 1 6  greater than 5.0 volts 
peak-to-peak. 1 

i 

4.19.4 *Verify the E I ~ D D A S  clock rate  i s  72000 - + 25 Hz. l i 1 4.19.5 Verify the PCI~/DDP~C~ upper tran3edge i s  635 KlIz + 10 KTIz and 1o;:er banfleiige t 1 1 

i i s  565 KHz - + 10 KHz. VeriPy bande3ge difference i s  70 - + 10 mz. i 
4.19.6 Verify one master frame of A0 ~nultiplexer data i n  the PCM/DDM vevetrain 

occurs i n  83.333 ms + 0.029 m s .  Verify one master fratfie of EO ml t ip l exe r  
data i n  the ~ ~ 1 4 / ~ ~ ~ ~ - w a v e t r a i n  occurs i n  83.333 m s  - + 0.029 ~ s .  

'4.19.7 *Verify the PCMIDDAS mu1.tiplexer i i ientification and reference fomat  i s  
as follows: Note: Errors are  not allowe3 i n  sync. checks. 

ij 

@ *  (4 Channel 28A and 2813 i 

Frames 1-9, 11-19, 21-29 ..... 0 000 011 000 + 4 counts ............ Frame 10, 20, 30 1 111 100 111 - 4 counts 

ii (b) Channel 2 9 ~  I 1 
1 

................. I Frames 1-30 1 111 100 111 - + 4 counts 

*Verify the PCM/DDAS sync an3 ident i f icat ion format i s  as  follows I i! 4.19.8 
i without e r rors  : I 
1, 

i l  (a) Channel 29B 
9 

Frames 1-29 ................. 1 0 1 1  011 110 
Frame 30 .................... 0 100 100 001 

I (b) Channel 30A 

.................. Frames 1-29 1 010 001 001 
Frame 30 .................... 0 101110 110 

(C Channel 30B I 
................. Frames 1-29 1 1 0 0  000 110 

Frame 30 .................... 0 011 111 001 

4.19.9 *Verify the PCMJDDAS system provides inf l ight  cal ibrat ion,  with respect 
t o  multiplexers, tha t  is  within + 45 mil l ivol ts  of the f ive  st~.n3ard 

I 
- 

cal ibrat ion lcvclo, 
i 

SHEET A-292 - 



i 
*Verify t h e  PC~.'JDDAS system provides fill?I:i~ht ca l ib ra t ion ,  with 

respect  t o  pre-sa~bpling f i l t e r  chs!:~;cls, t ha t  i s  within + 150 
mi l l i vo l t s  of the f i ve  standzr3. c a l i b r ~ t i o n  levels .  volTage 

i 
!. 

t r ans i en t s  on t he  c a l i b r d i o n  wavefor-ns n;ay be ignored. i 1 
4.19.11 *Verify t he  PCI.~/I)DAS systen provi3.e~ l i n e a r i t y  with respect  t o  a l l  

pre-sanpling f i l t e r  and non-pre-sampling f i l t e r  chantlels per  . 

t h e  following voltages. 1 
t 

NUGTIPLEXER PA=- SAIG'LINC; FITTER NOX - FA%- SN-3LI NG 
INPUT (VE) CHKnTEL DDAS OW?UT FILTER CHLJGvTL 

(VIE OUTPUT 

4.19.12 *Verify t h e  external  ca l ib r2 tor  p re f l igh t  ca l ib ra t ion  l eve l s  a r e  
within - + 20 mi l l i vo l t s  of t he  f i v e  standard ca l ib ra t ion  levels.  

4.19.13 *Verify t he  PCI:;/DDAS system provi3.e~ nul t ip lexer  repe t i t ion  r a t e s  
of 3600 - + 1.75 p?s f o r  each rmltiplexer. 



Ad Jus t  st4agc measurement power supplies if required by paragraph 4.19.7 per i : 1 t he  following : 

4.20.1 With stage instrumentation systerns on, verify 115N1 rnensurerncn'i voltace a t  
ll , 
I l 

telemetry ca l ibra tor  input i s  5.00 + 0.010 W. If the measured vo1tni;e i s  
I! out of tolerance, adjust  l l S A l l  poweF supply t o  obtain 5.000 - + 0.005 I E  a t  
I 
6 ca l ibra tor  input. 

4.20.2 With stage instrumentation systens on verify 115k12 rrieasurcrnent voltage a t  
11 Power Distributor i s  5.000 + .010 V E .  I f  the measured voltage i s  out of 
I 

1; tolerance, adjust  ll5A.12 power supply t o  obtain 5.000 - + 0.005 VDC. 
I 
i 
I/ 
1, 

14981 
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*Verify t h e  F ~ ~ / F M  RF assembly power output i s  25 + 10  watts .  4.21.1 
t ,  - i 

4.21.2 *Verify t h e  FI.I/FM c e n t e r  frequency i s  256.2000 MI~Z - e 25.62 mlz. t 
.4.21.3 *Verify SCO Linea r i ty  i s  1$ of i t ' s  design bandwidth f o r  f i v e  constant  

inpu t  l e v e l s  supplied by t h e  a i rborne  teleuictry c a l i b r a t o r  i n  t h e  
p r e f l i g h t  rno3e. Verify t h a t  each SCC) ban3edge i s  wi th in  t h e  l i n i t s  of 
+ 1 Hz ( o r  + 1% of i t s  bandwidth whichever i s  g rea te r ) .  - - 

4.21.4 *Verify t h e  pre-emphasis of each SCO i s  + 105 of t h e  amplitu3e obtaine3 
f o r  a comparable devia t ion  produce3 by a-ref erence s i g n a l  genera tor  
a t  t h e  FGTE. 

1 4.21.5 *Verify t h e  response of each SCO t o  i n f l i g h t  c a l i b r a t i o n  mo3e i s  

h wi th in  + 100 IN of co r respon i i in~  values obtained from s t a t i c  
/i ( p r e f l . i ~ l ~ t )  input  lcvc'ls supp'l.icd by t h e  a i rborne  te lemetry  c a l i b r a t o r .  

4.21.6 *Vcl.lry t h c  1-ccpoa::c of SCO I ~ I C ~ : ~ S I I X I I I ~ : I ~  1s thl'0\1~11 ~ I I C  k' l  ~ib' ascc~nbly 
a s  fol lows:  

8. Verify t h e  response of each measureaent (except tachometer 
reasurements) i s  wi th in  + 3% of t h e  corrzspon3ing PCI~/EF 
response i n  High and LOW-calibrste modes. Verify a t  l e a s t  
1.0 vo l t  d i f f e rence  i n  response t o  High an5 Low Ca l ib ra te  
nodes f o r  each measurement. 

b. Verify t h e  response of each tachometer measurement t o  High 
Ca l ib ra te  mode i s  100 Hz - + 3 Hz. 

4.21.7 *Verify t h e  te lemetry  i n f l i g h t  c a l i b r a t i o n  sequence occurs as 
fo l lows : 

C a l  Period 1 - No Ca l ib ra t ion  
Cal Period 2 - Link F1 SCO Ca l ib ra t ion  - 

- h x  -A0  I n t e r n z l  Ce l ib ra t ion  
Cal Period 3 - Mwr Ao f i l t e r  Ca l ib ra t ion  
Cal Period 4 - No Ca l ib ra t ion  
Ca1 Period 5 - Mux Bo i n t e r n a l  Ca l ib ra t ion  
Cal Period 6 - Mux Bo f i l t e r  Ca l ib ra t ion  

66~10920 
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F 
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r ? E \ ' I s t G t : S  ; 1 
SYlA 1 DESCRIPTION 

J. 
DATE 

l a  
APPROVAL , 

3 1 - -  ! ; t 

4.22 RACS VCFUFICATIOI~ 
- I 

:: i 

4.22.1 Es tab l i sh  p r o f i l e s  f o r  DINS 
ueasurements with RZC ' s 
c a p a b i l i t y  by avel-aging 32 
samples of each measurement 
when a l l  measurements a r e  
switched as follows: 

a. Run mode t o  high c a l i -  
b r a t e  mode 

b. Run mode t o  low c a l i -  
b r a t e  mode 

c. High c a l i b r a t e  mode t o  
run mo3e 

Command each ncasusement 
ind iv i3un l ly  t o  t h e  switching 
modes of 4.22.1 above. Verify 
Rate Gyro mecsurements a r e  
wi th in  $3.0 percent f u l l  
s c a l e  oT t h e  corresponding 
switching moiie p r o f i l e .  
Verify o t h e r  measurements 
are wi th in  +0.8 percent f u l l  
s c a l e  of t h z i r  corresponil 
swi tching mode p r o f i l e .  

1 
i 

I 

t 
il 



5 4.23.1 * ~ e a d  a l l  a tage  rceasurenents a s  fo l lo i i s :  I .' 

D5-17009-2 
M S F C  F O R M  422-3 ( V t . h l l C A L )  ( H O V E t 4 J P : R  1962) COI;T l l lu41 I O U  , S ) ' t t T  

' a*,. e.:.. ..:*. JY*-.rL~..~?.l-"b-_*.L'-,.. m. .--.. , -....,,r",.-C*"*.. - . , R R : R . r . m ~ - ~ . ~ \ i Y ~  "I Yr.-- -.-*-. 

1 . R E V  I S l O : ! S  f 

F 

a. Monitor f l i g h t  ins t rumenta t ion  a v a i l a b l e  through DDAS. i' 
t 
!, 
I: 

b. Monitor f l i g h t  ins t rumenta t ion  a v a i l a b l e  through hardwire.  

APP,?G\'~!- - , 
ii -. 

DESCRIPTION 

-- 

c. Monitor LOX Loading measurements: 

3. Monitor Fuel  Loading measurements. 

:, 1 
4.23 MIS'ASmmNT PEiOE'ILE I, 

i 

DATE 

I 

4.23.2 *Verify s t a g e  measurements a s  fo l lows  wi th  except ions and considera-  1 
t i o n s  of  paragraph 4.23.3. I 
a. Ver i fy  measuretr,ents wi th  RACS c a p a b i l i t y  i n  high c a l i b r a t e  &ode 

i', 
a r e  w i th in  + 2 percent  f u l l  s c a l e  of bench e s t a b l i s h e d  p r e d i c t e s  
va lues ,  o r  c o r r e c t e d  values e s t a b l i s h e d  by approved Level I 
c a l i b r a t i o n  procedures. 

Verif'y measurenents with RACS c a p a b i l i t y  i n  low c a l i b r t i t e  mode 
a r e  w i th in  + 2 percent  f u l l  s c a l e  of bench e s t a b l i s h e d  pre-  
d i c t e d  vsluFs,  o r  co r r ec t ed  values es teb l i she i l  by approve3. 
Level  I c a l i b r z t i o n  procedures.  

Verify measurennnts i n  run (ambient) mode a r e  w i th in  + 5.0 
percent  f u l l  s c a l e  of bench e s t a b l i s h e d  pre3ic ted  values,  o r  
c o r r e c t e d  values e s t a b l i s h e d  by approved Level I c a l i b r a t i o n  
proce iures .  

4.23.3 *As a s p e c i a l  ca se  t h e  fo l lowing  except ions  and cons ide ra t ions  a r e  
acceptab le .  

a. Analog K measurenlents der ived  from 28 v o l t s  through vol tage  
d i v i d e r  networks a r e  acceptab le  when they  a r e  w i th in  + 1 0  - 
percent  f u l l  s c a l e  of p red ic t ed  values.  

b. V e r i D  LOX c u t o f f ,  Fue l  c u t o f f ,  and Thrust  OK measurements 
are i d e n t i c a l  t o  pred ic ted  values f o r  32 out  of 32 samples. 

c. Time c o r r e l a t i o n  m c a s u r e t ~ n t s  a r e  acceptab le  i f  t h e  vol tage  
d i f f e r e n c e  of 2 samples taken  10  mi l l i seconds  a p a r t  i s  g r e a t e r  
t han  0.50 v o l t s  and l e s s  t han  G. 75 vol t s .  

. Rate gyro measurements dev ia t e  from high and low c a l i b r a t e  
mode p red ic t ed  values as fol lows:  

(1) High c a l i b r a t e  decreases  85 m i l l i v o l t s  f o r  each v o l t  
decrease  at c a l i b r a t e  i npu t  and inc reases  85 m i l l i v o l t s  
for each v o l t  i nc rease  at c a l i b r a t e  input .  
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(cont inued)  

(2) Low c a l i b r a t e  i n c r e a s e s  85 m i l l i v o l t  f o r  each v o l t  
decrease  at c a l i b r a t e  i npu t  an3 3ecreases  85 m i l l i -  
v o l t s  f o r  each v o l t  i n c r e a s e  i n  c a l i b r a t e  i npu t .  

(3) Rate Gyro measurements a r e  acceptzb le  when they  a r e  
w i t h i n  + 374 f u l l  s c a l e  of bench o r  co r r ec t ed  values.  - 

e. Ver i fy  LOX and Fuel  Loading E lec t ron ic s  measurements as 
fo l lows:  

(1) Ver i fy  cont inuous vol tage  measurem, nnts  a r e  w i t h i n  + 1 - 
percent  f u l l  s c a l e  of pred ic ted  values. 

(2) Veri fy  r e f e rence  vol tage  measurements a r e  w i t h i n  + 0.5 - 
percent  f u l l  s c a l e  of p re3 ic t cd  values. 

0 

(3) Verify lock  i n 5 i c a t i o n  measurcrncnts a r e  w i th in  1 0  
percent  f u l l  s c a l e  of p red ic t ed  values. 

( 4 )  Ver i fy  o v e r f i l l  i n d i c a t i o n  measurenents a r e  i d e n t i c a l  ! 
t o  p red ic t ed  values f o r  32 out  of 32 samples. 1 

f. S t r a i n  gage pres su re  measurements a r e  acceptab le  with t h e  
follo-ding cons ide ra t ion  known as t h e  Delta  Function. 

R 1 ,  Hl and L l . a n 3  Run, High, an3 Low c a l i b r a t e  p red ic t ed  
va lues  (ODIS da t a ) .  

R 2 ,  H2, and L2 and Run, High, an3 Low c a l i b r a t e  actukl ' .~: :  
measured values.  

(1) For  acceptance R2 must equa l  R 1  wi th in  - + 0.250 YE. I 
A (2) R2-R1 d e f i n e s  

(3)  For acceptance H2 must equa l  H 1  p lus  A wi th in  - + 0.100 
VDC. 

(4) For acceptance L2 must equal  L1 p lus  A with in  - + 0.100 
VDC. 

g. I n  t h e  event  t h a t  engine s t r a i n  gage pressure  measurements 
a r e  not  accep tab le  w i th  De l t a  Function cons ide ra t ions  us ing  
ODIS pred ic t ed  va lues ,  engine l o g  book c a l i b r a t i o n  d a t a  - . '  .'. 
w i l l  be use3 i n  computing Del ta  Functions. 

Z H F F T  A-2 9 8 
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Cont inueS E 

h. D i f f e r e n t i a l  p re s su re  measurements 0119-101 through 
~ 1 1 9 - 1 0 4  a r e  accepteb le  when run mo3e values a r e  w i t h i n  

1 
+.36 VDC of p red ic t ed  values.  - 

4.23.4 *Verify LOX and fuel l oad ing  measurements respot13 t o  RACS 
commands wi thout  a FTCS I n h i b i t  and 30 not  respond t o  RACS 
commands wi th  FTCS I n h i b i t  appl ied .  

! 
1 

i f  ' .  1 
/? 
P 

i 
11 I 1 I I 

1 I 

i\ 
il 

I 
I 
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M J u s t  any DC s igna l  coniiitioner found out of to lerance i n  
paragraph 4.23 to + .5$ of f u l l  sca le  of bench t e s t  valuec. - 

SYiX -- 
Q , 

>$ . 
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4.25 SPURIOUS EijrrSSIONS j 1 

4.25.1 . -X.:.!easure antenna conductc3 emissions 
of t h e  f o l l o ~ i n g  t ransm"'  I L L L C ~ S  over  
a frequency r m g e  of 0.150 IvCiz t o  

I 
10,000 Miz. 

a. F&!/FI~ t e l e ~ e t r y  t r a n s m i t t e r  
b. P~i.I/~lrl t e l e n e t r y  t r ans l l i i t t e r  

Verify power l e v e l s  of harmonic an3  
spur ious  emissions appearing o u t s i d e  
a 1 .0  Miz (+ 500 KHz) ban3vidth a r e  

i 
3om from tKe untfio3ulate3 c a r r i e r  by 
an  mount setermined by t h e  fo l lowing  
equat ion;  where P i s  t h e  measured 
power l e v e l  i n  watts of t h e  t r a n s -  
m i t t e r  fun3amental frequency: 

5b = 55 + 10 Loglop . 

66~10920 
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I : E t ' l S i O I ? S  - 

-EVerify t h e  VSIaJR of each R a n ~ e  Sa fe ty  
Antenna as measured at t h e  an tenna  . 

/ i n p u t  connector  i s  1 .5 : l .O  o r  l e s s  at 
450MI:z + .03 1G-l~. - 

DESCRIPTION 

*.Verify t h e  a t t e n u a t i o n  of  t h e  an tenna  
subsystem i s  wi th in  t h e  l i m i t s  of and 
does not  excee3 ( b i  more than  1 5b) 
t h e  values recorJcd dur ing  t h e  subsystem 
bench t e s t  performed p r i o r  t o  i n s t a l l a t i o n  
of , t h e  s tage .  

*Verify t h e  inpu t  VSWR of t h e  Range 
Sa fe ty  Antenna S u b s y s t e ~  as tr,easured 
a t  t h e  r e c e i v e r  i n p u t  connect ion i s  
l . 5 : l . O  6r l e s s  at 450 MIz + .03 KHz. - 

1 1  -- - 1 -1- 
P t 

DhTE 

::::TN\?} i6+20920 -.- ! i I 
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COI\Q.IAND FtECEIVXR / ' 
I 

Wyctem FiF Thresh013 S e n s i t i v i t y  - Verify t h a t  t h e  RF th re sho ld  
l e v e l  does not  exceej. 5 microvol t s  at t h e  r e c e i v e r  i n p u t ,  f o r  

1 
t 

both  "Ann and Cutoff" an3 "Propel lan t  Dicpersion" cooirnrm5s t r a n s -  { 
m i t t e d  wi th  + 60 KHz devia t ion .  I - I 

*System Deviat ion Thresh013 S e n s i t i v i t y  - Verify t h a t  t h e  dev ia t ion  
t h r e s h o l d  l e v e l  does not  excee3 + 50 KHz, Tor both "Arm an3 Cutoff"  
an3  "Propel lan t  Dispersion" comni~n3s t r a n s m i t t e 3  a t  an W l e v e l  of 
150 microvol t s  a t  r e c e i v e r  i npu t .  

*Limiter Tes t  Voltage - bleasure unj. record t h e  low l e v e l  s i g n a l  
s t r e n g t h  values corrssponciing t o  r ece ive r  input  l e v e l s  suc- 
c e s s i v e l y  incrercentej. a t  5 5bm i n t e r v a l s  from -120 dbm t o  -40 
dbm. Repea tab i l i t y  base3 on two runs s h a l l  be wi th in  + 3% f u l l  - 
eca l e .  

4 . P'(.lt *!ill' Ban9wldth - Vcl'ify t l l t ~ t  t he  1UP bu~iiiwlilth ic 3110 + 30 Kllz r r t  1 
? 

t h e  -3 db l e v e l  centered  a t  450 h5Iz + 34 IUIz an3 1.5 14!2 ulaxitnum - 
at the -60 ib l e v e l .  



! 428.1 *Apply e x t e r n a l  power t o  rangc s a f e t y  ~ y s t e m s  and v e r i f y  c o r r e c t  6 response. 
6 
i f ,  

4 28.2 %pera t e  each range s a f e t y  sys t en  i n 3 i v i 3 u a l l y  i n  t h e  c losed  loop  i I 
d ( c o a x i a l  c a b l e )  e x t e r n a l  porrer  ode. Verify fir-in;: u n i t  anriing 1 i i an3 adequate f i r i n g  pulses  occur  f o r  each systetn i n t e r r o g a t e d  
C w i t h  a c o r r e c t  sequence of A/FCO and PD commands a t  an Rr' l e v e l  $ of -93 + 3 3bm. 
t; - i i 
i' 

428.3 *Verify f i ~ n g  u n i t  arming and adequate f i r i n g  pu l se s  30 not  occur  
when each system i s  i n t e r r o g a t e d  at  RF l e v e l s  of -53 + 3 dbui under - 

'i each of t h e  fo l lowing  cond i t i ons  : 

I( ( a )  Con t ro l l e r  i n h i b i t s  ON 

(b)  A/FCO and FD commands out  of sequence 
I 
;i 

( c )  I n c o r r e c t  address  codes 
I! 
I1 

(3 )  I n c o r r e c t  f u n c t i o n  coman3s  
I 

1 1  
I 428,4 *-15th range s a f e t y  s y s t e c s  on ex-bernal power apply power t o  s t a g e  r 1 

i i n t e r n a l  busses.  Trt insfcr  rance s a f e t y  systerris t o  i n t e r n a l  pover 
ii 
fl 

and v e r i f y  c o r r e c t  response. 

92 
.b:,  428.5 %pera te  each range s a f e t y  system simultaneously i n  t h e  open loop  

(entenna)  i n t e r n a l  power mode. Ver i fy  engine cu to f f  f i r i n g  u n i t  
i ; 

I f I  

arming an3 d e q u a t e  f i r i n g  pu l se s  occur  whcn both systems a r e  
i n t e r r o g a t e d  with a c o r r e c t  sequence of A/FCO 2nd PD comands.  

*Verify EB!d f i r i n g  u n i t  monitor measurerrients i n d i c a t e  4.2 + .4 - 
VDC wi th in  1.5 seconds of  an A/FCO command. 

4 28.7 *Verify EB!I f i r i n g  u n i t  monitor  measurements i n d i c a t e  l e s s  t han  
0.6 VDC with in  20 seconds a f t e r  removal of an  A/FCO comand. 

*Cotrnnand both Range Safe Ly Reccivcrs 
t o  c x t c r n : ~ l  powcr c1o::cl loop r;,oJcs 
wi th  i n h i b i t s  o f f .  Cotr~riand a l l  
s t a g e  FP systems on i n  t h e  open loop  
mode. 

*In ter roga te  t h e  Range Sa fe ty  System 
at l e v e l s  of -93 + 3 3bm at  
r e c e i v e r  inputs .  ~ e T i f ' y  c o r r e c t  
responses f o r  A/FCO and PD commands 
t r ansmi t t ed  i n  sequence Ki th  c o r r e c t  
address  codes. 

IDENT N S I Z E  

14981 SHEET A-304 
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DESCRIPTION I DATE I AP'PROVAL i; 
-. . 1 1  l 

.- . 8 

* .Interrocate t h e  Range Safety System 
a t  RI;' l e v e l s  of -93 + 3 iibm a t  
r ece ive r  inputs .  ve?ify no system 
response f o r  non-functional c o w ~ n f i s .  

*Interroeei;c the  Range Safe ty  Sj.si;em 
a t  FP l e v e l s  of -53 2 3 Cibm a t  
r ece ive r  inputs .  Verify no system 
response with coanznfis t r a n s a i t t e 5  
with i n c o r r e c t  codes. Verify proper 
response f o r  func t iona l  cotunaniis 
transmitte5 out  of sequence. 

CODE 

. / I o ~ ~ ~ ; ~ ~ ~ ~ T 6 6 " ~ ~ ~ 0 5  
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4.29 ITY IIRAUI ,IC S 1 
I ,  

4.29.1 ' Verify s t a g e  and ground hy3rau l i c  s:irstelns c l ean l ines s  r r i o r  t o  
F 1.; 

a d m i t t i n g  I ~ y d r a u l i c  f l u i d  t o  se:.voactuntor servovalves a s  fo1loi.r~. F I 
Open se rvoac tua to r  p r c - f i l t r a t i o n  bjpass vnlve on each se rvoac tus to r ,  t: 

i 
apply  groun3. hydrau l i c  f l u i d  t o  t h e  ' s tace an3 i n spec t  hydrau l i c ;  
systems f o r  leakage,  a d j u s t  ground hydranl'lc pressure  t o  p r ~ v i d c  
mmiuum flow through s t a g e  but  30 not exceed 2100 PSIG at hjr3rcciulic 
supply umbi l i ca l ,  a1lol.1 hydrau l i c  f l u i d  t o  f l u s h  s t a g e  2nd ~ruun:! 
h y d r a u l i c  systems f o r  30 n i n u t e s  m:niliiu~n, tzke  f l u i a  s anp le s  from 
each s t a g e  hy3rau l i c  f i l t e r  ulanifold assc-inS?y and SE supply and 
r e t u r n  l i n e  and perfonn contarnination a n a l y s i s  pcr  60~32086 ,  an3 upon 
s u c c e s s f u l  contamination a n a l y s i s ,  remove hydraul ic  pressure  an3 c l o s e  
se rvoac tua to r  p r e f i l t r a t i o n  bypass valves.  

*After s t a g e  and ground hydrau l i c  systems c ' leanl iness  v e r i f i c a t i o n ,  
v e r i f y  no e x t e r n a l  f l u i d  leakage from hydraul ic  supply and r e t u r n  

l i 
ii 

l i n e  connect ions Yith 2000 + 50 B I G  at F-1 enc ine  4-wzy c o n t r o l  va lves  
O r  2050. + 50 PSIG a t  hy3rau l i c  supply u u b i l i c a l .  S ix  (6) d r o p  
of f l u i d  pFr minute from e i t h e r  s e rvoac tua to r  p i s ton  rod s e a l  under 
s t a t i c  c s t i 3 i t i x s  i s  ecceyteb le .  If servoac tua tor  rod s e a l  lezkage 

I :  r ' I  

i s  excess ive ,  cyc l e  s e rvoac tua to r  100 cyc le s  a t  4 cps  an3 + 4 degree 
ampl i tu je .  Reject  s e rvoac tua to r  only if leakage dur ing  105  cyc le s  
exceed t e n  (10)  drops per  s e a l .  ( ~ e r v o a c t u s t o r  leakage requirements 
apply with at  l e a s t  1400 E I G  supply pressure  and 20 PSIG r e t u r n  
pressure) .  

I 

4.29.3 * M t e r  s t a g e  an3 ground hydrau l i c  systems c l e a n l i n e s s  v e r i f i c a t i o n ,  
v e r i f y  no e x t e r n a l  f l u i d  leakage from r e t u r n  l i n e  connect ions wi th  

' 475 + 50 PSIG at  s t a g e  r e t u r n  umbi l ica l .  - 
Ver i fy  no t rapped  a i r  i n  , 

se rvoac tua to r  f i l t e r  
mani f o l d  p re s su re  
t r a n s d u c e r s  and systems 
11 I 1  A hydrau l i c  p re s su re  
t r ansduce r s .  

Verify- p re s su re  a t  each 
F-1 engine s t a t i o n  109 
i n t e r f a c e  i s  1500 + 
100 PSIG with  1550-+ 
50 PSIG at h y d r a u l i c  
supply umbi l ica l .  

4.29.6 Ver i fy  hydrau l i c  f low 
rate t o  t h e  s t a g e  does 
n o t  exceed 119 GPl4 wi th  

. 1750 + 50 PSIG a t  hyd- 
r a u l i c  supply umbi l i ca l  
an3  se rvoac tua to r  mid 
s t r o k e  locks  removed. 
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4.29.7 *During t h e  hydraulic f lush ing  operations with 270 GPIC n in imm 
hydraulic f low t o  the  s tage ,  ve r i fy  pressure drop across each r 

L 
'stage filter nani fo l5  assembly does not exceeii 20 PSID. 

t 
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5-i' id DESCRl i' TION -- 
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4.30 HY DFiAUTJIC CIiECKOUT VATJVE !l ! 
! 1 
I r  ' 

4 .3001  *Veriw hydrau l i c  checkout vtalves t r a v e l  t i n t  f mm ground p o s i t  ion  
t o  engine p o s i t i o n  i s  betvecn 0.5 an3 3.5 seconils an3 from engine 
pclsit ion t o  ground p o s i t i o n  i s  between 0.5 and 3.5 seconfis when 

' I 
I 

commanded wi th  28 +2/-4 V E .  Hydraulic pressure  must not  be app l i ed  I 

t o  the s t a g e  3ur ing  t h i s  t e s t .  t 
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4. 31 THRUST VECTOR CONTROL -- 

4. 31.1 . *Verify se rvoac tua to r  pos i t i on  potent iometer  wiper t o  supply vol tage  
r a t i o  i s  0.500 + 0.004 wi th  se rvoac tua to r  mid s t r o k e  locks  i n s t a l l e d .  i - r 
A f t e r  l ocks  on n u l l  t e a t ,  v e r i f y  
s e rvoac tua to r  hydra111 i c  n u l l  
( s e rvoac tua to r  mid-stroke locks  
removed, 1750 + 50 PSIG 
h y d r a u l i c  p r c s u r e  et supply 
umbi l i ca l ,  a n i  no cu r r en t  t o  
t h e  se rvoac tua to r )  i s  wi th in  
0.08 i e g r e e  of t h e  locks  on 

, n u l l  pos i t io t l  u s ing  n~echanica l  
p o s i t i o n  i n d i c a t o r .  
Verify eimbal c l ea rance  be- 
tween moving and s t a t i 0 n a . r ~  
s t a g e  and f a c i l i t y  compments 
as F-1 engines  a r e  gimballed 
through maximu~n gimbal angles .  
The e n i  of s t r o k e  p o s i t i o n  
s h a l l  be 5.17 + 0.05 i e g r e e s  
w i th  r e spec t  to t h e  locks  on 
midstroke p o s i t i o n *  

-Wcrify gimbal c l ea rance  betweeri 
moving and s t a t i o n a r y  s t a g e  and 
SE components as F-1 engines  a r e  
gimballed through maxinun gimbal 
angles .  

*After gimbal c l ea rance  denonst ra- 
t i o n ,  ve r i fy  s e rvoac tue to r  c u t o f f  
s i g n a l  i s  between 12.9 and 14.8 
VDC with 28 + 1.5 VDC app l i ed  t o  
each end of s e r v o a c t u a t o r  p o s i t i o n  
poten t io t re te r  primary e l enen t  and 
se rvoac tua to r  pos i t i oned  a t  3.00 
+ . O 1  degrees extend and r e t r a c t .  - 

4.31.5 *After l ocks  on n u l l  t e s t ,  v e r i f y  s e rvoac tua to r  p o s i t i o n  poten t iometer  
wiper  t o  supply vol tage  r a t i o  i s  0,500 + 0.015 wi th  se rvoac tua to r  
m i d  s t r o k e  locks  removed, 1700 + 50 BIZ hy3rtiuli.c p re s su re  a t  F-1 
engine 4-way c o n t r o l  valves o r  7750 + 50 PSIG a t  hydrau l i c  supply 

umbi l i ca l  and ze ro  c u r r e n t  i n p u t  to-servoactuator  servo-valves.  

4.31.6 *After gimbal c learance  demonstrat ion,  v e r i f y  s e rvoac tua to r  p o l a r i t y ,  
g a i n ,  l i n e a r i t y  and h y s t e r e s i s  a r e  wi th in  t o l e r a n c e  p e r  F igure  4 - 3 .  i 

4.31.7 *After gimbal c l ea rance  demonstrat ion,  v e r i f y  t h re sho ld  c u r r e n t  (change 
i n  cu r r en t  i n p u t  requi red  t o  cause t h e  se rvoac tua to r  p o s i t i o n  po ten t io -  
meter  wiper t o  supp1.y vol tage  r a t i o  t o  change by 0.005) does not  ex- 
ceed one (1) mil l iampere wi th  1700 + 50 PSIG hydrau l i c  p re s su re  at F-1 
engine 4-way c o n t r o l  valves.  o r  1753 - + 50 PSIG at h y d r a u l i c  supply  
umbilical . 

2 
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~ C S ~ J O I I S C '  SOL- 0.5 ( ~ ~ 1 3  3.0 dcg1.c~: i n p u t c  rrro w l t l r n  t o l c r ~ ~ t ~ c c  
pcr Yigures 4-4  utid 4-5 r e spec t ive ly .  

4.3109 A f t e r  gimbal cleal-ance 
demonstrat ion,  v e r i f y  
p i t c h  se rvoac tua to r s  
a t  engines  1 and 4 i and yaw se rvoec tua to r s  
at  ecgines  1 and 2 r e t r a c t  
and p i t c h  se rvoac tua to r s  
at engines 2 a n 3  3 and 
yaw se rvoac tua to r s  a t  
engines  3 an3 l+ extend wi th  
a p o s i t i v e  s i g n a l  appl ie i i  
f m u  t h e  SE gimbal con- 
t r o l l e r .  

4.31.10 ' *After ginbe1 c l ea rance  
3en3ns t rat i o n ,  v e r i f y  
er.plituiie r a t i o  an3 phase 
s h i f t  of ezch servo-  
a c t u e t o r  f o r  frequency 
f u ~ c t i o n s  shorn i n  F igure  
5-7 a r e  u i t h i a  t h e  limits 
of F igures  5-8 and 5-9 
r e s p e c t i v e l y .  Use t h e  
same gimbal program 
that will be used f o r  
s t a t i c  f i r ing .  
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4.32.1 ' 
I 

It should be noted i n  a l l  t e s t  proce.hrcs applyitlg prtzssurc t o  t h e  , 
k 

GN c o n t r o l  system tihat t h e  GiT2 purge syste::, w i l l  a l s o  bc pressur ize  3 i 
th rough t h e  bypass check valve and tile LOX turbopunlp s e a l  purLe w i l l  
f low. 

4.32.2 Verif3r remo.t;ely no aud ib l e  GN2 leakage from lo-,r p ressure  systcrn a t  
750 + 50 PSIG with 800 PSIG minimutn i n  h ich  pressure  sys t cn .  - 

4.32.3 *Verify r e l i e f  valve r e l i e v i n g  p re s su re  i s  950 i- 50 P S I G  an3 r c s e a t i n g  
p r e s s u r e  i s  not  below 845 PSIG by p re s su r i z ing  i h e  h igh  p rc s su re  
systeln t o  1000 PSIG minitr~um an3 then  us ing  an e x t e r n z l  Gif2 source 
p r e s s u r i z e  low p res su re  system u n t i l  r e l i e f  valve rel-ieves but  do 
no t  excee3 1000 PSIG. 

4.32.4 *11Ttc:r rclj cf va7.vl: func t ior l r~ l  t c c t ,  verLfy the t o t a l  e i r tc r~~: t l  
1 ~s: i l i~~c~> l' L*, ~ I I I  i,l IC, I-CI ~ , I \ J '  V ; L ~ . V C  ficw:; tlrlt. t !x(*c~~: . l  3? SCI L; GN;, wi t 1 1  
'(>o I- 50 l),.;:i.ti j . t l  low pr;cs:;ur~ :;ystc:~~i I I I I J  [k)O I 'SlC 19i 11; 11i1111i j t i  1 1  :CIA - 
pres su re  system. 

4.32.5 *After r e l i e f  valve f u n c t i o n a l  t e s t ,  v e r i f y  GN2 c o n t r o l  vent  valve 
s e a t  leakage does not  exceed 5 SCIM with 750 + 50 PSIG i t 1  low 
p r e s s u r e  system and 800 PSIG triinimum i n  high F res su re  system. 

4.32.6 A f t e r  r e l i e f  valve f u n c t i o n a l  t e s t ,  v e r i f y  remotely no aud ib l e  
GK2 lezkage  from high  p re s su re  system a t  3250 - + 50 PSIG. 

4.32-7 *After r e l i e f  valve f u n c t i o n a l  t e s t ,  ve r i fy  r e g u l a t o r  ou tput  i s  
750 + 50 PSIG wi th  h igh  p re s su re  system pressure  va r i ed  from i O O O  
t o  3250 PSIG. 

4.32.8 *After low p res su re  system aud ib l e  l e a k  t e s t ,  v e r i f y  no e x t e r n a l  
GN2 leakage  wi th  l e a k  d e t e c t o r  s o l u t i o n  from low pressure  system 

! 
at  750 - + 50 PSIG wi th  800 PSIG riiinimum i n  high pressure  system. 1 

I 
I 

4.32.9 *After  h igh  p re s su re  system aud ib l e  l e z k  t e s t ,  v e r i f y  no e x t e r z a l  
G32 l eakage  wi th  l e a k  d e t e c t o r  s o l u t i o n  from high  p re s su re  s y s t e z  

I 
at  1500 - + 100 PSIG. 

4.32.10 h igh  p re s su re  system l eak  t e s t ,  v e r i f y  t h e  f i l l  valve s c a t  
leakage  does not  exceed 5 SCIM GP12 wi th  l5OO - + 100 PSIG i n  h igh  
p r e s s u r e  system. 

4.32-11 *A.fter r e l i e f  valve f u n c t i o n a l  t e s t ,  verif 'y c o n t r o l  so l eno i3  va lves  
seat leakage  does not  exceed 5 SCIM GN2 per valve as ~ e a s u r e d  from 
the  va lve  vent  p o r t s  with t h e  valves ac tua ted  and tieactuated wi th  
750 + 50 PSIG i n  low pres su re  system and &I0 PSIG minimum i n  h igh  
pres&re system. 

SHEET 



I 4.32.14 Ver i fy  remotely no au3ble leakage f mu 571rds-I; OK prcssure  switch 
c a l i b r a t i o n  l i n e s  a t  1240 - -t 30 PSXG. 

Us-1 'YUUg-2 
' ~ . f S C C  FORM 422-P. ( Y L R T I C A L )  ( r ! t j v ~ ~ ~ r ~  1362) 

"*'.~.'5'-*r;Ym.<lD1Z-- ~r,...L-,-r-'Pl..' -,:'.> 
COYT I I ~ ~ I A T I O H  s ! r ; f . T  

. *s. . rW1.::  . - . .;- .>.r;;.z.  .-::-:.--.8....:..,>. .-,>*" 4 .,- P-.-.2-m;-.-T....-**---:,~,.:-,*. vz. - . - *A < - 5 - .  . L 
! ! E V l S i O i I S  r !. 

.- 

4.32.15 A f t e r  r e g u l a t o r  output  t e s t  an3 t h r u s t  OK pressure  sw-itch ca l ib i3 :~ t ion  
l i n e  aud ib l e  l e a k  t e s t ,  v e r i f y  t l i r u s t  n o t  OK cot~t l -01 of prcva lves  
by s i t rmlat ing t h r u s t  OK .t;hrough c a l i p s  1.ines f o r  f o u r  eni.,-ines ar,d 
i s s u e  t h r u s t  not  OK cu tof f  enzble  conitr!an3. Ver i fy  prevhlves f o r  engine 

. w i t h  t h r u s t  not  OK c o n i i t i o n  c losc .  Repeat t h i s  t e s t  a l lowing  each 
engine t o  have a t h r u s t  not  OK condi t ion .  

DESCF?IP'T ION 

4.32.16 A f t e r  t h r u s t  no t  OK c o n t r o l  of preva lves  t e s t ,  v e r i f y  no e x t e r n a l  
GN leakage  wi th  l e a k  fieteckor s o l u t i o n  from th lws t  OX p re s su re  
2 

swl t ch  c a l i b r a t i o n  l i n e s  disconnected f o r  t h a t  t e s t  at 1240 - + 
30 PSIG. 

:' 1 
GATE bI.PFi:3VAL -- 

6651C920 
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4.32.12 Veri fy  remotely no a ~ j l i b l e  GI$ lc?.liage f r o n  grounfl GW c o n t r o l  l i n e s  a t  i 
2 # .  \ 

750 + 25 PSIG. :. - 
I . :  i '  

4.32 13 *After ground GN c o n t r o l  l i n e s  au3ib lz  leak t e s t ,  v e r i f y  no e x t e r n a l  1 
GN2 l eakage -wi tg  l eak  d e t e c t o r  soluLion f r o e  ground GK2 c o n t r o l  l i n e s  . 

at 750 + 25 PSIG. - 



M S ~ C  CORM 4224 (VERTICAL) IMOVCM~ER 1962) COYT IYUATION s HELT 

1 I R E V I S I O N S  d 
SYM DESCRIPTION I D A T E  I A P P R O V A C  

4.33 GN, PURGE 

1 1  4-33-1 *Verify r e l i e f  valve  r e l i e v i n g  p r e s s u r e  i s  110 t , l J L ' I G  and reuiaat i r i r  - 
I;  p r e s s l ~ r e  i s  not below 100 PSIG by p r e s s u r i ~ i n k ;  i l i t .  h i g h  p r e s s u r p  sf +>rr, 

I 
t o  125 PZIG minimurt~ and t h e n  u s i n g  a n  e x t e r n 3 1  GW2 ;our re  prilc s u r '  /r L-w ;i 

1 p r e s s u r e  sys tem u n t i l  r e l i e f  va lve  r e l i e v e s  but  30 not excee  l I q 5  1': IG. 
I1 
I 1 4.33 .2  
1 1  

*After  r e l i e f  va 1 ve f u n c t i o n a l  t e s t ,  ve r i fg  e x t e r n a l  l eakage f --JU -.e 7~l l r i t ? r  
1 1  assembly does not  exceed 1 0  S C I M  GN;, w i t h  250 + 50 P':IG in h i { $  pr.6 ~ l l r - p  
I - 
I sys tem and 85 t 10 D S I G  i n  low p r e s s u r e  sys: em. 

i I - 

4.33.3 *Verif:,r no exi  ~ r . n ? l  GN2 leakage wi th  l e a k  Jet ec tor .  s o l u l  i a n  fr ,TI i i. P I-lw 

p r e s s u r e  system a t  85 + 10  PSIG w i t h  95 PSIG minimum i n  h i ~ h  i?ressijrc2 - 
system. 

1 1  4.33.4 
I 

A f t e r  r e l i e f  valvc. f u n c t i o n a l  t e s t ,  v e r i f y  no au3 i  b l e  GN2 1eskrrp.e f r  lm 
h i g h  p r e s s u r e  system a t  3250 + 50 PSIG. 

ti - 

I4 '1.33. 3 *After  r e l i e f '  va lve  f u n c t i o n a l  t e s t ,  v e r i f y  reguLatar.  riut put  i s  '35 10 

I PSIG w i t h  h i ~ h  p r e s s u r e  system p r e s s u r e  v a r i e d  from 400 t o  32'10 P~'Tc;. 
1 1  

4.33.6 '1 

/I *After  h iqh p r e s s u r e  system a u d i b l e  Leak i e s t ,  v e r i f y  nf> i > x ? e r 1  i l  G N ,  
l e a k a p e  w i t h  l e a k  d e t e c t o r  s o l u t i o n  from h i ~ h  p r e s s u r e  syctc.rr, .it 1 00 + - 

C 

; I  100 PSIG. 
i 

I 

4.73.7 *After  h igh  p r e s s u r e  system l e a k  t e s t ,  v e r i f y  f i l l  va lve  s e a t  lr i l i r l c T c .  I c r i  
,I 
$ not  exceed 5 SCIM GN2 w i t h  1500 - -t 100 PSIG i n  h i g h  p r e s s u r e  s y s t m .  

I 
1 4 .33.8 *After  h i g h  p r e s s u r e  system l e a k  t e s t ,  v e r i f y  f i l l  bypass check va ' re  z e s t  

l e a k a g e  does  not  e x  5 I GN2 w i t h  1-00 + 100 P I G  i n  h i  p r  i r e  1 - , sys tem.  
1 !I 

I 

4.33.9 *After  r e g u l a t o r  o u t p u t  t e s t ,  v e r i f y  p o s i t i v e  f low from each F-L erLgine b 
I1 GN2 0verboa.r-d d r a i n  w i t h  low p r e s s u r e  system a t  85 + 1 0  P C I G  3nd "5 ? F I G  ! - 

minimum i n  h igh  p r e s s u r e  system. 
I 

1 1  4.33.10 *After  r e g u l a . t o r  o u t p u t  t e s t ,  v e r i f y  p o s i t i v e  f low from ca lo r imete r .  purge  

i 1 hous ing  ( f i rs t  f l i g h t  s t a g e s  o n l y ) .  

I *Verify no e x t e r n a l  GN2 l eakage  w i t k ~  leak I 
3 e t e c t o r  s o l u t i o n  from hazardous  pa:, jet  ec t ion  

I system i n  forwar;l s k i r t  3 r e a  at  20 + 0 P::IG. 1 
*Verify no e x t e r n a l  GN2 Leakage w i t h  l e ? k  

d e t e c t o r  soLut ion frorn hn7ar30uL, tias detect ion 
system i n  a f t  compartrner~t a t  20 f 2 PI IG. - 1 

CODE DWG 
'4 

IDENT NO 
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Afte r  r egu la to r  output 
t e s t ,  ve r i fy  GR2 purge 
pressure c;easure3 a t  
s t a t i o n  116 f o r  each 

D5-17009-2 
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[' i ~ E \ ' l ! i I C I l i S  ----- I 

engine i s  80 +1 PSIG 
-28 

rl"l','d GESCi<li" i ION 

with high pressure system 
pressure  var ie3  from 
400 P3IG minimum t o  
2760 t o  3300 PSIG 
maximum. 

*Verify flow from each l i n e  of 
hazardous gas de tec t ion  system 
i n  a f t  compartment with 20 - + 2 
B I G  applied t o  system. 

DATE 

i 

*With the  turbopwp LOX s e a l  puree flwin,, 
v e r i f y  no ex te rna l  Git2 l e a k s . ~ e  us2r.g leak  

i 
i 

d e t e c t o r  so lu t ion  from f i t t i n g s  and J o i n t $ '  
downstream of b e a r i n g  coolant  c o n t r o l  F 
valve a t  10 2 1 PSIG. The engine valves 
vent  sys tex  must be i s o l a t e d  f r o %  t h e  

Pressure  i n  t h e  d r a i n  sys ten  must not  be 
allowed t o  exceed 15 PSIG s ince  damage t o  

I overboard d ra in  sys ten  during t h i s  t e s t .  

dra in  l i n e  bello-ds can r e s u l t .  
E 

APPROVAL i - 
1 a L 

b 

i ' 4*33*13 
1 
i 

r, 
*-Verify flow from each l i n e  of !I I 

hazarJous gas de tec ted  system i n  I, 

I: 
folward s k i r t  a r e a  with 20 +- 2 PSIG - It : 

appl ied  t o  system. 



I 

DCSCRIPT ION Dk.TE APPRC'.' ' 1- ! 

! 
h j  

4.34 PIIESSUEE S\,TITCIiXS 1 
. . E + 

4-34.1 Verify rcnlotely no audible leakagc f r o n  t h m s t  Oi pressure switch 
c a l i b r a t i o n  l i n e s  a t  1240 + 30 R I G .  f - ) 

4.34.2 *Af'ter audible  leak  t e s t ,  ve r i fy  no ex-tertlal GIi2 leakage with lezk  
d e t e c t o r  s o l u t i o n  from thrus'i OK przssure switch c a l i b r a t i o n  l i n e s  a t  
1240 + 30 XIG. - 

4.34.3 .*After  l eak  t e s t  of c a l i b r a t i o n  l i n e s ,  ve r i fy  t h r u s t  OK pressure switches 
ac tua t ion  pressure i s  995 t o  1125 PSIG 1;'nile inc reas ing  pressure from 0 
t o  1240 + 30 PSIG and ac tuat ion/3eactuzt ion  d i f f e r e n t i a l  pressure i s  50 
t o  100 PSI us ing ca l ib ra tcon  por t  while 3ecrcasing pressure from 12140 - -t 

. 30 t o  0 PSIC. Pcrfoi.~n t1.1is t c s t  t h r e e  t i u s .  1 
4.34.4 Verify no e x t e r n a l  l c ~ l t a ~ e  

with leak d e t e c t o r  so lu t ion  from 
LOX tmli pressurc  switch c a l i -  
b ra t ion  l i n e s  et 35.2 t o  39.3 
PSIA. 

I *Verify r ~ o  e x t e r n a l  GK2 lc.:~F,o~c [ 
[ with leak  d e t e c t o r  so lu t ion  from 2 

LOX tank pressurc  switch c a l i -  
b ra t ion  l i n e s  a t  29.4 t o  32.1 
PSIA. 

4.34.5 *After l eak  t e s t  of c a l i b r a t i o n  l i n e s ,  ve r i fy  LOX tank p repressur i za t ion  
pressure  switch acturzt-ion pressure i s  27.2 t o  29.6 PSIA, deactuat ion 
pressure  i s  26-9 PSIA minimum, an3 ac tza t ion/deactuat ion  d i f f e r e n t i a l  

E 
i! 

pressure  i s  0.3 t o  2.3 PSI us ing c a l i b r a t i o n  por t  without exceeding 
39.3 PSIA. Perform t h i s  t e s t  t h r e e  t i n e s .  

4.34.6 Verify LOX tank prepsessur iza t ion  
pressure  switch ac tua t ion  pressure  
i s  28-0 t o  2gt0 PSIA, deactuat ion 
pressure  i s  27-5 PSIA minimum an3 
ac tuat ion/deactuat ion  d i f f e r e n t i a l  
pressure  i s  0.5 PSI minimum us ing  
systems por t .  Perform t h i s  t e s t  
t h r e e  times. 

4.34.7 *After l e a k  t e s t  of c a l i b r a t i o n  l i n e s ,  ve r i fy  LOX tank vent and r e l i e f  
pressure  switch ac tua t ion  pressurc  i s  32.2 t o  35.1 PSIA, ileactuation 
pressure  i s  31-9- PSIA mininmm, an3 ac tuat ion/deactuat ion  d i f f e r e n t i a l  
prcssure  i s  0.3 t o  1.8 PSI us ing c a l i b r a t i o n  por t  without exceeding 39.3 
PSIA. Perform t h i s  t e s t  t h r e e  times. 

4.34.8 Verify LOX tank vent and r e l i e f  
p ressu re  switch ac tua t ion  pressure 
i s  33.0 t o  34.5 PSIA, deactuat ion 
pressure  i s  32.5 PSIA minimum, and 
ac tuat ion/deactuat ion  d i f f e r e n t i a l  
pressure  i s  0.5 PSI minimum using 

Q systems port .  Perform t h i s  t e s t  
t h r e e  times. 
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i 1 I i 

n u  I DESCRIPTION DATE I APPROVAL r 
1 

i L.34.9 A f t e r  l e a k  t e s t  of c a l i b r a t i o n  
l i n e s ,  v e r i f y  LOX t ank  high 
s e t  p o i n t  p r e s s u r e  swi tch  
a c t u a t i o n  p r e s s u r e  i s  33.6 t o  
36.9  PSIA, 3 e a c t u a t i o n  p r e s s u r e  
i s  33.3 PSIA minimum, an3 
ac tua t ion / f i eac tua . t ion  d i f f e r e n -  
t i a l  p r e s s u r e  i s  0.3 t o  2.2 PSI 
u s i n g  c a l i b r a t i o n  p o r t  wi thout  
exceed ing  39.3 PSIA. Per f  om1 
+,his  t e s t  t h r e e  t imes .  

4.34.10 V e r i f y  T,OX t a n k  h i r h  s e t  p o i n t  
p r e s s u r e  swi tch  a c t u a t i o n  

i p r e s s u r e  i s  34.5 t o  36.2  PSIA, 

I d e a c t u a t i o n  p r e s s u r e  i s  34.0 
PqIA minimum, and a c t u a t i o n /  
fiea,ctua.tion p r e s s u r e  i s  0.5 PSI 
minimum u s i n g  systems p o r t .  
Perform t h i s  t e s t  t h r e e  t imes .  

4.34.11 A f t e r  l e a k  t e s t  of c a l i b r a t i o n  
l i n e s ,  v e r i f y  LOX t a n k  high s e t  
r e l i e f  p r e s s u r e  swj t ch a c t u a t i o n  
p r e s s u r e  i s  35.2 t o  39.3 PSIA, 
f i eac tua t ion  p r e s s u r e  i s  34.9 
PSIA minimum an3 a c t u a t i o n /  
f i eac tua t ion  A i f f e r e n t i a l  

I p r e s s u r e  i s  0.3 t o  2 . 8  PSI 
u s i n g  c a l i b r a t i o n  p o r t  wi thou t  
exceed ing  39.3 PSIA. Perform 
t h i s  t e s t  t h r e e  t imes .  

4.34.12 V e r i f y  LOX tank  h i g h  s e t  
r e l i e f  p r e s s u r e  swi tch  a c t u a t i o n  
p r e s s u r e  i s  36.2  t o  38.5 PSIA, 
f i eac tua t ion  p r e s s u r e  i s  35.7  
PSIA minimum, an3  a c t u a t i o n /  
f i eac tua t ion  3 i f f  e r e n t i a l  
p r e s s u r e  i s  0.5 PSI minimum 
u s i n g  systems p o r t .  Perform 
t h i s  t e s t  t h r e e  t imes .  

4.34.13 V e r i f y  no e x t e r n a l  GN2 l eakage  w i t h  

j I ' I  

l 1  

j 
j/ 

r I 
I 
i 

I I 

1 

I1 
l1  
11 

l e a k  d e t e c t o r  s o l u t i o n  from f u e l  t ank  ' 1  ,, 

! 1 

p r e s s u r e  swi tch  c a . l i b r a t i o n  l i n e s  at  35.2  t o  39.3 PSIA. :j 

I 
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4.34.15 A f t e r  l e a k  t e s t  of  c a l i b r a t i o n  l i n e s ,  ver i f 'y  f u e l  t ank  p r e p r e s -  lri/stl i in 
p r e s s u r e  s w i t c h  i s  32 .2  t~ 35.1 PSIA, d e a c t u a t i o n  p r e s s u r e  iL 31.9 1' 1). 
minimum, an3  a c t u a t i o n / 3 e a c t u a t i o n  3 i f f e r c n t i a l  p r e s s u r e  i s  0 . 3  4 , I. " P"I 

I ,,sin: c a l i b r a t i o n  p o r t  witkiout exceefi ing 39.3 Pc:II1. Pe r f  orm t ?-I i s 1 i . 7 t  

1 1  t h r e e  t i m e s .  

MSFC FORM 4 2 2 4  (VCRTtCALI ( Y O V C M C R  1962) COUTIYUATIOM SMLET 

R E V I S I O N S  - 1 
S/M DESCRI PT ION DATE A P P H O v n L  , 1 

i I i 

4.34.16 Ver i fy  f u e l  t a n k  p r e p r e s s u r i z a -  
t i o n  p r e s s u r e  swi tch  a c t u a t i o n  
p r e s s u r e  i s  33.0 t o  34.5 PSIA, 
f i eac tua t ion  p r e s s ~ l r e  i s  32.5 

4 PSIA minimum, an3 a c t u a t i o n /  

II 3 e a c t u a t i o n  3 i f f  e r e n t i a l  p r e s -  
s u r e  i s  0.5 PSI minimum us in^ 
sys tems p o r t .  Perform t h i s  
t e s t  t h r e e  t i m e s .  

I 
1 I 

1 4.34.14 

I 

4.34.17 Afte r  1ea.k t e s t  ~f c a l i b r a t i a n  
l i n e s ,  v e r i f y  f u e  1 t a n k  p r e s -  
s u r i z a t i o n  p r e s s u r e  swi tch  
a c t u a t i o n  pressure  i s  29.4 t o  
3 2 . 1  PSIA, f i eac tua t ion  p r e s s u r e  
i s  2 9 . 1  PSIA minimum an3 
a c t u a t i o n / 3 e a c t u a , t  i o n  3 i f  - 
f e r c n t i a l  p r e s s u r e  i s  0 .3  t o  
1.8 PSI u s i n g  c a l i b r a t i o n  p o r t  
w i t h o u t  exceedinn 39.3 PSIA. 
Derform t h i s  t e s t  t h r e e  t i m e s .  

*After  l e a k  t e s t  of c a l i b r a t i c i n  l i r ~ c - r , ,  

1 4.34.18 V e r i f y  f u e l  t ank  p r e s s u r i z a t i o n  
' 1  
I p r e s s u r e  swi tch  a c t u a t i o n  p r e s -  

1 s u r e  i s  30.2 t o  3 1 . 5  PSIA, 3e-  

1 1  a c t u a t i o n  p r e s s u r e  i s  29.7 PSIA 

I ! minimum, and ac tua t ion / f i e -  

i a c t u a t i o n  d i f f e r e n t i a l  p r e s s u r e  
I i s  0 . 5  PSI minimum u s i n g  systems , 
I p o r t .  Perform t h i s  t e s t  t h r e e  

t i m e s .  I 
I /  
I1 
\i 

'I I i 
1 ' 

11 
DWG 

!1 
'1 CODE 

I 
IDENT NC S I Z E  6 d !  logt '0 1 1 

1 

I 
A-317 1 1  

1 
1 I 
1 1  
I 

j 
i 

I i v e r i f y  f u e l  t a n k  p r e s s u r i z a t i s c  p c r s a u r e  , 
swi tch  a c t u a t i o n  p r e s s u r e  i s  1 L4.3 t c I 

22.0 PTI4, l e a c t u a t i o n  pressl~r-6. i - 1 1.0 
P?I4  miriimurri -!ui acxtua: i o n  /.lc,ar*ti! 11 i 
d i f f e r e n t i a l  p r e s s u r e  i s  0.3 t; 1. , '"'1 
u s i n g  calibration p o r t  w i t h ~ u t  ~ x r ~ ~ ~ f : l i n  
39.3 PSIA. I'erform t h i s  t e s t  thrr e t i m e s  



M S C C  CORM 4 2 2 4  ( V t l l T l C A L )  t M O V t M l C R  1962) CONTIMUATION SMELT 

I R E V I S I O N S  t 
- -- 

SYM DESCRI PT ION DATE APPROVAL 

A f t e r  l e a k  t e s t  of c - a l i b r a t i o n  
l i n e s ,  v e r i f y  f u e l  t a n k  vent a.n3 
r e l i e f  p r e s s u r e  i s  35.2 t o  39.3 
PSIA, d e a c t u a t i o n  p r e s s u r e  i s  
34 .9  PSIA minimum an3 a c t u a t i o n /  
3eactua.t  i o n  d i f f  e r e n t i a l  p r e s -  
s u r e  i s  0.3 t o  2.8 PSI u s i n g  
c a l i b r a t i o n  p o r t  wi thou t  ex- 
ceed ing  39.3 PSIA. Perform t h i s  
Lest t h r e e  t i m e s .  

7e r . i fy  f u e l  t a n k  vent and r e l i e f  
p r e s s u r e  swi tch  a c t u a t i o n  p r e s -  
s u r e  i s  36 .2  t o  38.5 PSIA, de- 
ac t ,ua t ion  p r e s s u r e  i s  35.7  PSIA 
minimum an3 a c t u a t i o n / d e a c t u a t i o n  
d i f f e r e n t i a l  p r e s s u r e  i s  0 .5  PSI 
minimum u s i n g  systems p o r t .  
Perform t h i s  t e s t  t h r e e  t i m e s .  

*After l e a k  t e s t  of c a l i b r a t i o n  l i n e s ,  
verif:y f u e l  t a n k  vent a.n3 re1 i ef 
p r e s s u r e  swi tch  a.ctua.t ion p r e s s u r e  
i s  29.4 t o  32.1 PSIA, 3eactua.t  i on  
p r e s s u r e  i s  29.1 PSIA minimim , ~ . r l r i  

a .c tuat iou/c ieactuat ion 3 i f f  (:rerit.ia.l. 
p r e s s u r e  i s  0 . 3  t 3  1.8 P7I usin: .  
c a l i b r a t i c n  p o r t  wit'hout exceedirli!: 
39.3 PXA. Perf3rm t h i s  t e s t .  t.l~u.ee 
t imes .  

' 1  
4.34.21 A f t e r  l e a k  t e s t  of c a l i b r a t i o n  l i n e s ,  v e r i f y  f u e l  t a n k  vent and r e l i e f  are?- 

s u r e  i s  35.2 t o  39.3 PSIA, deactua , t ion p r e s s u r e  i s  34.9 PSIA minimllrr~ c - i r 1 3  
P 
14 

a c t u a t i o n / d e a , c t u a t i o n  3 i f f  e r e n t i  a1 p r e s s u r e  i s  0 .3  t o  2 . 8  PSI usirig c n l i -  j 
I b r a t i o n  p o r t  without exceeding 39.3 PSIA. Perform t h i s  t e s t  t h r e e  t imes .  

4.34.22 V e r i f y  f u e l  t a n k  vent and r e l i e f  
p r e s s u r e  swi tch  ac tua . t ion  p r e s -  
s u r e  i s  36 .2  t o  38.5 PSIA, de- 
a . c tua t ion  p r e s s u r e  i s  35.7  PSIA 
minimum, and a,ctua. t ion/?lea.ctuation 
d i f f e r e n t i a l  p r e s s u r e  i s  0.5 
PSI minimum u s i n g  systems p o r t .  
Perform t h i s  t e s t  t h r e e  t imes .  

I 11 

I 
I 

CODE DWG I 

IDENT NO S IZE  i u f '  0:1~0 I 
A-318 1 

I& 1 



D5-17009-2 
usrc F O ~ M  422.0 ( v r . ~ l  ICALI ( N O V ~ U J  C R  1962) C@~i ; ' lhUlrT IO) l  5 ) l t C T  

t' 
--CN-nms .- .-1-*--4>. ,. ~ . ~ ' ~ . ~ M I I U ~ . . ~ . . . ~ . C C C - C C C C . .  .a>. A X . .  I... r r . l C -  . : . . r l . ; ~ . J l i . r C - . ~ - - I I L " " * - . I - i -  
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i : E v I S I O ; ! S .  1: - 
J?"M ' DESCRIPTION 

I :. 

4-35 LOX PURGE $ 
3 

'; 
4.35,l E i t h e r  t h e  p reva lves  an3  in t e rconnec t  valve nurnbcr t h r e e  o r  eng ine  m i n  t 

va lves  mst be c losed  when ope ra t ing  LOX doze purge t o  prevent negat ive 
' p r e s s u r e  i n  t h e  LOX tank.  

4935.2, *Verify no e x t e r n a l  GN leakage wi th  l eak  d e t e c t o r  s o l u t i o n  under flow a c o n d i t i o n s  from t h e  L X dome purge l i n e s  with low LOX d o ~ e  parge 
o p e r a t i n g  wi th  120 t o  220 PSIG at  s t a t i o n  116. bring tt-is t e s t  ve r i fy  
pr imary s e a l  l eakage ' t h rough  monitor  p o r t s  of bo l t ed  f l anges  i c e s  not  

I 
exceed 0.25 SCIM GN2. 

4 -35: 3 Verify- LOX Dome purge p re s -  . 

s u r e  a t  s t a t i o n  116 i s  between 
120 and 220 PSIG an3 f low 
through a l l  system l i n e s .  

4.35.4 Vcl..l f y  113. ( 7 1 1  T O X  3 OIII(! p~~?.,qc 
~ ~ ~ ~ t : : ; : ; ~ ~  I ~ O  I L L  C - ! L I * ~ I  C ~ I I ; . ~ , ~  I,(:  

~ t u t i o l ~  11.6 jt l t t ' l , rucc is 
600 FSIG minin~um t r i th  o SE 
r e g u l a t o r  s e t t i n g  such t h a t  
lock-up p re s su re  never  excee3s 
1200 PSIG. 

4.3505 A f t e r  h igh LOX iiotne purge 
s t a t i o n  116 p res su re  v e r i f i c a -  
t i o n ,  v e r i f y  a b s o l u t e  i i i f -  
f e r e n c e  between any engine 
s t a t i o n  116 p res su re  an5  t h e  
average  p re s su re  at  s t a t i o n  
116 does no t  exceed 25 PSI. 

DATE 

v e r i f y  LOX Doxe purge pressure  
at s t a t i o n  1 i6  i s  130 + 5 P ~ I G  I 

I 
an5  flow through a l l  sTstem l i n e s .  h P 

CI i 
f 
0 
i 

I i 
! 

I 

A?22C~' :12 L. 

i 

1 
I I 

66~10920 

1 4  981 
SHEET A-319 
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. 



D5-17009-2 
r c s l t  F0'4t.4 472 .3  (vr.11~ I C A L ~  ( ~ d v r t . < ~ ~ n  1:~:) C ~ b ; T l ~ . ~ l I ~ l  I():; ~ ~ . . i  L-i 

~ ~ ~ . , ~ . P ~ * r ; c ?  .-.I.---.-.-*mU-Iw %,*. ,-.c.r*.< ,... dm. .*-ti.v,*.r. ... . . . -;n . . "  -,.... *.- -r....r r .-. r~..-.-.-.,lnr---.--..7.-....*-VVL-'Li:..p-;-~--'. 

p I ~ E \ : I S l O I ! S  ( 
DESCRIPTION I DATE / A P P R O V A L  ! 

4.36.1 With t h e  t h r u s t  charnbcr prs-  
fill system f i l l e d  with 
e thy lene  g lycol  so lu t ion ,  
verif 'y n o  e x t e r n a l  leakage 
from s t a g e  l i n e s  a n 3  t h r u s t  
chatnher tubes. 

4.36.2 Veri fy  flow out  of each F-1 
engine t h r u s t  chaniber when 
t h r u s t  chamber Jacket  i s  
f i l l e d  t o  overflow with 

I e thy lene  g lycol  so lu t ion .  

*Verify no external  GR2 lezkage with 
l eak  detec tor  so lu t ion  fro13 thl-dst 'x 

C 
chamber j ~ c k e t  p r c f i l l  syste;n l i t ie  
connections from unbTlica1 t o  each 
F-1 engine f u e l  nlenifol5 i n l e t  with 
a p p r o x i ~ a t e l y  40 PSIG a t  u r ~ b i l i c a l .  

*Verify f l o u  from each F-1 engine 
thrust;  c h s ~ b e r  w-ith ap2roxinately 

I 
I 

40 PSIG applied t o  t h r u s t  chnuiber 
Jacket  pref ill u a b i l i c a l .  i 

1 

14981 SHEET A-320 i! 
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COCOON PUJXE 

i 
*-Verify no extci-i;hl G;:2 le?-l/.tgi: I 

t:ith led< detector  soiution f r o x  ;l 

t h c r ~ x t l  co~- i i i t  io:ling p)irgc l i  r ~ e  - 
I coc:,ections frcjr-3 the u:.l?,ilical to 
, eccii i;'-1 engine 1oczCion ;!it;'n 

appl-0x2 m t e l y  20 PSIG at urr,b.ilical. 
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dq t.l . 17----Tzq DESCRIPTION A P P R O\J A L 
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4.38 GOX FLOW COIi'I'ROL VALVE 

4.39.1 *Af'ter tank  l e a k  t e s t  an3 p r o t e c t i n g  GFCV pl lo ' i  ane ro id ,  epply 1250 i 50 i .  t , ' 
PSIG t o  GFCV b i a s  r e g u l a t o r  checkout p o r t  (pa) a n d  ver'ify t h e  f o l l o z i n g :  ? ; 

i i 
a. Bias  r e ~ l a t o r  p re s su re  ( P ~ )  i s  520 + 15 PSIG. - 
b. As p i l o t  ane ro id  p re s su re  i s  va r i ed  from 19.5 t o  24.0 PSIk, t h e  : 

open p o s i t i o n  switch deac tua t e s  and t h e  c losed  p ~ s i t i o n  st:itch I 

a c t u a t e s  between 19.5 and 21.5 PSIA; t h e  p o s i t i o n  poten t ior ,? te r  
i n d i c a t e s  va lve  movement, an5 sense p re s su re  readings  f o r  d e l t a  i 
p r e s s u r e s b e t w e c n b i a s a n d c o n t r o l p r e s s u r e ( ~ ~ - ~ ~ ) o f 1 0 0 ~ n d  1 1 

b 200 PSID match vendor 3ata w i t h i n  0.3 PSI. t ! 

After GFCV f u n c t i o n a l  t e s t ,  ver i fy  GFCV bias r e g u l a t o r  checkout p o ~ t  (pa )  
seat leakage does not  exceed 25 SCIM GN2 with  6 t o  12 PSIG i n  LOX tank.  

0 

, 

662310920 

SHEET 



1 4.39 Lox PRF:SsuRIzATIo:: sYsTI;:K LEAK TEST ( H I G H  P ~ S S ~ )  

With t h e  GI'CV Pa checkout p o r t  
check valve ~ l e c h a n i c a l l y  a c t u a t e d  
and t h e  downstrcan Lia:; c11an:ber 
b leed  plugged t o  prevent  duct  

. pres su re  from e n t e r i n g  tfle b i a s  
p re s su re  a r e a  of t l ic GFCV and 
GFCV PC checkout p a r t  cap  r e -  

p s u r e  moved t o  vent cor,trol.  pre,. 
a r e a  of t h e  GFCV, v e r i f y  
reniotely no aud ib l e  GT\T2 l.caknge 
from GOX duc t s  from t h e  LOX i n l e t  
check va lves  or1 each F-1 C ~ I C < I I C  

5o1ne t o  t e s t  f l n n ~ c  connection at 
downstream s i d e  of GFCV at  1500 
+ 50 PSIG. - 

*After  h igh  press..ire aui i ible  l e a k  
t e s t  of 1oi.1er GO% d u c t s ,  and wi th  
t h e  GFCV Pa c h e c k o ~ t  p o r t  check 
va lve  mechanical ly  ac tun ted  an3  
t h e  doi.:nstreztu b i a s  chamber b leed  
plugged t o  preverit j u c t  p re s su re  
from e n t e r i n g  t he  b i a s  p re s su re  
a r e a  of t h e  GFCV and GFCV PC 
checkout p o r t  cap removed t o  vent 
c o n t r o l  p re s su re  a r e a  of  GFCV, 
v e r i f y  no e x t e r n z l  GN2 leakage  
us ing  l e z k  d e t e c t o r  s o l u t i o n  
from t h e  GOX d u c t s  from t h e  LOX 
inlet check va lves  on each F-1 
engine dome t o  t h e  t e s t  f l a n g e  
connect ion at downstream s i d e  of 
GFCV at  1000 + 50 PSIG. Fuzz 
leakage i s  a1iol;ecl. a t  LOX bypass 
l i n e  t o  GOX r e t u r n  l i n e  j o i n t  on 
F-1 engine h e c t  exchangers.  
During t h i s  t e s t  v e r i f y  primary 
s e a l  leakage through n ~ o n i t o r  
p o r t s  of b o l t e d  f l a n g e s  does no t  
exceed 0.25 SCIM GN2 with flow- 
meters. 
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% 4.140 T,OX FRESSIJIJZKI'IOG TJTSN< TEST (],OW P~F:F;L;u~(I<)  - 
4.40.1 Ver i fy  GFCV i s  protectei i  Train p i l o t  a n e n  ':? c l l a t t e r i n ~  an3 e x c e s ~ j i ~ c  3c.ltr. 

p r e s s u r e s  between b i a s  and cont1.01 pl.escurcs ( P ~  arid pc) p r i o r  t o  ~ ~ ~ l y i r - . ;  
p r e s s u r e  t o  t h e  GOX h ~ c t s  o r  b i a s  r e ip l e to , -  cl;ccko~it po r t  (11,). I f  I I 

p r e s s u r e  t o  be app l i ed  t o  GOX 3.uc-L~ o r  lP, i s  Letween 200 and 350 i J U I G ,  i 
i p r o t e c t  GFCV hy relhoving c o n t r o l  pi-cssur, c t i e c k o ~ i  po r t  (P~) czp ~ r .  ~ p p l y  
1 

p r e s s u r e  t o  p i l o t  a l ieroi5 and tr ,nintein prcssurc  between 19.5 a ~ i i  24.0 P3iA.' 
I f  p r e s s u r e  t o  be app l i ed  t o  GOX duc t s  o r  P, i s  g r e a t e r  than  350 PSIG, i app ly  p re s su re  t o  p i l o t  anero id  and tiiaintain pressure  between 19.5 an3 1 
24.0 PSIA. i 

I 4.40.2 A f t e r  p r o t e c t i n g  GFCV, v e r i f y  
1 no a u 3 i b l e  GK2 leakzge from 

i GOX d u c t s  from GFCV and 
I 
1 p r e s s u r i z a t i o l l  check valve t o  

LOX t ank  a t  350 + 1 0  PSIG. - 
4.40.3 *After p r o t e c t i n g  GFCV and 1o;yrer 

GOX d u c t s  l eak  t e s t ,  veri.fy no 
e x t e r n a l  GI'$ leakage wi th  i e a k  
d e t e c t o r  so lu t ior i  frolo GO): duct:  
from GFCV and prepress  check 
va lve  t o  LOX tank  et 300 + 10  
PSIG. During t h i s  t e s t  v e r i f y  
primary s e a l  leakage through 
moni tor ing  p o r t s  of bo l t ed  
f l a n g e s  does not  exceed 0.25 
SCIM GM2 wi th  f low~xeter .  Dur- 
i n g  t h i s  t e s t  v e r i f y  b i a s  reg-  
u l a t o r  checkout p o r t  (pa) s e a t  
leakage 3oes not  exceed 50 SCIM 
CN2 with flowmeter 

I 
A f t e r  p ro t ec t ing  GFCV, verii'y no au3- L 

i b l e  GTT2 1 e~l; .z~;e  f  rwo GOX iiclcts f r o 3  5 
C t h e  I,OX i l l l e t  c tcck  valve on e ~ c h  e n g i ~ e  , 

t o  t h e  t o p  of t he  LOX tank  ar.3 IJOX 
p rep res s  l i n e  st 350 + 10 PSIG. - i 

i ,  1 A f t e r  p ro t ec t ing  GFCV and 350 PZIG a i l -  , 

1 i L l e  l c a k  t e s t  of 60): Suc i s ,  ver'r" GO i . , 

e x t e r n a l  G;;2 l e z k r - ~ e  with l e d :  d e t e c t o r  ' i 
s o l u t i ~ n  f r o n  GOX 5uc t s  f r ~ n  t h e  LOX i r i l , . ~  I 

I check vel vc on each enzinc t o  ti:? t o p  cf 1 
the LOX tenk and LOX p iep rcs s  lint? a t  369 I 

! '  
'+ 10  PSIG. fizz lea2;age i s  ailc;i:,bl.e ci', - ! t 

LOX by-pass l i n e  t o  G O X  r e t u r n  l i n c  Jcint : I : i 
on F-1 encine h e z t  e x c h a n ~ c ~ .  2 $ 5  : I , , 

t e s t ,  v e r i f y  p r i ~ a r y  s e a l  l c z ~ r z ~ e  i h r a u ~ k ,  + , 
i i no nit or in^ p o r t s  of bo l t ed  f l a n z e s  does ; 

no t  exceed 0.25 SCI1.I GIT2 with flc;r;..eter. ; 
During t h i s  t e s t  v e r i f y  b i a s  rc,;~lator ! ; 
chcckout por t  (%) s c a t  le?;.r;c docs not  i 
exceed 50 SCi1.I Giil, k5th f loh- .x te r .  1 j 

L I 

Veri fy  no e x t e r n a l  i e a k a ~ e  (GI:;, end l$,tJ I 

volurnc, halosen with halogcn gac 
d e t e c t o r s  from b e l l o ; ~  ax3 f l e x  j o i n t s  In 

i I 

I ; 
GOX duc t s  a t  300 +- 10  PSIG. Et ' ter re>-i  ::' I 

l e a k  t e s t  v i t h  l e& d e t e c t o r  s o l u t i o n  a n 9  ; 
where app l i cab le ,  l e a k  t e s t  p r i z ~ r y  s c a l s  
of bo l t ed  f l a n g e s  with monitor  p o r t s  with ) 
f lowmeter. 

4.40.5 *After GOX duc t s  l e a k  t e s t ,  v e r i f y  ? repress  c h e c ~  .va lve  s e a t  1ed:a~e does i r I n o t  exceed 5 SCIM Gii2 wi th  COX duc t s  a t  300 + 3 PSIG. - - 5 s  i 
$ - 4.40.6 With LOX 2 lb / sec  p rep rcs s  
~i f l owing  (1200 + 100 P" a I G  at 

~A4103)  v e r i f y n o  e x t e r n a l  
l eakage  wi th  l e a k  d e t e c t o r  
s o l u t i o n  from LOX prcp res s  
l i n e s  from t h e  umbi l i ca l  t o  
the  LOX p r e p r e s s  check valve. 

i 

i 
t 
I 

i 
i 

IDCNT K k  SIZE 
6t;alcgqo 
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Verif'y remotely no ~ u 3 i b l e  l e a k a ~ e  froin helium high  p re s su re  s y s t e n  a t  
1400 + 50 PSIG. - 

D5-17009-2 
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2 E V I S I O i C S  

4.41.2 *After h igh  pressure  au3 ih l e  t e s t ,  v e r i f y  no e x t e r n a l  G X ~ / H ~  leakage r i t h  
. l e a k  d e t e c t o r  s o l u t i o n  from helium high pressure system at  1400 + 50 

PSIG. During t h i s  t e s t ,  v e r i f y  primary s e a l  leakage through monytor 
p o r t s  of bo l t ed  f l anges  does not exceed 0.25 SC114 G N ~ / H ~  wi th  f lowxeter .  

4.41-3 *After helium high pressul- systenl leak  t e s t ,  v e r i f y  no e x t e r n a l  GX2/1ie 
leakage  wi th  l eak  d e t e c t o r  s o l u t i o n  from pogo suppression l i n e s  do-dn- 
s t ream of pogo suppression system c o n t r o l  valves under f lowing cond i t i ons  

. with  1400 - + 50 PSIG i n  helium high p re s su re  system. 
I 

A P P R C W A L  -- DESCRIPTIOS - .--- 
- 

4A1.4 *After helium high  p re s su re  system leak t e s t ,  v e r i f y  helium f i l l  check I 

valve  s e a t  leakage does not  exceed 10 SCIM G M ~ / H ~  wi th  1400 - + 50 B I G  
i n  helium high  pressure  system. I 

FUEL PRESSUIJZ,ATION I 4.41 
I 

DATE 

4 k1.5 *After helium high pressure  system l e a k  t e s t ,  verif'y helium ezergency 
duap valve s e a t  leakage does not  excee3 115 SCI1.I ~ i ? ~ / ~ e  wi th  1400 - + 50 I 

PSIG i n  helium high  pressure  system. 
I 

4k1.6 *\Jith f u e l  one l b / s e c  prepress  
f lowing,  (600 + 50 PSIG at 
D A ~ I O ~ ) ,  v e r i f y  no e x t e r n a l  
leakage  wi th  l eak  d e t e c t o r  
s o l u t i o n  f rorn f u e l  prepress  
l i n e s  from t h e  umbi l i ca l  t o  
t h e  f u e l  prepress  check valve. 

V e r i o  remotely no aud ib l e  leakage from p res su r i za t ion  low pressure  
system at  250 - + 10 PSIG wi th  260 PSIG minimum i n  helium high  pressure  
system. 

*After p r e s s u r i z a t i o n  low p r e s s u r i z a t i o n  system zudib le  t e s t ,  v e r i f y  no 
e x t e r n a l  GN2 leakage wi th  l e a k  d e t e c t o r  so lu t ion  from p r e s s u r i z a t i o n  
low p res su re  system and f u e l  p rep res s  l i n e  at 200 + 10  PSIG wi th  210 
PSIG minimum i n  helium high  pressure  system. FUZZ-leakage i s  a l lowable  
a t  helium bypass l i n e  t o  helium r e t u r n  l i h c  j o i n t ' o n  F-1 engine h e a t  
exchangers.  During t h i s  t e s t ,  v e r i f y  primary s e a l  ler~kngc through 
monitor  p o r t s  of bo l t ed  f l anges  docs not exceed 0.25 SCII'4 GN2 wi th  
flowmeter. 

4.41.9 *After l e a k  t e s t s ,  v e r i f y  prepress  check valve seat leakage does not 
excee9 4 SCIM GN2 wi th  200 + 10 PSIG i n  p re s su r i za t ion  low p res su re  
system an3 210 PSIG minimum-in helium high  pressure  system. 

IoENr N S I Z E  66Rlbg;10 
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SYM DESCKIPTION I DATE I APPROVA.  7 - - 

4.41.11 Verify under flowing con5i - 
t i o n s  with t h e  helium b o t t l e s  
at 1400 + 5 PSIG t h a t  t h e  
prevalve-helium i n j e c t i o n  
pressure  i s  140 + 20 PSIG a s  
measure3 a t  trangfiucer loca t ion  
f o r  ~182-115. 

V(.~.j.l 'y t r o  c.2 l . ( : r ~ l ( ~ l .  I (,:tk. r LL:~: (C;II% 
all3 15 by volur:~~!, 1i:~l.o~crl 
with haloczn de tec to r s  from 
giuibnl j o i n t s  i n  p ressu r i  znt ion 
low prcssure syctern a t  200 -+ 10 - 
P3IG with 210 PSIG GI$ i n  
helium high pressure system. 
After  r e p a i r s ,  l eak  t e s t  with 
leak de tec to r  so lu t ion ,  an3 
where appl icable ,  leak t e s t  
priniarjr s e a l s  of bol ted  
flanges with noni tor  p o r t s  
with f l o m e t e r .  

*Af'ter pogo suppressTon sys ten  
lezk t e s t ,  verif'y pressure at 
pressure t ransducer  ~182-115  
locat ion  i s  1b3 + 20 FSIG with 
'system flowing 1400 + 25 
PSIG i n  heliuni high pressure  
system. 

0 4 1 . 1 2  Verif'y helium flow con t ro l  valve operat ion by cycl ing  each valve t h r e e  
times with helium b o t t l e  pressure between 200 an5 1000 PSIG helium o r  
GN2 
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%I.\ . DESCRI PTlON ] DkTE 1 APPPOVCL I 

r 

4.112 LOX TAN! SY STEFI LEAK TEST 
I 

-xVc-rify LOX tank vent an3 rel-icf 
valve nechanica l ly  r e l i e v e s  a t  
23.5 t o  25.0 PSIG an3 r e s e a t s  i 

at 0.5 PSI below a c t u a l  r e l i e f  1 
pressure bu t  no t  l e s s  t h a n  23.5 
PSIG. i 

4.42.2 Ver i fy  remotely no au3ibl.e GI{ leakage from connect ions on LOX t ank  and 
2 between LOX tank  an3 F-1 engine uiain Lox valves an3 LOX fill and d r a i n  ! 

a u c t s  from LOX tank t o  umbi l ica l  a t  18 - + 1 PSIG. ! 
4.42.3 *After aud ib l e  l ed :  t e s t ,  ve r i fy  no ex te rna l  GN2 leakage t r i th  l ezk  d e t e c t o r  f 

s o l u t i o n  from connect ions on LOX tank and between LOX tank  an3  F-1 engine 

1 2  + 1 PSIG. During t h i s  t e s t ,  v e r i f y  p r i s z ry  s e a l  leakace through m o n i t o ~  

! main LOX valves an3 LOX fill an3 d r a i n  ducts from LOX t ank  t o  umbi l i ca l  at 

porrs of bol ted  f la t~y ,cs  3 0 ~ 6  not excce i  0.25 SCIM wi th  flowrceter. r 
4.42.4 *After tank  leak  t e s t ,  v e r i f y  LOX tank  pressure sense l i n e  t o  GFCV pr-oviiics I' 

f low t o  GPcv with 12  + 1 PsIG i n  Lox tank.  i 
6 

. 4 , 4 2 . 5  A f t e r  aud ib l e  l e d <  t e s t ,  v e r i o  no e x t e r n a l  leakage ( ~ l i ~  an3 15 by 
voluule, halogen .gas) wi th  halogen i ie tec tors  from connect ions on LOX 
t a n k  an3  between LOX tank  an3 F-1 engine mzin LOX valves and LOX f i l l  
an3  3 r a i n  duc t s  at 1 2  + 1 PSIG. After  r e p e i r s ,  l e a k  t e s t  connect ions wi th  
leak d e t e c t o r  solution, an3 where app l i cab le ,  l e a k  t e s t  primary s e a l s  of 
bo l t ed  f l anges  wi th  monitor p o r t s  wi th  f10i;r;eter. 

4.42.6' * M t e r  tank  l e a k  t e s t ,  v e r i f y  each LOX bubbling check valve s e a t  l e a k  does 
no t  exceea 5 SCIM GN2 wi th  1 2  - + 1 PSIG i n  LOX tank. 

$.  4.42.7 *Verify audib ly  t h a t  LOX bubbling shu to f f  valve opens and c l o s e s  when 

P couimande3. 

4.42.8 *After tank  l e a k  t e s t ,  verif 'y no e x t e r n a l  G ! ! ~ / H ~  leakage with l eak  3 e t e c t o r  
s o l u t i o n  from LOX bubbling l i n e s  from t h e  umbi l ica l  t o  LOX bubbling check 
valves at 500 - + 25 PSIG. 

) 9 1 1 SHEET A-327 
~----> 

4.42.9, A f t e r  LOX bubbling l i n e s  500 PSIG 
t e s t  an3 LOX bubbling check valve s e a t  
leakage t e s t ,  v e r i f y  no e x t e r n a l  
leakage wi th  l e a k  d e t e c t o r  s o l u t i o n  
from LOX bubbling l i n e  connect ions t o  
LOX bubbling check valves with four  ( 4 )  
l i n e  LOX bubbling ope ra t ing ,  (415 t o  ,' 
600 PSIG at umbi l ica l ) .  

r 

Exter LOX bubbling l i n e s  500  PSI(\ 
t e s t  an3  LOX bubbling check va lve  
=ea t  leakage t e s t ,  v e r i f y  no 
ex te rna l  leakage with l e a k  ' 
d e t e c t o r  s o l u t i o n  from LOX 
tubb l ing  l i n e  connec t ions  t o  LOX 
bubbling check va lves  w i t h  12 
- + 1 PSIG i n  LOX tank.  

COOE 
IDENT NC 

DWG 
S I Z E  

1 

! 
6 6 ~ 1 0 9 2 0  L 

b 
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R 
l' 

p .  

4.-42.10 *After tank leak t e s t ,  ver i fy  no ex te rna l  GF12 lecikaee with leak de tec to r  
so lu t ion  from LOX tank vent ducts a t  12 + 1 PSIG - 

4.42.11 *After vent 3uct leak t e s t s ,  ve r i fy  each vent valve s ea t  leakage does not 
excee3 290 SCIM GN2 with 12 + 1 PSIG i n  LOX tank. - 

4.42.12 *After fill an3 dra in  valve ciuct leak t e s t s ,  ve r i fy  each f i l l  and ilrain 
valve s e a t  leakage cioes not exceeci 5 SCIM GII2 with 12 + 1 PSIG i n  LOX tank. - 

! 
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' 4 . 4 3  F'LT21, TANK SY STiCK; LEAK 'J:k:S'17 

4'. 43.. 1- . . Verify remotely no au3-j.bI.e Gi12 leakage from connections on f u e l  tank an3 
between fue l  tank fin5 F-1 engitie tnain f u e l  valves . a t  15 + 1 PSIG. - 

4.43.2 *After audible leak t e s t ,  verif'y no ex te rna l  GN2 leakage with lczk deteci.or 
so lu t ion  from connections on f u e l  tank end  between f u e l  tenk an3 F-1 
engine main f u e l  valves at 10 + 1 PSIG. Lruring t h i s  t e s t ,  ver i fy  priwary 
s ea l  leakage through monitor p a s  of bolted f langes does not exceed 0.25 
SCIM GN2 with flowmeter. 

4; 4 5 3 .  After audible leak t e s t ,  ve r i fy  no ex te rna l  leakage ( ~ 3 ~  21-13 15 by v o l u ~ e ,  
halogen &as) with halogen i ietectors from connections on fue l  tenk an3 
between f u e l  tank and F-1 engine main f u e l  valves and f u e l  f i l l  an3 dra in  I 

. duct a t  10 + 1 PSIG. After  repa i r s ,  leak t e s t  connections with leak I 
I 

de tec to r  soiut ion,  an3 1r1:ere a ~ p l i c a b l e  leak t e s t  primary s ea l s  of bol te3  
f langes with monitor por t s  q i t h  flowmeter. 

4'.43.4 *Af'ter tank leak t e s t ,  ve r i fy  no external  GN2 leakage with leak detector  
so lu t ion  froni f u e l  tank f i l l  and dra in  duct a t  10 + 1 B I G .  - 

4'.43.5. *After f i l l  and firtiin valve duct leal; t e s t ,  ver i fy  f i l l  and dra in  valve 
s ea t  leakage 3oes not exceed 5 SCIM GN2 with 10 + 1 PSIG i n  f u e l  tank. - 

4.43.6 , *After tank leak t e s t ,  ve r i fy  no ex te rna l  GN2 leakage with leak detector  
so lu t ion  from f u e l  tank f l i g h t  vent duct at 10 + 1 PSIG. - 

*After f l i g h t  vent duct leek t e s t ,  ve r i fy  f l i g h t  vent and r e l i e f  valve 1 
s ea t  leakage does not exceed 60 SCIM GN2 with 10 + 1 PSIG i n  f u e l  tank. 1 - 

i 
After  tank leak t e s t ,  ve r i fy  
no ex te rna l  GN2 leakage with 
leak Cietector so lu t ion  f rou  
f u e l  tank aux i l i a ry  vent ducts 
at 10 + 1 PSIG. - 



4.43.9 After  aux i l i a ry  vent ducts leak 
t i  t e s t ,  ve r i fy  each aux i l i a ry  vent 
11 valve s e a t  leakage does not ex- 

[ cecA 60 SCIM G with 10 + 1 % PSIG'in fuel ta . - 
4.43.10 
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C 

*Verify HFCV 5 remains close3 when 
Cotrnn:ln3 1Iel.iuto Fl.ow Control Valve 
No. 5 irlhi1)i.i; relay i c  enc.1-;.izc3 
an,? f u e l  pressurization pri-ssuri. 
switch i s  actuated and 3 c a c t u ~ t c 3  

. (100 PSIG minimum i n  helium high 
pressure system). Use pressure 
switch ca l ib ra t ion  por t  f o r  t h i s  t e s t .  

DESCRIPTION DATE APPROVAi. 

closes  when it actuates  (100 PSIG , 

minirnum i n  helium high pressure 
system). Use pressure s v i t  ch cal ib-  
ra t ion  port f o r  t h i s  t e s t .  

R 

I 

I 

P 



1 
4-44.1 Verify no external  GN2 leakage with leak detector  so lu t ion  from 

connections on F-1 engine t h r u s t  chamber volumes at  10 + 1 E I G .  - 
b r i n g  t h i s  t e s t  ver i fy  the  following: , 

D5-17009-2 
usrc F O R M  422-0 (VERTICAL)  ( M O V Z M O ~ R  196x1 CONY I ~ U A T I O H  SHEET r- -----ad-u.IyJmm(..*- -) -a s7 n . a- u u r r r a u . r r . r n r u  . -4 -.~----.t-.-i' rr--+.,-mmD- 

R E Y  1 S l O f f S  
* a- 

a. Primary s e a l  leakege through monitor por t s  of bolted f langes  
3oes not exceed 0.25 SCIM GN2 'with flowmeter. 

be Each LOX dome purge check valve sea t  leakage does not exceed J 

10 SCIM GN2 with f l o m e t e r .  

A P F i .  ' L - -- DESCRI PT ION 

c. Each t h r u s t  chamber p r e f i l l  check valve s cz t  leakage does not 
excecd 50 SCIM GN2 with floymcter. 

1 &- 

I 

I 

4.44 THRUST CHAI.3ER LEAK TEST 1 

DATE 

I COOE 1 OWG 1 kf 
IDENT ~1 S K  1 66~10?20- - [ 
14981 SHEET . A-331 - 
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l ; E V I S I O ! : S  1 ; 
~ E S C R I P T  ION APPROVAL i ' 

6 > 
! 

'4.45 TURBINE EXiIAUST IXAK TEST 

4.45.1, , Verify no externel  GN leakage with leak detector  solution from 
connections on F-1 engine turbine exhaust volumes a t  10 - + 1 PSIG. 
During t h i s  t e s t  verify the  following: 

a. Each GC i n j e c t o r  purge check valve sea t  leakage does not 
exceed 25 SCIM GIJ2 with flowueter. 

b. Primary s e a l  leakage through monitor por ts  of GG b a l l  va7-fe t o  
combustor, GC .combustor t o  turbine i n l e t ,  hczt  exchanger t o  
exhaust bolte9 flanges does not exceed 10 SCIM GX2 with flowmeter. 

c. Primary sea l  leakage through monitor por ts  of bolted flanges 
not mentioned i n  (b) does not excee3 0.25 SCIM GK2 with flovneter. 

66~10920 
1 

14981 SHEET 



Veri fy  turbopunip s h a f t  brezk away en3 
running torque  does not  exceed 20 f o o t  
pounds i n  each i l i r ec t ion  and t h a t  t h e r e  . 

i s  no scu f f ing ,  rubbing, o r  b inding  f o r  
each F-1 engine. . 

D5-17009-2 
U S f C  FORM 922-tI ( V t n T ~ c A i )  (UOVEMJCR 1962) C C k l  l)tU&TION SHECT 

tjj'------* 
Y I - I . . T i l C V I I  -Lm--., .-.,m..*.- ..--t..r ...m-CIU-- 

N E V I S I O i i S .  
SYM 

.. 

[ 4.46 TURBOPUMP TORQUE CHECK 

DESCRIPTION . 

I 

DATE . A P P R O V A L  -. - 
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I F: E v I s 1 0  14 s i 

The low LOX dome purge must be 
on when engine nain valves a re  
cycle3 t o  maintain LOX dome 
cleanl iness  i f  engine f lushing 
operations a re  cowplete. The 
prevalves and LOX interconnect 
valve number th ree  must be 
closed when engine main valves 
a r e  cycled with LOX dome purge 
operating. 

W M  

I Pr io r  t o  con3ucting an engine 
components t e s t ,  drain l i ne s  
s h a l l  .be at tache3 Ao~rnstream of 
t h e  main fue l  valves, upstream 
of the  f u e l  GGBV's, and down- 
stream of the  engine checkout 
valve on the  engine return l ine .  

The hypergol simulators sha l l  be 
i n s t a l l e d  en3 100-150 psig GN2 
pressure s h z l l  be applied t o  t h e  
hypergol s inulators  . The 
hypergol i n s t a l l ed  l i g h t s  s h a l l  
conie on. 

-... 

DESCRIPT IOS 

With no hydraulic pressure 
t o  the  stage,  the  f a c i l i t y  s top 
backup valves sha l l  be cycle3 
close3, an3 back t o  open. The 
close3 and open indications 
s h a l l  be obtained. 

b' 

With a pressure of 1550 + 50 
.psig,  a s  measured a t  the- 
hydraulic supply umbilical and 
t h e  f a c i l i t y  s top backup valves 
open, t he  4-way valve s t a r t  
solenoids s h a l l  be encrgize3. 
A l l  eneine I&Vts, MFV's and 

GGBV1s shall remain closed. 

F ;̂ 
( 1  
1: 
11 

I! 
rl 

r 
CODE 
IDENT NC 

14981 

DWG 
SIZE  

11\ 
66~10920 
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4.47.6 With a pressure of 1550 + 50 B I G ,  
a s  measure5 a t  t h e  hydraulic  
supply umbil ical ,  t h e  f a c i l i t y  
s t o p  backup valves closes, and t h e  
hypergol s imulator  supply o f f ,  t h e  
4-way valve s t a r t  solenoi5s s h a l l  
be energized. A 1 1  I G V ' s  and GGBV1 s 
s h a l l  go open. !The 1bZV's s h a l l  
remain closed. 

U S ~ C  FORM 422-0 (V~RTICALI (MOVCMOCR 19621 'CONY I~ :UAT lON S l tCCT 
--.-* , , ;.- &%c.r. z z . . z u - u - - . .  ---,- -=.+, ~ltr-IPiY.,&r--IrrlP 

C : E V I S I O l : S  

4.47.7 ,With a pressure of 1550 -k 50 PSIG, 
as measured a t  the  hy3racl ic  
supply u n b i l i c a l ,  hypergo1 simulator  
supply on, an3 t h e  f e c i l i t y  s t o p  
b ~ c k u p  valves closed,  t h e  i g n i t i o n  
sequencer s h a l l  be energized and a l l  
l.LV's, I .FV ' s  en3 GGBV's s h a l l  go 
open. A l l  engine s t o p  solenoid 
backup valves s h a l l  be opened 
siniulizneously exid a l l  engine 
propel lent  valves s h a l l  go closed. 
The tice from engine s t o p  solenoid 
backup valve open ind ica t ion  t o  
GGBV open ind ica t ion  dropout s h a l l  
be 150 ms, maximum f o r  engines 1 
and 3 .  !The time from t h e  last GGBV 
open ind ica t ion  dropout (from 
above) t o  engines 2 and 4 GGBV open 
i n d i c a t i o n  dropout s h a l l  be 150 - + 50 

.. 
SYM DESCRIPT IOS 

C .  I 

4.47.8 With a pressure of 1550 + 50 PSIG, 
a s  measured a t  t h e  hydraElic 
supply umbil ical ,  hypcrgol 
s i m l a t o r  supply on, and t h e  
f a c i l i t y  s t o p  backup valves 
closed,  t h e  i g n i t i o n  sequencer 
s h a l l  be energized, and a l l  MLV's ,  
IPV's znd GGBV1s s h a l l  go open. 
The launch sequencer cutoff button 
s h a l l  be depressed and a l l  engine 
MLV's,  I F V ' s  an3 GGBV1s s h a l l  go 
closed. Verify engine con t ro l  
valve s t a r t  s i g n a l  t iming from T-0 
i s  wi th in  the limits spec i f i ed  i n  
Mgure L6. 

DATE A P P q O  J A L  

-.- 
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l " i E l S l O O 4 S  
!N kl DESCRIPTION 

1 

With 1550 + 50 PSIG hy-Jraul ie  p re s su re  at the hydrau l i c  supply umbi l i ca l  I' 

or 1500 + 50 PSIG at t h e  4-way c o ~ ~ t r o l  valves,  perform a nonnsl  engine 
main valFe opening an3 c l o s i n g  sequence and v e r i f y  train valve t iming  i s  
within l i m i t s  spec i f i ed  i n  Figure 416. Perfol-m t h i s  t e s t  t h r e e  t imes. 

With 1500 + 50 E I G  hydrau l i c  
p re s su re  aF t h e  engirie 4-way t 
c o n t r o l  valves,  perform an 
engine main valve opening and 
c l o s i n g  sequence u s i n g  t h e  

: 1 
r ehn f i an t  s t o p  so l eno id  only  
an3 v e r i f y  msin valves open 
and c l o s e  upon cornand and GG 
b a l l  valve c l o s i n g  t ime from 
c l o s e  com~and t o  open 
i n d i c a t i o n  dropout does not 
exceed 300 mi l l i secon3s .  
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I : E V I S I O l i S  
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i 

STAGE C O ~ ~ ~ T S  (GER-ERAL) 

Voltage s h a l l  be applied t o  s tage  
busses 10119, 1 D 1 1 1 ,  an3 1D211. 

I 
The output  voltage on stage buss 
I D 1 1 9  s h a l l  be 28 + 4 W and on 
s tage  busses 1~111';- 1E11, l D l l  
and lD2l s h a l l  be 28 + 1 VDC. - 
Power s h a l l  be applied t o  t he  
s tage  instrumentation system and 
DDAS ON s h a l l  be ver i f ied .  - 
The GN2 purge system spheres 
s h a l l  be pressui-ize5 t o  1500 + 
100 p s ig  and t h e  regula tor  OUT- 
l e t  pressure s h a l l  be ve r i f i ed  
at 85 + 10 psig. - 
E l e c t r i c a l  power s h a l l  be applies 
t o  t he  LOX turbopump bearing 
hea t e r s  LOX f i l l  an$ dra in  valve 
hea te r s  an3 servo acceleroneter  
heater .  The hea te r s  s h a l l  become 
w a r m  t o  t h e  touch. 

A s igna l  of 28 + 0.5 VDC s h a l l  be 
applied t o  each-of t he  f i v e  (5)  
LOX l e v e l  sensors t o  simulate 
sensor "wet1' condition. Loss of 
t h e  "Dry" ind ica t ion  s h a l l  occur. 

A s igna l  of 28 + 0.5 VDC s h a l l  be 
applied t o  each-of t h e  two (2)  
f u e l  l e v e l  sensors t o  simulate 
sensor  "wet" condition. Loss of 
the "Dry" ind ica t ion  s h a l l  occur. 
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l ; \ L v 1 s 1 0 l i s  

DESCRlPTlON 

I PI - a 1 , \  

4.48.7 The f u e l  prepressurization 
I] 
I1 system s h a l l  be confidence 

j? t e s t e d  as follows: 
j i  

1 a. Turn on fue l  slou prepress and 
I{ i ver i fy  t h e  followin5 steaiiy 

stage pressurcs : a DA3019 3500 + 200 PSIG 
I/ D A ~  116 3500 7 500 B I G  
I /  D A ~  102 200 +-50 PSIG - 
11 L b. Turn on f u e l  f a s t  prepress an3 
1 
P 

v e r i Q  t h e  following pressures: 

'i 
Dm019 3500 + 200 PSIG 
DA413.6 3500 T 500 PSIG 
~4 102 l e s s  Than 2300 PSIG 

( ~ r e s s u r e  at ~~1,102 
s h a l l  reach 90$ of 
i t s  steady s t a t e  
value within 3 
seconds) 

.- 

4.48.8 Turn on LOX 2 lb/sec pre- 
pressur izat ion system an3 ver i fy  
t h e  following pressures : 

DA3019 3500 + 200 PSIG 
~ ~ 4 1 1 4  3500 7 500 PSIG 1 
~ ~ 4 1 1 5  3500 500 PSIG 
~ ~ 4 1 0 3  l e s s  Fhan 2300 PSIG 

( ~ r e s s u r e  a t  ~~14103 
s h a l l  reach 90% of i t s  
steady s t a t e  value 
within 2 seconds) 

I 

4.48.9 . Velify LOX interconnect valves 1, 3, and 4 do not open upon command with 
t h e  stage on in t e rna l  power and valves close3. Verim valves open when 
comman3e3 using interconnect valve override function with t h e  s tage on 
i n t e r n a l  power 'and valves closed. 

b 
1 

66~10920 

14981 SHEET A-338 fl 



4.49.1 AP?T,Y 1500 + 100 PSIG i n  
, h i g h  pressu& GK2 c o n t r o l  

system spheres  end v e r i f y  
t h e  low pressure  G1;2 
c o n t r o l  s ~ s t e n  r egu la t ion  
i s  750 + 50 PSIG. - 
.P;r"ter r e g u l a t o r  output 
t e s t ,  v e r i f y  ccuLrol and 
t iming  of LOX vent velve. 
lu:sximun a1 lovzble  opening 
t i n e  i s  300 1.5, open c m -  
cznd t o  opsn in3 ica t ion .  
l < s x i ~ u n  al lowable c l o s i n g  
t i r e  i s  950 1.5, c l o s e  
corzznd t o  c l o s e 3  i n i i c a -  
t i o n .  ( ~ r o l ~ f i 3  con t ro l  
cosnec te i  t o  s t a g e  coc- 
t r o l  so lenoid  valve vent 
por t .  ) 

+After r e g u l a t o r  ou tput  t e s t ,  
v e r i f y  c o n t r o l  an3 t iming  of 
LOX vent valve. Ekximua a l lo t rab le  

1 
opening t i n e  i s  300 YE, open 
command t o  open i n d i c a t i o n .  
Naxi~um a l l o x a b l e  c l o s i n g  t ime 

I 
i s  535 IJS, c l o s e  command t o  
c losed  i n d i c a t i o n .  1 

4.49.3 *PJ"ter r e g ~ l ~ - t c r  output  t e s t ,  v e r i f y  c o n t r o l  an3  t iming  of LOX vent 
Cr an3 r e l i e f  valve. Ifexirmm al lowable opening t ime i s  300 YG, open 

I ccoj~snd t o  open ind ica t ion .  Pmirnum al lowable c l o s i n g  t ime is  535 
15 ,c lose  comand t o  c losed  ind ica t ion .  

4.49-4 *After r e g u l a t o r  output  t e s t ,  v e r i f y  c o n t r o l  and t iming  of f u e l  vent 
and r e l i e f  valve. I.'axinum al lowable opening t ime i s  200 PIS, o p  n 
cornan3 t o  open ind ica t ion .  Yaximum zl lowable c l o s i n g  t ime i s  400 
KS, c l o s e  cornand t o  c losed  i n d i c a t i o n .  

\ 

4- 49.5 *kYter r e g u l a t o r  output  t e s t ,  v e r i f y  c o n t r o l  of t h e  LOX in t e rconnec t  
valves 1, 3 and 4. 

4.49.6 *After r egu la to r  output  t e s t ,  verif 'y c o n t r o l  and t iming  of  LOX prevalves.  
l.:sxinum al'l.otrablc c l o s i n ~  t ime i s  650 t o  1025 MS, c l o s e  command t o  
c lo se3  ind ica t ion .  

A 4.49.7 *Pf t e r  r e g u l a t o r  ou tput  t e s t ,  v e r i f y  con t ro l  and t iming  of  f u e l  prevalves.  
lfaxiuium s l lowable  c l o s i n g  t ime i s  1500 t o  3000 fils, c l o s e  commsnd t o  
c losed  i n i i c a t i  on. 

*After ground GM2 c o n t r o l  l i n e s  l e a k  t e s t s ,  v e r i f y  
LOX fill and d r a i n  valves open when 750 - + 50 PSIG ground c o n t r o l  pres-  

- s u r e  is applied.  
4,. 49.9 *Mter ground Gr12 c o n t r o l  l i n e s  l e a k  t e s t s ,  v e r i f y  - - * 

a f u e l  fill and 5 r a i n  valve opens when 750 - + 50 PSIG ground c o n t r o l  pres -  
sure i s  appl ied.  

1 661310920 - 1 
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MSFC ? M Y  4224  (VLITICALI (MOVEUCR 1SU) COWT IWUATIOW SMELT 

II I R E V I S I O N S  1 - - - - - - - - - - -- 3 
SYM DESCRIPTION DATE APPROVAL 

4.49.10 A f t e r  ground GN2 c o n t r o l  l i n e s  
l e a k  t e s t s ,  v e r i f y  a.uxil ia.ry 
f u e l  ven t  and r e l i e f  va lves  
open when 750 + 50 PSIG ground 
c o n t r o l  p r e s s u r e  i s  a.pplied 
and v a l v e  o p e r a t i n g  t i m e s .  
Maximum a l l o w a b l e  opening t ime  
i s  300 MS, open command t o  open 
i n d i c a t i o n .  Ma.ximum allowa.ble 
c l o s i n g  t i m e  i s  500 MS, c l o s e  
command t o  c l o s e d  i n d i c a t i o n .  

4 .49.11 A f t e r  ground GN2 c o n t r o l  l i n e s  
l e a k  t e s t s ,  v e r i f y  f u e l  emer- 
gencv d r a i n  v a l v e  opens when 
750 + 50 PSIG ground c o n t r o l  
p r e s s u r e  i s  a p p l i e d .  

4 .49.12 "After  ground GN2 c o n t r o l  l i n e s  l e a k  t e s t s ,  v e r i f y  LOX a.nd f u e l  preval-ves 
c l o s e  when 750 + 50 PSIG ground c o n t r o l  p r e s s u r e  i s  a p p l i e 3 .  - 

I 
4.45.13 A f t e r  ground GN2 c o n t r o l  l i n e s  

l e a k  t e s t s ,  v e r i f y  LOX emer- 
gency dump va lve  opens when 
750 + 50 PSIG ground c o n t r o l  
p r e s s u r e  i s  a p p l i e d .  

1 
I 

I / B 1: 1 
I 
I I 11 
I 

1 // i 

l1  
:1 

I 
11 

11 i 

I 
r 

CODE DWG 

I j 1; 6 6 ~ 1 0 9 2 0  

I 
1 ,. I 

IDENT NO 

14981 

1 '  
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l i E V I S I 0 : : S  -- c 
!XU DESCRIPTION DATE 

;j 
' A P F R C '  ' A ' .  :: 

I 
-. .- 

-- 

STAGE CO~~PONENTS ( ~ I ~ I L I M )  
,!i 

4.50.1 *-Verify hc'l.ium clncr~cncy dump valve opens and c l o s e s  v'rlcn connnn3e3 (100 I 
PSIG minimum i n  h c l i ~ n r i  hicl: pres:;ure cystcn)  . 1: 

4.50. :' *-Verify c o n t r o l  un3 i;.imin~ of HPCV's 1 t h r b u ~ h  5 (200-1000 PSIA i n  h c l i u ~ n  
hSg11 pressure system). M:xxilllurn al lowable opening t-itiie i s  500 1.5, open 
comtnan9 t o  open in i i i ca t ion .  Ymimum al lowable c l o s i n g  t ime i s  200 1.5, 

, c l o s e  command t o  c l o s e  ind ica t ion .  

E 

I 
d 

. % 

I 

t; 
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MIFC FORM $224 t v t r r t c r ~ ~  ~YOVEMILR 1962) COMTIMUATIOM SHEET 

b I 
$ 

R E V l a l o N s  
SYM DESCRIPTION DATE APPROVAL -.- ..<' 

4.51 ELECTROMAGNETIC COMPATIBILITY CONDUCTED 

*Verify transients exraee3ing + 10 v ? l i  - 
445 microsecon3 pulse wi3ths 35 n f J t  
occur on the f~~llowinp stage C-VIT ~ I L ' L  + r 
as the stage is sequenced through a 
simulated count3own and flight. Tranuient s 
detected from a p p  Lie?? ion or remcvC:l -f 
power to components will be consijere3 
normal. 

a. ~4(~20-1)~ire RBW Firing Unit (3ep) 
~l(K104)~e Flow Contrcl Valve !Id. I +  

~2(~26)~ngirle 2-4 Cut sff 
~3(~27)Enable Engine 1-3 Cutoff 
~4(~10-1)~rrn EBW Firing Unit (R&s) 

b. ~2(~47)~na.ble Engine Out 
~4(~102)~e Flow Ccntrcjl Va.1 ve No. 2 
~5(~103)~e Flow Control Valve No. 3 
KI (K~~)LOX Level Cut off T,ogic 
K ~ ( K ~ ~ ) L ~ X  Level Tutoff 1,ogic 

c . K3 (K3 8) T,OX Le ve 1 Cut off T,ogi r 
K3 (~67) cut off Backup 
~ ~ ~ ( ~ 1 1 2 ) ~ e  Flow Valve No. 2 
~ ~ ~ ( ~ 1 1 3 ) H e  Flow Va.lve No. 3 

3. K24(K114)He Flow Valve No. 4 
~ ~ ~ ( ~ 1 1 5 ) H e  Flow Va.lve No. 5 
~ ~ 8 ( ~ 1 2 6 ) 1 ~ 9 ~  Vent a.n3 Relief Va.lve 
~ ~ ( ~ 6 1 ) ~ n g i n e  No. 1 LOX Prevalve 
~ ~ ( ~ 6 2 ) ~ n g i n e  No. 2 LOX Prevalve 

e. K3(K63)~ngine No. 3 LOX Prevalve 
K4(K64)Engine No. 4 LOX Preva.Lve 
K4(K8)~uel Prop. Depletion 
KPl(K1)~ngine No. 1 Cutoff 

f. ~ ~ ~ ( ~ 2 ) ~ n g i n e  No. 2 Cutoff 
~ ~ ~ ( ~ 3 ) ~ n g i n e  No. 3 Cutoff 
K24(K4)Engine No. 4 Cutoff 
~ ~ ~ ( ~ 1 2 1  )LOX Interconnect Valve No. 1 

Valve No. 3 
nine No. 4 OK Logic Tn, 

OK Logic Fhgirle No. 4 
Off 

~ ~ ~ ( ~ 1 3 0 ) ~ i f t  Off 

I 

I 

CODE 
IDENT NC 

14g81 

DWG 
SIZE 

A 
6 6 ~  10920 I /  

'SHEET A-342 a 
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! S t 4  1 DESCRIPTION 

j .  
' 4.51,l ( c o n t i n u e ~ )  

. 

DATE APP;ld' !' - - __-I: 

!I 
(continued) !L 

h. ~ ~ ( 8 3 7 )  Enable 'incine Out [ 
~ ~ ~ ( K l . 7 )  Fhable Fngine 1-3 ' h toff  1 
K16(%29) EDS Engines Cutoff K12(K39-2) c: 
Kll(09-1) EDS Engine Cutoff ! 

I 

i. Range Safety &coder No. 1 A/FCO 
Range Safe ty  k c o d e r  No. 2 A/FCO 
~ ~ ( 1 3 1 1 )  'i71rcls-L OK Logic Engine KO. 4 
K~ ( ~ 1 0 7 )  :,'ngine 1-3 u t  off  backup . . . 

J .  ~ ~ ( ~ 1 1 7 )  Two Adjacent Engines Out 
K5(K70) Separat ion Am 110. 2 
~ ~ ( ~ 9 0 )  Separat ion - Retro F i r e  No. 2 

i 6 
~ ~ ~ ( ~ 7 9 )  EDS Engine Cutoff 
~ ~ ~ ( ~ 6 3 )  Range Safe ty  Cutoff No. 3 F 

P 

*Verify t r z n s i e n t s  exceeding +42/-1k v o i t s  
3 microseconds pulse widths from ground 

! 

1. 

L I 1, - 
* < 

p o t e n t i a l  o r  zero v o l t s  do not occur on 
t h e  f o l l o x i n g  s tage  colnponents as t h e  [ 
s t age  i s  sequenced throug11 a s i ~ ~ - a l z t e d  b 
count dot,^ and f l i g h t .  Trans ients  detected I 
f+m app l i ca t ion  o r  removal of power t o  
components w i l l  be considered nomal .  

a. ' EBiT F i r i n g  U ~ i t  No. 1 (Retro.) Arm 
EB?! F i r i n g  Unit No. 2 (Retro. ) Arm 
LOX l e v e l  Engine Cutoff Sensor KO. 1 
Range Safety Decoder No. 1 (IX power) 
EB!S F i r i n g  Unit No. 1 ( ~ a n g e  ~ a f  e ty )  A t 3  

b. I B ! J  F i r i n g  Unit Eo. 1 (Range sa fe ty )  F i r e  
EBX F i r i n g  Unit KO. 2. ( ~ a n ~ e  sa fe ty )  Arm 
EBJ F i r i n g  Unit No. 2 (3ange sa fe ty )  F i r e  
T ine r  Dis t r ibu to r  ( + 1 ~ 2 1  power) 
Switch S e l e c t o r  (DC power) . 

c. Racgc Safe ty  Decoder No. 2 
EB!? F i r i n g  Unit KO. 1 (separa t ion)  km 
D!i' F i r i n g  Unit No. 1 (separa t ion)  F i r e  
EB!< F i r i n g  Unit No. 2 (separa t ion)  Arm 
EBN F i r i n g  Unit No. 1 ( ~ c t r o . )  F i  r e  
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CCINTIHUATIGW SHLET 
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P , E \ ' I S i O ~ ? S .  - 
DATE APFF<OVAL 

A l l  s t a t i c  f i r i n g  at13 s t a g e  6yst;cms 
c h a l l  bc checked under  s imulated 
s t a t i c  fir in^ cond i t i ons .  Th i s  t c s t  
s h a l l  be pcrfcrtnc?5 bcf o r e  p rope l l an t  
l oad ing  as c l o s e l y  r e l a t e d  as posci-  
b l e  t o  t h c  fir in^ t c s t  t o  i n s u r e  
proper. ope ra t ion  of equiprnen'i be fo re  
t h e  a c u t a l  f i r i n g  at tempt .  A ccqucnce 
p e r  F igu re  5-12 s h a l l  be perfonncd 
w i t h  s imu la t ion  as requ-ircd t o  coinplct~ 
t h e  sequence checks. 'IYlis t e s t  s h a l l  
be  perfonncd dur ing  t h e  X - 1  Day count- 
down prcc  zdure. P r i o r  t o  Simul.ate3 
S t a t i c  F i r i n g  perform F l i g h t  Measurc- 
ment P r o f i l e  T e s t ,  per paragraph 
4.23.2 only. Ver i fy  PCM/FM s i g n a l  i s  
ailequate f o r  sync and r eco r3  a l l  P C V ~  
DDAS d a t a  3u r ing  sequence of Fig. 5-12 

I 
*After performing F l i d l t  lkasurencnt  Pro- 
f i l e  T e s t ,  p a r ~ i ; r ~ ~ p l l  4.23.2 only ve r i fy  
PC~.I /E~I~ s i g n a l  i s  adequate f o r  sync and 
record a l l  PCIII/F'/ 1 1  h t a .  

*Apply 1500 + 100 PSIG i n  h igh  p re s su re  GIT2 t 
c o n t r o l  s y a ~ e t ?  sphere snd v e r i f y  t h e  low i 1 
pres su re  GX2 c o n t r o l  system rcgu le t ion  i s  t 1 
750 + 50 BIG. - I '  f 

1 

*Apply 1500 + 100 PSIG i n  h igh  p re s su re  GIl2 f 
purge sysi;en sp5ere a n 3  veli  fj. the  low 
pressure  GI+ purge system regu la t ion  i s  
85 - + 1 3  BIG. 

*Vith 750 + 50 R I G  i n  t h e  GY2 Control  - 
System, v e r i f y  t h e  f l i g h t  f i e 1  tank vent 
an3 r e l i e f  valve open pos i t i on  pickup 
occurs  with 200 m s  of i t s '  open c ~ ~ x a n 5 .  
Verify t he  c l o s e  pos i t i on  pickug occurs  
w i th in  400 m s  of t h e  c lo se  conir;;znd. 

!*verify t h e  f u e l  f i l l  an3 d r a i n  valve opens f I 

with  750 + 50 PSIG and c l o s e s  u i t h  0 - . 
+ 50 PSIG'I- - 

-XCot~nan3 wet s i m l a t i o n  t o  each 

ind ica t ions .  

J f u e l  cu tof f  sensor  and v e r i f y  l o s s  of  " d r j ' ,  

i 
*Actuate t h e  f u e l  tank  vent and r e l i e f  

valve pressure  swi tch .and  verif 'y t h e  f u e l  
t a n k  vent and r e l i e f  valve opens. Deactu- 
a t e  an3 v e r i f y  t h e  f u e l  tank  vent an5  
relief valve c loses .  

I 
I 
i 
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'4-32.8 

40.5209 

4.52.'l.O 

*-IJri.ssurize culib;-:Ltion po r t  of f u e l  rtr-cprcss . .  
pl.c:;surc swi tch  ~ ~ t l d  v e r i f y  cwitch r~clrrs t ion.  F 
ljcln~ve prcc:;~11-c at13 v e r i f y  3 ~ a c t u ~ : t l o n .  i 

*:ith 750 + 50 P S I G  i n  t h e  GX2 c o n t r o l  
1 
I 

system, ve r i fy  each of 2 LOX tank vent 1; 
and re l i -e f  valves open p o s i t i o n  pickup 
occurs  w i th in  300 1s; of c::ch correspon3ing 
open co;ri;na-id. Verify each c l o s c  p o s i t i o n  
pickup occilrs wi th in  535 i:S of each 
corresponding c l o s e  comand. ! 

*Verify each of 3 LOX f i l l  and d r c i n  
va lves  open witn 750 - + 50 PSIG and c l o s e  
wi th  0 + 50 PSIG. - 

4.52.U Wo~ixisnd wet s imula t ion  t o  each of t h e  6 
LOX l e v e l  cutoff  s enso r s  and v e r i f y  l o s s  
of dry i n d i c a t i o n s .  1 i 

'4.52.12 *Actuate t h e  LOX tarik vent an3  r e l i e f  
p re s su re  s v i t c h  an3  v e r i f y  t h e  LOX tank  1 

4.52.13 

vent and r e l i e f  valve - opens. Deactuate 
- v e r i f y  t h e  LOX tank vent and r e l i e f  

a 
F 

valve c loses .  

*Pressurize c a l i b r a t i o n  p o r t  of t h e  
LOX prep res s  pressure  switch an3  verif 'y 

i 
switch ac tua t ion .  Remove p re s su re  an3  
v e r i o  deac tua t ion .  

4.52.14 *Apply power t o  Ranee Safety, 
F 1  and P1 Telemetry, Tele~rietry Ca l i -  
b r a t o r ,  and i n t e r n a l  busses  l D l O  and 

. 1E20. Cottiman3 Range Sa fe ty  and Stage  
t r a n s f e r  switch t o  i n t e r n a l  power. 
Vonitor  s t a g e  i i s c r e t e  i n d i c a t i o n s  f o r  
c o r r e c t  response an3 v e r i f y  2 8  + 1 
on s t a g e  busses  1 D 1 1 ,  1012, lEi, 1 E 2 ,  1 
1D3, 1~28, and 1B9. 5 

L 
4.5Q. 15 ~-~oni~:ixnfi In te rconnect  Val.ves 1, 3 ,  and 4 

c l o s e 3  wi th  t h e  s t a g e  on i n t e r n a l  power. 
Ver i fy  In te rconnect  Valves 1, 3 ,  and 4 
c l o s e d  p o s i t i o n  i n d i c a t i o n s  energized.  
Coir,t!l:~nd In te rconnect  valves 1, 3, and 4 
open and v e r i f y  open p o s i t i o n  i n 3 i c a t i o n s  
e n e r g i  ze3. 

I 
i 

, , . ,. I 
I 
t 

66310920 
14981 
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MLI. 1 DESCF'?I P'r I O N  I-,-- - 
DATE APP2OV/ \L  

F 

--- 
' I 

f I 
*Apply 500 - i 50 Vb.C (60 cps)  t o  e x ' n  of 
20 euzine i g n i t e r  s imulators  an3 v e r i f y  I ' 

l o s s  of 1 i g n i t e r  correspon3ing t3 each I 

p a i r  of s iuu la to r s .  
I 

*With 1500 -t 50 F S I G  i n  hy5rczilli.c ccntrol.  
system c o 6 a n d  each engine 4-way c o n t r o l  
valve s t a r t  solenoid. 

a. Verif'y each main LOX valve c l o s e  1 ! 
pos i t ion  dropout occurs wi th in  1 1  
155 i 50 1~23 of each correspon5ing 
en@.& s t a r t  coraan3. 

b. Verify each gas cenerz tor  b a l l  valve 
c lose  pos i t ion  dropout occurs ::ithin 
135 - + 25 b E  of each corrcspon2lng 
e n d n e  s t a r t  comnand. 

c. Verify each rnain LOX valve o p n  
pos i t ion  pickup occurs wi th in  300 
+ 70 MS of 'each correspon3in.g z a i n  - 
LOX valve close3. pos i t ion  d r o p u t .  

. Verify each gas genera tor  b a l l  valve 
open pos i t ion  pickup occurs v i th i -n  
170 + 50 VB of each correspon3ing 
gas genera tor  b a l l  valve c lose3  p o s i t i o n  
dropout. 

I 
e. Verify l o s s  of 4 hypergol i n s t z l l e d  

ind ica t ions  with 25 t o  150 PSIG 
appl.ie3 t o  each of 4 i g n i t i o n  r rsni tor  
valves . 

f. Verify each main f u c l  valve o F n  
pos i t ion  pickup occurs wi th in  530 
4- 100 145 of each corresponiiing z s i n  - 
f u e l  valve closed pos i t ion  d lup 'd t .  

g. Verify t h e  second main f u e l  valve 
c lose3 pos i t ion  dropout occurs k-ithin 
100 MS of the  f i r s t  m i n  f h e l  P-lve 
closed pos i t ion  dropout. 

14981 SHEET A-346 
- - 



D5-1'IOUY-2 

M S I C  rORM 422-8 ( V ~ R T I C A C )  tYOVCMJCR 1962) COMTI)IUATIOH S ~ E T  - ..-Z:-iiY,I E.II:X .... M..P..c-.V-r-r .,.,. C.. .-)..7.--7lri%n,&-.-.S.. rlu-l:----, 

! 
DESCRIPTION DATE 

13 

.J~PFRC;~,:A~+.  -- $ 

3 C 

4.52.18 

4.52.19 

4.52.20 

4.52.21 

*-Actuate t h ru s t  Oi: switches f rorn c a l i  - 
brat ion port an3 ver i fy  12 t h ru s t  OK 
pressure switch th rus t  0% indicat ions .  I t :  ' 

I 
*Ramp each engine a t  approximately $ dezree/ [ 
6eC i n  t he  posi t ive  pi tch and yaw direct ions  
u n t i l  servo valve sa tu ra t ion  and co l l ec t  
data. Repcat i n  the  negative pi tch and 
yaw ii irections en5 co l l ec t  data. 

4.52.22 

' 

Verify open position ind ica t ions  f o r  
~ u r e  - each valve and 2.0 - + .4 VDC on mca- 

lnent Kl-115. F 
Wonmz~nd switch se lec tor  t o  enable engine 

%lith 250 + 50 PSIG i n  helium b o t t l e s  
coim~md hzlium flow cont ro l  valve 1 
open an3 ver i fy  open in3icat ions .  

Wommand s~,ri tch se lec tor  t o  open helium 
flow control  valves 2, 3 ,  and 4. il 

out by t h ru s t  not 0::. Verify 2.0 - + 4 YX 
on measurement K 1 - 1 1 5 .  

4.52.283 Command switch se lec tor  t o  ca l i b r a t e  
telemetry. Verify 2.0 + .4 VDC on 
measurement K i - i l 5  an3 ZeasureIiient 
ca l ibra t ion.  

4.52.24 Wommand switch se lec tor  t o  r e se t  
telemetry cal ibra t ion an5 verify '2.0 
+ .4 VDC on measurement K1-115. - 

4.52.25 Wornman3 switch se lec tor  t c  cutoff tlle 
2-4 engine! primary an3 backup:. 
Verify f o r  each command 20 - + 0.4 Ti:;: 
on measurement K1-115. 

4.52.26 

4.52.27 

Wornman3 s ~ ~ i t c h  sc lcc tor  t o  enable 1-3 
engine cutoff (?rimary and backup). 
Verify f o r  each command 2.0 - + .4  VDC 
on nieasurement X l - 1 1 5 .  

Wonman3 switch s e l ec to r  t o  arm Sep. and 

4.52.28 

Retro EBTiJ f i r i n g  un i t s  and backup). 
Verif'y 4.2 + .4 VDC on each EB1.J monitor 
measurement: Verify f o r  each command 
2.0 + .4 VDC on uieasurement K 1 - 1 1 5 .  - 

Woman3 switch s e l ec to r  t o  enable two 
adjacent engines out auto abort  an5 ver i fy  
2.0 + .4 VDC on mcasul-cmnt K1-115. 

'I 

. -..- 
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DESCRIPTION 

c. Veri fy  each main f u e l  va lve  open 
dropout occurs  f o r  each corresponding 
engine s t o p  comnand. 

.wCol~ilc-.nd s-n.itch s e l e c t o r  t o  f i r e  Sep. atxl $ 
Hetro ZZ1: f i r i n g  u n i t s  ( p r i m 3 r j  an3 bzckup). [ 

3. Veri fy  each main LOX valve c l o s e  E 
p o s i t i o n  pickup occurs  f o r  each 
corresponding open p o s i t i o n  dropout.  

e. Ver i fy  each gas gene ra to r  b a l l  va lve  
c l o s e  p o s i t i o n  pickup occurs  f o r  
each corresponding open p o s i t i o n  
iiropout . i 

Veri fy  ~ ~ l s e  accept  i n ~ c a t i o n s  f o r  each 
f i r i n g  c n i t  and v e r i f y  f o r  each comand 
2.0 + .4 VDC on measurement K1-115 .  - 

*With l5CO + 50 PSIG i n  h y d r a u l i c  c o n t r o l  
system coc.?knd each engine 4-way c o n t r o l  
valve s t o p  sole~roi i l .  

a. Verif'y each main LOX velve open 
p o s i t i o n  dropout occurs  f o r  each 
corresponding engine s t o p  command. 

f. VerifSr each main f i e 1  va lve  c l o s e  
p o s i t i o n  pickup occurs  f o r  each , 

corresponding open p o s i t i o n  dropout.  

t i  

I 

*Remove t h r ~ i s t  OK switch c a l i b r a t i o n  p o r t  
po r s su re  and v e r i f y  )k f i n a l  t h r u s t  no t  
OK i n d i c a t i o n s .  Verif'y 4 LOX an3  4 f u e l  
preva lve  c l o s e  i n d i c a t i o n s  occur  f o r  

! 
each corresponding open p o s i t i o n  dropout. 

b. Veri fy  each gas &ene re to r  b a l l  
valve open p o s i t i o n  3ropout occurs  
f o r  eech corresponding engine s t o p  

i; 
c o m a n  3. 

i 
I 

'With o t h e r  RF s y s t e s s  on, t r ansmi t  range 
s a f e t y  open loop anu command and v e r i f y  
4.2 + .4 VIX! on monitor  measurements. 
~ r a n F m i t  PD comand and v e r i f y  I B W  pu l se  

.. accept  i nd ica t ions .  i 
*With Umbil ical  C a r r i e r  Simulators  comm3nil I 

forward and a f t  1 and 2 e l e c t r i c a l  
u m b i l i c a l s  t o  s e p a r a t e  an5  v e r i f y  c o r r e c t  1 
response. 

661310920 
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OVJ3ilAT,L TEST LOX PFZSSUIT CO??I!ROL h 
I! 

With both LOX a u x i l i ~ r j  prcs-  
s u r i z i r ~ g  boxes energized an3 
1,OX pmpl-c:;c val vc open, 
r i c l , ~ : ~  LC 'ftOX '.l.lAi'~li I ' I i l ~ ~ I . ' j < l ~ ~ ~ ~ ~ . ~  
swl l;ch t l ~ r ~ n ~ ~ : h  ctrl. j 1):; l)o?:t 
bctwccn T-'9 ELI~CI  T-11. '{ S C C -  

0113s an:l vel-ii'y a u x i l i a r y  
p r c s s u l i z i n ~  valves 1 an3 2 
and LOX prepress  valve close.  
Remove pressurz f r o ~ n  c a l i  ps 
por t  and v e r i f y  valves open. 

With both LOX a u x i l i a r y  pres-  
s u r i z i n g  boxes energize3 an3 
LOX prepress  valve open, 
a c t u a t e  TX)X TANK PXZF3ESS 
switch thrcugh c a l i p s  por t  
between T-4.7 an3 '7-0 sec-  
con3.s and verif'y LOX a u x i l i -  
a r y  pressuri7, ing valve 1 and 
2 c lose  and LOX prepress  
valve reriains open. Renove 
pressure f r m  c a l i p s  p o r t  and 
ve r i fy  LOX a u x i l i a r y  pressur-  
i z i n g  valve 1 an3 2 open an3 
LOX prepress  valve remains open. 

With both LOX a u x i l i a r y  pres-  
s u r i z i n g  boxes energized,  a c t -  
u a t e  LOX TANK PRESSURIZATION 
switch through c a l i p s  por t  
between T-0 and ~ " 1 4  secon9s 
and ve r i fy  LOX a u x i l i a r y  pres-  
s u r i z i n g  valves 1, 2 and 4 
c lose .  Remove pressure  from 
c a l i p s  por t  an3 v e r i f y  valves 
open. 

With both LOX aux i l i azy  pres-  
s u r i z i n g  boxes energi  zed, 
a c t u a t e  LOX TANK PWSSUEI- 
ZATION switch through c a l i p s  
p o r t  between ~ + 1 4  seconds and 
cu to f f  an3 verif'y LOX auxili- 
ary pressur i z ing  valves 1, 2, 
3 an3 4 close.  Remove pre- 
sent from c a l i p s  p o r t  an3 
ver l fy  valves open. 

I O E N T N  S I Z E  6 6 ~ 1 0 2 0  
A 

-- 
14981 SHEET A-349 - L- 



x 
DESCRIPTION 

i 

With both LOX a u x i l i a r y  
p ressu r i z ing  boxes e n e r ~ i z e d ,  
a c t u a t e  LOX TANK H I G l I  SLT 
PJ:LIEl? s ~ d t  ch through c a l i p s  
por t  between T 1 4  seconds 
an3 cutoff  an3-verify LOX 
auxil ial-y p r e s s u r i  z inc  
valves 1 ,2 ,3 ,4 ,7  and 8 
c l o s e  an3 LOX tank a u x i l i a r y  
vent an3 f l i g h t  vent' valves 
open. Remove pressure from 
c a l i p s  p o r t  an3 v e r i m  pres'- 
s u r i z i n g  valves open an3 vent 
valves c lose .  

It I' 

1 4.53-6 *Verify LOX tank vent and r e l i e f  valve opens when LOX tank vent an3 'r I 
Y 

r e l i e f  pressure  switch a c t u a t e s  an3 c loses  when it Seactuates 
5 .  

(750 + 50 PSIG i n  GI?* c o n t r o l  low pzessure system). Use pressure  
.-sQitcE c a l i b r a t i o n  por t  f o r  t h i s  t e s t .  

I CODE I DwG I E 
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4.54 OVERALL TEST FUEL PRESSURE CONTROL 

" - - - - - - - - 

4.54.1 With both f u e l  a u x i l i a r y  
p r e s s u r i z i n g  boxes ener-  
g ized  and f u e l  slow 
p rep res s  valve open, ac tu-  
a t e  FUEL TANK PREPRESS 
swi tch  through c a l i p s  
p o r t  between T-9 and T-2.75 
seconds and v e r i f y  f u e l  
a u x i l i a r y  p re s su r i z ing  
valve 1 and slow prepress  
va lve  c lose .  Remove pres-  
s u r e  from c a l i p s  po r t  and 
verif 'y valves open. 

SYM 

4.54.3 With both f u e l  a u x i l i a r y  
p r e s s u r i z i n g  boxes energized 
and f u e l  f l i g h t  and a u x i l -  
i a r y  vent  valves c losed ,  
a c t u a t e  FUEL TANK VENT AND 
RELIEF switch through 
c a l i p s  p o r t  between T-0 
secon3s and cu to f f  and 
v e r i f y  f u e l  a u x i l i a r y  pres -  
s u r i z i n g  valves 1 and 2 
c l o s e  and f u e l  tank f l i g h t  
and a u x i l i a r y  vent valves 
(3) open. Remove pressure  
from c a l i p s  por t  an3 vc r i -  
f y  p re s su r i z ing  valves open 
and vent valves c lose .  

I 

DATE D E X R l  PT ION 

I 

*Verify f l i g h t  vent and r e l i e f  valve 
opens when f u e l  tank vent and r e l i e f  high 
pressure  switch ac tua t e s  and c loses  

I 
when it deactuates  (750 + 50 PSIG i n  
GN2 c o n t r o l  low pressure-system). Use 
pressure  &witch c a l i b r a t i o n  por t  f o r  

I 
t h i s  t e s t .  

I/ 

APPROVAL 
1 

4.54.2 With both f u e l  a u x i l i a r y  
I p r e s s u r i z i n g  boxes energized 

and f u e l  fast  prepress  and 

1 
I, 

f a s t  ex tens ion  prepress  
valves open, a c t u a t e  mTEL 
TANK PFCZPRESS switch 
through c a l i p s  por t  between 
T-2.75 and T-0 seconds and 
v e r i f y  f u e l  a u x i l i a r y  pres-  
s u r i n z i n g  valve 1, f u e l  f a s t  
p repress  valve and f u e l  f a s t  
ex tens ion  prepress  valve 
c lose .  ( ~ a s t  ex tens ion  
valve c l o s e s  wi th  switch 
a c t u a t e d  between T-2.70 
and T-0 seconds. ) Remove 
p re s su re  from c a l i p s  po r t  
and verif 'y valves open. 



S V M  I 

DESCRIPTION DATE APPWOVfiL 

*Verify f l i g h t  vent an3 r e l i e f  valve  opens ,, 
when f u e l  t a n k  vent an3 r e l i e f  low p r e s -  
s u r e  swi tch  ac tua , t es  w i t h  an I U  enab le  i j 
an3 c l o s e s  when it d e a c t u a t e s .  TI 

il 

1 
4 . 5 4 . 6  With bo th  f u e l  a u x i l i a r y  p r e s s u r i z i n g  11 boxes e n e r g i z e 3  an3 f u e l  f l i g h t  and 

a u x i l i a r y  vent va lves  c l o s e 3 ,  a c t u a t e  

I FUEL TANK VENT AND RELIEF swi tch  
th rough  c a l i p s  p o r t  between T-0 seconds 
a.n3 c u t o f f  and v e r i f y  f u e l  a u x i l i a r y  

I 
p r e s s u r i z i n g  va.lves 1 a.n3 2 c l o s e  an3 
f u e l  t a n k  f l i g h t  an3 a u x i l i a . r y  vent 

i v a l v e s  (3)  open. Remove p r e s s u r e  from 
c a l i p s  p o r t  an3 v e r i f y  p r e s s u r i z i n g  

I; v a l v e s  open an3 vent va lves  c l o s e .  
I1 

*Verify f l i g h t  vent and r e l i e f  va lve  does 
no t  open by low p r e s s u r e  swi tch  s.ctua.t ion 
wi thou t  an I U  ena.bl e. 
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E i t h e r  bcforc o r  after  
c a p t i v e  f i r i n g ,  record  
d a t a  t o  determine t h e  
s t a g e  a l ignn~en t  i n  t h e  
t e s t  s t a n d  an3  t h e  
alignment of t h e  engine 
c e n t e r  l i n e  through t h e  
c e n t e r  of t h e  i n j e c t o r  
and t h e  c e n t e r  of t h e  
engine e x i t  plane wi th  
r e s p e c t  t o  v e r t i c a l .  

SY M DESCRI PTION - t DATE APPFtC'.'oC\L , 

a A 

i 1 1 i 
r 
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R E V I S I O l ! S .  
SY I4 F' 

DESCRI PT ION DATE APPROVAL I 
I 

4.56 DISCONNECT FRO11 TBST F A C I L I T Y  ' E " I 
4.56.1 P r i o r  t o  disconnecting t h e  SE, t h e  s tage  valves s h a l l  be monitored 

t o  ve r i fy  t h a t  they are i n  t h e  posi t ion  required f o r  t r anspor ta t ion .  
r 

The LOX emergency 
d ra in  l i n e  s h a l l  be 
removed and t h e  opening 
at t h e  tank cappe3. 

The propel lant  tanks 
s h a l l  be pressurized 
between 3 an3 5 PSIG 
p r i o r  t o  d isconnect i~lg  
stanilby purge. ,Tne 
propel lant  tsnk prcs-  
sure  and control  system 
s h a l l  be connected and 
made operable a f t e r  
s t a c e  removal from t h e  
t e s E  stand. 

The desiccant  f i l t e r s  s h a l l  be removed 
from t h e  propellant  tanks  and t h e  pro- 
pe l l an t  tank pressure an3 con t ro l  system 
connected and made operable. 

During disconnect and removal of SE, care  w i l l  be exercised t o  
prevent contamination o r  damage t o  t h e  s tage  connections. A l l  
s p e c i a l  t e s t  f i x t u r e s ,  non-fl ight  instrumentat ion,  systems "A", 
hoses an3 adapters ,  and hydraulic l i n e s  connected d i r e c t l y  t o  t h e  
s t a g e  and SE w i l l  be removed. The s tage  power t r a n s f e r  switch ~511 
be l e f t  i n  t h e  ex te rna l  power posi t ion  and a l l  SE power suppl ies  
supplying power t o  t h e  s t age  w i l l  be turned off.  Af ter  a l l  power 
i s  removed, t h e  umbi l i t a l  s imulators w i l l  be re l i eved  of pressure 
and removed. Stage and engine p ro tec t ive  covers and c losures  w i l l  
be i n s t a l l e d ,  A l l  work platforms w i l l  be removed. 
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E E V l S I O ! t S  -- .- 1 
APPROVAL 

.- 
.%!A 

1 I 
B 
f : .  

SHIPPING INSPECTION 

An inspection s h a l l  be pcrfolmed t o  ver i fy  stage component s t a t u s ,  
cables  a r e  properly uiated, protecSi~:e covers a r e  i n s t a l l e d  and a l l  
s tage  openings a r e  protected t o  c z i c t a i n  required c lean l iness  l eve l s .  

Verify propellant  tanks a re  pressurized f o r  t ranspor ta t ion per  
66~10952, Pos i t ive  Pressurizat ion ?.equireaents. 

DESCR l PT IGN I DATE - 
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SYM DESCRI PTlON DATE APPROVAL. 

i j  
-XTo Aetennine t h e  weight an3  c e n t e r  of b 
g r a v i t y  of t h e  In te rmedia te  20 S-IC Stage,  
t h e  Staze w i l l  be weighed u n t i l  two suc- 

- c e s s i v e  weighings wi th in  i- 0 . 1  percent  of 
each o t h e r  a r e  obtained.  These weights 
w i l l  be use3  t o  c a l c u l a t e  t h e  Intel . r~iediate  
20 S-IC Stage c e n t e r  of g r a v i t y .  The s t a g e  
may be weighed wi th  des i ccan t  f i l t e r s  
i n s t a l l e 3  on t h e  p rope l l an t  t anks  o r  wi th  ,. , 

t h e  t anks  p re s su r i zed  and sealeii .  i 1 

t 
I 

t 
4 I 

I! 
I l  

f 

i! 

I a 

6 6 ~ 1 0 9 2 0  
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I : L V i S t O ! ! S  I 

I n  s t age  removal operat ions,  
t h e  LOX an3 fucl. tanks  shcll.1 
bc 111nintninc3 a t  a pos i t ive  
prcsnurc. T11c 1101+i7.01itr1.1 

l.on3 supports  shall Lc rc -  
move3 from t h e  stage a t t a c h  
f i t t i n g s ,  an3 tho forward 
s t a b i l i z a t i o n  system s h a l l  
be remove3 from t h e  f o r -  
ward handling ring-. The 
standby preclamp shall be 
remove3 end t h e  stage 
l i f t e d  from t h c  , t e s t  stand. 
The s tage  s h a l l  be roteked 
t o  t h e  horizon and lowered 
t o  t h e  t r anspor te r .  The 
LOX Punp Sezl  h r & e  s h a l l  
be maintained during 
s tage  r o t a t i o n .  The s tage  
t r a n s p o r t e r  mounted pro- 
p e l l a n t  tank monitor and 
c o n t r o l  system s h a l l  be 
connected t o  t h e  s tage  
an3 t h e  system made oper- 
a b l e  t o  maintain a p o s i t i v e  
pressure  in t h e  f u e l  and LOX 
tanks 3uring t ranspor ta t ion .  

The t r anspor te r  support Jacks will be 
reinove-j. an3 the  In temerl ia te  20 S-IC 
w i l l  be t r a n ~ p o r t e 3  from t h e  t e s t  cell. 

S'IM 

14981 SHEET A-357 ,: 
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- 

TO properly prepare the  s tage  f o r  ~ t a t i c  f i r i n g  the  following operations 
o r  funct ions  s h a l l  be accomplished and/or. ver i f ie5 .  The norm1 sequence 
f o r  acco~nplishing these  events i s  depicted i n  Figure 5-1. As systems a r e  
ac t iva ted  t he  associa te3 bluel ine  parmete rs  of Figure 5-2 s h a l l  be 
maintained within the  to lerances  specif ied.  

SY ! A  

The engines on the  s ta3e  s h a l l  be serviced a s  follows: 

1 a. The LOX Dane an3 Gas Generator LOX In j ec to r  s h a l l  be f lushe3 with 

11 t r ichloroethylene.  
't 

DESCRIPTIGS 

b. The Thrust Chamber f u e l  ,jacket s h a l l  be f lushed with t r ichloroethylene 1 
and leak checked. Z i 

* 

I I 

c. The turbop~mp shaf t  breeka~rzy s ~ n 3  running torque s h a l l  be ve r i f i ed  t o  
be not g rea te r  than 20 foot  lbs .  as measurement on the  torque pinion j 
gear shaf t  i n  each di rect ion.  

f. 

l ! 

- - DATE 

3. The engine i n l e t  screens s h a l l  be removed from the  suct ion l i n e s  
p r i o r  t o  s t a t i c  f i r i ng .  

Tllc forrrurrl c~~vl ra~ im~.n tc r l  cot13itionit1g cyr;tc~n cllrlll be trctivc~tc:rl t o  

1 provLdc c o n ~ i t i o ~ ~ c i i  a i r  at 65 -I- 5 dcirecs  I? p r i o r  t o  applying powcr t o  
te lemet ly  t ranstnitters and ~ ~ x - l o a d i n ~  e lect ronics .  

1 

1 5.0 STA[~IC FI paNC RF?m W:rlil;Xlls , if I 
i, i' 

APPROVAL I 

a 5.1.3 . The s tage  e l e c t r i c a l  power s h a l l  be appliecl. t i I 1 
I' 5.1.4 The s tage  DDAS System s h a l l  be turned on. 
/I 
1 5.1-5 The Axrge and Control GN2 spheres s h a l l  be pressurized t o  1500 - + 100 B I G .  !r I I 

5.1.6 The Servoactuator midstroke locks s h a l l  be removed. 

5.1.7 ii To prepare the  stag2 f o r  f u e l  loading with a l l  f u e l  prevalves closed t he  

P' f u e l  tank vent valves s h a l l  be opened and the  f u e l  emergency dra in  valve 
ve r i f i ed  closed. To load fue l  with the  fue l  prevalves open t h e  Yzin LOX 
Valves, Yiin Fuel Valves, and Gas Generator Valves s h a l l  a l s o  be closed. 

11 When f u e l  i s  present i n  the  f u e l  snction ducts below t h e  prevalves, s t age  

1 l hyilraulic pressure sha l l  be main.t:ained at 1000 PSIG minimum and t h e  LOX 
Turbopump Seal  Purge s h a l l  be act ivated.  i' 

i 8 .  

5.1.8 The f u e l  tank s h a l l  be f i l l e d  such t ha t  a f u e l  loading probe voltage of 
( TBD ) VDC i s  present p r i o r  t o  i n i t i a t i o n  of t h e  f i r i n g  command. 

l i 
Sample f u e l  during loading f o r  p a r t i c l e  count and density.  

f I 

501.9 The fuel pump. impeller  backca~ing  instru;nentation s h a l l  be prime3 t o  1 
remove a i r  from the  l ines .  I 

1 CODE Oi'fG 1 
IDENT NC S I Z E  

rl 
66~10920 (1 
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t: 

W t h  DESCRIPTlOfd . DATE APPROVAL t --- -,, 
I 

i: 
1.1.10 With f u e l  i n  t h e  s u c t i o n  l i n c s  and t h e  f u c l  c;.r,tc~li pressui-.zed a t  10  t3 li PSIG '' 

a l l  l i n e  an3 t a n k  c ~ n n e c t i o u s  s h a l l  be v i s u a l l y  irispzcted f o r  leakage. i. 
i 
4 5.1.11 Ver i fy  t h e  LOX In t e rconnec t  Sup;?ol-t Bracket I n s t a l l ~ t i o n  dirnension s p e c i f i e d  on [ 

60~41134 between t h e  shea r  web and t h e  edge of  t h e  support b racke t  i s  3.25 + .13 1 
inches  w i t h  t h e  s t a g e  i n  v e r t i c a l  p o s i t i o n  before  IOX loading.  Record t h e  Fesults 1' 
an9 i f  i i c e n s i o n  i s  out  of  t o l e r a n c e ,  r e ~ j j u s t  t h e  sugport  b racke t  t o  3.25 - + .03 1' 
i nches  . i 

t 
5.1.12 To prepare  t h e  s t a g e  f o r  LOX loading ,  v e r i f y ~ a c c o m p l i s h  t h e  fol lowing:  i 

a. The fo l lowing  va lves  s h a l l  be c losed:  I 
Main LOX Valves 
Gas G e n e r a t ~ r  Valves 
Main F u e l  Valves 
S tage  LOX F i l l  and D r a i t i  Valve No. 3 
LOX Emergency Drain Valve 
LOX Bubbling Shutoff  Valve 
fie1 Tank Ailxi1 iary Vent and Re l i e f  Valves 

1 b. The fo l lowing  va lves  s h a l l  be open: 

LOX Pre  v a l  ve s 

3 LOX Tank an3  Fuel  Tank F l i g h t  Vent and Re l i e f  Valves 

c. The f o l l o w i n g  f u n c t i o n s  s h a l l  be a c t i v a t e d :  

LOX F i l l  and Drain Valve Heaters  
Turbopump Hea te r s  
S e r v ~  Accelerometer Heater  
Aft Environmental Control  A i r  Flow 

d. The hel ium s t o r a g e  c y l i n d e r s  s h a l l  be p re s su r i zed  t o  1600 PSIG maximum. I 
5.1.13 As LOX h a 2 i n g  i s  commenced t h e  forward environmental condi t ion ing  system 

s h a l l  be a c t i v a t e 3  t o  provide condi t ioned  a i r  at 80 - + 10  degrees F. 

5.1.14 The LOX t e n k  s h a l l  be i n i t i a l l y  loaded at approximately 300 GPbI u n t i l  suc t ion  
d u c t s  a r e  f u l l  and r e c i r c u l a t i o n  i s  e s t a b l i s h e d  i n  duc t s  1 t h r d  4 with  t h e  1X)X 
i n t e r c o n n e c t  va lves  i n  t h e  norn~al  pos i t i on .  liken LOX i s  de t ec t ed  a t  t h e  90 inch  
po in t  i n  t h e  s u c t i o n  duc t s ,  2 l i n e  LOX bubbling s h a l l  be i n i t i a t e d  and uiaintafned 
u n t i l  LOX r e c i r c u l a t i o n  has  been e s t a b l i s h e d  i n  suc t ion  d u c t s , l  t h r u 4  .' LOX 
r e c i r c u l a t i o n  i s  e s t a b l i s h e d  when t h e  notninal LOX suc t ion  duct temperature 
s t a b i l i z e s  below -285O~ simultaneously i n  each duct a f t e r  t h e  LOX suc t ion  duct  
p r e s s u r e  i s  at l e a s t  20 S I C .  When suc t ion  duc t s  are h a l f  f u l l  t h e  LOX tank 
vent  v a l v e s  s h a l l  be c l o s e 3  and t h e  LOX u l l a g e  p re s su re  maintained betwcen 2 
an3  4 PSIG by c y c l i n g  e i t h e r  vent valve u n t i l  r e c i r c u l a t i o n  has  bcen e s t a b l i s h e d  
i n  s u c t i o n  d u c t s  1 t h r u  4 at which t ime t h e  LOX t ank  vent valves s h a l l  be opened. 
A f t e r  r e c i r c u l a t i o n  h a s  been e s t a b l i s h e d  i n  duc t s  1 t h r u  4 t h e  f i l l  r a t e  may be 

L ~ U D  i n c r e a s e d  t o  approximately 1500 GPM a d  continued a t  t h i s  r a t e  u n t i l  a  nin: 
of 6.5% of the  t a n k  volume i s  f i l l e d .  LOX may then  be 13a3ed a t  10,000 GP;4 t o  

CODE DWG 1 I;;;;N~ p?zL&--{ 
SHEET 
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approximately 955 of t h e  t a n k  volume. The loading  r a t e  s h a l l  then  be re3ucefi t o  ? 
l 5 O O  GF'M t o  achieve and maintain c LOX lc~ad-ing probe vol tage  3f  . 4 

During a l l  t imes  LOX i s  loaded,  2 l i n e  LOX bubbling s h a l l  be 
use3 CCJ r e - e s i a b l i s h  thermal  pum?ing i f  necesszry. 

I 

Wi.4 

l 
5.1.15 With LOX i n  t h e  s u c t i o n  l i n e s  and t h e  LOX systera pressur ized  at 7 t o  8 PSIG, 

ii 
a l l  l i n e  and t a n k  connect ions s h a l l  be v i s u a l l y  inspec ted  f o r  leakage. 

, 

i 5.1.16 Hypergol and t h e  Gas Generator  and Turbine Exhaust I g n i t e r s  s h a l l  be i n s t a l l e d  
i n  each engine.  

I '1 5.1.17 Each engine  f u e l  j acke t  s h a l l  be f i l l e d  with othylcne g b o l  water  p r e f i l l  so lu t i an .  
'3 
l1  Low LOX dome purge r equ i r ed  dur ing  p r e f i l l  opera t ion .  E 
[; 5.1.18 Each outboard engine s h z l l  be gimballed + degree i n  p i t c h  an3 yaw t o  v e r i f y  

t h a t  it i s  f r e e  and w i l l  gimbal c o r r e c t l y  i n  each d i r e c t i o n  upon r ece iv ing  a 
v 

s p e c i f i c  command. Low LOX dome purge r equ i r e3  i f  engine f i l l e d  with p r e f i l l  
s o l u t i o n .  

5.1.19 A f t e r  LOX loz3 ing  i s  complete t h e  helium c y l i n d e r s  s h a l l  bc ~ r e s s ~ r i z c 3  br tveen 
. 3000&3290 PSIG. The purge and c o n t r o l  GH2 spheres  s h a l l  be p re s su r i ze3  between j 

2760&3300 PSIG. f 
! 

..- 

5.1.20 The f o u r  s t a g e  ho ld  down arms s h a l l  be preloaded t o  588 + 10 KIPS on t h e  hold  

d down am a c t u a t o r  rods. The t h r e e  s t a g e  forward s t a b i l i z a t i o n  f i t t i n g s  s h a l l  
be preloa3ed t o  40 + 2 KIPS. - 

,I 5.1.21 The POGO suppress ion  system s h a l l  be a c t i v a t e d  f o r  3ne minute t o  pre-charge 

1. t h e  p reva lves  p r i o r  t o  t h e  automatic  sequence. Two l i n e  LOX bubbling s h a l l  
be on du r ing  pre-charge ope ra t ion  t o  a s su re  thermal  pumping w i l l  not  be i n t e r -  

[ rupte3.  
I/ i 

APF'XOVAL . DESCRIPTION 

' 1 2  !&o l i n e  , bubbl ing  s h a l l  be a c t i v a t e d  at o r  p r i o r  t o  T-10 minutes f o r  f i n a l  
i' 
i 

c h i l l  Jown of LOX s u c t i o n  duc t s  p r i o r  t o  i g n i t i o n .  I 

I I 

DATE 

i 
/I 5.1.23 P r i o r  t o  T-90 seconds (start  of automatic  sequence) t h e  f u e l  e u x i l i a r j  vent valves I 

1 s h a l l  be c lo se3 ,  4 l i n e  LOX bubbling s h a l l  be enabled, a f t  envi ronaenta l  switch 
ove r  t o  GN2 s h a l l  be accomplishe3 t o  i n e r t  t h e  a f t  s e c t i o n  an3 p o w r  s h a l l  be 
a p p l i e d  t o  t h e  fo l lowing:  +ID10 Bus, +1EO Bus, S-IC Telemetry C a l i b r a t o r ,  

/ I  F1 RF Assembly and P1 RF Assembly. 
E! 

1 
5.1.24 LOX Tank Vent end Re l i e f  Valve and- Fuel. Tank F l i g h t  Vent v a l v e  s h a l l  be cycled 3 

c l ~ s e d  and t h e n  open. The LOX Tank Vent Valve s h a l l  be cyc l e3  c losed  open and 
c losed .  

1 5 . 1 2  LOX replenish shall be terminated at T-187 seconds. 
0 

1 
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I t E Y  1 S I O t : S  I 
51' h4 . DESCRIPTION DATE I APPROVAL j 

I 'r 

il 5 2  ST A'L'IC FI RING - il 
I 

5.2.1  HI)) - secon3 durc~tion ~ t : r t i c  f i  rirq: s h a l l  be cjcco~rrpl ishc3.  Thc  (T~I J J )  ccoonAs 
s h a l l  be timed f r ~ m  sirnulcrtc9 l i f t o f f  (T+o) t o  cutoff  comman3o i n i t i a t e d .  I 

5.2.2. When al.1 prepara t ions  f o r  s t a t i c  f i r i n g  opera t ions  of pa.ragraph 5.1 have been 
completed, b lue l ine  paraneters  of Figure 5-2 s h a l l  be v e r i f i e d  t o  be wi th in  
t o l e r a n c e  and a f i r i n g  cmmanA s igna l  i n i t i a t e d .  During t h e  ensuing automatic 
counthwn and f i r i n g  sequence t h e  b lue l i ce  parameters s h a l l  be monitored i n  
accordance with Figure 5-2 nni t h e  performance parameters of paragraph 5.4 
s h a l l  be recorded f o r  post t e s t  evaluat ion.  

5.2.3 Paragraph 5.4 e s t a b l i s h e s  t h e  c r i t e r i a .  t o  v e r i f y  s a t i s f a c t o r y  performa.nce of 
t h e  S-IC s t age  iiuring t h e  s t z t i c  f i r i n g .  Data w i l l  be analyzed by t h e  Tes t  

I Evaluation team and t h e  necessery graphs, t a b l e s  and da ta  format needed t o  

1 support t h e  performance requirements w i l l  be included i n  t h e  s t a t i c  f i r i n g  5-day 
t e s t  r epor t .  A post t e s t  meeting w i l l  be held a t  PPF within seven days a f t e r  
t h e  s t a t i c  f i r i n g  and a verbal presenta t ion  t o  t h e  customer w i l l  def ine  t h e  
performance of each system'in r e l a t i o n  t o  t h e  performance c r i t e r i a .  If a l l  
requirements ~f 5.4 have not been achieveii, t h e  exceptions w i l l  be l i s t e i i  with 

. propose3 course of ac t ion .  The hardwire measuring system s h a l l  be t h e  primary 
system f o r  acceptence an3 perfomance data.  

1 

*Engine cutoff  s h a l l  be i n i t i a t e d  i n  accordance with t h e  minimum f i r i n g  dura t ion  1 
an9 red l ine  parameter d i rec t ions  of Figure 5-3. I 

t 

i 

66~10920 
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P 
POST F I R I N G  SECURING 

! 
'1 5.3.1 Following engine cutoff  t h e  fol lowing operat ions s h a l l  be accomplishe3. The 1 b l u e l i n e  parameters of F ig r re  5-2 s h a l l  be maintained within t h e  l i m i t s  

1 ;  I s p e c i f i e d  u n t i l  t h e i r  a s s o c i a t d i  systems a r e  decctivnted. i !  
!I 

fl 5.3.2 The LOX Dome Purge s h a l l  be i n i t i a l l y  maintained at an operat ing l e v e l  of 600 
4 PSIG minilnun a t  s t a t i o n  116. 
I] 
I' $ 5.3.3 The Forward Environmental Conditioning System s h a l l  be ve r i f i ed  t o  be providin2 

cond i t ion  a i r  at  80 + 1 0  degrees F. - 
5.3.4 The LOX and Fuel  Tanks s h a l l  be vented t o  a small pos i t ive  pressure u t i l i z i n g  

t h e  tank vent valves. !! 
j 1 
' 3 . 3 . 5  Upon i n d i c a t i o n  t h a t  t h e  s t age  has  s a f e l y  shutdown a r e s e t  cornand s h a l l  Ce 
/i provideii. 
1 1  

5.3.7 The c o n t r o l  and purge GN2 s torage  spheres s h a l l  be pressurized t o  1 5 0  - + 1GO PSIG.: 
I I 

' 

1! 

I 

5.3.8 LOX bubbling s h a l l  be i n i t i a t e d  a s  necessary t o  suppress geysering i n  the  LOX mi system u n t i l  canple t ion of LOX draining. ! I  
1 

1 5-3.9 The helium s torage  cy l inders  s h a l l  be vented t o  a pressure of 57 t o  50 PSIG. I 

5.3.6 Upon v I s u a l  v e r i f i c a t i o n  t h a t  engine cutoff i s  complete and t h z t  no res i f i ia l  
f i r e s  o r  l e a k s  a r e  p re ren t  i n  t h e  engine a r e a  t h e  LOX Dome h r g e  may be re2uced 
and AFT Environment81 may be switched from GN2 t o  a i r .  

I 

j; 
I /  _ s u r e  upon completion of a l l  d ra in  operat ions.  

' I  , 5.3.11 When t h e  LOX tank i s  drained,  t h e  A f t  Environmental Conditioning System nzy be 
/ I  deac t iva ted  and t h e  Forward Enyironmental Conditioning System s h a l l  be adJuste3 

t o  provide conditioned a i r  at 65 + 5 degrees F i f  power i s  applied t o  t e l e z e t r j  

I 
t 

t r a n s m i t t e r s  and LOX loading elecTronics. If t h e  s a i d  e lec t ron ics  i s  not ec t ive  
t h e  FECS may be secured. 

I '  

I ,  5.3.12 Each engine s h a l l  be serviced as soon as poss ib le  a f t e r  f i r i n g .  Tne engine 
/ I  s e r v i c e  requirements are as follows: 

a. The low LOX Dome Purge and t h e  Turbopump LOX Seal  Purge and hyilraulic pres- I 
s u r e  at 1500 + 50 PSIG s h a l l  be maintained a s  required Auring Fuel an3 LOX 

I 
draining.  Thg LOX dome purge s h a l l  remain on f o r  a minimum of one hour. I 

I 
;I b. The Hypergol Manifold Assembly s h a l l  be purged, u t i l i z i n g  GN2 a t  150 - + 50 
I I PSIG as measured at  t h e  CCP p r i o r  t o  removal of t h e  spent car t r idge .  

s*'i 
I 

I 

i 
i r i 
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S(M DESCRIPTIO!< DATE A P r . '  /AL !' 'I 1 - - 
.3.12 Continued 

c. The Residual  Fuel  s h a l l  be dra ined  from each engine and t h e  p s e f i l l  s o l u t i o n  
s h a l l  be dra ined  and purged from t h e  s t a g e  p r e f i l l  system. 

1 
I 
1 

3. The spent  Pyrotechnic I g n i t e r s  s h a l l  be removed and t h e  p r o t e c t i v e  1' . 
c l o s u r e s  s h a l l  be i n s t a l l e d .  

i/ NOTE: A l l  o f  t h e  r e s i d u a l  LOX i n  t h e  engine LOX f e e d  system s h a l l  be 
d ra ined  and/or  a l lowe3 t o  b o i l  o f f  p r i o r  t o  cotriplying wi th  any of 1 t h e  fo l lowing  requirements.  

il 
I . e. 'The e l e c t r i c a l  power t o  t h e  turbopump h e a t e r s  s h a l l  be te rmina ted .  I 

f .  The t h r u s t  chamber f u e l  j acke t  s h a l l  be l eak  checke3 an3 s h a l l  be 
f l u s h e d  wi th  t r i c h l o r o e t h y l e n e  an2 purged wi th  GK2. T i e  l e a k  check 
s h a l l  v e r i f y  no leakage from t h e  t h r u s t  chamber f u e l  j acke t .  

g. The turbopump s h a l l  be preserved u t i l i z i n g  p re se rva t ive  f l u i d  and GN2. 
. The GN2 pres su re  s h a l l  be 35 + 1 0  PSIG. Thi s  p re se rva t ion  requirement 

s h a l l  be accoroplished wi th in  72 hours  o f  the.  t i n e  t h a t  f u e l  was last  
in t roduced  i n t o  t h e  turbopump l u b r i c a t i o n  s y s t e ~ ,  o r  w i t h i n  t h e  c a l e n d a r  
day on which t h e  72 hours  exp i r e s .  i 

h. The turbopurrp p in ion  to rque  s h a l l  be measured, both breakaway and running, 
i n  both  d i r e c t i o n s  and v e r i f i e 5  t o  no t .  exceed 20 f o o t  l b s .  

1 5.3.U The GN2 Purge and C o n t r ~ l  Systems s h a l l  be vented t o  atmospheric pressure .  

5.3.14 The s t a g e  e l e c t r i c a l  equipment i n  both t h e  forwar3 an3 aft compartaents may 1 
be t u r n e d  o f f .  I 1 5.3.15, P r o t e c t i v e  c l o s u r e s  s h a l l  be i n s t a l l e d  on each of t h e  engines.  

d 
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SY Id DESCRIPTION DATE A P P R O V A L ,  f 

" 
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Y A 

PEmOIU.IANCE PARAlb3;TERS i 
1 5.4.1 ENGINE PERFORMANCE 

I k. / 
1 The s t age  s h a l l  demonstrate t h a t  t h e  performance of each engine conforms t o  -k 

t h e  f ~ l l o w i n g :  li 

i. 
Y a. Engine t h r u s t  reduced t o  s tan3ar3  condi t ions  at a T + 35 - 38 second t i n e  t 

i 
i n t e r v a l  i s  wi th in  15 KIPS of predic ted  t h r u s t  furnisheii by Rocketiiyne 
and wi th in  t h e  l i m i t s  of 1500 t o  1545 KIPS. 

1 
b. Gas genera tor  t o t a l  propel lant  flow r a t e  reduce3 t o  stanilard condi t ions  ' 

excee3s 170 lb /sec  at T + 35 - 38 second time i n t e r v a l .  

c. Turbine manifold t o r u s  temperature reduced t o  standard condi t ions  at a 

'i 
T + 35 - 38 s e c ~ n d  time i n t e r v a l  i s  wi th in  t h e  l i m i t s  of 1400 t o  1610'~. 

1, I 
3. Fuel  pump balance cav i ty  pressure  i s  wi th in  t h e  l i m i t s  of 200 t o  300 ps ig  

from T + 0 t o  cu to f f  as recorded by measu5ement ~ ~ 1 4  -1 t h r u  4. 

e. LOX pump s e a l  cav i ty  pressure does not exceeA 8 ps ig  a t  any t ime during 
t h e  s t a t i c  f i r i n g  opera t ion  as r e c o d e 3  by neasurement DA13-1 t h r u  4. i e A ISFC engine d a t a  reduction program pas t  516 provi3eA 30 days p r i o r  t o  t h e  

0 schedule3 s t a t i c  f i r i n g  w i l l  be u t i l i z e d  t o  f u l f i l l  t h e  requirements 3f ( a ) ,  
(b ) ,  and (c) .  Neasurements required f o r  program input  a r e  l i s t e d  below. 

I 
I 

I 
MEASUREIW NUMBER 

1. 
b 
11 CAlA-1 and 4 
a C A 2 - 1  t h r u  4 
11  'CA9-1  t h r u  4 
j i *  CA10-1 t h r u  4 
1) CA2000-1 t h r u  4 
1 DA1-1 t h r u  4 
i' DM-1 t h r u  4 

DA3-1 t h r u  4 1 DA4-1 t h r u  4 
DA5-1 t h r u  4 

ii DA~-1 t h n  4 
1 / DA7-1 t h r u  4 
I I DATA-1 t h r u  4 . 
11 DA~-1 t h m  4 
11 DA9-1 t h r u  4 
I I DA33-1 t h ru  4 
'i DA.000-1 t h r u  4 1, FA1-1 th ru  4 
I TA1-1 t h ru  4 
11 

Fuel  d e n s i t y  
Ambient Pressure  an9 Temperature 
DA2000B-1 t h m  4 

3 
TAlA-1 t h r u  4 

Temp, f u e l  pump i n l e t  No. 2 
Temp, tu rb ine  manifold t o r u s  
Te~np, t u r b i n e  i n l e t  
Temp, t u r b i n e  o u t l e t  
Temp, LOX suct ion  l i n e  
P ress , fue l  pump i n l e t  ND. 1 
Press,fuel  pump i n l e t  No. 2 
Press,  LOX pun? o u t l e t  N 3 . 1  
Press,  LOX pump o u t l e t  No.2 
Press , fue l  pump o u t l e t  Ro.1 
Press,f 'uel pump o u t l e t  No.2 
Press,  combustion chamber 
Press,  combustion chamber 
Press,  GG chamber 
Press,  t u r b i n e  out l e t  
Press ,  t u r b i n e  i n l e t  
Press, LOX suct ion  duct 
Flowrate, LOX t o  H.E. 
Speed, turbopump 

Press ,  LOX suct ion  duct 
Speed, Trubopump 

L 
;I CODE DWG 
I! 
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i"! 2 The s t a g e  s h a l l  demonstrate  t h a t  t h e  engine sequence conforms t o  t h e  fo1lowj.n~:  - 
8 

a. The F-1 cn i n e  sta1-t cmmands (4-way Control  Valve Open Si p a l ,  Xeasalrenent F 9 
I: KA~-1 t h r u  I. ) s h a l l  be given on an i n d i v i d u a l  b a s i s  such t h a t  30 kilo-poun.~; - 

t h r u s t  ( o r  100 p s i 6  Co~nbustion C;latli.rriber Pressure,  I4casuremcnt DA7-1 t h r u  4) 
i i e  t a r g e t e d  f o r  the follow in^ t imes:  ( ~ e f .  dwg. 60~37301)  
i4 

Engine P s i t i o n  No. 1 T-2.660 scc.  
Engine P o s i t i o n  No. 3 T-2.660 sec. 
Engine P o s i t i o n  No. 2 T-2.360 see.  
Engine P o s i t i ~ n  No. 4 T-2.360 sec. 

b. The i n d i v i d u a l  engine s t a r t  cornman3 s i g n a l  sequence s h a l l  be 3er ivcd  by 
c m b i n i n g  t h e  above requirements o n 3  t h e  engine start t imes  ( t h e  t ime 
r equ i r ed  from 4-way Control  Valve Open Signal  t o  90 kilo-paunds t h r u s t )  
ob ta ined  from t h e  in3 iv idua l  F-1 Engine Log B ~ o k s .  

c.  The a b s ~ l u t e  d i f f e r e n c e  between t h e  t ime requi red  f rm 4-lky Control  Valve f 
Open S igna l  t~ 90 ki l3-pounds t h r u s t  ob ta ined  from t h e  s t a g e  acceptance 
t e s t ,  c o r r e c t e d  t o  nominal p r e s t a r t  cond i t i ons ,  and t h e  va lue  p r e d i c t e 5  
by t h e  Engine Manufacturer s h a l l  no t  exceed 200 mi l l i seconds .  

J 

3 .  Engine p r o p e l l a n t  valve poten t iometer  t imes  s h a l l  be Ki th in  t h e  l i m i t s  
s p e c i f i e d  below: 

P1 VALVE OPENING TIMES LIl.lITS ' EE PSLREIvEIiT 

I ( ~ i l l i s e c o n 3 s )  NUMBER 

No. 1 Main LOX Valve 
KO. 2 Main LOX Valve 
W a s  Generator  B a l l  Valve 
No. 1 Main Fuel  Valve 
No. 2 Main Fuel  Valve 

VALVE CLOSING TINES 

No. 1 Main LOX Valve 515 + 85 GA1 
No. 2 Main LOX Valve 515 -c 85 GA2 
W a s  Genera tor  B a l l  Valve 85 + 15 KAl 
No. 1 Main Fuel  Valve 1160 7 250 GA3 
No. 2 Main Fue l  Valve 1160 + 250 G A ~  

Overlap: The t ime period from t h e  poin t  a t  which any main o x i d i z e r  
va lve  reaches  f u l l y  c losed  t o  t h e  poin t  a t  which any main f u e l  valve 
reaches  f u l l y  c lo sed  s h a l l  be a minimum of  100 mi l l i secon3s .  The 
main o x i d i z e r  va lves  s h a l l  reach c lose3  p r i o r  t o  t he  main . fue1  valves.  

i 
m e  gas g e n e r a t o r  valve t imes  a r e  switch t o  switch t imes.  j 

1 
'1 
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SYI.! DESCRIPTIOP< DATE APPROVAL 
I I L u 1,' 0 4.1.3 The E o l l o w i n ~  perronoancc paro7ceters iirc t o  be r e c o r 9 ~ 3  dur ing  t h e  S t a t i c  F i r i n g  Ij - 

f o r  use  i n  pos t  f i r i n e  eva lua t ion  of F-1 Encine heat cxchan&ey pcrforc~snce.  I 
Acceptable  IIclium h e a t  exchanger efTect  ivcncss  i s  5ef i n e 3  by Figure  5-14, !' 
Acceptable  LOX h e a t  exchanger GO>: o u t l e t  terapcraturc i s  def ined  by 5-5. 
Acceptable  LOX h e a t  c x c h a n ~ e r  GOX o u t l e t  p ressure  i s  fiefined by Figure 5-6. I 

!I 
ENGINE l.IEm MClIANGER mAsUREbDnT WQUIrnrnWS I 

~ ~ 3 7 - 1  t h r u  4 Pressure ,  Heat Exchanger Iielium O u t l e t  (I t  ) 
DA39-1 t h r u  4 Pressure ,  Heat Exchanger GOX Ou t l e t  (11 ) 
~ ~ 4 0 0 6 - 1  t h r u  4 Temperature, H e a t  Exchanger Eklium I n 1  e'i (11. ) 
~A4008-1 t h r u  4 Temperature, Heat E x c h a ~ g e r  Helium Out l e t  (4 ) 
CA4009-1  t h m .  4 Temperature, Heat Fxchanger GOX Out l e t  (4 ) 

FA1-1 t h r u  4 Flowrate ,  LOX Heat Exchanger (4 ) 
DP-hobo-1 t h r u  4 
~ ~ 4 0 4 1 - 1  t h r u  4 Flovra t  e ,  Helium Heat Exchanger (4 ) 
~ ~ 4 0 0 8 - 1  t h r u  4 

T + 30 t o  cu to f f  

THRUST VECTOR CONTROL SYSTEM 

The TVC system s h a l l  demonstrate t h e  c a p a b i l i t y  of gimball ing t h e  f o u r  outboard 
eng ines  i n  p i t c h ,  yaw and r o l L  modes dur ing  t h e  s t a t i c  f i r i n g  i n  accordance wi th  
t h e  gimbal program s p e c i f i e d  i n  F igure  5-7. 

a .*Ac tua to r  Frequency Response -, 

During + l / h O  s i n e  wave frequency sweep t h e  amplitude r a t i o  an3 phase s h i f t  
s h a l l  bg w i t h i n  t h e  l i m i t s  s p e c i f i e d  i n  F igure  5-8 and Figure 5-9 as de r ived  
from t h e  measurements l i s t e d  below. 

b. * Actua tor  S t e p  Response. 

During + 2O s t e p  commands, t h e  maxiuium r a t e  of ex tens ion  and r e t r a c t i o n  
s h a l l  b g  11.0 + 2 degrees/second, as der ived  from t h e  measurements l i s t e d  - 
below. 

c. P o s i t i o n  t o  Command Tolerance  

The a c t u a t o r  s t ea3y  s t a t e  p i s t o n  pos i t i on  s h a l l  be 0 + 0.1. degrees wi th  a 
0 i n p u t  cornman3 and 2 + 0.5 degrees wi th  a 2 degree sFep command as der ived  
fmm the  measurements i i s t e d  below. 

f h  , "! 
4 
1, CODE DWG 
/ I  IOENT NC SIZE 66~10920 
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MEASUFtJ314XNT NUIiZBER 

CAI0 
G A l l  
HA1 
HA2 
~ ~ 1 0 0 6  . 
MA1007 

U S ~ C  FORM 422-8 ( Y ~ R T I C A L ~  OIOVCMILR 1962) COI D5-17009-2 
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R E V I S I O I 4 S  I"! 

& 
TVC NJUSUREIYIENT EQUIREMENPS k P 

mASUIBI*EI\PT D E S C R I P T I O N  

P o s i t i o n ,  P i t ch  Actua tor  P is ton  
P o s i t i o n ,  Yaw Actua tor  Pi s ton  
Current ,  P i t c h  Actuator  &rvo Input 
Current  ,Yaw Actuator  Servo Input  
Amplif ier  I n p u t ,  P i t c h  Actuator  

t 
APPRq'JE --- 

I 

D M  

Ampl i f ie r  Inpu t ,  Yaw Actuator  I 

15.4.3.1 The LOX. press l ; r iza t ion  system s h a l l  maintain t h e  LOX tank  u l l a g e  p re s su re  wi th in  
' 

t h e  envelope of  Figure 5-10 dur ing  onboard p r e s s u r i z a t i o n  system opera t ion .  

R ' 
DESCRIPTIOII 

0 

i n  t h e  envelope o f  F igure  5-11 from sirriul.ated l i f t o f f  t o  c u t o f f  wi th  t h e  fol low- 

/ 5.4.3.2 The f u e l  p r e s s u r i z a t i o n  system s h a l l  maintain t h e  f u e l  t a n k  u l l a g e  pressure  ~ 5 t h -  

i n g  helium c o n t r o l  va lve  sequence: i 

Valve Sequence - Measurement No. 

& '-y 

DATE: 

No. 1 
No. 2  
No. 3 
No. 4 
3 .  5 

I; F' 

(TO Be ~ i ide i i )  
 TO Be Aiiiied) 
(TO B& ~d i i ed ) .  
(TO Be Added) 
(TO Be ~ d d e d )  

C 
T 5 . 4 . 2 . i  ( ~ o n t i n u e ~  j 

I l  I 

The hel ium con ta ine r s  w i l l  be p re s su r i zed  w i t h i n  l i m i t s  of 3000 t o  3200 p s i a  
at T-2.75 s e c ~ n d s ,  as recorded by Measurement ~ ~ 4 0 0 1 .  

ELECTRICAL PO; SYSTEl4 

a5.4.4.1 The s t a g e  s h a l l  denans t r a t e  t h a t  t h e  e l e c t r i c a l  power system i s  capable of 
main ta in ing  t h e  vol tage requirements l i s t e d  below whi le  t r a n s f e r r e d  t o  i n t e r n a l  
power. 

BUSS - VOLTAGE MEASURENDT NO. 

/i 
11 6 6 ~ 1 0 9 2 0  

I SHEET A-367 
is ( Y  V * .DIUNs=.d 



1 5 - 4 - 5  CONTROL PRESSURE SYSTEM 

MSFC FORM 422-3 (VLRTlCAL)  (WOVCM2LR 1962) CO' -. . D5-17009-2 - .- , 
" -2- --, ~.S--PP-.? i. .. c ,I. r..#..- I,~.&~CIII---I...-LII -i-. <.c~---x-u-n-ea--.uc*s 

5.4.5.1 The s tage s h a l l  Sernonstratc t h e  capabi1.ity of t h e  control pressure cystern t o  
ma in t a incon t ro l  sphere pi*essure (l.;casurenent ~ ~ 4 0 0 ) : )  above 2000 p s i g a f t e r  5 

I cutoff  and t h e  regulator  o u t l e t  pressure (l7:e~sui8ement ~ ~ 4 0 0 6 )  shaLl not exceed 
, 750 + 50 psig  a t  any time during t h e  s t a t i c  f i r i n g  operation. - ! 

f 

8 5.4.6 GN2 FURGE SYSTEM 
ti I 
! 5.4.6.1 The s tage s h a l l  demonstrate t he  ca!m.bility of t h e  purge system t o  maintzin purge \ sphere pressure (bteasurement ~ ~ 4 0 0 5 )  between 3300 an3 1000 PSIG from simulate3 

l i f t o f f  t o  cutoff .  The LOX pump seal purge regulator ou t l e t  pressure (~.:easurercerit 
~ ~ 4 0 0 7 )  s h a l l  be maintaine9 at 85+10 PSIG during s t a t i c  . f i r i n g  operation. - 

I 

R E V 1 S t O / < $  d 

!I 5.4-7 FLIGHT NEXSUREWS SYSTEM 

- 
56' M DESCRIPTION - 

1 

5.4.7.1 The Systems "A" an9 Systems "B" fb:easurenents l i s t e d  below s h a l l  be comgare3 
within t h e  accuracies specif ied i n  the cor re la t ion  accuracy colunn. The 

a 
comparison s h a l l  be made by using t he  average of data points recor3e3 5uring 

\ t h e  T + 35 - 38 seconds time in te rva l .  
,1 

1 SYSTEEru "A" 

DATE 

DA~-1 thm 
D A ~  -4 
DA1-1  t h ~  
D A ~  -;4 
DA~-1 t h r u  
D A ~  - 4 
DA7-1 thru  
D A ~  - 4 
DA~-1 thm 
DAB- 4 

APPROVAL I 

i 

SYSTEMS "B" 

D3-101 t h r u  
D3 -104 
~ 4 - 1 0 1  t h ru  
D4 -104 
07-101 t h r u  
W-104 
DQ-101 th ru  
~8-104 
m-101 th ru  
og-104 

125 PSI 

10 PSI 

175 PSI 

105 =I 

105 PSI 



5.4.7.1 cont inued  \; 

US-1 7003-Z 
MSVC F O ~ M  422-1 I V ~ . ~ T I C A L \  IHOVCMOER ~ S C Z )  CONY I W U A T  1011 S H C C f  
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I I ' : E V I S I O ! I S  P 

DA9-1 t h n  
D A ~  - 4 
DAl2-1 t h n  . 
DA12- 4 
D A ~  005 
~A4019 
D A ) + O O ~  
DA2001 
DAlOOO 
D A ~  004 
DAb007 
~ ~ 4 0 0 6  
DA2000-1 t h r u  
DA2000- 4 
~A4002  
~ ~ 4 0 0 0  

8- 

C: #I i .,\ ,,, 
b 

D10-101 t h r u  
D10-10 11 
D13-101 t h n  
Di3-10 4 
D67-115 
m7-115 
D-35 -119 
Lg1:-119 

7 PSI 

61 PSI 

DESC'RIFTION 

425 PSI 
125 PSI 
300 H I  
2.5 PSI 
2.5 PSI 
425 PSI 
13 PSI 
go PSI 
11 PSI 

9 .  6 A 

Systems "B" reailing s 'neli  have f i r i n g  day pressure  i n  PSI s u b t r a c t e l  
from rea3ing. 

- 
DATE 

Measurementsthat  a r e  i n a c t i v e  an3 w i l l  not  be eva lua te3  due t o  t h e  fo l lowing  
reasons  a r e  . l i s t e d  below: 

i. 

APPROVAL !' - 

(1) Disconnected fmm T. M. f o r  hardwire monitor ing 

t 2) Located on f l i g h t  h e a t  s$ields  
3 )  No aeradynamic h e a t i n g  e f f e c t  

( 4 )  Avoi.5 s t a t i c  f i r i n g  envlrmment  

. I  

!j 

The measurements l i s t e d  i n  t h e  S-IC IP&C l ist  o t h e r  t han  those  l i s t e d  i n  
paragraph 5.4.7.2 above, s h a l l  be a c t i v e  and, s h a l l  t r ansmi t  reasonable d a t a  
d u r i n g  s t a t i c  f i r i n g .  

[ 5.4.7.4 S t a t i c  F i r i n g  Measurement Systems Operation I 

A l l  m u l t i p l e x e r  A0 and BO pre-sampling f i l t e r  channels  t h a t  a r e  programmed 
f o r  i n f l i g h t  c a l i b r a t i o n  s h a l l  e x h i b i t  i n f l i g h t  c a l i b r a t i o n  wi th in  + 26 
counts  (150) mv o f  t h e  s tandard  c a l i b r a t i o n  l e v e l s .  The measuremenFs s h a l l  
be  M e  on t h e  s t e d y  s t a t e  por t ion  o f  each c a l i b r a t i o n  l e v e l ;  V ~ l t a g e  
t r a n s i e n t s  on t h e  c a l i b r a t i o n  waveforms a r c  t o  bc ignorcd.  

I f 
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R E V I S I O t : S  
Sl't.4 DESCRIPTION DATE A'PPilOVhL 

v - 

. . 

5.4.7.4 Continue3 

Mult iplexer A0 and BO s h a l l  exh ib i t  i n f l i g h t  ca l ib ra t ion  l e v e l s  wi th ia  + 19 1 - 
c ~ u n t s  (100) mv of t h e  f i v e  standara ca l ib ra t ion  l eve l s .  

The encoding accuracy of  t h e  PC14 system s h a l l  be checked t o  t h e  to lerances  
l i s t e d  below f o r  t h e  aura t ion of t h e  s t a t i c  f i r i n g :  

Channels 2 8 ~ ,  2 8 ~  
frames 1-9, 11-19, 21-29 0.000 + 0.050 VDC 
frames 10, 20, 30 - 5.000 T - 0.050 VDC 

b. . F Y ~ F M  Systems 

Narrow-ban3 I R I G  channels t h a t  a r e  prograrriued f o r  i n f l i g h t  c a l i b r a t i o n  s h a l l  
e x h i b i t  i n f l i g h t  c a l i b r a t i o n  t h a t  i s  within t h e  following to lerances  of t h e  
f i v e  c a l i b r a t i o n  l e v e l s :  E r 

I R I G  Channels 2, 3 . . . . .+ - 150 rnv 
I R I G  Channels 4-15 . . . . . - + 100 mv 

Data po in t s  f o r  evaluation of IIUG channels 2  and 3 s h a l l  be taken i i u r i n ~  t h e  
l a s t  50 m s  of each c a l i b r a t i o n  l eve l .  i i 
A l l  narrow-ban3 I R I G  channels not  programmed f o r  i n f l i g h t  c a l i b r a t i o n  s h a l l  

I r e t a i n  un in te r rup te5  aata throughout i n f l i g h t  ca l ib ra t ion .  

c. Measurement Power 

Measurement power busses 1 ~ 8 1  an3. 1 ~ 8 2  s h a l l  be 5.OOO + 0.050 VDC throughout 

I 
i - 
I s t a t i c  f i r i n g .  1 .  
!J 
$ 
I 

B 

1 

I/ 

1, 
1 

3 
I .  CODE DWG 
I( IDENT NC S I Z E  66~10920 
i 
1 1  . - 

1 
A-370' 

t. 



5.4.8.1 Range Safe ty  Power - The Range Safety RF' input t o  both Range Safety Systems 
s h a l l  be on and received at t h e  range s d e t y  coniaand receivers  at a value 
s u f f i c i e n t l y  above t h e  thresh015 t o  insure  lock-in of t h e  range s a f e t y  rece ivers .  

MI~C FORM 422-43 IVERTICCIL\ ~novhuacn 1962) D5-17009-2 
rrr.rrrr-a~-.--~..uu r .  w s r r s r r n : ? - ~ a s  -.v --. -.sumr)r--.cf*I 

C E V I S l O k i S  4 !- I DESCRIPTION , D A T E  APF'ROVAL -- 1 

Range Safe ty  Signal  - The IiF Signal  reception of both rece ive r s  s h a l l  be un- 
i n t e r r u p t e d  throughout t h e  s t a t i c  f i r i n g .  The range s a f e t y  c~rr~tiiands t r i l l  be 
i n i t i a t e d  a f t e r  engine cutoff  an3 range s a f e t y  pulse sensor s i g n a l s  s h a l l  be 
v e r i f  i ed .  

* .')t L. - 

Q 
1: 5.4.9.1 The two f u e l  loading probe meesurement s s h a l l  agree within 0.3 inches f m n  

!I loading probe lock-on s igna l  u n t i l  nominal f u e l  load i s  achieved and i m e i l i a t e l y  
p r i o r  t o  f i r i n g  command. 

J 

;/ 

mMm;~Elw 
DESCRIPTION 

n! p.4.8 
RANGE SWFTY SYSTEM k 

li 

Fuel Loading Probe 
Fuel Loading Probe 
Reference Fuel L9ading Probe 
Reference Fuel Loa3ing Probe 

i 1  
':5.4.9.2 The two LOX loading probe ttieasurements s h a l l  agree within 0.5 inches from 

11 loailing probe lock-on s i g n a l  u n t i l  nominal LOX load i s  achieved and imme3iate.l~-. 
g p r i o r  t o  f i r i n g  corninand. 
i.: 

LOX WADING 14EXWRE34!iTRt FEQUIREMENTS 
-I 

MElASU RElQAi 
DESCRI E I O N  

LOX Loading Probe 
LOX Loading Probe 
Reference LOX Loa3ing Probe 
Refcrence LOX Loading Probe 

jj5.k.lo C0UNTIX)WN AND SEQUETICE 
ii I 
/ 5.4.10.1 The s t age  s h a l l  demonstrate t h e  c a p a b i l i t y  t o  properly funct ion  i n  i t s  simulated 

I j KSC Launch Countdown moie a s  speci f ied  i n  Figure 5-12. 

5.4.10.2 The s t a g e  s h a l l  demonstrate t h e  c a p a b i l i t y  of accepting switch. s e l e c t o r  input  
. I  cornman98 an9 sequencing the s t age  as spec i f i ed  i n  Figure 5-12. 

ii 
I! 

j 

1.l 
11 

/I 66~10920 
CODE 
IOENT N C  

.SHEET . ~ ; 9 7 1 -  ---A g 

OWG 
S I Z E  
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_M;dr - DESCRIPTION DATE APPRObtA' - C ' 
4 . 1 1  IQGO SUPTHESSION SYSTEE 

t 
t 

' 5.4.11.1 Thc s t a g e  s h a l l  demonstrate t h e  c a p a b i l i t y  t o  rnrintain t h e  prevalve helium ' I  :I 

i n j e c t i o n  ,pressure wi th in  t h e  limits shown i n  f igure 5-13. 2 1 
.1 r 

5.4.11.2 The s t age  s h a l l  demonstrate t h e  c a p a b i l i t y  t o  maintain heliutn i n  t h e  prevalve 4 1 ;i j cavity f r o m  T + 10  secon9s u n t i l  cutoff  a s  ind ica te3  by an evaluat ion  of pre- 
LI 

1 valve temperature 3ata.  (b:easurement s ~ ~ 2 0 8 1 - 1  t h r u  -4 , ~ ~ 2 0 8 2 - 1  t h r u  -4 ) . 
li 

9 POGO SUPPRESSION SYSTEM ~ A S U R E E l J T  mQUI REI@27I'S k 1 i 

~ 1 8 2 - 1 1 5  
~ ~ 2 0 8 1 - 1  t h r u  -4 
~ ~ 2 0 8 2 - 1  t h r u  -4 

Pressure He Supply ! .  1 
1 Temperature Fi9.l Bevalve  Cavi'i;~;; I 

Temperature No. 2 Prevalve Cavity '; 
ij r 

1 5.4.12 KSC REDLIhS  
1 

4.12.1 The s t age  s h a l l  3emonstrate t h e  c a p a b i l i t y  t o  operate within KSC red l ines .  
Evaluat ion s h a l l  be ns3e using s t age  f l i g h t  instrumentat ion i lats  recorded 
f r o m  approxitriately f i r i n g  couitnand t o  i g n i t i o n  command. 

, 

ii 
t '  

ir I 14981 -.n A :SHEET -A=- . 
66~1.0920 

COO€ 
IOENT NC 
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POST FI HTI!G EVALUATION 

5.5.1 All of the required t e s t s  en3 operations t o  're perfome3. a f t e r  t he  
s t a t i c  f i r i n g  are  l i s t e d  below. The l i s t  de l i~ea ' i c s  the minimum 
safety an9 tcchnici l  ppmrcqaisitcc f o r  the  pcrfomance of cctch of 

, 
t h e  in:livi9utrl tcsl;c. Thc! actual 01-rlcr of pc~fol-n~:rncc i c  t o  bc 
Sctcnnincd by thc t c c t  coniuctor i n  view of thecc r c sLr i c t i~nc .  

PARAGRAPH 

4.19 P C J ~ F M  System 

4.21 F I ~ F M  System 

4.23 Flight Measurement Profi le  

4.24 DC Signal Conditioner Ailjust 

'4.29.2 Hydraulic System Leakage '4.52 
0 

4.29.6 W3raulic System  low Verification 4.29.2' 

'4.31.2 TVC Locks O f f  N1i11 4.29.6 

4.31.10 TVC Dry Run .&.29.2 

1/ "4.42.2 LOX Tank. Confidence 

1 11 .?&.42.3 LOX Tank Leak Test'  

.4.43.1 Fuel Tank Conf i9ence 
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FIGURE !I-2 
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INPUT CURRENT - (Milliamps) 

1 

CODE DWG 
IDENTNO S I Z E  6681.0920 
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SY rd DESCRIPTION DATE  APPRO^;: ' 
I 

FIGU~CE 4-6 ? 
(sheet  1 of 1 )  

ENGINE S T m  AND SI'OP SEQUENCE TImS 
( ~ i m i n g  spec i f i ed  i n  secon5s) 

A. Engine c o n t r o l  valve s t a r t  s i g n a l  t iming from T-0 must be within 0.20 
seconas of t imes l i s t e d  i n  60~37301.  

Engine main valve t iming from con t ro l  valve start s i g n a l  t o  f i r s t  motion 
(po t )  an3 closed switch dropout ( l i m i t  switch): 

c 

Main IX)X Valves .155 + -050 .oh0 + 025 
GG B a l l  Valves 

- 
.145 .T - . 0 2 5 ' .  . --- 

Vain Fuel Valves --- --- 
C. Engine main valve opening times: 

VALVES 

Main LOX Valves 
GG B a l l  Valves 
Main Fuel Valves . .. 

LIMT SNTCH 

.650 + . loo - 
D. Timing from No. 1 MFV t o  No. 2 MFV opening moverrent on each engine s h a l l  not 

exceed,0.100 seconds. 

I 
E. Engine main valve t iming from c o n t r o l  valve s t o p  s i g n a l  t o  f i r s t  uiotion (pot)  1 

and open s ~ r i t c h  iiropout ( l i m i t  switch) : I I 
VALVES LIMIT Sh'ITCH POTEi'.TIO~~ER 

Main LOX Valves .185 + .075 -045 + .040 
GG B a l l  Valves 

- 
-050 T .020 - - - 

Main Fuel Valves . l25 ri: . O ~ O  - .035 - + .030 

F. Engine main valve c los ing  times: 

VALVES LIMIT SWITCH 1;PCYrENTI OIIIETE R 
: 

Main LOX Valves .300 + .070 .525 + . lo0  - 
GG B a l l  Valves .145 T . O ~ O  - - - 
Main Fuel  Valves .630 'i: .120 - .750 - + . lo0  

I 

G. Time f r o m  Cutoff S t a r t  t o  f a c i l i t y  s t o p  backup valve open cornan i s  within ' 
0200 + eO'j0. - l 1  

r 
COO€ DWG i r 
~ O E N T  NO SIZE  661310920 $ 

\ 

14981 /1\ 'SHEET A-380 \ -- ..L..LP --rs - r 





422.5 t v r ~ r  ICAL) ( H O V C L ~ E R  igu:!) I 
,I.., --,-,-,* .--, D5-17009-2 ',,-,*,. -.. d..,., a,,, ,.--,.,- 

i : E i f l s ~ o I 4 s  . 1 
C' 

. \ - l ~  DESCRlPTlC)N DATE A P P R O j ' A L  - 
1 

r 

6 6 ~ 1 0 ~ ~ 0  

I 
I, SHEET A-382 ;j ---A- J 



Thcse b l u c l i n e  paran~etcrs  arc t o  be monitored p r i o r  t o  i g n i t i o n  cominrm3. The t e s t  k 
coniluclor w i l l  be n o t i f i c d  and a holii w i l l  bc i n i t i a t e d  i f  any of t h e s e  exccc3 t h e  ! 
s p e c i f i c  conii i t ions as noted; I/ 

Pressure, 
Pressure ,  
P r s s  su re ,  
Pressure ,  
Pressure ,  
Pressure ,  
Pressure ,  
Pressure ,  

Fuel  Tank Ullage 
LOX Tank Ullace 
Fuel  Pump I n l e t  No. ,l 
Fuel  Pump I n l e t  No. 2 
LOX Suction Line 
LOX Pump Sea l  Cavity 
Hydraulic Supply 
Helium Container No. 2 

--- 
1450 ps ig  
3000 ps ig  

2 

i Pressure ,  lIeliuln Container No. 3 3000 ps ig  
b4 

Pressure ,  Sphere Control Systetn 2'(60 ps ig  
r e s su re ,  Sphere Purge System 2760 ps ig  

P ressure ,  Regulator Control System Too psig 
LOX Pump Sea l  Purge 60 ps ig  

No. 1 Bearing 0 9 .  
Temperature, LOX Suction Line - - - 2 Temperature, F'wii. Can i s t e r  60 '~.  

. I Environmental System TOOF. 
li Temperature, LOX Prevalve Cgvity 

h Temperature, Hydraulic Return 6 o 0 ~  
j! Pressure ,  LOX lhme Purge 120 - p s i g  

Voltage, l D l l  and lD2l 1; 24 VDC 

MAXI MUM hn~:ASUIEIQ~EJT NO. -- 
*J ps ig  D.41000 

ps ig  DA2001 --- D A 1 - 1  t h r u  4 
- - - DM-1 t h r u  11 

6 
1 DA2000-1 t h r u  1;. 

D A l 3 - 1  t h r u  11 1 
ps ig  
p s i e  
ps ig  
ps ig  
p s i e  
p s i e  

3300 ps ig  ~ ~ 4 0 0 5  
800 ps ig  D A ~  006 
100 p s i g  ~A4009-1 t h r u  4 

--- 
-275'~. CA2000-1 t h r u  4: 
- 70'~. B cA5135 

i B 90'~. 
~ ~ 2 0 8 1 - 1  thru 4 
( ~ a c k u ~ )  
~ ~ 2 0 8 2 - 1  t h n  41 

1000 ps ig  DA~OOO-1 t h A  4 
30 VDC MA1009 &MAlOlO 

Ef fec t ive  a f t e r  T-15 minutes 
E f f e c t i v e  p r i o r  t o  T-15 minutes 



SYt.4 DESCRIPTION I-+- I ' DATE APPROVAL B 
I 

; Them b l u e l i n c  parameters  s h a i l  be monitored dur ing  ~ a i n s t a ~ e  opera t ion  nn3. t c s t  1 ;  1 conductor  s h a l l  be n o t i f i e 3  i f  any of t h e s e  exceed t h e  s p e c i f i e d  cond i t i ons  as noted. 3 i 

I NOl.m:CT,mURE 

, Temperature, FYre 
3 Detect  Harness Nos. 

1 t h r u  4 Af t  
i compartment 

X1 

MIRIMJM MAXIl4JN PJASURElJEFX' KO. I' 
Sudden Rise 

C*  POST CUTOFF BLIJELINES . 

! These b l u e l i n e  parameters  s h a l l  be monitored fo l lowing  cutoff  and t h e  t e s t  c3niIuctor I 

s h a l l  be n o t i f i e 3  i f  any o f  t h e s e  exceed t h e  s p e c i f i e d  cond i t i ons  as noted. 

d 
Pres su re ,  Sphere Cont ro l  System 

M I N I M U M  MAXIMli4 b E A S ~ i 4 D P T  IlO. 

1200 p s i g  b' 3300 ~~4004 
I 

j" Pressure ,  Sphere Purge System 1200 p s i g  3300 . 

E f f e c t i v e  from c u t o f f  t o  cutof; + 30 minutes. E 
i ! 



C I ~ V I S I O i ~ S  - g 
2 

DESCRIPTION DATE APPR3VAL  4 
t; 
? 

- - 4  ,I 

! R e d l i n c  P a r a m e t e r s  w i l l  b e  moni to red  f r ~ m  i g n i t i o n  cornman9 (excep t  as n o t e d ) .  Su to f f  
w i l l  be i n i t i a t e d  o n l y  i f  b o t h  t h e  p r i m a l 7  measurement and t h e  r e d u n i a n t  measurement l i 
exceed t h e  s p e c i f i e d  c o n d i t i o n s .  I n  t h e  e v e n t  e i t h e r  o f  t h e  neasurements  i s  l o s t ,  t h e  4 
r e m a i n i n g  measurement w i l l  b e c m e  t h e  Red l ine  Keasurcment and i f  it exceeds  t h e  s p e c i f i e d  I! 
c m d i t i o n s ,  c u t o f f  w i l l  b e  i n i t i a t e d .  F o r  t i m e  r e f e r e n c e  purposes ,  T + 0 i s  Aefined as 

' I  

1 
n s i m u l a t e d  l i f t o f f .  

MINIhWM MWm.1 WASURE!.XhT NO. 

1. P r e s s u r e ,  F u e l  Pump I n l e t  Ao. 1 1 2  p s i g  D --- D A l - 1  t h r u  4 
2. P r e s s u r e ,  LOX Pump D i s c h a r ~ e  No. 1 - - - .I700 p s i g  DA3-1 t h r d  4 
3. P r e s s u r e ,  F u e l  Pump Discharge  ND. 1 - - - 2283 p s i g  DA5-1 t h r u  4 i 
4 .  P r e s s u r e ,  LOX Pump B e a r i n g  J e t  200 p s i g D  5h0 p s i g  DA12-1 t h r u  11 
5. P r e s s u r e ,  LOX Pump S e a l  C a v i t y  ---  1 2  p s i g  DAl3-1 t h r u  4 F 6 .  P r e s s u r e ,  F u e l  Pump Ba lance  C a v i t y  150 pi@; D 350 p s i g  D A 1 4 - 1  t h r u  4 I'. 

7. P r e s s u r e ,  LOX S u c t i o n  L i n e  ~ ~ 3 0 0 0 - 1  t t r u  

8. P r e s s u r e ,  F u e l  Tank U l l a g e  (TBD) D A ~ O O O  

9. P r e s s u r e ,  LOX Tank U l l a ~ c  ' Db200 1 

I 10. P r e s s u r e ,  LOX pump S e a l  Purge  30 ~ s i g  
1 7 7 5 ° ~ .  CA2-1 t h r u  4 
1 0 0  p s i g  1)~4009-1 t h r u  / 11. Temperature ,  T u r b i n e  K a n i f o l d  T o r u s  --- 

0 > E f f e c t i v e  f rom T + 0 t o  c u t o f f .  
S t a t i c  Measurement DA2-1 t h r u  4; P r e s s u r e ,  F u e l  Pump I n l e t  No. 2 ,  i s  redundant .  
S t a t i c  Keasurement DAII-1 t h r u  4 ;  P r e s s u r e ,  LOX Pump Discharge  ND. 2 ,  i s  redundant .  
S t t i t i c  14easurement DA~-1 t h r u  4; P r e s s u r e ,  F u e l  Pump Discharge  ND. 2 ,  i s  redundant .  
E f f e c t i v e  f rom T + 2 t o  c u t o f f .  . 
S t a t i c  Neasurement DA12A-1 t h r u  4 ;  P r e s s u r e ,  LOX Pump Bear ing  J e t ,  i s  redundant .  
S t a t i c  1;easurement DA13A-1 t h r u  4 ;  P r e s s u r e ,  LOX Pump S e a l  C a v i t y ,  i s  redundant .  
1 5 0  p s i g  minimum i s  e f f e c t i v e  f rom T + 0 seconds  t o  c u t o f f .  
350  p s i g  maximum i s  e f f e c t i v e  f rom T + 4 seconds  t o  c u t o f f .  
400 p s i g  maximum i s  e f f e c t i v e  f rom i g n i t i o n  command t o  T + 4 seconds .  
S r a t i c  bkasurement D A I ~ A - ~  t h r u  4 ;  P r e s s u r e ,  F u e l  Pump Balance  Cav i ty ,  i s  redundan t .  
E f f e c t i v e  f rom T + 0 t o  c u t o f f .  
S t a t i c  Keasurement DA2000B-1 t h r u  4 ; P r e s s u r e ,  LOX S u c t i o n  Line ,  i s  redundant .  
E f f e c t i v e  T-9 t c ~  T-5. 
E f f e c t i v e  T-5 t 9  c u t o f f .  
S t a t i c  Keasurement DA1000A; P r e s s u r e ,  F u e l  Tank U l l a g e ,  i s  redundant .  
S t a t i c  &?easurement DM001 A; P r e s s u r e ,  LOX Tank U l l a g e ,  i s  redundant  . 
S t a t i c  Measurement ~ ~ b 0 0 9 - 1  t h r v  4 ;  P r e s o u r c ,  IXlX Pump S e a l  Purge ,  i s  redundan t .  
S t a t i c  Measurement CA9-1 t h r u  4 ; Temperature  T u r b i n e  I n l e t ,  i s  redundant .  
Maximum l i m i t  o f  1 5 4 0 ~ ~ .  . LOX S u c t i o n  L ine  Temp Below -293:~. 
LOX S u c t i o n  L i n e  Temp Above -293 F. 
Supp lementa l  GN2 f m m  t h e  f a c i l i t y  s o u r c e  s h a l l  bc s u p p l i e d  t o  t h e  d e f i c i e n t  p r e s -  
s u r i z a t i o n  s y s t e m  i n  t h e  e v e n t  t h a t  e i t h e r  t h e  LOX o r  F u e l  Tank u l l a g e  p r e s s u r e  o r  

d t h e  turbopump LOX o r  F u e l  I n l e t  p r e s s u r e  fa l l s  w i t h i n  PSIG o f  t h e  minimum rel- 
l i n e  l i m i t s .  

E 



FIGrnE 5-4 
STEADY STATE Hl3LIUM H"rSUn EXCHANGER P E P i O E ~ ~ ~ C E  

(T + 30 to Cutoff) 
I 

USTC F O ~ ~ A  422-8 (VERTICAL\ ( rovctocI :  1962)' 
I 

C D5-17009-2 h - u . . - - b % R ~ P p p ~ - ~ ~ r m . r ? n r r m v r  ------U.U.W~ -rm ~ r ? r v * - ~ r ~ . ~ - - I % ~ ~ -  
i 

R E V l S 1 0 1 ~ 5  

Effec t iveness  = T out - T i n  

T out = Helium Outlet Temperature 
T i n  = Helium I n l e t  Temperature 

aS't.4 

r 

CODE DWG 
IDENT NC SIZE  - 66~10920 - .  

DATE DESCRIPTION APPROVAL 



utrc ton11 422-D (VCRTICALI ( I ~ O V L M ~ ~ R  I S G Z )  
,,~..,,,-z---,,n-n.mnY.I-. ~5-17009-2 z ,  ,,.,, ... .-- ..,, ,,,,-,,,, -rir- rr --, 

DESCRi PTION APPROVAL 1 -.. - 

STEADY STmE LOX E A T  hXCFfilGER PERFON~VJJCE 
(T +I30 to cu tof f )  

d :  - LOX FLO\lRATE - WUNDS PER SkTOND 

" 5: 1 66~4~: I 
111981 SHEET A-38'7 



422-5 (VCIIT I C I L I  IhQVC!': LA 1962) I D5-17009-2 .. ,. .. , ..,,, ,,, . ,-. -,.a,.,-=- : - - . - - , -~~~. :" .r .~~. .  ,,PI ~wII*Y.:--wI-~-~RI.L.~ r -31-.1)U \ *. I 

r: :: '! I s 10 I! s I 
--- b 

b 
GESCR IPTION DATE APPROVAL , 

t I 1 b 

FIGURE 5-6 '4 
!! 

STEADY STATE LOX ~~ EXCHAiITGER PEIVOTJJUNCE 
(T + 30 to cutoff)  

b 

LOX FLOWWE - POUNDS PiiH SECOND 



PITCH AKPL YAW KZZ'L. FREQUENCY 
(DEGREES) ( D E G F ~ S )  (11~)  

usrc t o ~ t r  422-s ( v rav tc ru  lhovcusen 1 9 ~ 2 )  . - 
cr D5-17009-2 - ' - --.usr -. rlrr..c;--~n*w -~ . - .~nr ' l~  - *\ :-: 

i ~ ~ : ~ ' i s l o ~ ~ ~  . - b 

+2.0 
0 

-2.0 
0 

to. 25' -- 
x,. 25 - 
10.25 - 
+o. 25 - 
+O .25 - 
to.25 - 
a 2 5  - 
a . 2 5  - 
+0;25 - a. 25 - 
a . 2 5  - 
+0.25 - 
i0.25 
70.25 - 
+-0.25 
-0 

0 
0 
0 .. 

. o  
'0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

+I. O O ( R O ~ ~ )  - 

S M  

> - 
1 

* Minimum Requirements 

i ! 
DESCRIPTION DATE APPROVAL 

P r; 
NO. OF CYCLES $ 

i! 

;! 
FIGIJRE 5-7 

(sheet 1 of 2)  
I 
8 

GIbBAL PROGRAM ;{ 3 

- 
Sine  
Sine 
Sine 
Sine 
Sine 
Sine 
S ine  
Sine 
Sine 
S ine  
S ine  
Sine 
Sine 
S i t ~ e  
Sine  
Sine 
Sine 
Sine 
S ine  
S ine  
S ine  
S ine  
S ine  
Sine 
Sine 
Sine 
S ine  
S ine  . 
Sine 
Sine 
Sine 

/i Step amplitude s h a l l  be l imited t o  + 0.5 S e ~ r e c  f o r  dry run execut ion.  
PI - 



MSFC r G R M  422-3 (VLRTICAL) (WOVLMJCR \962) - - 
.. '5-17009-2 ~ , ~ d - l l . . , - 2 ~ - ~ c I c - n r ~ - r r - r p r - ~ - ~ ~ ~ ~ * ~ ;  

f 
DESCRIPTION DATE APPROVAL ,q 

"1 b 
Figure 5-7 

(sheet  2 of 2 )  

1. I n i t i a t e  giulbal program a t  T + 3 seconds. T i s  simulated l i f t o f f .  

2. Gimbal func t ions  s h a l l  be.programm3 such t h a t  no engine gimballing w i l l  
occur dur ing  t h e  fo l lowing t ime-sl ice : 

T + 35 through T + 38 

3.  500 mil l i secon3s  dwell a t  n u l l  between each s e t  of constant waveforms an3 
between completion of a waveform i n  one plane before cotrimand of a s t e p  o r  
waveform i n  t h e  o t h e r  plane. 

4. One second elapsed time between each s t e p  comn&n3 ( i . e . ,  a t  n u l l ,  conman3 
a c t u a t i o n  from n u l l ,  one second l a t e r  cotzinsnd ac tuat ion  t o  n u l l ,  one second 
l a t e r  command next s t e p  o r  s i n e  function i n  whichever plane it i s  t o  occur.) 

5.. C ~ m p l e t e  gimbal program at T + 120 seconds o r  e a r l i e r .  

6. A l l  f o u r  engines  at t h e  outboard pos i t ions  a r e  t o  be gimballeii simultaneously. 



U f t C  FOAM 422-8 (VERTICAL) (NOVL!:?LR 1962) T 
*'P-RfL.-S-- 

1 . -  
_(-17009-2 - ,,,",,.*el,*r-"*., .I,'. V* ww..'ITP.*.- F.'OLTrn .* rUn..-Fa--d-*.. - + 

i : E V I s 1 0 1 , : 5  ! X L  DESCRIPTION DATE APPROVAL [ 
1 I 

i 
F I G W  5-8 

THRUST VEC'l'Oil COi'Ti'ROL F R E ~ ~ ~ L Y  13ESPONSE 
( ~ r e d i c t e a  p is ton  pos i t ion  l i m i t s )  

Frequency - cps 

Notes : 

1. Amplitude r a t i o  - --,-/,,. / 
b'c pp = servoactuator  p is ton  pos i t ion  

HL = commanded pos i t ion  

2. Commanded amplitude =HI. - 25' ( ~ i n u s o i d a l )  

3. Flu id  temperature = 40 120'3' 

4 .  Notch frequency must bc g r e a t e r  than 7 cps. 



MSfC IbRU 422-8 (VILHTICAL) ~ n O V c ~ a C n  \962\ 
Ira 4 05-1'7009-2 L,'p-Ylr l.---.-, m,,"",-J.S.IU.PUIUILI.*-- 

I ' : E v l s I O I : S  
dV111 

-- 

! 1 
DESCRIPTION DATE APPROVAL ! , 

I. 3 I ? / 
i t  FIGURE 5-9 
d 

THRUST VICTOR COIIT1;OfJ Y 1UI;QUiiNCY MSWIISE 
( h e d i c t c 3  p is ton  pos i t ion  l i m i t s )  

PHASE SIIIET 

0 --- - 

-40 

-80 

-120 

-160 

p 

k 
1 
i 

-200 
1.0 2.0 5.0 10.0 

Frequency - cps 

1 

I Notes: 

j 1. fiase s h i f t  /BC -,kf < 

I ,d$$ = servoactuator  p is ton  pos i t ion  

d PC = commanded pos i t ion  

J 2. Commanded amplitude =a. - 25' ( s inuso ida l )  

I 3. Flui5 temperature = 40 - 1 2 9 O ~  
66~10920 . 

rl 
F 

I 
A - ? A  . 



rrstc r o n ~  022-c I V L ~ T  ICAL) ~NOVCMJLR 1962) T 
=- L ~ 5 - 1 7 0 0 9 - 2  ,.-A --,-. --,....... --- ,,,,.___,.-- = , 

R E Y I S l 0 : I S  $ 
WtA DESCRIPTION DATE APPZOL'AL f - 

1 
\ 

1. 

L 1 i! 
4 

FIGURE 5-10 k f: 
t 

LOX T A M  ~LIJACE PLBSSURE LIlUl"l' FOR 
ACCEFJABLE GOX FLOW CONTROL VALVE PERFOmilAIiCF, i 

NOTE: GOOD OILY FOR GFCV OF%WnION 

I 



FUZL TANK ULLAGE PaSSURE PZiir'CXQECE 

(TO BE EVALUATED AND REVISED) 

[ S i m u l a t e d  
L i f t o f f  Time-Seconds 

J 

4. 



I wq L ~ E S C R I F T I ~ N  DATE APF%OVP.L 
----A- 

Xngine start t i n e s  s h a l l  be within -10.020 se'conds - 
of the t i n e s  l i s t e d  i n  60~37301. 

For simulated s t a t i c  f i r i n g  ve r i fy  pos i t ion  switch 
t iming i n  accordance with Figure 4-6. 

For sLmulate3 s t a t i c  f i r i n g  maximum time f o r  these  
events  t o  occur is  5 seconds. This i s  due t o  venting 
through t h e  t h r u s t  OK pressure  switch c a l i p s  l i n e s .  

HFcv"~ may' cycle  c lose3  during simulate3 s t a t i c  f i r i n g  
due t o  low holiur", b o t t l e  pressure p r i o r  t o  e l e c t r i c a l  
c omman d  . 

.For simulated s t a t i c  f i r i n g :  
KDI246ON KDI 4 8 2 0 1 ~ +  .535h!! - - - ,  

Saturn V S-IC t imes t o  be evaluated and r e r i s e l  f o r  
1ntern;eiliate 20 S-IC. * Ignore f o r  simulated s t a t i c  f i r i n g .  



usrc roa1.1 422-0 (VLNTICAC) ( N O V C M ~ C R  \962) 
w. . ISL~ ;~ - i s - - * r .m  .-.---- \m'.,' .' 71:.L,-riiDY; D 5 - 1 7 0 0 9 L ~ . m ~ ~ . " C = - - : w s r  ..-, " n . r - r r . m n r m . m u a n -  

R E V I S l O f i S  4 
DESCRIPTION DATE APPROVAL 

C [r) . . . . 
cU 0 ID [r) [r) I n .  

O O O o l  
PcPlPiPc 

d ) o d ) Q ,  
s s s >  

+'*+'+' 
d S 5 5 3  
0 0 0 0 0 

1 



2 0000 4nCO n \ O C o N >  O ~ d c U O d ~ c - ' 3 m a ' 3 a N n 4 n  tea 
g a W 0 c u  m m r f  2 m m d d  a ~ m . ? - r - ~ O C o O o o - a ~ - r i m m n n  m~ f i l ~ r n r n  r l d ~  nfi'~fi' C W ~ L V ~ ~ N N N N N N C ~ N ~ ~ ~ ~ ~  
a H H H H  H H H  H H H H ~ ~  H E H ~ ~ - ~ ~ ~ H H H H H H H H H H H H H H  H H  

a c a c u a a n a a a a a a a a n a a  a a  6 E E E 2  8 S E  2 E E g E  x x x x x x = x x x x x x x x x m x  x g  

n l c d * n l  nl * :- 9 + t l  ! I  
a a )  a) n 

4 '  4 '  4' 4' > :. 
:$ :j :j :$ r l - r i  - 1 1  r-l 
0 0 0 0  d r i a ) a )  

X-Y.Y.!Y nl'uco s 2 
V O O o  C G S : ~  0 G 
a , a , ( U a ,  k  kcdp:  p:. 2 
cx(7.c a,a,s si 
uuuc  4 4 u a  a u x o  

X F :  C  C  0 
o u o o  ' 4 H C d  cd C 

.ri -4 .ti .d 
i + i + r ( r l  k k z g  2 
3 a , a , a o  o m o w  
dnld'u > S - Q U Z U Z - Q B  
k k k k  O O C  0 O C  tn 
a a a a  a , a ) g h  $, 5 t n ~ 9  
h h h h  U M O Q  k - ~  ti 0  LI a~ 
X Z X Z  C C U  U U  O k  

c d c d  k > k %  L a  r l ~ m - f .  ssr i  d  o cd 0 4  a o  
U U  c d O J P . . r n L  c!J 0 k  

Q)a,a,(U C  G k c 4  
-5 G C  C  

k k .ri a) -ri % 
.A .rl .ri Q 0 E l - i  

G C C C  

C c l c z c 6 5  . . . .  
a) 0  a) 0  a) 0  u 0 0 0 0  
PI r i  fL r-i P. 1-4 % Z % Z  
0 V C ) U O U  a) 

m a, a! a )  a)  
d r {  m m - 3  -;t 0 O Ox L: I .  L: I: 

I r t  .cl . # I  ., 1 . r I  

o o  o o o o d a a  a, a, o a, 
eT3 a, a, a, u a, a , P 4 + J h  h  k  k  

L k k k k k X  
- a  a, a, o a, o a,odr( c o w w a g  
G 6 4 4 Q Q . + ~ . + ~ L I  cd rd C  C  C C 
r d d C G C C C 6  C C W W W W  

H H H H H H  0-rl.4 
P) a, s C s A. 
~ C - ~ X X X X $ . : X  ? E  U M M W  
d c d 0  00 rnCQd3ddS3 +> a, a, .d .d -d -d 

r n € - + & Z X Z X  



G - l!pr--- . 
6 0  

COW-NDS INDICATION TI!E - *. 6 ;  J 

; r 
!l - 

Launch Sequencer T-9 Terminal Countdown Channel 11 
Stage GN2 1500 PSIG Enable 
I g n i t i o n  S t a r t  
I g n i t e r  480 Vol ts  Applied 
I g n i t e r  480 Volts  Applied 
I g n i t e r  Link Break Turbine Exhaust Engine 1 
I g n i t e r  Link Break Turbine Exhaust Engine 2 
I g n i t e r  Link Break Turbine Exhanst Engine 3 
I g n i t e r  Link Break Turbine E x h a ~ s t  Engine 4 

1 g n i t e r  Link Break Gas Generator Engine 1 
I g n i t e r  Link Break Cas Generator Engine 2 
I g n i t e r  Link Break Gas Generator Er<ir.; 3 
I g ~ i t e r  Link Break Gas Generator Engine 4 

A l l  T. E. & G. G.  I g n i t e r  I n s t z l l e d  
Turbopump Heaters.Enable 
Engine Control  Valve Open Engine 1 
Engine Control  Valve Open Englne 2 
Engine Control  Valve Open Engine 3 
Engine Control  Valve Open Enrine 4 - 

KDI378 ON 
KDI511 ON 
KA2 ON 
KDI217 'OX 
KDI217 OFF 
KA4-1 OFF 
KA4-2 OFF 
.u\4-3 OFF 
KAL-4 OFF 

KA10-1 OFF 
KA10-2 OFF 
KA10-3 OFF 
KA10-4 OFF 

KDI172 OFF 
KDI210 OFF 
KA6-1 ON 
K A ~ - 2  ON 
K.46-3 OK 
KA6-4 OX 

1 . ~ n g i n a  1 GG Valve Closed KDI272 OFF h 6 - 1  OX +.I55 
2 .  Engine 2 GG Valve Closed ~ ~ 1 2 9 2  OFF ~ 6 - 2  OX +. 155 

E ~ g l n e  3 GG Valve Closed KDI312Ofl KA~-3 
Engine 4 GG Valve Closed KDI332 OFF KA6-L+ 

Engine 1 GG Valve Open KDI264 OX ~ ~ 1 2 7 2  
Engine 2 CG Valve Open KDI214 'ON KDI292 
Engine 3 CG Valve Open XDI30L OZJ Kg1312 
Engine 4 GG Valve Open KDI321+ ON KDI332 

No. 1 Rain LOX va lve  Closed Encine 1 KA37-1. OFF KA~-1 ON + . I 5 5  ?<Oil: 
No. 1 ~ a &  LOX Valve Closed Engine 2 KA37-2 OFF KA6-2 

\ No. 1 Main LOX Valve Closed Engine 3 U37-3 OFF U6-3 
No. 1 Main LOX Valve Closed Engine 4 KA37-4 'OFF KA6-4 

i 
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COWAND$ FtJ3SULl S I N D I C A T I O N  T I i E  - 
I 

No. 1 Nain LOX Valve Open Engine 1 
' 

KA36-1 ON KA37-1 OFF +.305 ?:OX.' ' It 
~ 3 6 - 2  ON KA37-2 OFF +.305 X9X. 

I 
No. 1 Nain LOX hive Open Engine 2 
No. 1 K a i n  LOX Valve Open Engine 3 KA36-3 Oil Kh37-3 OFF +.305 XC:<. 
No. 1 Main LOX Valve Open Engine 4 KA36-4 ON KA37-4 OFF +.305 XON. 

. - 
No. 2 Xain LOX Valve ~ i o s e d  E'ngine 1 
No. 2 g a i n  LOX Valve Closed Engine 2 
No. 2 Hain LOX Valve Closed Engine 3 
No. 2 Nain LOX Valve Closed Engine 4 

~ ~ 3 9 - 1  OFF KA~-1 ON +. 155 NOX. 
KA39-2 OFF K A ~ - 2  OX +.I55 NON. 
KA39-3 OFF KA6-3 0:? +.I55 FOX. 
KA39-4 OFF ~ 6 - 4  ON +.I55 NOX. 

No. 2 Main LOX Valve Open Engine 1 KA3E-1 ON KA39-1 d~F-t.305 XC:.i. - 
No. 2 Main LOX Valve Open Engine 2 KA38-2 OX KA39-2 OFF+.305 :;C);.:. 

No. 2 g a i n  LOX Valve Open Engine 3 m38-3 OK U39-3 OFF+.3C)5 1;QX. 
No. 2 Main LOX Valve Open Engine 4 U38-4 OK U39-4 OZ'F.305 KO:.;. ' &eTpol Monitor s w i t c h  ine i6e  1. KA~-1' OFF KA6-1 OX + 3. 

KA8-2 OFF KA6-2 ON F3.500 XIX Iiypergol Xonitor Stritch Engine 2 
Hjrpergol Nonitor Switch Engine 3 KA8-3 OFF KA6-3 OX +3.500 ib5lX 
Iiypergol Xonitor Switch Engine 4 KA8-4 OFT . .. K A ~ - 4  Or\! +3.500 ?'."\X 

x i .  1- Xain Fuel  Valve closed Engine 1 ~ ~ 4 1 - i .  OFF ~ 8 - 1  OFF +.3 
No. 1 Eain Fuel  Valve Closed Engine 2 'KALl-2 OFT KA8-2 OF!: +.300 NCX 
No. 7 Main Fuel Valve Closed Engine 3 KAhl-3 OFF KA8-3 OFF F.300 K3i4 
No. 1 Main Fuel  Valve Closed Englne Lk I(A41-4 OFF KAS-4 0 3  F.300 KO:: 

No. 1 Nain Fuel  Valve O p ~ n  ~ n ~ i n e  1 , KA4.0-1 ON Yd41-1 OFF +. 590 KO 
No. 1 Xain Fuel  Valve Opeh Zngine 2 KA40-2 U h l - 2  OFF +. 590 NO 
No. 1 Kain Fuel  Vzlve Open Er.gir.e 3 KA40-3 ON Yd4l-3 9FP +.590 I\'c 

KA4O-4 OX iiA41-4 OF? +. 590 K O  Nain Fuel Valve Open Engine li 

No. 2 Main Fuel  Valve Closed Engine 1 KA43-1 OFF u$-1 OFF 3-.300 
No. 2 Main Fuel Valve Closed Engiqe 2 M43-2 OFF 'u8-2 OFT +.300 l:O?,: 

KA43-3 OFF KAB-3 OFF +.300 KO?? No. 2 Yain Fuel  Valve Closed Engine 3 
No. 2 Nain Fuel  Velve Closed Engine .- . 4 KA43-4 OFF Kn8-4 OFF +.300 NO:.! 

- 



FIGURE 5-12 
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COWANDS RESULTS INDICATION - Tm I r  

C 5 
6 ?  

No. 2 Nain F u e l  Valve Open E n e n e  1 KA42-1 ON KA43-1 O F F  +.599 1;0;<. 1 0  

So. 2 Xain Fuel  Value O p n  Engine 2 ': 2 
KA42-2 ON KA43-2 OF?'+. 590 KC::. L. r* 

1 1  No. 2 Yain Fue l  Valve O ~ e n  Engire  3 KA42-3 ON KA43-3 O F F  ?.590 K9:4. I," 
No. 2 Kain F u d  Valve Open Engire 4 XA42-4 ON KA43-4 O F F  +. 590 KO:{. it F 

I- - - 
Engine Yo. 1 Thrust  lo'. OK l o :  1 K D I W I l  OFF P r i o r  t o  T-9 o x 

Engine KO. 1 Thrust Xot OK KO.  2  < 
KDI442 O F F  P r i o r  t o  T-0 rn 

L Engine No. 1 Thrus t  Not OK 110. 3 KDI443 O P P  P r i o r  t o  '2-9 a n 
Engine No. 2  Thrus t  Not OK No. 1 KDI444 O F F  P r i o r  t o  T-0 P - 
Engine No. 2  Thrus t  Not OX Ro. 2 KDI445 OFF P r i o r  t o  T-0 CD n 

Engine KO. 2 Thrus t  S o t  OK No. 3 KDI41+6 07F ? r i o r  t o  T-9 - N 

Engine KO. 3 Thrus t  X'ot OK ?!o. 1 KD141t7 O F F  P r i o r  t o  f-!: 
Engire  Xo. 3 Thrus t  Not OK Xo. 2  KEIW+t3 OFF F r i o r  t o  T-0 
Zngi2e KO.  3 Thrust  Not OK K O .  3 KDIl;l+9 OFF P r i o r  t o  T-9 Sn 

Engine Xo. 4  Thrus t  Not OK No. 1 KDI450 OFF P r i o r  t o  ?-0 
Engine 90. 4  Thrust  Kot OX No. 2  - HDIL51 C f T  P r l o r  t o  T-O 
ongine No. 4 Thrus t  Rot OK No. 3 KDI452 OFF F r l o r  t o  T-3 

0 

1 

Thrus t  OK P re s su re  Switch No. 1 Sngine 1 KA9-1  ON P r i o r  t o  T-9 
Thrust  OK Pressure  Switch Xo. 2 Engine  1 

I 
KA9-1A ON P r i o r  t o  T-C) u 
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v, 
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ir 
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x ;  
<; - r 
cnX 
-5, 
0: c 

Thrust  OK P re s su re  Switch No. 3 Engine 1 K49-l-3 011 F r i o r  t o  T-0 
Thrus t  OX P re s su re  28ritch KO.  1 Ez~ i r l e  2 Kh9-2 OTd P r i o r  50 T-9 
Thrust  0 %  P re s su re  >di tch KO.  2  ? ;n,~ine 2 KA9-2A ON P r i o r  t o  7'-0 
Thrus t  OK Pressure  Zwitch No. 3 Engine 2 Kh?-2B ON P r i o r  t o  T-C! 
Thrus t  OK Pressure  Swltch KO. 1 Engine 3 M9-3 0 P r l o ~  t o  T-0 
Thrust  OK Pressure  Switch So. 2 Engine 3 KA9-3A OX F r l o r  t o  T-O 
Thrus t  OK Pres su re  Switch No. 3 E n g i ~ e  3 KA9-3E OX Prrlor t o  T-0 
Thrust  OK Pressure  Switch No. 1 Engine 4 KA9-I, ON P r i o r  t o T - 9  
Thrus t  OK Pressure  Switch No. 2  3ngine 4 M9-4A OX P r i o r  t o  T-0 - -- ..- ; 
Thrus t  OK Pressure  Switch KO.  3 Snglne 4 KA9-45 ON P r i o r  t o  T-0 
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 FIG^ 5-12 
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FlESULTS 

Engine 1 A l l  Thrust OK 
Engine 2 A l l  Thrust OK 
Engine 3 A l l  Thrust OK 
k g i n e  4 A l l  Thrust OK 
A l l  Engines Running 
High k g i n e  Area Purge Engine No. 1 Open 
High Engine Area Purge Engine No. 2 O ~ e n  
High Engine Area Purge Engine No. 3 Open 
High k g i n e  Area Purge Engine Ifo. 4 Open 
LOX Prepress Commit 

Launch Sequencer T-4 Terminal Countdown Channel 12 
Helium Flow Control Valve No. 1 Close Comm-arid 
Helium Flow Control Valve No. 1 Closed 
Helium Flow Control Valve KO. 1 Open 

Switch Selector  T-0 Multiple ( ~ h r u s t  Not OK) Engine C/O Enable 
Launch Sequencer T-0 Terminal Countdown Che.kne1 13 

POGO He Supply Valve 1 Open Commsnd 
POGO He Supply Valve 2 Open Cornman3 
Fuel Press Umbilical Shutoff Valve Close3 
S t a r t  Fuel Tank Prepress 
Fuel Prepress Vent Valve Open 
S t a r t  LOX Prepress 
GSE LOX Prepress Line Vent Open 
Launch Commit 
L i f t o f f  

Launch Sequencer T+2 Terminal Countdown Channel 1 4  ' 
3gi tch  Selector  T+20 Telemetry Cal ibra te  
Switch Selector  T+25 Telemetry Cal ibra te  
Switch Selector  T+34 Open Helium Flow Control Valve No. 2 

Helium Flow Control Valve No. 2 Closed 
Helium Flow Control Valve No. 2 Open 

Launch Sequencer T+35 Terminal Countdown Channel 16 
Switch Selector T+50 Enable Fuel Tank Wgh Vent 81, Relief 'Pressure 

6wlt ch 
Switch Selector ~ + 5 4  Open Helium F l ~ w  Control V a l v e  No. 3 

Helium Flow Control Valve No. 3 Closed 
Uelium Flow Control Valve No. 3 Open 

.--o.-- 
35 

INDICATION TIm 
Is 

- 
KDI270 ON P r i o r  t o  T-0 
KDI29O OFT P r i o r  t o  T-0 
KDI310 ON P r io r  t o  T-0 
KDI330 ON P r i o r  t o  T-C) 
KA56 ON P r i o r  t o  T-0 
KDIl52 OFF' ~ ~ 5 6  9M +0.050 ?!AX 
KDI153 OFF ~ ~ 5 6  OK +3.OOO +..500 
KD1154 OFF ~ ~ 5 6  OX +O. 050 ?AX 
K~1155 OFF a 5 6  ON +3.000 + 00 
~ ~ 1 8 1  ON T-4.7' + . I00 .& 
KD1338 ON T-4 ( ~ F f i n i t i o n )  
~ ~ 1 6 5 5  OFF T-2.75 .2d0 Y X  
~ ~ 1 4 6 0  OFF ~ ~ 1 6 5 5  BFF +.250 T&~;P , 

~ ~ 1 6 2 9  ON ~ 1 6 5 5  OFF +.SO0 3 ' i U w  b 
~ ~ 1 6 6 6  ON T-o + .209 f c 

~ ~ 1 5 6 5  OFF ~ 1 4 1 8  O x  +.0'j0 < ( X ~ ~ 1 4 5 6  On ~ ~ 1 4 1 8  OX +.leg YAY 
~ ~ 1 2 2 8  OFF K ~ I 4 1 8  ON +.O5O 
~ ~ 1 1 6 2  ON K ~ 1 4 1 8  OF: -+.lo3 lax' 
~ ~ 1 2 5 6  OFF 
KDI552 On 
~ ~ 1 1 9 6  OX 
KDI197 ON 
~ ~ 1 3 9 8  ON 
~ ~ 1 6 6 6  ON 
~ ~ 1 6 6 6  ON 
~ ~ 1 6 6 6  ON 
~31630 OFF 
~ ~ 1 6 3 1  On 
K~1458 OK 
KDI( ). 

~ ~ 1 6 6 6  ON ~ + 5 4  + 2 0 0  : 
~ ~ 1 6 3 2  OFF ~ 6 6 6  ON + .25O 1,IIUI 
~ ~ 1 6 3 3  ON ~ ~ 1 6 6 6  ON + .5oo MAX 
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FIGURE j - 12- n 

( s h e e t  9 of 1 4 )  
1 COIQXNDS FIESULTS INDICATION ' - TE23 L 

I 
U 

Y 
Thrus t  OK Pressure  Switch No. 1 Engine 1 K A 9 - 1  OFF KA7-1 OX +.250 YAX 0 

I - 
Thrus t  OK P re s su re  Switch No. 2 Engine 1 *%.Ag-lA OFF KA7-1 ON +.250 M X  < 

! n w 

i Thrust  OX P re s su re  Switch No. 3 Engine 1 KA9-1I3 OFF KA7-1 '3 +.250 YAY 
+ - 

I 
n 

Thrus t  OK P re s su re  Switch No. 1 Engine 2 KA9-2 OFF i<A7-2 ON +.25/3 ;41X 

I KA9-2A OFF KAY-2 ON +.250 YAX 5 
Thrust  OX P re s su re  Switch No. 2 Engine 2 - 

~ 9 - 2 ~  0" ~ 7 - 2  ON 4 ..250 YAY, z Thrus t  OK Pressure  Switch No. 3 Engtne 2 o 
I < 

Thrus t  OK P re s su re  Switch KO. 1 Engine 3 M9-3 OFF KA7-3 01: +.250 w E 

Thrust  OK Pressure  Switch No. 2 Encine 3 KA9-3A OFF KAY-3 OX +.250 I d 5 1 X  U 
n 

Thrus t  OK Pressure  Switch No. 3 Engine 3 KA9-3B OFF KA7-3 O;LI +.250 I f l X  a 
4 

Thrust  OK Pressure  Switch KO. 1 Engine 4 Yd9-4 OFF KAS-4 OX +.253 ;.57Y, O 
c1 

KA9-,!,A OFF Yd7-4 03 +.25Cj !fix L1 
Thrust  OK P re s su re  Swi tch  No. 2 Engine 4 - 

i Thrus t  OK Pressure  Swi t ch  No. 3 Engine 4 KA9-L;E OFF ?Xi'-4 ON +.25O YAY, 

1 - 
' u 
en 

Engine No. 1 ~ h r u s t '  Not OR No. 1' KDIL4l OX KA7-1 OX +.250 >WX *, . , ', '* I 
Eng-he 30. 1 Thrust  Not OK No. 2 KDI442 ON U.7-1 C!! +.253 YAX 7 :?d o 
Engir,e No. 1 Thrus t  -Not OK No. 3 KDT.443 OK M7-1 OX +.250 YJiX 
Engine No. 2 Thrus t  Not OK No. 1 i<DI44L+ OhT KA7-2 ON +.2j0 i*2% 
Engine KO. 2 Thrus t  Not OK No. 2 KDI4.45 OlJ U.7-2 C:ir +.250 ;kLl:{ . *-- 

Engire  So. 2. Thrus t  Not OK No. 3 ~ ~ 1 4 4 6  ON KA7-2 OX +.250 :.I;\:< 4 ' 
Englne No. 3 T h ~ u s t  Not OX Xo. 1 KDI41: 7 OK KA7-3 0S +.25O ?AX 0 1 

t 
J 

, Englne No. 3 Thrus t  Not OX No. 2 KDI448 QV KA7-3 ON +.25O 14lX 
0 : 

. . Engine Xo. 3 Thrus t  KO% 0% KO.  3 KDI1+19OX KA7-3 @??+.250:i'-~X 3 f 

Engine Xo. 4 Thrus t  Not OK.Ko. 1 K D I l + ~ o O X  Kil7-4CX+.250P:AX 7 1  
_( I.x?f! Engine Xo. 4 Thrus t  X o t  OK No. 2 KDI451 ON i(A7-4 OX +.250 FAX I - . "t j  

Engine No. 4 Thrus t  Not OK No. 3 KDI4:2 ON KA7-4 ON +.25O :41X / 

'i' 
r j 
v,: 

h Engine 1 GG' Valve Open ~ ~ 1 2 6 4  OFF ~ 7 - i  ON +.050 NOX. 
i w  
!4I Engine 2 GG Valve Open KDI2GL OFF M7-2 OX +.OSO KO>!./ 0 
b m 
rn Engine 3 GG Valve Open KDI304 OFF KA7-3 OX 
-4 ch cn Engine l+ CCI Valve Open KDI324 OFF KAY-4 ON +.osO KOX. 

2 
0 

- i 
TU ; ,o 

h w I 

1 I-i- 
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COXMANDS ESUL'i'S INDICATION T1;Z - 2 2 
Engine No. 1 Fuel  Preva lve  No. 1 Closed 
Engine No. 2 Fuel  Preva lve  No. 1 Closed 
Engine No. 3 Fue l  Preva lve  No. 1 Clossd 
Engine No. 4 F u e l  Prevalve No. 1 Closed 

Engine No. 1 Fuel  Preva lve  No. 2 Open 
Engine No. 2' Fue l  Preva lve  No. 2 Open 
Engine No. 3 Fue l  Prevalve No. 2 Open 
Engine No. 4 Fuel  Preva lve  No. 2 Open 

~ ~ 1 1 2 5  OFF 
K D I 1 3 1  OFF 
KDI137 OFF 
KDI145 OFF 

~ ~ 1 2 7 0  O Y P + + ~ . ~ ~ O  t o  3.090 ;; 
KDI270 OFF+1.5CC) t o  3.OCO i z  
KDI310 OFP+l. 503 t o  3. C30 .jg 
KDI333 0FF+1.533 t o  3.0W .' 
KDI270 OFF +.8CO ?GlX 
KDI290 OFF 4.829 i/j\X 
~ ~ 1 3 1 0  OFF +.coo LIX 
KDI330 OFF +.800 XI1 

ij: 

Engine No. 1 h e 1  Preva lve  No. 2 Closed KDI124 ON KDI270 OFF+l. 593 t o  3.090 1; 
Engine No. 2 F u e l  Preva lve  No. 2 Closed KDI130 ON KDI290 OP?'+1.503 t o  3.090 r- 

KDI136 ON 
K 

Engine No. 3 Fuel  Preva lve  No. 2 Closed KDI310 OFF+l. 500 t o  3.003 ; 
Engine KO.  4 Fuel  Prevalve No. 2 Closed K D I l @ +  0:: KDI330 O%F+l. 503 50  3.090 3 * 9 n 

Engine S top  Solenoid .  Backcp Open Co~m2.nd KDI440 ON KA55 OW +.20C 5.020 
Engine 1 ,!+-way Solenoid Backup Valve Closed I(DI366 OI'F KDI440 O!! +.053 ?,::iX 
Engine 2 h-.rray Solenoid  Bzcku? Valve Closgd K31375 CFF KDI41+0 OX i . 0 5 3  1%: 
Engine 3 4-way Solenoid Backup Valve Closed KDI386 OFF KDI449 OIL: +.053 XIX 
Encine 4 4-1ey Solenoid Backcp Valve Closed RDI395 OFF KDI44O OK +.OSO X'LX 

Hydracl lc  0 ~ e E r i d e  Engine 1 
E j d r a u l i c  Overr ide Engine 2 
Pydrau l i c  Overr ide Engine 3 
Hydraul ic  Overr ide Xngine 4 n 

Fuel  Tank F l i g h t  Vent & R e l i e f  Valve Closed 
Fuel Tank F l i g h t  Vent G Rel i e f  Valve Opgn 
Aur, Fue l  Tank Vents Open C o n ~ i a ~ d  
Am Fuel  Tank Vent No. 1 Closed 
Aur, Fue l  Tank Vent No. 1 Open 
A u  Fuel  Tank Vent No. 2 Closed 
A u x  Fuel  Tank Vent KO. 2 Open 
LOX Tank Vent & R e l i e f  Valve Closed 
LOX Tank Vent Sr Rel i e f  Valve Open 
A m  LOX Vent Open Con~and 
LOX Tank Am Vent Valve Closed 
LOX Tank Am. Vent Valve Opcn 

KO1221 O?F 
K3I222 OW 
KDI223 CX 
KDI224 OFF 
KDI225 0:: 
KDI226 O F  
KDI227 ON 
KO1246 OFF 
KDI247 ON 
KDI257 ON 
KDI21+8 OFF 
KDI249 ON 

K D I ~ I + C )  OX 4-. 190 K A Y ,  
KDI440 OX +.I00 YSiX 
KDILL40 OI! +. 1 C O  iGiX 
K D I U O  OX +. 100 ;.I>; 
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00rnr)Mrnf i K 

c c c c  
a o a J 0  

'13 "c-j a a a ~ ~  
0  a, 0 0 0 0  

c m c m  
0 0 0 0  d (U 033 a4  P A 4  

O U O U  . . . 
rlrlInln 

6 0  0  0  e z z z  

6 c J d d W  ~ ( U U C J  
w u t 3 b 3  + + + + 5  m k  k k k  

drlrlr l  d a, 
0  0  0  o a  C Z & d d  
k k k k  d 
+ + J C , +  E 3 d  cd cd cJ d 
c c c c c  o 0 C ) o  
0 0 0 0 4 - E f  k  
U U U U d  43-22 

P M 
F 3 ? 3 P c a J 0 $ o  
0 0 0 0 3 d C C , C  
rl -r A A a ,-I .A .r~ .d .rc 
f=i i+f=i l% 9 U t 3 t 9 t S  

X P  C r: 
E E E E O , W W & E i  
5 3  5 3dFq 
d d d d  s .c s $? 
d d d d W X  h 3 e o t o r i J  
Q, a Q) a m 0 r c d d . d  
X X X X 0 c r l X X X X  

n 
3 

a f 
kc: 

M 
w 

I !  

a \ D w o  . . . .  
~ n t n m ~ ~  

/ I  CU CU (U CU 
d d d d  
+ i - + + c ,  
& W E + D  2 I 

I ' k k k k a ,  
o o o o f f i  
4JQ-P-P  
0 0 0 0 q +  
a ) a J a J a ) k  

9 d d d d  0  
aaJaJaJ.p 

0 m rn rn 
0 

S F S C  
0 0 0 0  

t3 
- P * Q C ,  2 4 4 4  

3 3 %  
C j m r n r n  I D E N T  N 66~10920 

f 14981 
1- S H E E T  A-407 , - ----.n-yMic.lilL -- * - -  

- - ? r X . 1 ~ a \ 5 - k  

a 0 0 C ) o a l o T J  TJ "c-j 
d 4 Q  aJ (1, a, 

o u o v o u  rn e m c m c 
k  o a J o o o U T J T J T 3 ~  
OCUCUmm33d a d  a 4  Qc, a o 0  
-P u o u o u o  m m cn m 
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P  0  C; d 6 6 d r l r l r n m 3 3 r c r c r c r c  
4 Z Z Z % Z i Z  
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U U U U  

Q a J a c , a J ~ 0 0 0 0 0 6 6 o W Q ) a  
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B d d  r4rldrl d d d d  
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- ' c , k F i k F c k k  ~$$4~-Il4$-g$$$-t$$-PPXXX 

U O o O O o o a C ) a J a J a a d S S ~  
U U U U U U  C C C C C C 

TJ C C C C C cr-4-rmM;r 
C ~ ~ ~ ~ ~ ~ 0 0 0 0 0 0  
~ o o b o o o f J u u o o o . * . .  

d d d d d ~  k k k  P+ k k  0 0  O p  
a J k i r ~ F L , $ ~ ( k k ,  aJ Oi Q) a, aJ a , Z % R A  
0 Q Q .&-' +> Q -P 
c E D E i E E E c ~ c c C c a ~ 0 ~ 0  
a1 3 7 3 3 3 ~ H H H H H H  c c c c 
=I .r( .r( 4 .r(. .rl .d t l d d d  
V r ~ r l d d r l A X X X X X X  M U M U  
a J a J a , a , a , a J a 0 0 0 0 0  C C C C  
r n X X X X Z Z d d d d d s W W W W  
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L M T I A f E D  CEMER W E  
W O F F  5WW£G?€.IF; BY XU C O k h E N  29D?UD, ON 

4€.42D,46C W D  470. 

THE S-K: ST= DlSTR 
AN3 N CCXrPOKtfT BD 



MWPMENT FlRMSHR) AND WSTPLLED BY GSD AN0 W X N  FOR WE-. 

D CONNECTOR !I6WIP(3 WtLL NOT BE WTED WITH 1113A1491 FOR VATK FlRlNG 

MATE p2mm.11~0 TEST. 

W T E  P2 WlTH 377JI TO TEST. 

CABLE ASSEMBLY 16WI IS ROUTED lNlU UNIT 118 WlTH 116WI MATING TO 
THE -1- A S Y U Q Y  OF W I T  110. 

WHEN 6 0 8 8 4 5 0 0 4  (MOOG) SERVOACTUATORS ARE INSTAUED ON 
ENGINE 101, MATE 11SW4Pll WlTH II5AII7JI. WHEN 6CB84500-3(Hm 
SERVOACTUATORS ARE INSTALLED ON ENGINE la, MATE II5W4PII 
WITH IISAII7 JS. 

WHEN 60B84500 -!(MOOG) SERVOACTUATORS ARE INSTALLED ON 
ENGINE 102. MATE 11514P12 WlTH II5AIRJ2. WHEN 60884XX)-3HR) 
SERVOACTUATOFK ARE INSTALLED OH ENGINE 102, MATE llSW4PI2 - WlTH llSA117J6. 

- 
W E N  60884XX)-I(MOOG) SERVOACTUATORS ARE I N S T A U 0  ON 
ENGINE 103, MATE l lSW4P13 WITH Il54ll7J3. W K N  6CB84500-3(m 
SERVOACTUATORS ARE INSTALLED ON ENGINE 103, MATE 115W4P13 
WlTH ll5A117J7. 

WHEN 60804500-I(M0OG) SERVOACTUATORS ARE INSTALLED ON 
ENGINE 104, MATE l l 5 W 4 A 4  WlTH I l 5 A l l l H .  W E N  M B 8 4 5 0 0 - 3 W  
SERVOACTUATORS ARE INS'iALLED ON ENGINE 104, MATE ll5W4Pl4 
WlTH 115A117J8. 

 THE CONMCTOFI BRANCH 120W6P6 WILL BE REMOVED AFTER 
STAT lC FlR lNG 

~ I L  < STOW. 

Y- ALL TEL€\/\ETRY CH/N'\\\EL G;70'it;Ei\.lG I% 
NOT SHolrJN FOR CLAR\T-Y. 

2. ADDITIGNLL MIERSURE~~~EYJT~ FOQ THE 
F\RST TV4O V€H\CLES WE NOT 
SHOWN' IN SCHEMATICS. 

GEhlERAL NOTES: 
UFatESS OTHERWISE SPECIFIED. 
"WBztyGNNqg E ~ $ ~ ; " 9 B H ~ U " ~ S ~ N E D  BY THE ROCKETDYNE CO 

Z EFEREMCE D E S W T O N S  ARE W R N I A T E D  WHERE PRACTICLIBLE. PREFIX 
T#E PART DESIGNATION WlTH THE SUBASSEMBLY DESIGNATK*(. FOR E m :  
TERMLNAL E346 OF MEASURING MSTRIBUTOf4 11S7 6 

. 

DESIWTED AS l lSAIE346. 

1 MEASURE MEN^ AND TRLLNSWCERS ARE DESIGNATED WITHACOOE ~VMBER 
AS ENUMERATED M THE MEASURING PROGRAM,(REFW~XX)~) INDICATING 

! 
THE TYPE OF MEASUREMENT. THE VEHICLE UNIT.AND THE MEASUREMENT [I 
NUMSER WITHIN THE UNlT EXAMXE 021-102 INDlCnTES A PRESSURE 
MASLREMENT (D). THE TWENTY FIRST MEASUREMENT (2IZTAKEN IN UNIT102 

ii 
THE TYPES OF MEASUREMENTS ARE AS FOLLOWS A. ACCELERATION; I* 
C TEMPERATURE. D PRESSURE. F FLOW RATE; 
G. POSIT\ON,K SIGK4LS;L. LIQUID LEVEL, M. VOLTAGE,CURREM; 
R VEL0CITY.T RPM. V LAUNCH CONTROL DDAS: 
X PRECEDES THE SYSTEM LETTER IN A BLOCKHOUSE MEASUREMENT NUHBER. 

4 THE UNlT NUMBERING METHOD FOR ELECTRICAL REFERENCE DESIGNATION 
PER MSFC STD 349 IS USED FOR WIRING APPLICATIONS. W E  VEHICLE IS  
DIVIDED INTO BASIC UNITS(SEE FIGURE ON SHEET 3), AND ELECTRICAL 
COMPONENE INSTALLED THEREIN ARE DESIGNATED AS SUBBSSEMBLIES 

1 ,  
EXAMRE 115A7A5KI DESIGNATES FlRST(1) RELAY (K)OF FlFTHj5) SUBASSEMBLY 
&)Of S M N T H  (7 )  ASSEMBLY (A) IN W I T  (115). k ' 4  

5 ( ) MNoTES REFERENCE HFCRMATION ONLY. 

E Q U W N T  SHOWN FOR REFERENCE ONLY 

7 THE CONOITION(NQ ce NCIOF \ALVES PERTAIN TO THE muwinc MAIN \LUM. 
SOCENOlD CONTROL VALVES ARE NC. 

THE WSITKP4 W T C H  OF HELIUM FLOW VALVE NO. I IS SMM WITH NO ~ U U M  
PRESSURE -IEo To M viuvr. 
TERMINATE OUTER SHIELD. 

TERMINATE INNER s t i nn  

II. ALL NOTES THAT AF'f'EAR ON SHEETS O W R  THAN SHEET TWO APPLY TO 
THAT SHEET ONLY. 

12 T M  EFFECTIVITY INOEX(Y1EET I) SHOWS STAGE EFFECTlVllY FOR SHEETS OF 
THIS MAWING AS FOLLOWS 

(a) A LETTER IN THE EFFECTIVITY BLOCK INDICATES THE EFFECTIVITY 
OF THAT SHEET AND REVISION 

(b) THE ORIGINAL RELEASE (NO REVISION) OF A SMET IS  INDICATED 
BY A WSH IN THE EFFECTIVITY BLOCK 

(c) A WADED EFFECTIVITY BLOCK DENOTES A SHEET NOT APPLICABLE 
TO THAT EFFECTIVITY. 

W 

I - urn ~ D I ~ P  r+am - Yn S-IC STAGE S T A C I  1110nr t1111e 
- m . u  w Urn * toe01  c. sae inAu 
.-I -- .la W 

SEE W N E r n N G  '- - U r u  
-y. 1 
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RECORDS & '7 ' ELECTRICAL I L Y J A T O N  
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S- IC STAGE ELECTRICAL SCHEMATICS 

UE L PREWLVES 

M L  F I L L  DRAIN.VENT. RELIEF E 
PRESS S&EM 19 RANGE SAFETY SYSTRvl NO 2 49 I 115A961 11-20 79 

FUEL PRESSURIZATION 20 SEPARATI0t.I SYSTEM 5 0  115A965 1-10 80 

FUEL PRESSURIZATION 21 ENGINE ACTUATORS 51 91-ECT* RACK ASSY 115A965 W A N  11-20 81 

LOX FILL. DRAIN, VENT. RELIEF E PRESS 22 E ~ I N E  ACTUPTO- 5 2  KtbSURlNG UNIT 10 82 SYSTEM 

'LOX INTERCONNECT E BUBBLING SYSTEM 23 TURBOPUMP HEATERS SYSTEM 53 8 102 83 

ENGINE NQ I IGNITION SYSTEM 
MEASURING RELAYS. DISTRIBUTOPS 24 115A7 F 115A8 5 4  103 84 

A 1 85 I N a 2  25 400 CYCLES POWER DISTRIBUTICN 55 104 

N a  3 POWER DISTR BUTION ENGINE 26 I\STRdMEt4TATION JUNCTlOti BOX 56 hlEASIIRIt'G W I T  105 mi 
-- 

NO.4 27 POHER C STRIBUTICN ENGINE 5 7  \E.f.S'JRUIG UNITS 106 E 115 87 
INSTRUhlEYTATION JUNCTION BOX 
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INTRODUCTION 

This  t e s t  p l a n  i s  a g e n e r a l  p r e s e n t a t i o n  of t h e  o v e r a l l  

I n t - 2 0  accep tance  t e s t  program. The a c t i v i t y  d e s c r i b e d  

i s  b a s i c a l l y  an  e x t e n s i o n  of S-IC t e s t i n g  a c t i v i t i e s  a s  

a p p l i c a b l e  t o  t h e  In t -20  s t a g e .  The in format ion  

p r e s e n t e d  i s  based on t h e  requirements  of Cost p l u s  

I n c e n t i v e  - Fee (CPIF) c o n t r a c t  NAS8-5608 a s  a p p p l i c a b l e  

t o  S-IC-11. 

The purpose  of t h i s  document i s  t o :  

a .  Def ine  i n  g e n e r a l  terms t h e  t o t a l  In t -20  

accep tance  t e s t  program. 

b .  Provide f o r  assessment  of t h e  adequacy of t h e  

o v e r a l l  In t -20  accep tance  t e s t  program t o  avoid  

d u p l i c a t i o n .  

c .  Provide a  b a s e l i n e  f o r  ana lyz ing  t h e  impact of 

proposed changes i n  t h e  Int -20 t e s t  program. 

d .  Provide t h e  b a s i c  t e s t  p o l i c i e s  t o  be  used t o  

conduct t h e  t e s t  program. 

e .  E s t a b l i s h  t h e  b a s i s  f o r  development of d e t a i l e d  

t e s t  p l a n s .  

1 . 2  SCOPE 

This  p l a n  d e f i n e s  t h e  accep tance  t e s t i n g  and o t h e r  a c t i v i t y  

t o  be  performed by S-IC Systems Tes t  d u r i n g  t h e  In t -20  

program. The complete sequence of t e s t i n g  of t h e  s t a g e  

A-642 
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i s  shown. For p lann ing  purposes  f i v e  s e p a r a t e  y e a r l y  

p roduc t ion  r a t e s  a r e  cons idered .  Three of t h e s e  f i v e  

y e a r l y  p roduc t ion  r a t e s  show S-IC and In t -20  p roduc t ion  

be ing  accomplished t o g e t h e r .  A  s i x t h  a l t e r n a t i v e  ( 2  

S-IC's p e r  y e a r )  i s  a l s o  p resen ted  i n  t h i s  p l a n  a s  a  

b a s e l i n e .  Annual p roduc t ion  r a t e s  considered i n  t h i s  plar! a r e :  

11. 2  S-IC's + 2  I n t - 2 0 ' s  

111. 2 S-IC's + 4 I n t - 2 0 ' s  

I V .  3 S-IC's + 3 I n t - 2 0 ' s  

V I .  4 I n t - 2 0 ' s  

The accep tance  t e s t i n g  a c t i v i t i e s  encompassed by t h i s  

p l a n  a r e  g r o s s l y  d e p i c t e d  i n  F igure  1-1. This  p l a n  

i n c l u d e s  only t h e  accep tance  t e s t i n g  a c t i v i t i e s  normally 

conducted by S-IC Systems Tes t  on S-IC s t a g e s .  Q u a l i f i -  

c a t i o n ,  r e l i a b i l i t y  and development t e s t i n g  of new o r  

modif ied hardware a r e  n o t  a p a r t  of t h i s  p lan .  

It i s  assumed t h a t  a l l  s t a g e s  w i l l  b e  s t a t i c  f i r e d  a s  

p a r t  of t h e  accep tance  t e s t i n g .  Should s t a t i c  f i r i n g  

t e s t i n g  be  d e l e t e d  a l l  accep tance  t e s t s  w i l l  be  conducted 

i n  t h e  t e s t  p e r i o d  p r e s e n t l y  d e f i n e d  a s  PSC. F igure  1-2 

g r o s s l y  d e p i c t s  t h e  accep tance  t e s t i n g  sequence and shows 

an  a l t e r n a t e  sequence i f  s t a t i c  f i r i n g  i s  d e l e t e d .  

. 
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OPERATIONS 

PROPOSAL 

- - -- - - - - 

REACTIVATION 

MI CHOUD 
REACTIVATION OPERATIONS 

--- 
1-73* 3-73* 7-73* 
7-73** 9-73** 1-74** 

MTF REACTIVATION 

Assessment 
Reactivation 

Reactivation 

1- 180 Days - 
MICHOUD REACTIVATION 

Reactivation 

* Options I thru IV 
** Options V thru VI 

1 Options I and V will utilize the optimized test crew concept with sustaining effort between stages 
PMC/SF test crew at MTF, PSC test crew at Michoud 





INT-20 CONFIGURATION 

The In t -20  c o n f i g u r a t i o n  i s  g r o s s l y  d e s c r i b e d  i n  "Int -20 

Study Conf igura t ion  D e f i n i t i o n  For Base l ine  S-ICY" da ted  

A p r i l  28, 1969, p l u s  supplement. The c o n f i g u r a t i o n  

d e s c r i b e d  i s  t h e  S-IC-11 s t a g e  p l u s  d e s i g n  changes which 

d e l e t e  t h e  c e n t e r  eng ine  and i t s  s u p p o r t i n g  systems. 

The b a s i c  d e s i g n  phi losophy used t o  e s t a b l i s h  t h e  

c o n f i g u r a t i o n  was t o  minimize t h e  changes and t o  m a i n t a i n  

t h e  c a p a b i l i t y  of r e v e r t i n g  from an  S-IC t o  an  Int -20 o r  v i c e  

v e r s a .  

STRUCTURES SUBSYSTEMS 

Forward S k i r t  (60B140091 

Two i n t e r f a c e  methods a r e  being eva lua ted .  Method 1 

c o n s i s t s  of adding a n  a d a p t e r  r i n g  compat ible  w i t h  t h e  

e x i s t i n g  i n t e r f a c e  b o l t  p a t t e r n s  of bo th  t h e  S-IC and 

S-IVB. Method 2 c o n s i s t s  of modifying t h e  e x i s t i n g  

i n t e r f a c e  b o l t  p a t t e r n s  t o  a t t a i n  a  p a t t e r n  compat ible  

w i t h  both  t h e  S-IC and S-IVB. McDonald Douglas A i r c r a f t  

Company (MDAC) h a s  r e s p o n s i b i l i t y  f o r  s e l e c t i n g  t h e  

i n t e r f a c e  c o n f i g u r a t i o n .  

Oxid ize r  Tank (60B03101) 

Oxid ize r  t a n k  d e s i g n  changes a r e  i n  t h e  a r e a  of t h e  

inboard LOX s u c t i o n  duc t  and r e s u l t  from d e l e t i o n  of t h e  

inboard s u c t i o n  d u c t .  A f l a t  p l a t e  c l o s u r e  cover  w i t h  a 

f l o a t i n g  f l a n g e ,  which u s e s  t h e  e x i s t i n g  LOX s u c t i o n  duc t  

s e a l ,  w i l l  be  added t o  c l o s e  t h e  o x i d i z e r  t a n k  at  t h e  
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i nboard  LOX s u c t i o n  f i t t i n g .  The c o n f i g u r a t i o n  of t h e  

cover  and f l o a t i n g  f l a n g e  w i l l  be  t h e  same a s  p r e s e n t l y  

used f o r  h y d r o s t a t i c  t e s t .  The inboard  LOX s t a n d p i p e  

w i l l  be  d e l e t e d .  A s u p p o r t  r i n g  w i l l  be  added t o  t h e  

i n s i d e  of t h e  inboard  LOX s u c t i o n  f i t t i n g  t o  r e p l a c e  t h e  

s u p p o r t  p rov ided  t o  t h e  c ruc i fo rm b a f f l e  by t h e  s t a n d p i p e  

f l a n g e .  E x i s t i n g  s t a n d p i p e  and s u c t i o n  d u c t  a t t achment  

p r o v i s i o n s  i n  t h e  inboard  LOX s u c t i o n  f i t t i n g  w i l l  b e  

used f o r  t h e  a t t achment  of  t h e  added r i n g  and cover .  

I n t e r t a n k  (60B29800) 

No s t r u c t u r a l  changes a r e  r e q u i r e d  i n  t h e  i n t e r t a n k  

a r e a .  

Fue l  Tank (60B25001) 

F l a t  p l a t e  c l o s u r e  c o v e r s  w i l l  be  added t o  t h e  inboard  

f u e l  s u c t i o n  elbows t o  c l o s e  t h e  f u e l  t ank .  These 

covers  w i l l  u t i l i z e  e x i s t i n g  f u e l  s u c t i o n  d u c t  a t t a c h m e n t  

p r o v i s i o n s  and s e a l s .  A n o n - s t r u c t u r a l  and non-sea l ing  

cover  w i l l  b e  added a t  t h e  forward end of t h e  inboard  LOX 

t u n n e l .  E x i s t i n g  t u n n e l  h a n d l i n g  h o l e s  w i l l  be  used f o r  

a t t a c h m e n t  of  t h e  cover .  The e i g h t  lower  f u e l  t a n k  

bulkhead b a s e  g o r e  segments w i l l  be  r e v i s e d  t o  i n c r e a s e  

t h e  t h i c k n e s s  i n  t h e  a r e a  n e a r  t h e  Y-ring, p r o v i d i n g  

i n c r e a s e d  hoop compression c a p a b i l i t y .  

R E V .  SYM. - A- 64 7 rlbaN/wm NO. 
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2.1.5 T h r u s t  S t r u c t u r e  (60B18054) 

T h r u s t  s t r u c t u r e  changes  c o n s i s t  o f  d e l e t i n g  t h e  c e n t e r  

e n g i n e  and i n b o a r d  f u e l  s u c t i o n  d u c t  s u p p o r t  p r o v i s i o n s .  

The c e n t e r  e n g i n e  s u p p o r t  s t r u t s ,  s t r u t  i n s u l a t i o n ,  s t r u t  

f i t t i n g s ,  t h e  a s s o c i a t e d  s t r u t  a t t a c h  hardware  and t h e  

c e n t e r  e n g i n e  a d a p t e r  f i t t i n g  w i l l  b e  d e l e t e d .  The s t r u t  

f i t t i n g  and a d a p t e r  f i t t i n g  a t t a c h  hardware  w i l l  b e  

r e t a i n e d  as t h e y  p r o v i d e  common a t t a c h m e n t  f o r  a d j a c e n t  

s t r u c t u r e .  

2 .1 .6  Heat  S h i e l d  

The b a s e  h e a t  s h i e l d  w i l l  b e  r e v i s e d  t o  d e l e t e  p e n e t r a t i o n s  

p r o v i d e d  f o r  t h e  c e n t e r  e n g i n e  and i t s  a s s o c i a t e d  s y s t e m s .  

The a r r a y  of  s m a l l  h e a t  s h i e l d  p a n e l s  i n  t h e  c e n t e r  e n g i n e  

a r e a  w i l l  b e  r e p l a c e d  w i t h  s t a n d a r d  s q u a r e  p a n e l s .  For  

f l i g h t ,  6  s t a n d a r d  f l i g h t  p a n e l s  w i l l  b e  used .  For  s t a t i c  

f i r i n g ,  6 s t a n d a r d  s t a t i c  f i r i n g  honeycomb p a n e l s  and 6  

s t a n d a r d  s t a t i c  f i r i n g  s t e e l  back-up p a n e l s  w i l l  be  u sed .  

The c e n t e r  e n g i n e  f l a m e  c u r t a i n  w i l l  a l s o  b e  d e l e t e d .  

The c e n t e r  area h e a t  s h i e l d  s u p p o r t  s t r u c t u r e  w i l l  b e  

r e v i s e d  t o  a s q u a r e  beam g r i d  c o m p a t i b l e  w i t h  t h e  6  s q u a r e  

h e a t  s h i e l d  p a n e l s .  A  new b r a c k e t  w i l l  be  added t o  s u p p o r t  

t h e  p a n e l s  a t  t h e  d e l e t e d  c e n t e r  e n g i n e  a d a p t e r  l o c a t i o n .  

2 .2  PROPULSION AND MECHANICAL SUBSYSTEMS 

Changes t o  P r o p u l s i o n  and Mechanica l  subsys t ems  r e s u l t  

p r i m a r i l y  from removal  of  t h e  c e n t e r  e n g i n e .  System d e l e t i o n  

w i l l  b e  from t h e  c e n t e r  e n g i n e  i n t e r f a c e  t o  a j o i n t  
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(Continued) 

ups t ream which w i l l  r e s u l t  i n  minimum d e s i g n  change and 

minimum p o s s i b l e  l e a k  p o i n t s .  

O x i d i z e r  F i l l  and Dra in  (60B41012) 

No changes a r e  r e q u i r e d  t o  t h i s  sys tem.  

O x i d i z e r  Feed System (60B41014) 

The inboard  LOX s u c t i o n  d u c t ,  LOX p r e v a l v e  and PVC d u c t  

w i l l  be d e l e t e d .  A s u p p o r t  a d a p t e r  which a t t a c h e s  t o  t h e  

inboard  p r o p e l l a n t  d u c t  s u p p o r t  s t r u c t u r e  w i l l  be  added 

t o  s u p p o r t  t h e  LOX i n t e r c o n n e c t  s p o o l .  C losure  p l a t e s  

which u s e  e x i s t i n g  s e a l s  w i l l  be  p rov ided  t o  s e a l  t h e  

upper  and lower ends of t h e  i n t e r c o n n e c t  s p o o l .  LOX 

c u t o f f  s e n s o r s  f o r  e n g i n e s  2 ,  4  and 5 w i l l  be  d e l e t e d  and 

b o s s e s  plugged.  An a d d i t i o n a l  s e n s o r  w i l l  be  i n s t a l l e d  i n  

a n  e x i s t i n g  b o s s  a t  t h e  forward end of e n g i n e s  1 and 3 

LOX s u c t i o n  d u c t s .  

O x i d i z e r  Cond i t ion ing  System (60B41014 and 60B41221) 

The i n t e r c o n n e c t  v a l v e  a t  e n g i n e  p o s i t i o n  2 w i l l  be 

r e p l a c e d  w i t h  a  s p o o l .  A t empera tu re  t r a n s d u c e r  w i l l  be  

i n s t a l l e d  i n  an  e x i s t i n g  boss  i n  t h e  c e n t e r  LOX s p o o l .  

The c e n t e r  e n g i n e  bubb l ing  sys tem w i l l  b e  d e l e t e d  from t h e  

b ranch  tee t o  t h e  c e n t e r  LOX s p o o l .  The tee w i l l  be  

capped and t h e  LOX s p o o l  boss  plugged.  

L 
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2 . 2 . 4  Oxid ize r  P r e s s u r i z a t i o n  (60B51400) 

The GOX r e t u r n  duc t  between t h e  c e n t e r  engine i n t e r f a c e  

and t h e  GOX manifold  w i l l  be d e l e t e d .  The GOX manifold  

w i l l  be  capped a t  t h e  c e n t e r  engine p o r t .  

2 . 2 . 5  Fuel F i l l  and Drain (60B430141 

To s a t i s f y  load ing  c r i t e r i a  t h e  f u e l  load ing  probe w i l l  be 

lengthened 14 inches .  The minimum a n t i c i p a t e d  f u e l  load ing  

w i l l  be  s t a t i o n  640, and maximum u s e  w i l l  be s t a t i o n  644. 

2 .2 .6  Fuel  Feed System (60B43014) 

A l l  inboard f u e l  f eed  system hardware a f t  of t h e  f u e l  

s u c t i o n  elbows a t  t h e  bottom t a n k  bulkhead w i l l  be d e l e t e d .  

2 .2 .7  Fue l  P r e s s u r i z a t i o n  System (60B49600) 

The hel ium supply and r e t u r n  d u c t s  between t h e  inboard 

eng ine  i n t e r f a c e  and t h e  r e s p e c t i v e  hel ium mani fo lds  w i l l  

b e  d e l e t e d .  The inboard engine branches  from t h e  supply 

and r e t u r n  mani fo lds  w i l l  be capped. A redundant f u e l  

v e n t  and r e l i e f ' p r e s s u r e  swi tch  w i l l  be added and t h e  

e x i s t i n g  p r e s s u r e  swi tch  i n h i b i t e d  u n t i l  T+50 seconds.  

2 . 3  AUXILIARY MECHANICAL SUBSYSTEMS 

2 . 3 . 1  Cont ro l  P r e s s u r e  System (60B52500) 

The c o n t r o l  p r e s s u r e  system a s s o c i a t e d  w i t h  t h e  inboard 

eng ine  p r e v a l v e s  w i l l  be  d e l e t e d .  

2 .3 .2  Environmental  Cont ro l  System 

No changes w i l l  be  made t o  t h e  environmental  c o n t r o l  

system. 

_i A 
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Turbopump O x i d i z e r  S e a l  Purge  (60B37601) 

The turbopump o x i d i z e r  s e a l  pu rge  t o  t h e  c e n t e r  e n g i n e  

w i l l  b e  d e l e t e d  i n  i t s  e n t i r i t y  on t h e  o p e r a t i o n a l  

c o n f i g u r a t i o n .  On t h e  f i r s t  f l i g h t  v e h i c l e s  t h i s  sys t em 

w i l l  b e  used  t o  pu rge  a c a l o r i m e t e r  l o c a t e d  on t h e  b a s e  

h e a t  s h i e l d .  The c e n t e r  e n g i n e  turbopump o x i d i z e r  s e a l  

p u r g e  l i n e  w i l l  be  d e l e t e d  from t h e  e n g i n e  i n t e r f a c e  

f i t t i n g  t o  t h e  f i r s t  ups t r eam un ion .  An o r i f i c e  w i l l  be  

i n s t a l l e d  a t  t h i s  u n i o n  and a  new l i n e  segment w i l l  be  

added from t h e  un ion  t o  t h e  above  c a l o r i m e t e r .  

LOX Dome and GG LOX I n j e c t o r  Pu rge  (60B37600) 

The e n t i r e  c e n t e r  b ranch  l i n e  w i l l  be  d e l e t e d  and t h e  

m a n i f o l d  d u c t  assembly  p lugged.  

Engine  Cocoon Thermal C o n d i t i o n i n g  Purge  (60B37602) 

The m a n i f o l d  t e e ,  s u p p l y i n g  t h e  c e n t e r  e n g i n e ,  w i l l  b e  

p lugged and a l l  'downstream t u b i n g  d e l e t e d ,  

T h r u s t  OK Checkout System (60B37600) 

The c e n t e r  e n g i n e  b ranch  t e e  w i l l  b e  capped and a l l  t u b e  

a s s e m b l i e s  downstream d e l e t e d .  

T h r u s t  Chamber P r e f i l l  System (60B37550) 

A l l  ha rdware  downstream o f  t h e  c e n t e r  e n g i n e  tee w i l l  b e  

d e l e t e d  and t h e  tee w i l l  be  p lugged.  

POGO S u p p r e s s i o n  System (60B41840) 

Changes t o  t h e  POGO s u p p r e s s i o n  sys t em a r e  based  on  t h e  

ECP-446 R3 and ECP-512 R2 c o n f i g u r a t i o n .  The t e e  s u p p l y i n g  

t h e  c e n t e r  e n g i n e  w i l l  b e  p lugged and a l l  downstream t u b i n g  

d e l e t e d .  

A-651 
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2 . 4  FLIGHT CONTROL SUBSYSTEM 

2 . 4 . 1  F l u i d  Power System (60B82000) 

The c e n t e r  e n g i n e  ground h y d r a u l i c  s u p p l y  and r e t u r n  d u c t s  

w i l l  b e  d e l e t e d .  The c e n t e r  e n g i n e  b ranches  on  t h e  s u p p l y  

and r e t u r n  d u c t  m a n i f o l d s  w i l l  b e  capped.  

2 .4 .2  T h r u s t  Vec to r  C o n t r o l  System (60B84000) 

E a r l y  c u t o f f  o f  e n g i n e s  2  and 4  ( a t  146 seconds )  w i l l  

r e s u l t  i n  l o s s  of  h y d r a u l i c  p r e s s u r e  t o  t h e  se rvo -  

a c t u a t o r s .  Except  f o r  t h e  i n h e r e n t  damping of  t h e  f l u i d  

l e f t  i n  t h e  a c t u a t o r s ,  e n g i n e s  2  and 4 w i l l  b e  u n r e s t r a i n e d .  

The d e s i g n  change  r e s u l t i n g  from t h i s  c o n d i t i o n ,  i f  any ,  

i s  y e t  t o  b e  de t e rmined .  

2 .5  ENGINE AND RELATED COMPONENTS 

The c e n t e r  e n g i n e  w i l l  b e  d e l e t e d .  A s s o c i a t e d  s t a t i c  

f i r i n g  GN2 purge ,  a l l  c e n t e r  e n g i n e  a t t a c h m e n t  and s u p p o r t  

ha rdware  and t h e r m a l  i n s u l a t i o n  w i l l  b e  d e l e t e d .  

2.6 ELECTRICAL AND ORDNANCE SYSTEMS 

A l l  c a b l e s  n o t  u sed  w i l l  be  t i e d  and stowed.  Engine  5 

c i r c u i t r y  w i l l  b e  d e a c t i v a t e d  w i t h  minimum changes  and 

l e f t  i n s t a l l e d  i n  t h e  d i s t r i b u t o r s .  Two new LOX l e v e l  

s e n s o r s  w i l l  b e  i n s t a l l e d  i n  LOX l i n e s  1 and 3 a l o n g  w i t h  

t h e  p r e s e n t  s e n s o r s .  LOX l e v e l  s e n s o r s  i n  l i n e s  2 and 4  

w i l l  n o t  b e  used .  The e l e c t r i c a l  c i r c u i t  f o r  e n g i n e  c u t o f f  

w i l l  b e  r e v i s e d  s u c h  t h a t  t h e  I n s t r u m e n t  U n i t  ( I U )  w i l l  

have  t h e  c a p a b i l i t y  t o  r e v e r s e  c u t o f f  s equence  i n  t h e  

i 
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(Cont inued)  

e v e n t  e n g i n e  1 o r  3 is  c u t o f f  p r i o r  t o  e n g i n e s  2 and 4 

c u t o f f .  Engine c u t o f f  i n  f l i g h t  no rma l ly  w i l l  b e  a 

t imed o r  "G" l i m i t  c u t o f f  i n s t e a d  o f  a p r o p e l l a n t  d e p l e t i o n  

c u t o f f .  Engines  2  and 4  w i l l  b e  c u t  o f f  e a r l y ,  e i t h e r  

by "G" l i m i t  o r  a t  146 seconds .  Eng ines  1 and 3  w i l l  

no rma l ly  be  c u t  o f f  by "G" l i m i t  o r  a t  211 seconds .  

FLIGHT MEASURING SYSTEM 

A t o t a l  o f  1 8  new f l i g h t  measurements  w i l l  be  added 

c o n s i s t i n g  o f :  

Tempera ture  - 7 

V i b r a t i o n  - 3  

S t r a i n  - 8  

F i v e  f l i g h t  measurements  w i l l  b e  d e l e t e d .  

HARDWIRE MEASURING SYSTEM (SYSTEM A - STATIC FIRING ONLY) 

A t o t a l  of  77 system A measurements  are d e l e t e d  

c o n s i s t i n g  o f :  

Tempera ture  (CA) - 14  

P r e s s u r e  (DA) - 32 

V i b r a t i o n  (EA) - 3 

Flow (FA) - 1 

P o s i t i o n ( G A )  - 7 

S i g n a l s  (KA) - 1 8  

RPM (TA) - 2 

TEST FACILITIES 

E x i s t i n g  S-IC t e s t  f a c i l i t i e s  a t  MTF and MAF w i l l  b e  

u t i l i z e d  f o r  a c c e p t a n c e  t e s t i n g  of  In t -20  s t a g e s .  
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D5-17009-2 

( Continued) 

M o d i f i c a t i o n s  t o  t h e s e  f a c i l i t i e s ,  i f  any,  w i l l  be 

i d e n t i f i e d  i n  a  f a c i l i t i e s  p lan .  

MTF TEST FACILITIES 

The MTF t e s t  f a c i l i t i e s  c o n s i s t  of a  d u a l  p o s i t i o n  S t a t i c  

Tes t  Stand (STS) (only  one p o s i t i o n  is  o p e r a b l e ) ,  a  

T e s t  Control  Center  (TCC), a  Booster  S to rage  Bui ld ing  

(BSB), t e s t  suppor t  s y s t m s ,  t e c h n i c a l  systems and 

suppor t  equipment. I n  a d d i t i o n  t h e  MTF prov ides  f a c i l i t i e s  

and suppor t  r e q u i r e d  f o r  s t a t i c  f i r i n g  which a r e  opera ted  

by o t h e r s .  These i n c l u d e  t h e  Data A c q u i s i t i o n  F a c i l i t y  

(DAF), Data Handling Center  (DHC) and o t h e r  suppor t  such 

a s  h i g h  p r e s s u r e  i n d u s t r i a l  wa te r  (HPIW), p r o p e l l a n t s  

(LOX and RP- 1 )  , t r a n s p o r t a t  i o n  ( l a n d  and w a t e r ) ,  h igh 

p r e s s u r e  g a s e s  and e l e c t r i c a l  power. D e t a i l e d  d e s c r i p t i o n s  

of t h e s e  f a c i l i t i e s  may b e  ob ta ined  from t h e  S tage  

sequence /opera t ions  P lan  f o r  S - I C - ~ / 4 ,  D5+11789-000. 

MAF TEST FACILITIES 

The MAF accep tance  t e s t  f a c i l i t i e s  a r e  con ta ined  w i t h i n  

t h e  S t a g e  T e s t  Bui ld ing  and c o n s i s t  of f o u r  t e s t  c e l l s .  

Only two of t h e  f o u r  t e s t  c e l l s  c o n t a i n  support  equipment 

and t e s t  suppor t  systems t o  make them f u l l y  operab le .  

A-654 
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It i s  assumed t h a t  t h e  accep tance  t e s t  f a c i l i t i e s  a t  MAF 

and MTF w i l l  be i n  a  c o n d i t i o n  of s t o r a g e ,  hav ing  been 

d e a c t i v a t e d  f o r  a n  unknown per iod  of t ime  p r i o r  t o  t h e  

beginning of accep tance  t e s t i n g  o u t l i n e d  i n  t h i s  p lan .  

A p e r i o d  of r e a c t i v a t i o n  w i l l  t h e r e f o r e  be necessa ry  p r i o r  

t o  accep tance  t e s t i n g  of S-IC o r  In t -20  s t a g e s  s p e c i f i e d  

i n  t h i s  p l a n .  It i s  a l s o  assumed t h a t  a  s i g n i f i c i e n t  

number of t h e  t e s t  pe r sonne l  who conduct accep tance  t e s t i n g  

w i l l  be  inexper ienced i n  S-IC t e s t i n g  and t h a t  a  t r a i n i n g  

and c e r t i f i c a t i o n  program w i l l  b c r e q u i r e d .  

MTF REACTIVATION TASKS 

The major  t a s k s  necessa ry  t o  r e a c t i v a t e  t h e  MTF a r e :  

1. Define  r e a c t i v a t i o n  r e q u i r a n e n t s  and p r e p a r e  a  

r e a c t i v a t i o n  p lan .  

2 .  R e i n s t a l l  equipment and perform f u n c t i o n a l  t e s t s ,  

checkouts ,  c a l i b r a t i o n s  and sub-system t e s t s .  

3 .  Perform i n t e g r a t e d  systems t e s t s  i n c l u d i n g  

p r e - s t a t i c  f i r i n g  t e s t s ,  countdown and s t a t i c  f i r i n g  

and p o s t  s t a t i c  f i r i n g  t e s t s  of S-IC-X ( a  p r e v i o u s l y  

s t a t i c  f i r e d  S- IC) . 
4.  Personnel  t r a i n i n g  and c e r t i f i c a t i o n .  

A  more d e t a i l e d  breakdown of t h e  MTF r e a c t i v a t i o n  t a s k s  i s  

p resen ted  i n  F igure  4-1. 
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REACTIVATION TASK DESCRIPTION 

MTF 
(Continued) 

TASK DESCRIPTION 

Perfom equipment and system calibrations 

Update PERT and schedules as required 

Reestablish work control system and maintain 

Accomplish equipment modifications to support Int-20 testing 

Perform reactivation testing including S-IC-X static firing 

Accomplish data reduction, analysis and report preparation for reactivation tests. Support 

Establish training requirements and prepare a training plan. 



. 
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4 .2  MAF REACTIVATION TASKS 

The major  t a s k s  necessa ry  t o  r e a c t i v a t e  t h e  MAF t e s t  

f a c i l i t i e s  a r e :  

1. Define  r e a c t i v a t i o n  requirements  and p r e p a r e  a  

a  r e a c t i v a t i o n  p lan .  

2. R e i n s t a l l  equipment and perform f u n c t i o n a l  t e s t s ,  

checkouts ,  c a l i b r a t i o n s  and sub-system t e s t s .  

3 .  Per f  o m  i n t e g r a t e d  systems t e s t i n g  i n c l u d i n g  

re fu rb i shment  and PSC of S-IC-X. 

4. S tage  t r a n s p o r t a t i o n .  

5. Personnel  t r a i n i n g  and c e r t i f i c a t i o n .  

A  more d e t a i l e d  breakdown of t h e  MAF r e a c t i v a t i o n  t a s k s  

i s  presen ted  i n  F igure  4-2. 

5 . 0  INT-201s- I C  STAGE PROCESSING 

5 . 1  SUMMARJ 

For  t h i s  s tudy  f i v e  o p t i o n s  f o r  s t a g e  p roduc t ion  and 

p r o c e s s i n g  a r e  cons idered .  A s i x t h  o p t i o n  (2  S-IC's 

p e r  y e a r )  i s  a l s o  p resen ted  a s  a  b a s e l i n e .  These o p t i o n s  

c o n s i d e r  p roduc t ion  r a t e  and s t a g e  mix ( I n t - 2 0 ' s  and S-IC's) .  

S t a g e  p r o c e s s i n g  by S-IC Systems Tes t  beg ins  w i t h  t h e  

a c c e p t a n c e  o f  t h e  completed s t a g e  from o p e r a t i o n s  i n  t h e  

f a c t o r y  f i n a l  assembly a r e a  a f t e r  complet ion of q u a l i t y  

shakedown. S-IC Systems Tes t  w i l l  d i r e c t  t h e  t r a n s p o r t a t i o n  

And i n s t a l l a t i o n  of t h e  s t a g e  i n  t h e  STS a t  MTF f o r  combined 

PMC/Static F i r i n g  t e s t s .  S-IC Systems Tes t  w i l l  accomplish 

A-658 
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REACTIVATION TASK DESCRIPTION 

MAF 

TASK DESCRIPTION 

Prepare or revise procedures necessary for reactivation and operation including; (1) 
functional test procedures, (2) equipment checkout procedures, (3) calibration procedures, 
(4) Sub- system test procedures, (5) integrated test procedures for S- IC-X refurbishment and 
PSC, and (6) Int-20 and S-IC test and checkout procedures. 

Establish technical files. 

Prepare and maintain PERT and program schedules 

Prepare SRS planning paper for reactivation. 

Prepare a transportation plan. 

Provide transportation for S-IC-X and monitor critical measurements during all moves. 

Remove equipment from storage and reinstall 

Depreserve equipment and facilities. 

Perform functional tests. 

Perform equipment and system calibrations. 
- AII -- -- - 



KEACTIVATION TASK DESCRIPTION 

MAF 
(Continued) 

-- ***." ...-. ..- TASK DESCRIPTION 

Update PERT and schedu les  a s  r e q u i r e d  

Accomplish equipment m o d i f i c a t i o n s  t o  suppor t  In t -20  t e s t i n g  

Perform re furb i shment  of S-IC-X 

Perform PSC of S-IC-X 

Accomplish d a t a  r e d u c t i o n ,  a n a l y s i s  and r e p o r t  p r e p a r a t i o n  f o r  r e a c t i v a t i o n  t e s t s  i n c l u d i n g  
PSC of  S-IC-X 

E s t a b l i s h  t r a i n i n g  requ i rements  and p r e p a r e  a  t r a i n i n g  p l a n  

Schedule t r a i n i n g  and c e r t i f k c a t i o n  c l a s s e s  and conduct t r a i n i n g  a s  r e q u i r e d  

-- ? - 



5 . 2 . 1  MTF Tes t  Documentation 

The t o p  document f o r  s t a g e  p r o c e s s i n g  a t  M T F  i s  D5-11789-OXX, 

S tage  Sequence/Operations p l a n  f o r  t h e  S a t u r n  S-IC-XX. A 

sequence /opera t ions  p l a n  i s  prepared f o r  each s t a g e .  An 

e q u i v a l e n t  document w i l l  p rov ide  t h e  p l a n  f o r  p r o c e s s i n g  each 

Int -20 s t a g e .  

D5-17009-2 

D5-11789-100, Stage Sequence/Operations P lan  f o r  t h e  S a t u r n  

S-IC-Procedures and I n s t r u c t i o n s  f o r  Process ing  S t a g e s  a t  

MTF, d e l i n e a t e s  t h e  s t a g e  e f f e c t i v i t y  f o r  each accep tance  

t e s t  procedure  and e s t a b l i s h e d  t h e  s t a g e  e f f e c t i v i t y  f o r  each 

o p e r a t i n g  procedure  used i n  p r o c e s s i n g  S-IC s t a g e s  a t  MTF. 

An e q u i v a l e n t  document w i l l  be  prepared and main ta ined  f o r  t h e  

In t -20  s t a g e s .  

. 
5 . 1  (Continued) 

PMC/Static F i r i n g  a c t i v i t i e s  a t  MTF, d i r e c t  t h e  t r a n s p o r t a t i o n  

of t h e  s t a g e  t o  MAF, i n s t a l l  s t a g e  i s  t e s t  c e l l ,  conduct 

re fu rb i shment  and PSC of t h e  s t a g e ,  p r e p a r e  t h e  s t a g e  f o r  

shipment and a s s i s t  i n  d e l i v e r y  of t h e  s t a g e .  

5 .2  The p l a n  f o r  d i r e c t i o n  and c o n t r o l  of S-IC Systems Tes t  

a c t i v i t i e s  i s  con ta ined  i n  D5-12300, S-IC Systems Tes t  

Management P lan .  A document t r e e  i s  p r e s e n t e d  i n  D5-12300-1, 

S-IC Systems Test  Document Control  and Index. With necessa ry  

r e v i s i o n s  t h e s e  documents w i l l  p rov ide  t h e  necessa ry  t o p  

documentation f o r  p r o c e s s i n g  In t -20  s t a g e s  a s  w e l l  as S-IC 

s t a g e s .  
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MAF Tes t  Documentation 

The t o p  document f o r  s t a g e  p r o c e s s i n g  a t  MAF i s  D5-11786, S-IC 

S tage  Checkout and Refurbishment Plan.  D e t a i l s  and r e l a t i o n -  

s h i p s  of o t h e r  MAF s t a g e  p r o c e s s i n g  documentation i n v o l v i n g  

t r a n s p o r t a t i o n ,  p rocedures ,  r e fu rb i shment ,  s u s t a i n i n g  p a r t s  

r equ i rements  and r e p o r t i n g  a r e  p resen ted  i n  D5-12300-1. 

TEST REQUIREMENTS 

S-IC t e s t  requirements  f o r  l e v e l  I accep tance  t e s t s  of t h e  

assembled s t a g e  a r e  con ta ined  i n  t h e  End Item T e s t  Plan (EITP) 

66B10933. In t -20  t e s t  requirements  a r e  d e f i n e d  i n  EITP 

66B10920 ( u n r e l e a s e d ) .  F igure  5-1 p r e s e n t s  a  l i s t i n g  of t h e  

accep tance  t e s t  p rocedures  necessary  t o  f u l f i l l  t h e  EITP 

requ i rements .  

PMCISTATIC FIRING ACTIVITIES 

A d e t a i l e d  d e s c r i p t i o n  of PMCIStatic F i r i n g  a c t i v i t i e s  w i l l  be  

p r e s e n t e d  i n  D5-11789-OXX o r  t h e  e q u i v a l e n t  s t a g e  sequence/ 

o p e r a t i o n s  p l a n  f o r  each In t -20  s t a g e .  A g e n e r a l  d e s c r i p t i o n  

i s  p r e s e n t e d  h e r e  which b a s i c a l l y  i n c l u d e s  t h e  accomplishment 

of t h e  p rocedures  l i s t e d  i n  F igure  5-1 which a r e  a p p l i c a b l e  

t o  P ~ C / S t a t i c  F i r i n g .  

5 . 4 . 1  Receipt  of S tage  and T r a n s p o r t a t i o n  

Each s t a g e  w i l l  be accep ted  by S-IC Systems Tes t  a t  t h e  comple- 

t i o n  of q u a l i t y  shakedown i n  t h e  f a c t o r y  f i n a l  assembly a r e a .  

The s t a g e  w i l l  be t r a n s p o r t e d  t o  MTF on a  ba rge  i n  accordance 

w i t h  D5-11053, S a t u r n  S-IC Stage T r a n s p o r t a t i o n  Plan.  The 

barge  c o n t a i n i n g  t h e  s t a g e  w i l l  dock a t  t h e  S-IC t e s t  s t a n d  

and t h e  s t a g e  w i l l  be  inspec ted  f o r  p o s s i b l e  damage d u r i n g  

shipment.  

: 
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FIGURE 5-1 

TEST PROCEDURES 

A. P?IC/Sta t ic  F i r i n g  P r o c e d u r e s  

1. S t a g e  R e c e i v a l ,  I n s p e c t i o n  and I n s t a l l a t i o n  
2. S t a g e  I n s t a l l a t i o n  
3. S u p p o r t  Equipment Connect E l e c t r i c a l ,  Mechanica l  

and U m b i l i c a l  
4. Access  Equipment I n s t a l l a t i o n  
5. Forward Env i ronmen ta l  C o n t r o l  U n i t  
6. A f t  Env i ronmen ta l  C o n t r o l  U n i t  
7. Bus R e s i s t a n c e  Checks 
8 .  C r i t i c a l  Power D i s t r i b u t i o n  
9. Power A p p l i c a t i o n  

1 0 .  Power Removal 
11. S t a g e  E l e c t r i c a l  System, Power T r a n s f e r  and Bus 

12 .  S t a g e  Sequence and S e p a r a t i o n  
13.  Engine  Cu to f f  System 
14.  E l e c t r i c a l  H e a t e r s  Checkout 
15 .  S t r a i n  Gage P r e s s u r e  Transduce r  Check 
16. L i q u i d  L e v e l  I n i t i a l i z a t i o n  
1 7 .  PCMIDDAS and PCM/FM V e r i f i c a t i o n  
18 .  Measurement Power 
1 9 .  PAM/FM V e r i f i c a t i o n  
20. MCS V e r i f i c a t i o n  
21. F l i g h t  Measurement P r o f i l e  
22. Range S a f e t y  and Ordnance 
23. S t a g e  H y d r a u l i c  System Checkout and V e r i f i c a t i o n  
24. T h r u s t  Vec to r  C o n t r o l  System 
25. GN2 C o n t r o l  and Purge  Systems 
26. P r e s s u r e  Swi t ch  Checkout 
27. LOX Dome and GG I n j e c t o r  Pu rge  
28. T h r u s t  Chamber P r e f i l l  
29. GOX Flow C o n t r o l  Valve  Checkout 
30. LOX Tank P r e p r e s s  and GOX System 
31. F u e l  Tank P r e s s u r i z a t i o n  Systems T e s t  
32. LOX and F u e l  Tanks Conf idence  and Leak T e s t  
33. T h r u s t  Chamber Leak T e s t  
34. T u r b i n e  Exhaus t  System Leak T e s t  
35. Eng ine  Components T e s t  
36.  S t a g e  Components T e s t  and Valve  Timing 
37. S i m u l a t e d  S t a t i c  F i r i n g  
38. Countdown and S t a t i c  F i r i n g  
39. Engine  t o  S t a g e  Alignment 
40. I n s t a l l  T e s t  T e r m i n a t i o n  Modules 
41. Con tamina t ion  Sampling 
42. U m b i l i c a l  Coupl ing  Check 
43. E lec t ro -Mechan ica l  Checks 

A-663 
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FIGURE 5-1 

TEST PROCEDURES 

(Continued) 

A. (Continued) 

44. Support  Equipment Disconnect 
45. S t a g e  Removal 

B. PSC Procedures  

1. S t a g e  I n s t a l l a t i o n  and Connect 
2. S t a g e  Receiving I n s p e c t i o n  
3. T e s t  Terminat ion Module I n s t a l l a t i o n  
4. Environmental  Cont ro l  
5. Telemetry Antennas 
6. Bus R e s i s t a n c e  T e s t  
7. Range S a f e t y  Antennas 
8. F u e l  Pdrge System 
9. S t a g e  Power Check 

10.  E l e c t r i c a l  Power Start-Up 
11. E l e c t r i c a l  Power Shutdown 
12.  LOX Purge System 
13. PCMIDDAS System 
14. PAM/FM system 
15. GN2 Purge System 
16. Command Receiver  Check 
17.  S t a g e  Sequence and S e p a r a t i o n  
18.  GN2 Cont ro l  System 
19.  F l i g h t  Measurement P r o f i l e  
20. DDAS Channel I . D .  
21. Engine Cutoff  
22. E l e c t r i c a l  Hea te r s  T e s t  
23. Range S a f e t y  T e s t  
24. P r e s s u r e  Switch C a l i b r a t i o n  
25. Power T r a n s f e r  T e s t  
26. LOX P r e s s u r e  System 
27. RACS V e r i f i c a t i o n  
28. LOX Tank System T e s t  
29. Fue l  Pre-Press and P r e s s u r i z a t i o n  System 
30. Fue l  Tank System 
31. Engine Cont ro l  System 
32. Wind Load S t r a i n  Gage Checkout 
33. T h r u s t  Vector Cont ro l  
34. Engine Subsystems T e s t  
35. Remove Power Removal Equipment 
36. Simulated F l i g h t  T e s t  
37. EMC Conducted Tes t  
38. EMC Spurious  Emission Tes t  
39. Engine Torque Check 

, b 
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5.4.2 S t a g e  I n s t a l l a t i o n  and P r e - S t a t i c  F i r i n g  Checkouts  

The s t a g e  w i l l  be  i n s t a l l e d  and s e c u r e d  i n  t h e  s t a t i c  

t e s t  s t a n d .  A s t a n d b y  p r e s s u r e  w i l l  b e  m a i n t a i n e d  i n  

t h e  p r o p e l l a n t  t a n k s .  Suppor t  equipment w i l l  be connec ted  I 
t o  t h e  s t a g e .  Hardwire  i n s t r u m e n t a t i o n  (System A) w i l l  

be  i n s t a l l e d ,  connec ted  and checked o u t .  P r e  f i r i n g  I 
i 

c h e c k o u t s  w i l l  b e  conducted  t o  d e t e r m i n e  t h e  r e a d i n e s s  of  I 
t h e  s t a g e  f o r  s t a t i c  f i r i n g .  

5 . 4 . 3  S t a t i c  F i r i n g  

A countdown and s t a t i c  f i r i n g  w i l l  b e  conducted  which 

s i m u l a t e s  as n e a r l y  a s  p r a c t i c a l  t h e  o p e r a t i o n  of  t h e  

s t a g e  s y s t e m s  d u r i n g  a c t u a l  f l i g h t .  Data  w i l l  be  s 
r e c o r d e d  from b o t h  t h e  F l i g h t  Measuring System (System B )  

and t h e  Hardwire  System (System A) i n s t r u m e n t a t i o n .  

S t a t i c  f i r i n g  w i l l  v e r i f y  t h a t  t h e  s t a g e  and sys t ems  

f u l f i l l  t h e  r e q u i r e m e n t s  of  t h e  EITP. 

5 . 4 . 4  P o s t  S t a t i c  F i r i n g  T e s t s  and P r e p a r a t i o n  f o r  S t a g e  Removal 

Fo l lowing  s t a t i c  f i r i n g  and p r i o r  t o  d i s c o n n e c t  o f  any 

equipment  c e r t a i n  p r e - f i r i n g  a c c e p t a n c e  t e s t s  a r e  r e p e a t e d  I 
i n  o r d e r  t o  d e t e r m i n e  i f  t h e r e  h a s  been  any d e g r e d a t i o n  

i n  t h e  sys t ems  per formance .  I n v e s t i g a t i o n  of s t a t i c  f i r i n g  

a n o m a l i e s  i s  a l s o  accompl i shed  d u r i n g  t h i s  p e r i o d .  When 

p r o v i s i o n a l  a c c e p t a n c e  o f  t h e  s t a g e  h a s  been  o b t a i n e d  from I 
NASA t h e  System A i n s t r u m e n t a t i o n  i s  removed, t h e  s u p p o r t  

equipment d i s c o n n e c t e d  and t h e  s t a g e  p r e p a r e d  f o r  removal  1 
f rom t h e  t e s t  s t a n d .  

n 
e 

m 
VI R E V .  SYM. - 
J 

A-666 m"A/!ZP NO. 
PAGE 25 



S t a t i c  F i r i n g  Data Reduc t ion  A n a l y s i s  and R e p o r t i n g  

A Quick-Look team from E n g i n e e r i n g  w i l l  a n a l y z e  and r e p o r t  

on t h e  s t a g e  per formance  d u r i n g  s t a t i c  f i r i n g .  Da ta  w i l l  

be  r e c o r d e d  and p r o c e s s e d  by t h e  MTF s u p p o r t  c o n t r a c t o r  i n  

a c c o r d a n c e  w i t h  t h e  d a t a  r e q u i r e m e n t s .  Da ta  r e d u c t i o n  w i l l  

be  accompl ished  b o t h  a t  IITF and a t  MAE. Suppor t  w i l l  b e  

p r o v i d e d  t o  t h e  quick- look t e a m  i n  t h e  q u a l i f i c a t i o n ,  d i s p l a y ,  

r e v i e w  and a n a l y s i s  o f  t h e  d a t a .  Data  and S t a g e  sys t em 

a n a m a l i e s  w i l l  be  documented and i n v e s t i g a t e d .  

S t a g e  Removal and T r a n s p o r t a t i o n  t o  MAF 

The s t a g e  w i l l  be removed from t h e  s t a t i c  test  s t a n d ,  

s e c u r e d  i n  i t s  t r a n s p o r t e r  and p l a c e d  on a b a r g e  a t  t h e  

tes t  s t a n d .  P r o p e l l a n t  t a n k  s t a n d b y  p r e s s u r e  w i l l  b e  

m a i n t a i n e d .  The s t a g e  w i l l  t h e n  b e  t r a n s p o r t e d  t o  MAF and 

p l a c e d  i n  a t e s t  c e l l  i n  p r e p a r a t i o n  f o r  r e f u r b i s h m e n t  

and PSC t e s t i n g ,  

REFURBISHMENT/PSC ACTIVITIES 

A  d e t a i l e d  d e s c r i p t i o n  o f  re furb ishment /PSC a c t i v i t i e s  

w i l l  be  p r e s e n t e d  i n  D5-11786 o r  e q u i v a l e n t  documen ta t ion  

f o r  t h e  In t -20  S t a g e .  A g e n e r a l  d e s c r i p t i o n  i s  p r e s e n t e d  

Refurbishment  A c t i v i t i e s  

Refurbishment  of  each  S-1C o r  In t -20  s t a g e  w i l l  b e  

accompl ished  a t  IAF a f t e r  s t a t i c  f i r i n g  t e s t i n g  and p r i o r  

t o  PSC. Refurbishment  c o n s i s t s  o f  removing o r  r e p l a c i n g  

hardware  t h a t  was i n s t a l l e d  on t h e  s t a g e  f o r  s t a t i c  f i r i n g  

o n l y ,  r e p l a c i n g  damaged o r  m a r g i n a l  p a r t s ,  i n s t a l l i n g  - 
ID 
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f l i g h t  hardware n o t  i n s t a l l e d  p r i o r  t o  s t a t i c  f i r i n g ,  

and i n c o r p o r a t i n g  any s t a g e  m o d i f i c a t i o n s  r e q u i r e d .  

Refurbishment r equ i rements  f o r  S-1C s t a g e s  a r e  documented 

i n  D5-11784. Int-20 re fu rb i shment  r equ i rements  w i l l  be  

i n c o r p o r a t e d  i n  t h i s  document. 

PSC A c t i v i t i e s  

A t  t h e  complet ion of r e fu rb i shment  P o s t  S t a t i c  Checkouts 

w i l l  be  conducted.  The PSC w i l l  de te rmine  t h a t  t h e  S t a g e  

and sys tems comply w i t h  t h e  EITP accep tance  t e s t  r e q u i r e -  

ments,  and w i l l  be  t h e  f i n a l  accep tance  t e s t  of t h e  

s t a g e  p r i o r  t o  NASA f i n a l  accep tance .  

Before  PSC i s  i n i t i a t e d ,  a  s e l f  check of t h e  t e s t  and 

checkout  complex w i l l  be accomplished u s i n g  t h e  Ground 

Equipment T e s t  S e t  (GETS). Upon complet ion of t h e  s e l f  

check s u p p o r t  equipment w i l l  be  connected t o  t h e  s t a g e .  

Pneumatic,  h y d r a u l i c  and mechanical  checks  w i l l  b e  

conducted.  E l e c t r i c a l ,  r ange  s a f e t y  and i n s t r u m e n t a t i o n  

sys tems w i l l  be  t e s t e d .  P r o p u l s i o n  system checks w i l l  be  

conducted and w i l l  i n c l u d e  checks of f i r i n g  command 

p r e p a r a t i o n  and e x e c u t i o n ,  eng ine  shutdown p r i o r  t o  l aunch  

commit, ma l func t ion  c u t o f f  and normal p r o p u l s i o n  sequences .  

A t  t h e  c o n c l u s i o n  of PSC a n  a l l - sys tems  t e s t  w i l l  be 

conducted which c o n s i s t s  of a  s imula ted  c l o s e d  loop  s t a t i c  

f i r i n g  countdown fol lowed by a  s imula ted  l aunch  and 
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f l i g h t  s equence  (open l o o p  w i t h  a l l  RF sys t ems  r a d i a t i n g  

and u m b i l i c a l s  d i s c o n n e c t e d ) .  

PSC Data A c q u i s i t i o n ,  P r o c e s s i n g  and E v a l u a t i o n  

T e s t  d a t a  w i l l  be  a c q u i r e d  by a u t o m a t i c  t e s t  and checkou t  

equipment ,  t e l e m e t r y  ground s t a t i o n  equipment and manual  

r e c o r d i n g .  Data w i l l  b e  p r o c e s s e d  and r educed  t o  p r o v i d e  

f o r  a n a l y s i s  o f  equipment and sys t ems  pe r fo rmance ,  f o r  

compar ison  w i t h  lower  l e v e l  t es t  d a t a ,  f o r  d e t e r m i n a t i o n  

o f  a c c e p t a b i l i t y  based  on t h e  EITP. 

PSC R e p o r t i n g  

A PSC r e p o r t  w i l l  b e  p r e p a r e d  f o r  e a c h  s t a g e .  The r e p o r t  

w i l l  c o n t a i n  a d i s c u s s i o n  and summary o f  checks ,  a 

compar ison  of  t e s t  v a l u e s  w i t h  r e q u i r e m e n t s  and c o p i e s  o f  

r educed  d a t a .  

STAGE DELIVERY 

The b a s i c  d e f i n i t i o n  of  d e l i v e r y  i s  a c c e p t a n c e  o f  c o n t r a c t  

end i t e m s  by t h e  cus tomer .  S t a g e  d e l i v e r y  w i l l  i n c l u d e  t h e  

p r o v i s i o n a l  a c c e p t a n c e  of  t h e  s t a g e  by NASA a t  t h e  

c o n c l u s i o n  of  PMC/Stat ic  F i r i n g  t e s t i n g ,  PSC and on t h e  

b a r g e  loaded  a t  Michoud, c o m p l e t e l y  r e a d y  f o r  sh ipmen t  t o  

KSC. S-1C Systems T e s t  - MAF w i l l  p a r t i c i p a t e  i n  t h e  

d e l i v e r y  of  t h e  s t a g e s .  D e t a i l s  o f  s t a g e  d e l i v e r y  w i l l  b e  

i d e n t i f i e d  i n  a S t a g e  D e l i v e r y  P l a n ,  D5-12886 o r  

e q u i v a l e n t .  
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INT-20/~-1C STAGE PROCESSING SCHEDULES 

The planned schedu le  f o r  accomplishment of t h e  accep tance  

t e s t i n g  d e s c r i b e d  h e r e i n  i s  p resen ted  i n  F igure  6-1. The 

schedu le  f o r  a l l  o p t i o n s  cons idered  i n  t h i s  p l a n  i s  

p r e s e n t e d ,  i n c l u d i n g  t h e  b a s e l i n e  o p t i o n  of 2 S-1C s t a g e s  

pe r  y e a r .  

F i g u r e  6-2 p r e s e n t s  an  a l t e r n a t e  schedu le  w i t h  no s t a t i c  

f i r i n g s  be ing  accomplished. F igure  6-3 p r e s e n t s  a schedu le  

w i t h  on ly  t h e  f i r s t  2  In t -20  s t a g e s  being s t a t i c  f i r e d .  

R E V .  SYM. - A-670 & b ' I A / I I  NO. 
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4 . 0  MISCE LLANEOUS S-IC DATA 

This section contains preliminary data  which was generated during this study to 
determine the impact of the INT-20 changes defined in  Section 4 . 2 . 2 . 1  of D5-17009-2 
The i t ems  included a r e  as follows: 

No Numbers 
As signed 

Instrumentation Program and Com- 
ponents Lis t ,  INT-20 (Preliminary) 

Intermediate-20 S-IC Stage End 
Item Test  Plan (Preliminary) 

INT-20 S-IC Stage Electrical 
Schematics and CID1s (Preliminary) 
106 pages 

Attachment A Systems Test's INT-20 Acceptance 
to memo 5-5754-P-549 Test  Plan (Preliminary) 
dated July 7 ,  1969 



5 .0  INT-20 RELIABILITY ASSESSMENT 

A reliability assessment was performed of the baseline INT-20 launch vehicle and 
results  compared with Saturn V values. 



R e l i a b i l i t y  Assessment  f o r  INT-20 F i r  st S t a g e  

For  t h e  f i r s t  f l i g h t  o f  INT-20, t h e  p r o j e c t e d  INT-20 
f i r s t  s t a g e  r e l i a b i l i t y  a s s e s s m e n t  and p r e d i c t i o n  
a r e  0.963 a t  50 p e r c e n t  c o n f i d e n c e  and 0.981 
( a s  minimum v a l u e s )  r e s p e c t i v e l y .  These v a l u e s  

e x c e e d  t h e  S-IC S t a g e  C E I  S p e c i f i c a t i o n  r e l i a b i l i t y  
d e s i g n  o b j e c t i v e  o f  0 .95 .  

The above  INT-20 f i r s t  s t a g e  r e l i a b i l i t y  a s s e s s m e n t  
and  p r e d i c t i o n  p r o j e c t i o n s  a r e  b a s e d  on t h e  f o l l o w i n g  
a s s u m p t i o n s :  

1. The a b o r t e d  s t a t i c  f i r i n g  o f  s t a g e  S-IC-11 
was t h e  r e s u l t  o f  human e r r o r  and  n o t  a 
d e s i g n  d e f i c i e n c y .  Asses smen t s  are b s e d  
o n  d e s i g n  i n t e g r i t y  and  human e r r o r  i s  n o t  
u sed  a s  a f a c t o r .  

2. The INT-20 f i r s t  s t a g e  h a s  t h e  same R e -  
l i a b i l i t y  C r i t i c a l  Nardware (RCII) . ( I n f a c t  
t h e  INT-20 f i r s t  s t a g e  h a s  f e w e r  a s  w e l l  a s  
no new RCH; t h e r e f o r e ,  t h e  r e l i a b i l i t y  
v a l u e s  above  are c o n s i d e r e d  low o r  minimum 
v a l u e s  .) 

3 .  INT-20 f i r s t  s t a g e  RCH w i l l  be s t r e s s e d  n o t  
g r e a t e r  t h a n  S-IC RCH was s t r e s s e d .  

4 .  INT-20 f i r s t  s t a g e  f l i g h t  t i m e  is 211 
s e c o n d s .  

5 .  The f a t i g u e  l i f e  o f  INT-20 f i r s t  s t a g e  RCII 
i s  n o t  exceeded  d u r i n g  one INT-20 l i f e  c y c l e .  
( I n  f a c t  t h e  t o t a l  l i f e  c y c l e s  accumula t ed  
on samples  o f  e a c h  S-IC r e l i a b i l i t y  c r i t i c a l  
P r o p u l s i o n / l l e c h a n i c a l  & T h r u s t  Vec to r  com- 
p o n e n t  t y p e  exceeds ,  i n  terms o f  t i m e ,  t h e  
i n t e n d e d  INT-20 f i r  s t  s t a g e  l i f e  c y c l e  t i m e ,  
t m  125 second s t a t i c  f i r i n g s  p l u s  a 211 
second f l i g h t .  

w ~ h i s  v a l u e  assumes  S-IC-11 t h r u  S-IC-15 s t a t i c  
f i r i n g s  and  S-IC-6 t h r u  S-IC-10 f l i g h t s  a r e  
s u c c e s s f u l  i n  r e s p e c t  t o  d e s i g n  o b j e c t i v e s .  I f  
S-IC s t a t i c  f i r i n g s  end  w i t h  F-IC-11 and f l i g h t s  
t h r u  S-IC-10 a r e  s u c c e s s f u l ,  t h e  p r o j e c t e d  
a s s e s s e d  r e l i a b i l i t y  v a l u e  f o r  INT-20 f i r s t  
s t a g e  i s  0.960 a t  t h e  50 p e r c e n t  c o n f i d e n c e  
l e v e l .  



6 . 0  INT-20 S-IC STAGE LOGISTICS PLAN 

The effects of INT-20 implementation on spares  and engineering publications 
requirements was ascertained. The impact is summarized in  this section. 



S-IC LOGISTICS PLAN 

S p a r e s  

Logi  s t ics  s u p p o r t  r e q u i r e m e n t s  f o r  t h e  INT-20, 
S-IC S t a g e  a r e  n o t  s i g n i f i c a n t l y  impacted  k,y 
t h e  s t a g e  c h a n g e s  a s  d e f i n e d  u n d e r  p a r a g r a p h  
4.2 .2 .  The f o l l o w i n g  s p a r e s  i t e m s ,  i n  a d d i t i o n  
t o  t h e  s p a r e s  now s p e c i f i e d  f o r  t h e  S-IC 
s t a g e ,  a r e  r e q u i r e d :  

2 TY INT-20 CONFIGURATION COMPONENT 

(1) P r o p u l s i o n  D i s t r i b u t o r  
(1) Sequence and C o n t r o l  D i  s t r i  k u t o r  
(1) Timer D i s t r i b u t o r  
(2  Mea s u r i  ng D i  s t r i k u t o r s  
(1 T h r u s t  OK D i s t r i b u t o r  
( 3 )  F u e l  Loading  P r o b e s  * 
( 3 )  C a k l e  A s s e m b l i e s  

* E x i s t i n g  S-IC e l e c t r o n i c s  u n i t s  a r e  
a c c e p t a  k l e  . 

~ n g i n e e r i n g  P u b l i c a t i o n s  

The f o l l o w i n g  p u b l i c a t i o n  w i l l  r e q u i r e  r e v i s  i o n s  
t o  r e f l e c t  t h e  INT-20 c o n f i g u r a t i o n .  

MANUAL NO (MSFC) DESCRIPTION 

MSFC-MAN-040 S t a g e  Sys tem D e s c r i p t i o n  
MSFC-MAN-0 34 S t a g e  Main tenance  I n f o r -  

ma t ion  and  P a r t  I n d e x  
MSFC-MAN- 0 35 S t a g e  Bu i ldup  I n f o r m a t i o n  
MSFC-MAN-042 S t a g e  F l i g h t  Measurements 

MANUAL NO (GSE) DESCRIPTION 

YSFC-PIAN-032 

MSFC -MAN -0 A 9 

S t a g e  T r a n s p o r t a t i o n  and 
E h n d l i  ng 
P r o p e l l a n t  Measur ing  
Sys tems  E l e c t r o n i c s  
Checkout  U n i t  
S t a g e  V e r t i c a l  I n t e r n a l  
Access Equipment 
Forward U m t i l i c a l  C a r r i e r  
and F l i q h t  P l a t e  



E n g i n e e r i n g  P u b l i c a t i o n s  (Continued) 

AWNUAT, NO (GSE) -. DESCRIPTION 

MSFC -MAN - 0 26 A f t  U m b i l i c a l  C a r r i e r  
a n d  F l i g h t  P l a t e  

MSFC -MAT1 - 0 2 8 I n t e r t a n k  U r k i  l i c a  1 
C a r r i e r  and  F l i g h t  
P l a t e  

MSFC-YAN-C04-1 S-IC P n e u m a t i c  C o n s o l e  
MSFC-MAN- 004-2  S-IC F o r w a r d  [ J m h i l i c a l  

C o n s o l e  
MSFC-MAN-004-3 S-IC P n e u m a t i c  C h e c k o u t  

R a c k s  



APPENDIX B 

Data intended for  this Appendix has been incorporated in  the main 
body of the final report  (D5- 17009-2). 
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APPENDIX C 

INSTRUMENT UNIT 

ATTITUDE CONTROL ANALYSIS W-PLANE NYQUIST PLOTS 
(NOTE: w FREQUENCIES INDICATED ON PLOTS ARE IN HZ) 

VEHICLE SIMULATION RESPONSES USING DIGITAL ATTITUDE 
CONTROL SYSTEM 
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THIS PAGE INTENTIONALLY L E F T  BLANK 



APPENDIX C. 1 

ATTITUDE CONTROL ANALYSIS W-PLANE NYQUIST 
PLOTS (NOTE: w FREQUENCIES INDICATED ON 
PLOTS ARE I N  HZ) 
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FIGURE C. 1-1. W-PLANE NYQUIST PLOTS FOR S-IC STAGE, PITCH/YAW AXES 
(OPEN AT ACTUATOR) 



FIGURE C. 1-2. W-PLANE NYQUIST PLOTS FOR S-IC STAGE, PITCH/YAW AXES 
(OPEN AT ACTUATOR) 
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FIGURE C. 1-3. W-PLANE NYQUIST PLOTS FOR S-IC STAGE, PITCH/YAW AXES 
(OPEN AT ACTUATOR) 



FIGURE C. 1-4. W-PLANE NYQUIST PLOTS FOR S-IC STAGE, PITCH/YAW AXES 
(OPEN AT ACTUATOR) 
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FIGURE C. 1-5. W-PLANE NYQUIST PLOTS FOR S-IC STAGE, PITCH/Y~W AXES 
(OPEN AT ACTUATOR) 
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FIGURE C. 1-6. W-PLANE NYQUIST PLOTS FOR S-IC STAGE, PITCH/YAW AXES 
(OPEN AT ACTUATOR) 



FIGURE C. 1-7. W-PLANE NYQUIST PLOTS FOR S-IC STAGE, PITCH/YAW AXES 
(OPEN AT ACTUATOR) 



FIGURE C. 1-8. W-PLANE NYQUIST PLOTS FOR S-IC STAGE, PITCHIYAW AXES 
(OPEN A T  ACTUATOR) 



FIGURE C. 1-9. W-PLANE NYQUIST PLOTS FOR S-IC STAGE, PITCH/YAW AXES 
(OPEN AT ACTUATOR) 

c-i 3 
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FIGURE C. 1-10. W-PLANE NYQUIST PLOTS FOR S-IC STAGE, ROLL AXIS 
(OPEN AT ACTUATOR) - - 



FIGURE C.  1-11. W-PLANE NYQUIST PLOTS FOR S-IC STAGE, ROLL AXIS 
(OPEN AT ACTUATOR) 



FIGURE c.1-12. w-PLANE ~ U I S T  P ~ T S  FOR s-IVB STAGE. PITCH/YAW'AXES 
(OPEN - AT ACTUATOR) .- 



FIGURE C. 1-13. W-PLANE NYQUIST PLOTS FOR S - N B  STAGE, PITCH/YAW AXES 
(OPEN AT ACTUATOR) 



APPENDIX C. 2 

VEHICLE SIMULATION RESPONSES USING 
DIGITAL ATTITUDE CONTROL SYSTEM 



DEFINITION O F  RESPONSE PARAMETERS 

PSIP  ATTITUDE ERROR IN PITCH 

P S N  ATTITUDE ERROR IN YAW 

PSIR ATTITUDE ERROR IN ROLL 

PHIDP ATTITUDE RATE IN PITCH 

PHIDY ATTITUDE RATE IN YAW 

PHIDR ATTITUDE RATE IN ROLL 

ALPHAP ANGLE O F  ATTACK IN PITCH 

ALPHAY ANGLE O F  ATTACK IN YAW 

ENGIP REPRESENTATIVE ENGINE DEFLECTION IN 
PITCH (ROLL COMPONENT ADDITIVE) 

E N G N  REPRESENTATIVE ENGINE DEFLECTION IN 
YAW (ROLL COMPONENT ADDITIVE) 



FIGURE C. 2-1. SIMULATION RESPONSE TO 95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 8 O F  .06O 
AND .002790 RESPECTIVELY 



FIGURE C. 2-2. SIMULATION RESPONSE TO 95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 8 O F  .06O 
AND . 0027g0 RESPECTIVELY 



T I M E  - I S E C ) ,  

FIGURE C. 2-3. SIMULATION RESPONSE T O  95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 8 O F  .06O 
AND .002790 RESPECTIVELY 



T I M E  - I S L C l  

FIGURE C. 2-4. SIMULATION RESPONSE TO 95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 8 O F  .060 

AND .002790 RESPECTIVELY 



FIGURE C. 2-5. SIMULATION RESPONSE TO 95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON 6 a AND 0 O F .  0 6 O  
AND .002790 RESPECTIVELY 



FIGURE C. 2-6. SIMULATION RESPONSE T O  95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON 8 c AND 0 O F  .06O 
ANTI . 0027g0 RESPECTIVELY 
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FIGURE C. 2-7. SIMULATION RESPONSE T O  95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON B c AND 8 O F  .OGo 
AND .0027g0 RESPECTIVELY 



HWM 
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FIGURE C. 2-8. SIMULATION RESPONSE TO 95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON B c AND 8 O F  .06O 
AND .002790 RESPECTIVELY 



FIGURE C. 2-9. SIMULATION RESPONSE T O  95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON 6 c AND 0 O F  .06O 
and .002790 RESPECTIVELY 



FIGURE C. 2-10. SIMULATION RESPONSE T O  95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 0 O F  .06O 
AND .0027g0 RESPECTIVELY 



FIGURE C. 2-11. SIMULATION RESPONSE T O  95% MAY DESIGN WINDS USING A 
LEAD FILTER WITH QUANTUM LEVELS ON @c AND 8 O F  .06' 
AND .0027g0 RESPECTIVELY 



FIGURE C. 2-12. SIMULATION RESPONSE T O  95% MAY DESIGN USING A 
LEAD FILTER WITH QUANTUM LEVELS ON k AND 0 O F  .06O 
AND .002790 RESPECTIVELY 



FIGURE C. 2-13. SIMULATION RESPONSE T O  95% MAY DESIGN WINDS USING A 
LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 0 O F  . 0 6 O  
AND .002790 RESPECTIVELY 



FIGURE C. 2-14. SIMULATION RESPONSE T O  95% MAY DESIGN WINDS USING A 
LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 8 O F  . 0 6 O  
AND .002790 RESPECTIVELY 
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FIGURE C. 2-15. SIMULATION RESPONSE T O  95% MAY DESIGN WINDS USING A 
LEAD FILTER WITH QUANTUM LEVELS ON BG AND 0 OF .060 
AND .002790 RESPECTIVELY 



FIGURE C. 2-16. SIMULATION RESPONSE T O  95% MAY DESIGN WINDS USING A 
LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 8 O F  .06O 
AND .002790 RESPECTIVELY 



FIGURE C. 2-17. SIMULATION RESPONSE T O  95% MAY DESIGN WINDS USING A 
LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 0 O F  . 0 6 O  
AND .002790 RESPECTIVELY 



FIGURE C. 2-18. SIMULATION RESPONSE T O  95% MAY DESIGN WINDS USING A 
LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 8 O F  .060 
AND .002790 RESPECTIVELY 



FIGURE C. 2-19. SIMULATION RESPOXSE T O  95% MAY DESIGN WINDS USING A 

LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 8 OF . 0 6 O  

AND .0027g0 R E S P E C T N E L Y  



FIGURE C. 2-20. SIMUIATION RESPONSE TO 95% MAY DESIGN VJINDS USING A 
LEAD FILTER WITH QUANTUM LEVELS ON $c AND Q OF .06O 
AND . 0027g0 RESPECTIVELY 



FIGURE C. 2-21. SIMULATION RESPONSE T O  95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON 6 c AND 8 O F  .02020 
AND .002790 RESPECTIVELY 



FIGURE C. 2-22. SIMULATION RESPONSE TO 95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON 6 c AND 0 O F  .0202O 
AND .002790 RESPECTIVELY 
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FIGURE C. 2-23. SIMULATION RESPONSE TO 95% FEBRUARY DESIGN WINDS USING 
A LEAD.FILTER WITH QUANTUM LEVELS ON B c AND 8 O F  .0202O 
AND . 0027g0 RESPECTIVELY 



FIGURE C. 2-24. SIMULATION RESPONSE TO 95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON 8 c AND 8 O F  .0202' 
AND .002790 RESPECTIVELY 
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FIGURE C. 2-25. SIMULATION RESPONSE T O  95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 0 O F  .0202O 
AND .002790 RESPECTIVELY 
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FIGURE C. 2-26. SIMULATION RESPONSE T O  95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON gc AND 0 O F  .0202O 
AND .Of390 RESPECTIVELY 



FIGURE C. 2-27. SIMULATION RESPONSE T O  95% FEBRUARY DESIGN WINDS USING 
A LEAD F I L T E R  WITH QUANTUM LEVELS ON Bc AND 8 O F  .0202' 
AND . 089' RESPECTIVELY 



IBM 

FIGURE C. 2-28. SIMULATION RESPONSE T O  95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON gc AND 8 O F  .0202O 
AND .0890 RESPECTIVELY 



FIGURE C. 2-29. SIMULATION RESPONSE TO 95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 8 O F  .0202O 
AND .0890 RESPECTIVELY 



FIGURE C. 2-30. SIMULATION RESPONSE T O  95% FEBRUARY DESIGN WINDS USING 
A LEAD FILTER WITH QUANTUM LEVELS ON Bc AND 8 O F  .02020 
AND .0890 RESPECTIVELY 
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APPENDIX C. 3 

Defini t ion 

G a i n  of d ig i t a l  f i l t e r  (pole  z e r o  f o r m )  

Unit - 

, 
-. L 

S C C  

I? ' 1 , ~ t t . r a l  accc lc \ i -a t ion  coef f ic ien t  p c r  
I.: - - 
1 1-11 r a d i a n  13 

C 

I . , ; l t~i-al  ; ~ c c ( ~ l c r i t t i o n  coef f ic ien t  pcr  h- -x ;>; - 3  , . 
I: c ;I r ~ ~ c l i n n / s c . c  2 

Qr< 
]'itch plant ~ n o ~ n c n t  of i n e r t i a  a b o u t  

J. 
\;s vch ic  lc c . g. 

1 Torsional m o m e n t  of inc 1-tia abou: 
1 I' 

v c > h i c  l( ,  !ongi t t~ l l ina l  c e n l e r  l i ne  

. th 
G c ~ ~ i t . r ; ~ l i z c ~ < l  i n r , r t i a  of tllc I t o r s i o n a l  
l~c ,~ ld i l~ : :  n ~ o d c  . , 

it ' ' I ' h r \ \ s t  of c o n t r o l  pnginc.s 

, . '  N ' - q n  ( i  I.<% 1 ,- C .  Ac,rudyi!;lrni.c fo rce  
L' (2 

~ .,--.-- d-. 
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D e f i n i t i o n  

0 (Kc!: - X c p )  D i s t a n c c  f r o m  c .  g .  t o  cc1ztc.r of p1-c3ssurc 
/\ (2 

( X c g - 3 1 ~ )  Jlis tancc. from c .  g. to the g i ~ n l ~ a l  

,'I - (Xc g - X : ; j )  Distal:(-c. fl-01-13 c .  g .  to s l o s h  niti:;:, attach .iil ..I po in t  

I<adi.nl d i s t a n c e  f rom \;chicle l.ongitudina1 
c c n t ~ ~ r  lilzc: to c o n t r c ~ l  engine gii-nlxtl 

'Total n l a s s  of vehicle 

~ v n c l r a l i  zcad i n a s  s it" br:l!di ng iilodc: 

~ ~ e r - i e r a l i ~ ~ c l  n v s s  of jt.h S I O ~ I I  m o c ~ e  

Ilynai-nic p r c \ s s u r c  
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c e ~ l t c  r . l ine to thc  s los l i  rnas ,.; s tta c . : h  poillt 

Stat ior i  of Lhc, c .  g .  

S t a t i o n  of thc. c c n t c l -  of prcxssurc.  
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tl1 
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. t!l 
N n  ~ u ~ - ; t l  slosilr frc.q\ienc)r of J rnodt. 
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itll rnodc 

Uni t  

r1-1 
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Defini t ion 

t h  
N a t u r a l  bcnding  f r equvncy  of thc i m o d e  

N a t u r a l  bending  f r e q u e n c y  of tllc j th  s lo s l i  
m o d e  

N a t u r a l  t o r s i o n a l  bending  frc,qucncy of thc 
it" m o d e  

Damping  r a t i o  of i th  bending mode 

D a m p i n g  r a t i o  of jth s l o s h  mode 

Damping  r a t i o  of the i th  t o r s i o n a l  bending  
m o d e  

N o r m a l i z e d  deflect ior l  a t  the  i n s t r u m e n t  
uni t  d u e  to  the  ith bending  m o d e  

N o r m a l i z e d  s l o p e  a t  the g i m b a l  s t a t i o n  d u e  - I 
t o  i  th bending  m o d o  m 

N o r m a l i z e d  s l o  e  a t  the i n s t r u m e n t  uni t  
s t a t i o n  due  to  it' bending  m o d e  

Norma1izc.d a n g u l a r  r o t a t i o n  a t  thc g i m b a l  
s t a t i o n  due  to  the ith t o r s i o n a l  bending m o d e  r a d / r ; i t l  

N o r m a l i z e d  a n g u l a r  r o t a t i o n  a t  t hc  i n s t r u m e l i t  
u n i t  due  to the  ith t o r s i o n a l  bending  m o d c  r n d / r a d  

D i s p l a c e m e n t  of the c g  i n  the d i r e c t i o n  
n o r m a l  to  the  r e f e r e n c e  t r a j e c t o r y  

Ve loc i ty  of the c g  in the d i r e c t i o n  n o r m a l  
to the  r e f e r e n c e  t r a j e c t o r y  - 1  

m .  s e c  

A c c e l e r a t i o n  of the c g  in  the d i r e c t i o n  
n o r m a l  to r e f e r e n c e  t r a j e c t o r y  - 2 

in. s e c  
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Defini t ion S y m b o l  Unit 

111 
S l o s h  m a s s  d i s p l a c e m e n t  to the j m o d c  

n o r m a l  to the veh ic l e  longi tudina l  a x i s  

t  h 
S l o s h  m a s s  ve loc i ty  of the j lmode nor rna l  

to the v e h i c l e  longi t t ldinal  a x i s  

, th 
S l o s l ~  m a s s  a c c e l e r a t i o n  of t hc  j m o d e  

n o r m a l  to t he  veh ic l e  l o n g i t u d i l ~ a l  a x i s  

T o t a l  eng ine  de f l ec t ion  r a d  

r a d  Input  s i g n a l  to  a c t u a t o r  

- 2 
r a d .  s e c  Eng ine  a n g u l a r  a c c e l e r a t i o n  

G e n e r a l i z e d  d i s p l a c e m e n t  of ith bending  
m o d e  

t l l  
G e n e r a l i z e d  ve loc i ty  of the i  bending  

m o d e  
- 

- 1  
nl. s e c  

t h G c n t ~ r a l i z e d  accc l t . r a t i on  o i  i bending 
m o d c  

t h G e n e r a l i z e d  d i s p l a c e m e n t  of the i 
t o r s i o n a l  bending  m o d c  r a d  

Ge11c.ra1izcd a n g u l a r  ve loc i ty  of t h e  i th 

t o r s i o n a l  b e ~ l d i n g  m o d e  

G c n c r a l i z e d  a t lgu lar  a c c c l c r a t i o n  of t l ~ c x  

i t h  t o ] - s iona l  bcndlng  mod(,  

Veh ic l e  at . t i tude e r r o r  a n g l e  

A t t i t ude  e r r o r  a n g l e  due  to bending  

Rol l  a t t i t r ide e r r o r  d u e  to t o r s i o n a l  bending 
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S y m b o l  

q~ 

CSI 
S 

Defini t ion 

Rig id  body a t t i t ude  e r r o r  a n g l e  

A t t i t ude  e r r o r  a n g l e  d u e  to s l o s h i n g  

Vehic le  a t t i t u d e  a n g u l a r  r a t e  

A t t i t ude  a n g u l a r  r a t e  d u e  to  bending  - 

Rol l  a t t i t u d e  r a t e  due  to t o r s i o n a l  bending 

R ig id  body a t t i t u d e  a n g u l a r  r a t e  

At t i tude  a n g u l a r  r a t e  d u e  to  s l o s h i n g  

Veh ic l e  a t t i t u d e  a n g u l a r  a c c e l e r a t i o n  

R ig id  body a t t i t u d e  a n g u l a r  a c c e l e r a t i o n  

At t i t ude  a n g u l a r  a c c e l e r a t i o n  d u e  to s l o s h i n g  

M o m e n t  of i n e r t i a  of c o n t r o l  eng ine  a b o u t  
the g i m b a l  

F i r s t  m a s s  m o m e n t  of c o n t r o l  e n g i n e s  about  
the g i m b a l  

Eng ine  a c t u a t o r  t r a n s f e r  funct ion 

Angle d i s p l a c e m e n t  of p i tch ,  yaw, a n d  r o l l  
c o n t r o l  axes m e a s u r e d  i n  a n  i n e r t i a l  r e f e r e n c e  
f r a m e  f ixed  a t  liftoff 

Unit  

r a d  

- 1 
r a d .  s i b ( .  

- 1 
r a d .  see- 

I / 

r a d .  sc-c ' 

- C. 
r a d  stxc  

- 2 
r a d .  s c c  
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APPENDIX D 

D . l  VEHICLE PERFORMANCE DATA 

The vehicle performance data generated in  support of the Phase I t rades effort i s  
contained in this section. Data a r e  contained for  2 ,  3 ,  4 ,  and 5 F-1 vehicles a t  4 68-g 
and 6.0-g f i r s t  peak acceleration levels.  All configurations used a 3 . 8  second coast 
between S-IC shutdown and S-IVB ignition. Thrust-to-weight rat io  a t  launch was 
maintained a t  1 .25 where possible. Ballast ,  in the form of unused propellant, was 
staged with the S-IC to maintain the specified maximum acceleration l imi t s .  
A 950 lb/ft2 maximum dynamic pressure  (q) l imit was also observed. Launch was 
due-east f rom KSC , unless otherwise specified. 

The performance capabilities of INT-20 with both Centaur and Service Module injection 
stage were  a l so  determined. The Service Module used was the four-tank , shrouded version 
with an  independent flight control system. Each injection stage was suspended within 
a SLA shroud, which was jettisoned a t  S-IC staging. 

F o r  all configurations. flight performance r e se rves  of 3/4 percent of the vehicle total 
character is t ic  velocity a r e  accounted for  in the last  stage. F o r  missions other  than 
two-stage d i rec t  to c i rcu lar  orbit ,  a launch window reserve  ( propellant) of 60 m/sec  was 
included in the las t  stage. 

Two discontinuities appear  i n  the d i rec t  ascent to  orbit  data.  Ballasting of the 6-g 
2 F-1 S-IC (Figure D .  1-2) is required; when the payload decreases  below 51,000 
l b . ,  to  l imit  the acceleration. A break in  the curves for  the 4.69-g 5 F-1 INT-20 
(Figure .D . l - 7  ) occurs  at an altitude of about 250 NM. This break occurs  because 
of the requirement to l imit dynamic p re s su re  to  950 psf. At altitudes of l e s s  than 
about 25 0 NM , the initial F-1 engine shutdown occurs  p r io r  to  when i t  would 
fo r  acceleration control s o  that the trajectory can be shaped to  l imit dynamic pressure .  

F o r  the synchronous orbit  missions, the following propellant boiloff and engine shutdown/ 
s tar tup losses  were  assumed: 

Stage 

S-IVB 

Centaur (Insulated) 

Service Module (SMIS) 

Losses  (lb\ 
Orbit (4-1/2 h r .  ) Coast (5-1/4 h r )  



The synchronous orbit mission flown by the two stage configurations is direct 
injection with two stages into a 100 NM parking orbit followed by a coast, reignition 
of the S-IVB, and boost to transfer velocity. At synchronous orbit altitude (approximately 
19,320 NM), after a 5 1/4 h r  coast,  the S-IVB is reignited for circularization and 
plane change. The synchronous orbit mission flown by the three-stage configurations 
is direct injection with two stages into a 100 NM parking orbit followed by a coast,  
reignition and boost by the S-IVB, burnout and staging of the S-IVB, ignition of 
the third stage, and boost to transfer  velocity. At synchronous orbit altitude, the 
third stage is reignited for circularization and plane change. 

Data generated in  support of the 4 F-1 INT-20 polar orbit capability study a r e  presented 
in  Figures A-1-13 through A-1-26. Net payloads versus S-IC rate of yaw for.circular 
orbit altitudes of 100, 200, and 300 NM a r e  presented in Figure 13 for a 4.68 g 
acceleration limit and in Figure 20 for a 6.0 g acceleration limit. Corresponding 
vehicle impact t races a r e  presented in Figures D .I- 14 through D .l- 19 and D . l -21 through 
D.l-26. 

The mission flown is direct injection with two stages into the circular polar orbit and 
assumes a launch azimuth of 145' for  all cases. After the vehicle passes through 
maximum dynamic pressure (no boost turning is performed prior  to maximum dynamic 
pressure) ,  the specified rate of S-IC yaw is initiated. This constant rate of S-IC boost 
turning is maintained for the remainder of the f irst  stage burn time. At S-IVB 
ignition, a rate of yaw is initiated which results in the  configuration attaining the 
desired orbit inclination of 90°. In all  cases,  the selection of a f irst  stage yaw 
rate which results in  minimum land mass  impact (i. e .  , overfly of Cuba and 
Panama only) does not severely penalize the payload performance of the vehicle. 

Presented in Figures D.  1-27 through D .l-32 a r e  the net payload versus twice specific 
energy (C3) capabilities of tk 2, 3 ,  4 and 5 F-1 INT-20 and the 4 F-1 INT-20/Centaur 
o r  SMIS configurations. The data assume direct injection through a 100 NM circular 
orbit (no engine shutdown o r  coast time in the orbit is assumed) to the desired 
energy level. 



NUMBER O F  F-1 ENGINES 

LIFTOFF WEIGHT 

SEA LEVEL THRUST 

S-IC SEA LEVEL &p 

PROPELLANT CONSUMED 

STAGED INERTS ** 

VACUUM THRUST 

VACUUM Qp 
S-IVB 

PROPELLANT CAPACITY 

STAGED INERTS 

IU ASTRIONICS EQUIPMENT 

TABLE I 

SATUFIN V DERIVATIVES (NAS8-30506) 

INT-20 TWO-STAGE TRADE STUDY BASE LINES 

2 3  

LBS 2 ,435 ,200  3 ,652 ,800  

LBS 3,044,000 4 ,566 ,000  

SE C 

LBS 

LBS 

LBS 

SE C 

LBS 

LBS 

* VARIABLE WITH MISSION 
** DOES NOT INCLUDE BALLAST FOR ACCELERATION CONTROL 



TABLE 1T 

THlRD STAGE 

SATURN V DERIVATIVES 

INT-20 THREE-STAGE TRADE STUDY BASE LINES 

L I F T O F F  WEIGHT 
SEA L E V E L  THRUST 

S -1C SEA LEVEL ISp 
PROPELLANT CONSUMED 
STAGED INERTS ** 
THIRD STAGE SHROUD 

VACUUM THRUST 
VACUUM $.jp 

S-IVB PROPELLANT CONSUMED 
STAGED INERTS 
INSULATION PANELS 

IU ASTRIONICS EQUIPMENT 

VACUUM THRUST 

3RD VACUUM @ p  

STAGE PROPELLANT CAPACITY 
STAGED INERTS 

LBS 
LBS 
SE C 
LBS 
LBS 
LBS 

LBS 
SE C 
LBS 
LBS 
LBS 

LBS 

LBS 
SE C 
LBS 
LBS 

CENTAUR 

* VARIABLE WITH MISSION 
+ * DOES NOT INCLUDE BALLAST FOR ACCELERATION CONTROL 
*** REDUCED TO 37,800 FOR 6.0 g LONGITUDINAL ACCELERATION 





FIGURE D .1-2 6 .0-g 2 F-1 INT-20 CIRCULAR ORBIT CAPABILITY 



FIGURE D.  1-3 4.68-g 3 F-1 INT-20 CIRCULAR ORBIT CAPABILITY 



FIGURE Do 1-4 6-g 3 F-1 INT-20 CIRCULAR ORBIT CAPABILITY 



FIGURE D .1-5 

I I 

2 00 300 
CIRCULAR ORBIT ALTITUDE - N. M. 

4.68-g 4 F-1 INT-20 CIRCULAR ORBIT CAPABILITY 





~ 1 ~ u d . E  D.1-7 4.68-g 5 F-1 INT-20 CIRCULAR ORBIT CAPABILITY 



200 300 
CIRCULAR ORBIT ALTITUDE - N. A!. 

FIGURE D .1-8 6-g 5 F-1 INT-20 CIRCULAR ORBIT CAPABILITY 



0 10 2 0 30 4 0 50 6 0 
FIGURE D .I-9 ORBIT INCLINATION - DEGS 

3 F-1 INT-20 SYNCHRONOUS 
ORBIT CAPABILITY D-15 



0 1 0  20  30 40 50 6 0 

FIGURE D .I- 10 ORBIT INCLINATION - DEG. 

4 F-1 INT-20 SYNCHRONOUS 
ORBIT CAPABILITY 



0 1 0  2 0 3 0 40 50 6 0 

FIGURE D .l-ll ORBIT INCLINATION - DEGS 

LAUNCH AZIMUTH = 90' 

MAX. DYNAMIC PRESSURE = 950 P S  

14- / 
/ 

/ 

5 F-1 INT-20 SYNCHRONOUS 
ORBIT CAPABILITY 

1 0  

L 

0 

LONG. ACCEL. LIMIT = 4.68 g's 

I I 



0 1 0  20  3 0 40 5 0 6 0 
ORBIT INCLINATION - DEG. 

FIGURE D .  1-12 
INT-~O/INJE CTION STAGE 

SYNCHRONOUS ORBIT CAPABILITY D-18 

40 

SYNCHRONOUS ORBIT 
L I F T O F F  T/W = 1.25 
LAUNCH AZIMUTH = 90' 
100 N. M. CIRCULAR PARKING ORBIT 

I 

I 
--A 

- 4.68 g LONG. ACCEL. LIMIT 

0 

+ 



FIGURE D .l-13 

4 F-1 SAT J R  

4.68-g 4 F-1 POLAR 
ORBIT CAPABILITIES 

S-IC RATE OF YAW - DEG/SEC 



- .  

88 86 84 89 80 78 76 74 
WEBT LONQITUDE -DEG 

FIGURE D .I-14 

4.68-g 4 F- 1 S-IC IMPACT 
TRACES (100 NM POLAR) 



90 7 5 6 0 4 5 30 

FIGURE D.  1-15 W E S T  LONGITUDE - DEGREES 

4.68-g 4 F-1 INT-20 I M P A C T  
TRACES (100 N . M .  POLAR) D-21 



NO YAW STEERING PRIOR TO 
MAXIMUM DYNAMIC PRESSURE 

FIGURE D .l- 16 

4.68-g 4 F-1 S-IC IMPACT 
TRACES (200 NM POLAR) 



9 0 7 5 6 0 45 30 

FIGURE D .l- 17 
\VEST LONGITUDE - DEGREES 

4.68-g 4 F-1 INT-20 IMPACT 
TRACES (200 NM POLAR) D-2 3 



FIGURE D .I- 18 

4.68-g 4 F-1 S-IC IMPACT 
TRACES (300 NM POLAR) 



9 0 7 5 6 0 45 3 0 

FIGURE D .1-19 WEST LONGITUDE - DEGREES 

4.68-g 4 F-1 INT-20 IMPACT 
TRACES (300 NM POLAR) 

D-25 



0 .1 . 2  . 3  .4 . 5  . 6  

FIGURE D .I-20 S-IC RATE O F  YAW - DEG/SEC 

6-g 4 F-1 INT-20 POLAR 
ORBIT CAPABILITY D-26 



88 86 84 82 80 7 8 78 74 
WE8T LONGITUDE - DEG 

FIGURE D .  1-21 

6-g 4 F-1 S-IC IMPACT 
TRACES (100 NM POLAR). 



90 7 5 6 0 4 5 

FIGURE D .I-22 WEST LONGITUDE - DEGREES 

6-g 4 F-1 INT-20 IMPACT 
TRACES (100 NM POLAR)- 



VEHICLE IMPACT TRACE 
200 N. M. POLAR ORBIT 
L I F T O F F  T/W = 1.25 
LAUNCH AZIMUTH = 145' 
NO YAW STEERING PRIOR TO 

MAXIMUM DYNAMIC PRESSURE 

WE8T LONGITUDE c D E G  

FIGURE D .I-23 

6-g 4 F-1 S-IC IMPACT 
TRACES (200 NM POLAR) 



90 7 5 6 0 45 30 

FIGURE D .l-24 WEST LONGITUDE - DEGREES 

6-g 4 F-1 INT-20 IMPACT 
TRACES (200 NM POLAR) D-30 



FIGURE D .I-25 

6-g 4 F-1 S-IC IMPACT 

TRACES (300 NM POLAR) 



9 0 7 5 6 0 4 5 30 
FIGURE D .I-% 

\YEST LONGITUDE - DEGREES 
6-g 4 F-1 INT-20 IMPACT 

TRACES (300 NM POLAR) D-32 





3 F-1 INT-20 C3 DATA 
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FIGURE D . l -29 

0 5 0 1 0 0  
TWICE SPECIFIC  ENERGY (C3) - 1 . ; h 2 2 / ~ ~ ~ 2  

4 F-1 INT-20  C3 DATA 



12 0 

LAUNCH AZIMUTH = 90' 
MAX. DYNAMIC PRESSURE = 950 P S F  

100 INJECTION THROUGH A 100 N. M. 

m 
m 
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1 

FIGURE D . l - 3 0  TWICE SPECIFIC ENERGY (CS) -  KILT^ SEC' 

5 F-1 INT-20 C 3  DATA 



120 HIGH ENERGY MISSIONS 

LIFTOFF  T/W, = 1.25 
LAUNCH AZIMUTH = 90° 
INJE CTION THROUGH A 100 N. M. 

100  

rn 
a 
4 

m 
3 80 
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S 
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FIGURE D .I-31 .> T'VTCE SPECIFIC  E N E R G I T  ( C ~ I  - KT\!- SEC-) 

4.68-g 4 F-1 INT-20 PERFORMANCE 

WITH INJECTION STAGES 



6-g 4 F-1 INT-20 PERFORMANCE 
WITH INJECTION STAGES 
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LIFTOFF T/W = 1.25 
LAUNCH AZIMUTH = 145' 
NO YAW STEERING PRIOR TO 

\ y\\ \ Y \ / \  
88 86 84 89 80 79 76 74 

WEST LONGITUDE - DEO 

FIGURE D. 2-1 INT-20 S-IC IMPACT TRACE - 100 N.M. POLAR ORBIT 



WEST LONGITUDE - DEGREES 

FIGURE D.2-2 INT-20 S-IVB IMPACT TRACE - 100 N.M. POLAR ORBIT 

D-42 



FIGURE D .2-3 INT-20 S-IC IMPACT TRACE - 200 N . M . POLAR ORBIT 

D-43 



90 7 5 6 0 45 3 0 

WEST LONGITUDE - DEGREES 

FIGURE D. 2-4 IN-T-20 S-IVB IMPACT TRACE - 200 N.M. POLAR ORBIT 

D-44 



FIGURE D .2-5 INT-20 S-IC IMPACT TRACE - 300 N. M. POLAR ORBIT 



WEST LONGITUDE - DEGREES 

FIGURE D.5-6 INT-20 S-IVB IMPACT TRACE - 200 N.M. POLAR ORBIT 

D-46 
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APPENDIX D . 3  AERODYNAMICS 







FIGURF: D. 3-3 DISTRIBUTION OF LOCAL AXIAL FORCE COEFFICIENT GRADIENT, 43 FT. (13. lm), 
PAYLOAD, M w = 1 . 2 9  



FIGURE D.3-4 DISTRTBUTION O F  LOCAL AXIAL FORCE COEFFICIENT GRADIENT, 43 FT,  (13. lm), 
PAYLOAD, M * = 1.69 
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LONGITUDINAL POSITION, X/D , FORWARD O F  STATION 100 

FIGURE D. 3-11 DISTRTBUTION OF LOCAL NORMAL FORCE COEFFICIENT GRADIENT, 
43 FT.  PAYLOAD (13. lm), M op = 1.69 



APPENDIX D . 3  (CONTINUED) 

2 . 0  INT-~O/BIG  G AERODYNAMICS 



20 40 6 0  8 0  100 

ANGLE O F  ATTACK DEG. 

FIGURE D. 3.2-1 O N  PAD AND L I F T  O F F  AERODYNAMICS, BIG G PAYLOAD 
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MACH NUMBER 

JRE ~ ~ 3 . 2 - 3  FOREBODYAND BASE AXIAL FORCE COEFFICIENTS VS. MACH NUMBER, 
BIG G PAYLOAD 









FIGURE D.3.2-7 DISTRIBUTION OF LOCAL AXIAL FORCE COEFFICIENT GRADIENT, BIG G PAYLOAD, 

Moo  = 1 . 6 9  
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APPENDIX D .4  



APPENDIX D.4 

1.0 BASELINE INT-20 MASS CHARACTERISTICS 

INT-20 vehicle mass  properties in  this appendix are based on the SA-511 vehicle 
described in Reference 4.1.7-1. The INT-20 vehicle design analyses for  structural 
loads, structural dynamics, and control characteristics were made using these 
mass  characteristics. 

a. Vehicle distributed and accumulative weights 

Vehicle mass  distribution; containers empty, l e s s  contilevered masses ,  is 
shown in  Table D .4-I. The cantilevered masses a r e  shown i n  Table D .4-11. 

Variation of vehicle propellant distribution with flight time is shown in 
Table D .4-lIl. 

Accumulative weights a r e  presented in Table D .4-IV for various flight times. 

LOX and fuel level changes with flight time a r e  shown in  Figures D .  4-1 and D .4-2. 

b. Vehicle weights, cgts ,  and roll and pitch mass moments of inertia. 

Variation of f i rs t  flight stage weight and longitudinal center of gravity (cg) 
with S-IC burn time is shown in  Figure D .4-3. The abrupt change in  the 
curves at t = 146 seconds is caused by cutoff of two of the four F-1 engines 
on the S-IC stage. 

Variation of f irs t  flight stage rol l  and pitch mass  moments of inertia with 
S-IC burn time is shown i n  Figure D .4-4. The reverse curvature is due to  the 
influence of the change in  fluid height to tank diameter ratio of the propellant 
fluid masses in the S-IC stage. 



TABLE D .4-I 

VEHICLE MASS DISTRIBUTION (CONTAINERS EMPTY) 

INT-20 

*Cantilevered Mass Not Included 

BAY LIMITS 
BAY 

WEIGHT 
(LB ) 

13,265 
47,651 
35,555 
35,555 

4,183 
2,866" 
3,898 
2,022 
1,325" 
1,006 
8,170 
2,908 
8,844* 
4,968 
6,701 
8,200 
8,857 
7,383" 
7,180 

10,244* 
21,612 
21,265" 
27,967 

101,776 
527" 

(STATION) 

AFT 

2629 
2464 
2372 
2280 
2244 
21 22 
2002 
1902 
1822 
1762 
1642 
1540 
1400 
1280 
11 60 
1040 
920 
800 
700 
600 
480 
3 60 
240 
100 

-120 

3 

BAY 
C.G. 

(STATION ) 

2695.73 
2537.60 
2418.00 
2326.00 
2269.00 
21 93.47 
2059.80 
1952.50 
1853.50 
1792.00 
1700.98 
1544.31 
1476.75 
1343.21 
1221.69 
1103.03 
984.07 
849.37 
747.96 
641.56 
540.31 
422.96 
298.35 
149.80 
73.00 

FWD 

2796 
2629 
2464 
2372 
2280 
2244 
21 22 
ZOO2 
1902 
1822 
1762 
164.2 
1540 
1400 
1280 
11 60 
1040 
920 
800 
700 
600 
4-80 
3 60 
240 
100 



TABLE D .4-II 

CANTIrnVERED MASSES 

INT-20 

*About Point  of Attachment 

CANTlLEVER 
STATION 

100.0 

365.0 
602.0 

91 2.0 
.1401.0 

1854.0 

21 22.6 
& 

~ p *  (SLUG-FT~) 
. 

WEIGHT (LB) 

LIFTOFF CUTOFF 

75,340 75,340 
3 24,844 6,730 

4,240 4,240 

471,521 8,072 

4,798 4,798 
203 , 592 11,925 

825 825 

C.G. (STATION) 

LIFTOFF 

335,380 
246,472 

17,902 

329,318 
22,856 

143,532 

5,888 

LIFTOFF 

43 . 9 

313.7 
662.1 

859.3 
1462.1 

1805.4 

2171.4 

CUTOFF 

335,380 
28,498 

17,902 
34,140 

22,856 

62,103 

5 , 888 

CUTOFF 

43.9 

304.3 
662.1 

839.2 
1462.1 

1765.1 
2171.4 



TABLE D.4-III 

VMICLF: PROPELLANT DISTRIBUTION 

INT-20 

FP-1 PROPELLANT DISTFXBUTION 

LOX PROPELLANT DISTRSBUTION 

BAY LlMIT 

( STATION ) 

S-IC BURnr TsME (SEC) 

AFT 

225.0 

365.0 
480. 0 

602.0 

m 

365.0 
480.0 
602.0 

S.L. 

BAY LIMIT 

(STATION ) 

0.0 

S-IC BURN TlME (SEC) 

A F T  

772.0 
91 2.0 

920.0 
1040.0 

1160.0 

1280.0 
1401.0 

WEIGHT 
(LB ) 

318,114 

402,173 
426,536 

119,645 

FWD 

912.0 

920.0 
1040.0 

1160.0 

1280.0 

1401.0 

S. L. 

C.G. 
(STATION) 

313.9 
422.4 

540.9 
631.0 

70.1 

0.0 

WEIGHT 
(LB ) 

318,114 

402,173 

57,624 
o 

90. 0 

WEIGHT 
(LB ) 

463,449 

39,845 

595,586 
594,060 
600,050 
602,388 

1,186 

C.G. 
(STATION) 

313.9 
422.4 

488.4 
- 

WEIGHT 
(LB) 

318,114 
414,685 

0 

o 

70.1 

C.G. 
(STATION) 

859.6 
916.4 

979.8 
1100.1 

1219.9 
1342.8 

1401.1 

C.G. 
(STATION) 

313.9 
410.3 

- 
- . 

90.0 

WEIGHT 
(LB ) 

463,449 

39,845 

595,586 
594,060 

71,454 
0 

0 

WEIGHT 
(LB ) 

463,449 

39,845 

595,586 

329,493 
0 

0 

0 

C.G. 
(STATION) 

859.6 
916-4 

979.8 
1100.1 

1162.9 
- 
- 

C.G. 
(STATION) 

859,6 
916.4 

979.8 
1072.0 

- 
- 
- 



TABLE D .4-111 (continued) 

VEHICLE PROPELLANT DISTRIBUTION 

INT-20 

S-IVB LOX PROPELLANT DISTRIBUTION 

S-IVB LH, PROPELLANT DISTRIBUTION 

C. G. 
(STATION ) 

1807.9 

BAY LIMIT 
(STATION ) 

CANTILEVERED 
'3 1854.0 

WEIGHT 
(LB ) 

191,667 

BAY LIMIT 
(STATION ) WEIGHT 

873 
15,593 
17,477 

4,391 

AFT 

1812.0 

1854.0 

1988.0 

2123.0 

C.G. 
(STATION ) 

1842.0 

1928.5 

2055.8 

2139.4 

FWD 

1854.0 

1988.0 

2123.0 

SOLo 



TABLE D .4-IV 

VEHICLE ACCUMULATIVE WEIGHTS 
INT-20 

VEHICLE 
STATION 

Above 2629 
Below 2629 
Above 2464 
Below 2464 
Above 2281 

Below 2281 
Above 2245 
Below 2245 
Above 2123 
Below 2123 
Above 1854 
Below 1854 
Above 1768 
Below 1768 
Above 1541 
Below 1541 

Above 1401 

Below 1401 

Above 912 
Below 912 
Above 602 
Below 602 
Above 365 
Below 365 
Above 100 

Below 100 

ON PAD 
t = -7.0 

13,265 
13,265 
60,916 
60,916 
132,026 
132,026 

136,209 
136,209 
139,075 

, 139,900 
146,615 

388,541 
389,976 
389,976 
401,155 
401,155 

409,999 
414,797 
444,015 

3,417,814 
3,441,924 
3,446,164 

3,488,360 
4,784,041 

4,914,670 
4,990,537 

CUTOFF 
t=210.95 

13,265 
13,265 
60,916 
60,916 
132,026 
132,026 

136,209 
136,209 
139,075 
139 , 900 
146,615 

388,541 
389,976 
389,976 
401,155 
401,155 

409,999 
414,797 
444,015 

469,125 
493,235 
497,475 
539,671 
570,070 
700,699 
776,566 

2 ENG.C.0. 
t=146.0 

13,265 
13,265 
60,91 6 
60,916 
132,026 
132,026 

136,209 
136,209 
139,075 
139 , 900 
146,615 

388,541 
389,976 
389,976 
401,155 
401,155 

409,999 
414,797 
444,015 

993,092 
1,017,202 
1,021,442 

1,063,638 
1,320,180 

1,450,809 
1,526,676 

LIFT-OFF 
t= 0.0 

13,265 
13,265 
60,916 
60,916 
132,026 
132,026 

136,209 
136,209 
139,075 
139,900 
146,615 

388,541 
389,976 
389,976 
401,155 
401,155 

409,999 
414,797 
444,015 

3,348,651 
3,372,761 
3,377,001 
3,419,197 
4,692,395 
4,823,024 

4,898,891 

& MAX 
t = 70.1 

13,265 
13,265 
60,916 
60,916 
132,026 
132,026 

136,209 
136,209 
139,075 
139,900 
146,615 

388,541 
389,976 
389,976 
401,155 
401,155 

409,999 
414,797 
444,015 

2,216,481 

2,240,591 
2,244,831 

2,287,027 
3,071,668 
3,202,297 
3,278,164 
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FIGURE D .4-1 LOX SURFACE LEVEL AS A FUNCTION O F  BURN TIME 

D-93 



FIGURE D .4-2 F U E L  SURFACE LEVEL AS A FUNCT1,ON O F  BURN TIME 
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FIGURE D .4-4 
FIRST FLIGHT STAGE I 

I 
ROLL AND PITCH MOMENTS OF INERTIA I 

VERSUS FLIGHT TIME 
SAT V DERIVATIVE -IN= 



APPE NDM D. 4 (Continued) 

2.0 INT-~O/BIG G MASS CHARACTERISTICS 

Vehicle distributed and accumulative weights shown in  Table Do 4. V through 
D. 5. VIlI are based upon the 20-inch container's empty mass  distribution presented 
in Reference 4.3.2-2. Vehicle cantilevered masses were obtained from data used 
in the J-2s study as supplied by appropriate stage contractors. The payload 
weight and launch vehicle propellant loadings used in this analysis a r e  based on 
the data presented in Section 4.3.2. 



TABLE D.4-V 

VEIIICLE MASS DISTRIBUTION (CONTAINERS EMPTY) 
INT-201~1~ G CONFIGURATION 

*Canti levered Mass Not Included 

NOTE 

1 

BAY 

C. G. (STA.) 

3061 
2660 
25 68 
2402 
2269 
21 93 
20 60 
1953 
1854 
1792 
1701 
1544 
1477 
1343 
1222 
1103 
984 
849 
748 
642 
540 
423 
298 
150 
73 

These  data  include propellants in ducts, res iduals ,  e tc .  

WEIGHT 
0 s )  

10,050 
13,538 
20,000 
83,782 
4,183 
2,866" 
3 , 898 
2,022 
1,325" 
1,006 
8,170 
2,908 
8,844* 
4,968 
6,701 
8,200 
8,857 
7,383" 
7,180 

10,244" 
21,612 
21,265" 
27,967 

101,776 
527" 

BAY LINTS 
VE~IICLE 

AllT 

2822 
2606 
2537 
2280 
2244 
21 22 
2002 
1902 
1822 
1762 
1642 
1540 
1400 
1280 
1160 
1040 
920 
800 
700 
600 
480 
3 60 
240 
100 

-1 20 

STATION 

JWJ3 

3 289 
2822 
2606 
253 7 
2280 
2244 
21 22 
2002 
1902 
1822 
1762 
1 642 
1540 
1400 
1280 
1160 
1040 

920 
800 
700 
600 
480 
3 60 
240 
100 



TABLE D.4-VI 

CANTIUVERED MASSES 

INT-201~1~ G CONFIGURATION 

*About Point  of Attachment 

& 

CANTIUVER 

STATION 

100 

3 65 

60 2 

91 2 

1401 

1854 

21 23 

WEIGHT (LBS) I ~ *  (SLUG-FT~) 
LIFT-OFF 

75,340 

324,844 

b,  240 

471,521 

4,798 

203,592 

825 

C. G. (STATION) 

LIFT-OFF 

335 , 380 

246,472 

17,902 

329,318 

22,856 

143,532 

5 , 888 

CUT-OFF 

75,340 

6,730 

4,240 

8,072 

4,798 

11,925 

825 

LIFT-OFF 

44 

314 

662 

859 

1462 

1805 

2171 

CUT-OFF 

335,380 

28,498 

17,902 

34,140 

22,856 

62,103 

5,888 

CUT-OFF 

44 

304 

662 

839 

1462 

1765 

2171 



TABLE D .4-VII 

VEHICLE PROPELLANT D I S T R I B U T I O N  
I N T - 2 0 1 ~ 1 ~  G CONFIGURATION 

RP-1 PROPELLANT D I S T R I B U T I O N  

LOX PROPELLANT D I S T R I B U T I O N  

BAY L I M I T  
(STATION ) 

S - I C  BURN T I M E  ( S E C )  

A F T  

225 

3 65 

480 

60 2 

FWD 

3 65 

' 480 

602 

S.L, 

BAY L I M I T  
(STATION ) 

0-0  

S - I C  BURN TIME (sEc) 

A F T  

772 

912 

920 

1040 

11 60 

1280 
* 

WEIGHT 
(LBS) 

318,114 

402,173 

426,536 

119,020 

FWD 

91 2 

9 20 

1040 

1160 

1280 

1401 (EL.) 

CG 
(STATION) 

314 

422 

541 

63 1 

70 03 
WEIGHT 

(LBS) 

318,114 

402,173 

55 , 84-9 

o 

91 .o 

- 

91 .o 0 . 0 

CG 
(STATION) 

314 

422 

488 

- 

WEIGHT 
(LBS) 

318,114 

314,060 

0 

o 

WEIGHT 
(LBS) 

463,449 

39,845 

595,586 

328,046 

0 

0 

70.3 
WEIGHT 

(LBS) 

463,449 

39,845 

595,586 

594,060 

600,050 

602,127 

CG 
(STATION) 

314 

41 0 

- 
- 

CG 
(STATION) 

8 60 

91 6 

980 

1072 

- 
- 

WEIGHT 
(LBS) 

463,449 

39,845 

595,586 

594,060 

67,364 

0 

CG 
(STATION) 

860 

91 6 

980 

1100 

1220 

1343 

CG 
(STATION) 

860 

91 6 

980 

1100 

1163 

- 



TABLE D .4-VII (Continued) 

V E H I C L E  PROPELLANT D I S T R I B U T I O N  

INT-~O/BIG G CONFIGURATION 

S - I V B  LOX PROPELLANT D I S T R I B U T I O N  

WEIGHT 

S - I V B  LH2 PROPELLANT D I S T R I B U T I O N  

'Cantilevered 
a t  1854 191,667 1808 

BAY L I M I T  (STATION) WEIGHT 
(LBs) 

873 

15 ,593 

17,477 

4,391 

A F T  

1812 

1854 

1988 

21 23 

t 

FWD 

1854 

1988 

21 23 

S , L ,  

CG 
STATION 

1842 

1929 

2056 

2139 

. 



TABLE D .4-VIII 

VEHICLE MASS ACCUMULATIVE (CONTAINERS EMPTY) 

I N T - 2 0 1 ~ 1 ~  G CONFIGURATION 

VEHICLE 
STATION 

AT 2822 

AT 2606 

AT 2537 

AT 2401 

AT 2281 

AT 2245 

FWD 2123 

AFT 2123 

FWD 1854 
AFT 1854 

AT I768 

AT 1541 

FWD 1401 

AFT 1401 

FWD 912 

AFT 912 
FWD 602 

AFT 602 

FWD 365 

AFT 365 
FWD 100 

AFT 100 

ON PAD 
t=-7. 0 

10,050 

23 , 588 

43 , 588 

84,620 

127,370 

131,553 

134,419 

135,144 

141,959 

383,885 
385,320 

396,499 

LL05,343 
410,141 

439,359 

3,416,405 

3,440,515 
3,444,755 
3,486,951 
4,784,042 

4,914,671 
4,990,538 

LIFT-OFF 
t = O  . 0 

10,050 

23,588 

43 , 588 

84,620 

127,370 

131,553 

134,419 

135,144 

141,959 
383,885 
385,320 

396,499 

405,343 
410,141 

439,359 

3,347,242 

3,371,352 

3,375,592 
3,417,788 
4,692,396 
4,823,025 
4,898,892 

(fff> PlAx 
t=7Q 3 

10,050 

23,588 

43,588 

84,620 

127,370 

131,553 

134,419 

135 , 144 

141,959 
383 , 885 
385,320 

396,499 

405,343 
410,141 

439,359 

2,207,735 
2,231,845 
2,236,085 
2,278,281 

3,061,147 

3,191,776 
3,267,643 

2 ENG C O O .  
t=l46 

10,050 

23,588 

43,588 

84,620 

127,370 

131,553 

134,419 

135,144 

141,959 
383 , 885 

385,320 

396,499 

405,343 
410,141 

439,359 

991,683 
1,015,793 
1 020 , 033 
1 ,062,229 

1,320,181 

1,450,810 

1,526,677 



APPENDIX D . 5  AERODYNAMIC HEATING 



APPENDIX D, SECTION 5 

AERODYNAMIC HEATING 

C onvective film coefficients and recovery temperatures a t  Stations 2464, 2245, 1854, 
1768, 1541, and 912 a r e  presented as a function of flight time. The film coefficients 
a re  presented in Figures D. 5-1 to D. 5-6. The recovery temperatures a r e  
presented in Figures D. 1-7 to D. 5-12. The trajectory used is shown in Section 
4.1.1.4, Table 4.1.1.4-11. 
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FIGURE D. 5-7 RECOVERY TEMPERATURE @ STATION 2464 



Time Seconds 

S-IVB FORWARD SKIRT ( Sta- 2245 ) 

FIGURE D. 5-8 RECOVERY T E M P E R A T U R E  @ STA'TION 2245 



0 4 0 80 1 20 160 200 24 0 
Time Seconds 

S-IVB AFT SKIRT ( Sta- 1854 ) 

FIGURE D. 5-9 RECOVERY TEMPERATURE @ STATION 1854 



Time Seconds 

S -IVB / S- l C  INTERSTAGE ( Sta- 1768) 

FIGURE D. 5-10 RECOVERY TEMPERATURE @ STATION 1768 

D-114 



Time Seconds 

S-IVB / S-lC INTERSTAGE ( Sta- 1541 ) 

FIGURE D. 5-11 RECOVERY T E M P E R A T U R E  @ STATION 1541 



Time Seconds 

S-1C CYLINDRICAL STRUCTLfRE ( Sta - 912 ) 

FIGURE D. 5-12 RECOVERY TEMPERATURE @ STATION 912  
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