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A.l!!!ISTRACT 

THE MANUFACTURING PLAN PRESENTED IN THIS REFDRT CONTAINS 
INSTRUCTIONS AND PROCEDURES FOR FABRICATION, ASSEMBLY, AND TESTING 
OF THE SATURN S-II STAGE (S-II-16 THROUGH S-11-25). THE S-II STAGE 
WILL CONSIST OF A FORWARD SKIRT, LIQUID HYDROGEN (LH2) TANK, 
LIQUID OXYGEN (WX) TANK, THRUST STRUCTUnE, HEAT SHIELD, INTERSTAGE, 
AND ENGINE AND SYSTEM COMPONENTS. A LIST OF THE S-II STAGES AND 
ALL DELIVERABLE CONTRACT ITEMS IS PROVIDED IN THE SATURN S-II 
PROGRAM PLAN. 
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FOREWORD 

This doctl,ment is submitted to the National 

Aeronautics and Space Administration (NASA) in 

accordance with the requirements of line item 75 

of SD 67-700. This report includes the latest 

Saturn S-II manufacturing concepts and plans of the 

Space Division of North American Aviation, Inc. 
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INTRODUCTION 

The manufacturing plan presented in this report contains instructions 
and procedures for the fabrication, assemb_ly, and testing of the Saturn S-II 
stage·. The S-11 stage will c:onsist of a forward skirt, liquid hydrogen (LHz) 
tank, liq�id oxygen (LOX) tank, thrust structure, heat shield, interstage, and 
engine and system cornponents. A list of the S-II stages and all deliverable 
contract item:> is provided in the Saturn S-II Program Plan (S-II-16 through 
S-II-25).

The manufacturing plan presented herein is divided into four major 
sections: fabrication and assembly procedures (Section 1. 0), factory test 
plan (Section 2. 0), ground support equiprnent (Section 3. 0), and special tool
ing (Section 4. 0). The S-Il Manufacturing organization is shown in Figure 1, 
and the Seal Beach (Calif.) assembly site 1s shown in Figure 2. Section 1. 0 
delineates the progressive fabrication of the S-ll stage. Section 2. 0 contains 
the procedures and tests required in establishing the reliability of the struc
tural and system components. Section 3. 0 covers the fabrication, testing, 
and calibration of GSE modules and components. Section 4. 0 describes the 
major assembly fixtures and contains lists of tooling and measuring devices. 

All articles produced by SD Manufa<.::turing are authorized, controlled, 
and documented by means of iabrication, assembly, and inspection records 
(F.-\IR), the basic forms oi the SD production control system. 

:,,'1anufacturing Planning prepares FAIR tickets that authorize and 
describe the manufacture of the items required. �anufacturing Planning 
coordinates all FAIR tickets with Qudlity Engineering of Manufacturing Quality 
and Reliability Assurance (Q&RA) before these tickets are released. 

- 1 -
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1. 0 FABRICATION AND ASSEMBLY PROCEDURES 

l. I SUI3ASSEMBL Y FABRICATION

I. l-1 The S-TI stage subassembl.i�s and their fabrication steps and
tooling requirements are d1.:scribeJ in this section. A structural breakdown 
of major subassernblies is shown in Figure 1- l. {A production breakdown 
is depicted in Figure 1-31.) To control diametnc<1l tolerances of the 
mating subassen1blies, critical assembly operations will be conducted in a 
temperature-controlled atmosphere. F'inal a!-3sembly and subassembly 
joining operations will be performed at controlled temperature levels. All 
proced11res llsed in !.he fabrication of the S -11 stage will conform to approved 
spe cific:ati.ons. 

1. l. 1 FORWARD SKIRT STHUCTURE

l. l.1-1 The forward skirt assern.Lly of thtc S-Il stage will be of
riveted, sernimonocoque, skin-stringer construction and will be fabricated 
in four panels as shown in Figur� 1-2. The assendJly will. consist of sub
assen1uled external longerons and sheet metal internal frallles. The skirt 
forward suria.ce will be station-controlled. .A. bolt pattern for tlie mating 
of the forward skirt to the S-1Vf3 stage ·Nill be coordinated by a control 
master gauge, The unit: is received fro1J1 Tulsa with iusnlation panels bonded 
in pl.ace and then installed. Closeouts are then bonded in µlace at the four 
splice-line areas to complete skirt insulation. 

Procedure 

Fraine subassen1blies 

a. Instdl.l web a11d cap seg1nents in jig.
(See Figure 1-3.)

b. Dri 11 and tack rivet.

c .  1nspecl and identify.

Skin segment and stringers 

a. Install skin segments dnd external
hat sections in jig.
(See Figure 1-3.)

1 - l 

Tooling 

Subassembly Jig 

Pick-up jig 

Suuassembly jig 

SD 07-443 
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FR..AJv\E SUBASSEMBLY 

SKIN SUBASSEMBLY AND 

FRAME ASSEMBLY 

COMPLETE FORWARD SK JRT ASSEMBLY 

Figure 1-3. F•>rward Skirt Fal>ric::i.t1on 
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Procedure 

b. Ori ll and tack rivet..

c. Inspect and 1dentify.

Skin panels and fra1nes 

a. Instc1-ll skin panels and fr,1mes in

jig. (See Figure 1-3.)

b. Drill and rivet (N.'\A specification
LA0l0l-004).

c. Inspect and identify.

Forward ski rt 

a. Install skin panels 111 assembly ,iig.
(See Figure 1-3.)

b. Drill and rivet skin sphces (NAA
specification LA0l0l-004).

c. Drill and bolt frame splices (N.-\:\
specification LA0101 -004).

d. Install antenna, windows, antenna.
n1ounts, and electrical brackets.
Drill and rivet (NAA specific-ation
LA0101 -004).

e. Drill mat1·ng S-11 hole pattern.

£. Inspect and identify.

g. Disassemble and package.

h. Deliver to next assembly.

l - S

Tooling 

Pick-up jig 

Assembly jig 

:\ssembly jig 

Assernhly jig 

Trans portati.on dolly 
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1. 1. 2 INTERSTAGE STR UCTUH E

1. 1. 2-1 The interstage structure will be fabricated of riveted, semi
monocoque, skin-stringer construction (Fig11re 1-4) as outlined for the . 
forward skirt. The interstage aft surface will be controlled for station plane. 
A bolt pattern for the mating of the aft surface to the S-IC stage will be 
coordinated by a niasLer control gat,ge. The fon>1a.rd surface will be con
trolled by a tool master, and d field break will lJe provider! for attachment 
to the thrust structure. A separation plane will he provided.at Station O and 
at Station 196 for in-flight stage separation. 

Procedure 

Frame subasse111blies 

a. Install web and cap segments 1n jig.
(See Figure 1-5.)

b. Dri 11 and rivet.

c. Inspect and icientii\.

Skin segments and ,;tr'inger subassemblies 

a. lnstall skin segment and external
bulb strin�ers in jig.
(See Figure l - 5.)

b. Drill and tack rivet.

r. Rivet toniplele (N:\::'\. specit'ic,,ti.011
L .-\ 0 1 0 J - 0 C1 4 ) .

d. Inspect and identifv.

Panel assemblies 

a. Install frarne seg1nents .ind skin
panel segment inji,L!.,
(See Figure 1-5.)

b. Drill <111d rivet corn pletc (:'\:\:'I.
spcci11cation L,\0101-004).

c. Inspect and idenuiy.

1 - (, 

Tooling 

Subassembly jig 

Pick-up jig 

Subassembly _pg 

:\ssembly _1ig 

SD b7-443 



-, 

,._, --
C 
..
• ...-

I,.. 

l:1+�+ .�. .. 
H.A ._,._ TOC. I- '-JJ 

r A',if_L >t.T"'lt th·•� (,11,,,A,,. 
rk:►• _'lt..,, .. . ,,,1 

1 0CAT£ ,Tkl.N.(..t,k 4 
,,._a,.. U.RI! I I. IA.• t 

IIJV!.. 1 

n•" -� 

! ......
♦ 

I. UIM.hrt'k fl' :Tt:U 

�� 
� ,,. ...__
...... ------�·::

► ""''', .. r ,. 

I �l.M, ,J•lof,,. 

+ 
A I tJ..•.i• 11u , ,·Ar'>., 

<�iii--.;;v 
'·'- ..._,. .. 

/- � 

♦ 

,::--.,;.- ��M., Jr _✓,:;fo: I 

''"''" + ,, . ���.? 

..... �

"'"" .... .,."·'"' . ...,,�� -!:Y� I ·• � �

---=-
-L-----

�•'�•M�,I
� � . ';o, 

ft 

• I• -

• •, , 

I !• ,, '"' •l��-." • 1 

-
. ... ,:, ;:.': ..... '" 

... 

�
-

.':' '. · "' ~"" ·� 

'> -�

-::�, .=- .:� ��.-
%���-

"''... ,, ... -. ,, .. , ... · .. 

-.. 
� 

-
. :'>" .,Yf, i 

\ 

, . .,,, 

t 

-
♦

J. .... M A·;•· 
�T , t,.. • t- '-"'IP" .. 
• !'•n 11,1 p,• 

......,;:, - ·. . ' 
--;i,"'

,,,., " 
.� + 

/� ,# �RA •:o.lfk _, 

1, 1"0. I ._ � C. •'A • 

�• .. ,-. ,,J 1.�h I- A .,> ,►t 
l�1'\fA ...._ f1r\1 Ii&. ,fllt{Jl\{__. f .. .. 

Al I c•.11 K�r,,,1 A . .,, 

Figure l -1. Intl·rstage AssemLly Sequence 

:1)1--A •• 

,. : 1·.: J k.:, f, •• A

'""'rt ,..._A-ML· HJ 
.,,, •. "' , n,u:,. L 
lftv�: !h-11l'Lf"1l 

z 

0 

ll 
-4 

:r 

)> 

t 
111 

ll -
n 
)> 

z 

)> 
< 

)> ... -
0 

:! -
z 

() 



NORTH AMERICAN AVIATION, INC 
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Procedure 
---------------- -

Access door assembly 

a. Position frame, ski11, and hinge 111
assembly _jig.

b. Drill and tack rivet.

c. Auton1atic rivet con1pi<.:Le.

d. Inspect and 1de nti.fy.

Aft interstage (colllplete) 

a. install skin panels and £ore i:l.nd aft

fittings in assemLJly jig. (:iee
Figure ·l -5.)

b. Drill and rivet s�in spltces.

c. Drill bolt holes; bolt splices tempo

rarily to facilitate assembly

seµaration into four sectiorn;.

Con1plete remaining splices.

d. Drill ll1atc.hed hole pattern for

fr.::u11e splic.es.

e. Install dCces::, dowr::,.

i. Drill and rivet dccess d,)urs (i',:\A
spec i fl cation L _-\ 0 l O l - 0 0---1) .

g. Drill cnorc..linateu 1nieriace for S-IC
stag<:: and aft sl,irl.

h. Inspect and idelltify.

i . Dl:;as5€:.nl>le and pc.cl<age :Or
sh1prnc11t.

1 -9 

Tooling 

.\ssembly jig 

.\ssen,bly jig 
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1. I. 3 THRUST STRUCTURE

I. l. 3-1 The thrust structure will be fabricated of riveted, skin
stringer and internal frame construction as shown in Figure 1-6. This 
structure will consist of a combination of a riveted cone fabricated of four 
panel sections and a n1ach1ned cyllndrica.1• skirt fabricated of four panel 
sections. The external longerons will be spaced approximately 7 inches 
apart on the skirt; the longerons will be fan-posit10ned on the thrust cone. 
Internal frames will rnitintain circular exactness of both the skirt and the 
cone to aid in thrust dispersion along the longerons. 

1. 1. 3. 1 Thrust Structure Subassernhly

1. l. 3. 1-1 Following is the fabrication procedure and tooling for the 
thrust structure subasseml;ly: 

Proc�dure 

Frame assemblies 

a. Install webs and angles 111 jig. (See
Figure 1-7.)

b. Drill and rivet ('.'JA.-\ speciiicc1tion
L:\0101-004).

c. Inspect and identify.

Cone skin subassembly 

a. . .\ssernble external stringers to skin
s e gm e n t. ( Se e F i gu re l -7 . )

b. Drill and rivet.

c. Inspect. 

d. Assemble internal frame sections to
skin assembly·• (See Figure 1-7.)

e. Rivet complete ( NAA specification
L:\0101-004).

f. Inspect and identi.iy.

l - l 0

Tooling 

Subassembly jig 

Subassembh jig 

Subassemhly jig 
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ENGi NE MOUNT FRAME ASSEMBLY 

FRAME AND SK IN 
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Procednrc 

Aft skin pa11els 

a. Install webs c1.nd angles 1n jig.

b. Drill and rivet.

c. Inspect and identify.

Cone assen,bl 'y cornpletion 

a. Install cone panels.

b. Install splice plates. (See
Figure 1-8.}

c.  Drill and rivet (NA.A specificc1tion
LA0l0l-004).

d • I n s pe ct a n d 1 d e n t i f y . 

Thrust structure conipletion 

a. Install aft skirt panels tn ji�. (See
Figure 1-8.)

b. Drill and rivet �k1rt to for"1ard cone
fran1e.

c. Splice !::ikin segmelHS; drill and
rlvet.

d. Inst.all center engine beain.

e. Drill alld pin.

f. Drill attachrnent holc::s to n1at1:. "-'itii
interstage structure and i~nter111ediate
ski.rt.

g. Inspect and identify.

1 - 1 3 

Tooling 

Subassembly ji.g 

Pi.ck-up stand 

Assembly jig 

:;ssernbly jig 
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l. I. 3. 2 Heat Shield

1. 1. 3. 2-1 The thrust structure heat shield as,;eml>Ly will be a con
ventional structure of honeycomb panels, silicon rubber curtains, mounting 
webs, and angles that form a station-oriented shield with supporting beams 
for attach111ent to the thrust structure and n1otors. 

Procedure 

Heat sliiel<l assembly 

a. Install beams al1<l web assernbly in
jig.

b. Drill and rivet attachments (N.\c\
spenfication L�\0101-004).

c. Inspect.

I. I. 4 I3OL TING R INC SE.:GJ\·fENTS

Tooling 

As �e I'll bly jig 

1.1.4-1 1hc bolting ring will collsisl of 12 externally machined, 
·formed U -frames. These bolting frames will be mechanically fastened to
the LOX tank, the LHz skin cylinder, the dlt skirt, and the adjacent segment.

I. 1 . 5 LI- I z SI, IN C Y LI ND ER

l. I. 5. Panel 1\sse111oly 

l. l. 5. 1-1 1he �ktn ,·ylt1ider assenilily will consist oi' n1acl11ned-milled
panels joined lJy rnach1lle iusion welding (Fiuure ]-'}). Internal frarnes an<l 
splices will lie fon11ed 01 conventional web,; .:u1d an!,-'.les riveted together. 
External 1nsulatiu11 will Lie applied tv each panel prior to we\d-j0ining . .-\ll 
weld equ1pn1ent and operators w1 ll be certified 111 accordance with AB.\IA-PD
W -45:\ and r\f3.\L\-PD- l53. Preproduction te::;ts w1ll he performed in 
accordance with noted speciticd.tions. 

Procedure Tooling 

Fraine s11L,assenlbly 

a. [nstall webs and angles tn Jig. Subassembly j-ig 

b. Drill, burr, ,llld rivt·t.

c. ln.,;pect a.nd identify.

l -15
SD 67-443 
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Procedure 

Panel Assembly 

a. Install premachined skin and
frames in jig. (See Figure l - 1 O.)

b. Drill and rivet frames to pa11el-
111achined ribs (N:'\.-\ specillcati.ons
;'I. 1 AO 6 0 1 -0 0 1 and �L\ 0 6 0 l - 0 0 2 ) .

r. Inspect per drawing.

d. Tri111 skin longitudinally (both edges):
allow excess material for weld
shrinkage.

c. Hen:ove U\1rr::; ancl clean.

1 . l n s pe d and H} e n t I f y .

Tooling 

Assembly jig 

.-\ S SC 111 I, 1 y j l g 
(p::rnel and frames) 

1. 1. 5. 2 Preparation and Insulat10n ot Lil? Cyl!nder Panels

1.1.5.2-1 Insulation i11dterial will L,e cL<lht:si,·e-bondecl to the external 
suriace of each cylinder panel prior to weld-joining. T111:; :nsulatiun will 
consist of prt.!tcthricated panels rn,i<lc of phenolic hone� comb tilled with 
isucyanate Loam; the: l1011c:yc01nb v...ill b1.: <1dlicsivc-l>onded LO a L.uninate T\ylon 
external skin. lnsulat1<.•n test coupons wi 11 be tested per \l.-\ltE,l)S-003 IJy 
using spe,·ial tL':c>l ..:q::ii_;l1:l:'1'.t (:::,fL) nH.,d,-1 ,i�··S-':>·•1•: 
lie d!Jpl Lt'.d ,l:- 10J lt>\\-�: 

Proccdu rC' 

Panel insulation 

a. Receive skin p,;1.nels irou, ,..,are
house on trc1nsportation doll>.

u. Pu::.itivn spreader L <1r �FJl-0033
iind sling fo: l1oist µick-11p.

c. Hoist. and tra11spnrt sprc<1der bar.
and l:>iing int,; p,·1siti,..1n.

d. .'\ttct, h spreader bct1· d11cl sl1n� tu
pi.!r,cl t,ir hoist p;ch-np.

l - 17

SD 67-443 
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Procedure 

e. Transporl and position panel in
pro cc s sing booth on floor.
Remove ho1sl frotn spreader bar.

f. Close booth. Alkaline -clean,
rinse, etch, and rinse. (Inspect
for water breaks.)

g. Force -dry panel with oi 1-frec air
temperature up to 150 F.

h. Employees are to we�r r.ledn wl11te
cot ton gloves for all h andli ni-: of
cleaned panels.

i . Tlt)ist c1ncJ trdrisport p.1nel from
clea11ing booth; and pt>Sttit1n panel
in paint booth.

J. \lask all areas of panel v.:here
\1-602 ur 424 prit11cr is not
requ1 red.

k . s pr a r m a I l 'la l 1y IA' I t l : \ ! - t) 0 2 0 r
-124 primer.

1. 1\ir-dr\· pr1111er 30 1,iinnte::. uetween
coats to obtain 111axi.i1un1 tl:ick!less
oi 0. 00 l inch, and dry 30 111hute s
after final ,:oat.

m. Force-di·v M-(,02 primer with oil-fret�
air at Z-10± 10 F for 30 mi nut es, at
290±10 F for ]20 minutes, and inspect.
For 42-l primer, force-dry for
60 minutt!S at 150± l 0 } .

n. Sel.'.ure spreader bar 8EH-0033 to
panel.

o. floist panel i'rorn primer booth and
position on insulation bonding tool
T-7200198. Remove 8EH-0033
spreader bar.

1 - 19 

Tooling 

Spreader bar 
8F.t!-0031 

SD 67-443 
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Procedure 

p. Transport doll\' and panel to insula
tion layup room.

q. ..\pply adhesive I\T-42-1 to primer
area ot LI12 panel. Inspect.

r. :\ppl\' vacuum lift 1-IEH-00-19 on insula
tion, and hoist into position on LHz
panel. Inspect.

s. .-\pply thermocouple wires, blecde r
clotl1, and vacuum bag and fairings.
Seal bag, and apply vacuu:1.1 on
assembly. Inspect.

t. Transport bonding t'ixture and pan<-'l
assernl.,ly into oven.

u. :\ttach thermocouple wire to recorder,
and apply vacuum to asseinbl,·. Inspect.

v. Cure IIT-42-4 adhesive ,H 290±10 F for
3 hours. lnspect.

w. Re1nuve assembly from oven. and
transport to high-bay area.

x. Rernove vacu,1111 bag a11d other
materials per step s.

y. Clean excessive adhesive from
assembly, and trim insulation net.

z. }land process and Chem -id,�, outside
surface: seal and l>ag entire outside
surface, apply Chem mask�-tnt, u.nd
dry 5 hours at J 50 F.

aa. Hoist spre-tder bar 8£1---i -0033 and
sling into position; attacl. bar and

sling special .J.ngle to cylinder panel.

I -2 0 
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l. l. 5. 3

Procedure 

bb. Rotate to a vertical position; re,nove 
spec i al an g I e. 

cc. TransP.ort and pos1uon panel 1n the
processing liooth wirh 8F.H -0033 bar
and sling.

dd. Alkaline- clean and rinse; cle::ox1di:!.e
and rinse and Jry; conver iun coat
and rinse anu dry; and re1dentify.
Inspect ea h operation.

ee. RerncH·c protective lJ\'er c11,u hand
fi111sh cuvc,rcc.l areds uy mant:al pro-
cess :nethod, 1f necessar'),. ·1ieck
insulation seal tu ssur no leaks 
occ1 r duri11g ltra.sunic operation. 

ff. He111ovC' spre· cJer bar 8.EH-0033 and
'sling; re111ov� pa11el from primer boot1; 
insti.:.11 prate tive covers, and pos:tion 
011 trcrnSpt rl:ttio11 d lly. 

!:!,g . .DE:livcr panel tu ultrasonil. i11sµ·ctio11
ar ,1. 

Tooling 

1. l. 5. -1 LH2 p.:u1eb are join cl IJ\ fu 1r v rLic.al ,4,•elds to fabricate
one cylinder. The fr .:i.me s installed p1·e v1 ou sly ,;re th n Joined uy s pl Ices 
across th� weld area to giv" houp stren1.;th LO tl. a�sf'111bh·. 

LHz cylinder i:; 

weld) 

Pro erll re 

lions (lon1.;1tud111al-lu-axis 

a. Load c111d p0sit10n pa els 1 and 2 in
weld jig. (-e.� Figure 1-11.)

b. Vertic.:al-t.li111b wc:ld (. · __ . spc< ificat1on
.1:\0107-0lf,).

1 -l l 

SD 67-443 
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Figure l -1 l Li� talli,1" LHz Q ::, udrter Pa l . ,1e in A:;sembl Y a,id .Veld F-· 1xture

1-22
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c. 

d. 

Procedure 

V1s11allv and radiographicall;, 

i n spec t we Id w hi I e L l i s in weld 
tool (.\-1IL-I-:1IH1:'>). 

Load and position panel 3 111 weld 
ji�. (See l-'1gure 1-11.) 

e. Vertical-clin1IJ weld (NAA
s pe CI ii Cat l O 11 !\ I AO 1 () 7 - 0 16) .

f. Visu;illv and rad1ugrapl1ically inspect
weld while it is in weld tool

g. 

( Ml L -1- 6 8 (, �).

Position panel 4 in weld jig; check
for trim size.

h. Vertical-cl1111b wdd (:K A.t'\ s pee i ftea -
tion MA0l07-016) in two places.

i. Visually and radiographicall.y inspect.

J • Install splice segrnt:nts; drill and rivet
(NAA specification L.A0l0l-004).

k . C i r cu m i e re : 1 t 1 a 11 y t r i n1 c y 11 n d e r .

1. :--1achine the ,,veld ends flush.

m. inspect and 1rlentil'y.

n. Load on transporter. (See F'igun• l -12.)

o. Install protective shroud.
(See Figure 1 - 13.)

I. l. 6 FORW.-\RD BULKIIF.AD

1.1.6.1 Forward LH2 Bulkhead A�semhlv 

Tool in� 

Verti<al weld jig 

Vertit'al weld jig 

Vertic,d weld jig 

Vertical weid jig 

C\"linder tri-lnsporter 
8EH-0l46 spreader bar 

I. 1. 6. 1-1 This dluminurn skin c:1sser11blv will consist oi 12 preforn,ed,
Chem-Milled =:: skins and an access cover. An insulating ldyer will be applied 
and adhesive-bonded in place after a hydrostatic tesL oi the welded bulkhead. 
The access cover will be ins111.J.ted by the same bonding procedure. ..\ll 

,:,Tradernark 

1-23
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'I 

lj: 

Figure 1-12. Liit1,,i:; Lll1, C;lu:cier Ollt vl .-\:-;st:m.Jly Fixture 

I -2--l 
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operations and equipment will be certi1'1ed in accordance with NAA 
specifications. Preproduction tests wtll be made 1n a1·cordance with noted 
specifications. (See Figure 1-14.) .\ r11c111l>rane seal is attached with 
Narrnco 7343 resin. _·\fter this application and ,d'ter the forward skirt 1s 
attached, the remainder of the seal is tied to the flange of the forward skirt 
tee to complete the seal. 

a. 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

l • 

Procedure 

Position first 1,;ore ,lnd trim. 

Position next gore and trim, clean, 
and fit to adjacent gore. Inspect. 
(See figure l-15.) 

Weld (i':AA specification 
MA0107-0lo ,rnd 971-D). 

Rotate into position, mill, and 
inspect radiographically 
(:\1A0107-016). (See Figure 1-16.) 

Repeat steps b, c, and d for gore 
segments 3 through 9. 

Position gore 12 and trim both 
sides. Set aside. (See 
Figure 1-17.) 

Repeat steps b, c, and d for 
gores 10 and 1 1. 

Trin1 openi.ng to fit gore 12, 
clean and position gore 12. 

Repeat steps <: and d for. l 1th and 
12th welds. 

j _. Inspect as s e rn b 1 y. 

k. Trilnsfer asse1nbl� to dollc1r weld
fixture. (Sec Figure 1- 18.)

1-lri

Tooling 

Weld jig 

Weld jig 

Weld jig 

Weld jig 

\Veld jig 

Weld jig 

\Veld jig 

Weld jig, sling 
dEH-0018 

Weld jig 

Dollar weld fixture 
T -b2 00077 
Vac-U-lift 8EH-0069 

SD 67-443 
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Figure 1-15 Thick -to-Thin Weld F. ixture 
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Figure 1-17. Loading Gore Segments L1t\J .Veldii,g Fixture 
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Figure 1-18. R emvv1,1g Completed Bulk.lie.iri Sec ti J,l Frum #elding Fixture 
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Procedure 

l. Locate assembly, route opening,
and cover attach ring to match; clean

fit, and inspect (Nr\A specification
;vL\0107-0lG and 971-D).

111. Weld cover attach ring. :\lill and inspect
radiographically (N.-\.-\ specificaticm
J\l:\0107-0lt) and 971-D).

n . In s pe ct as s em h l y . 

o. 

p. 

Deliver to 11ydru:itat1c test fixture. 
(See Figure 1- 18.) 

H y d r o s t at i c. pr e s s u r e I e s t (JU l k h e ad . 
(See Process and Test section.) 

q. Dye penctrant i11,-,pectiun.

r. Clean.

s. Apply insulation. (Refer to insulation
procedures for LHz cylinders.)

t. Package and store.

Tooling 

Dollar weld fixture 

Dollar weld fixture 

Vac-U-liit 8EH-00o9 

Hydrostatic test 
facility 

l. l. 6. 2 Forward LHz Bulkhead insulation Bonding Sequence

Procedure 

a. Secure LHz bulkhead insulation layup

and bonding fixture T-720Q9q4 and
ring T- 7200390 (bonding room �-Jo. 2).

b. Transport and lower the LI-·12 bulkhead

onto layup and bond fixture, and 1:1llate
to 1-3/8 psi. (See Figure 1-19.)

c. Fit insulation on bulkhead assembly, and
submit asse1nbly to inspection tor ht 
verification.

d. Identify. remove, and store insulation
(temporary).

1 -32 

Tooling 
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Proccd11re 

e. ...\pply mismatch material on bulkhead.

Reinstall fitted insulation on bulkhead

and cover with bleeder cloth.

f. Transport vacuum bag T-7200175 to

bulkhead. Secure, seal, and attach

vacuum lines. Pull v:1cuum on assembly

to make impression check.

g. Disconnect, ren1ove, anrl store vacuun,

bag. Store bleeder cloth.

h. Submit as:;ernbly to inspection for

impression d1cck.

i • I-Joist bulkhc.1d rron� l)ond iixture, trans
port and se< urc it in turnover ,·ixtnre,
and rotate: to donic -duwn pos 1 tion.

J Remove ring T-7200390 from process
ing roo1n t,, a11toclave for te111porary

storc1ge.

k. Re move work pliitior ?11 �l::H - 0139 irom

processu1'5 pit, and transport to
storagt area.

L • 0 btatn hulkl1cacl do111e -down ,tdaptc r
from stor;1ge, and posit10n in pro
cessing room.

in. Hoist l,ulkhead from turnover iixturc, 

and transport to processing room. 

Secure bulkhead to adapter, and ready 

it for processing. 

n. Proces!:: µer specification
�.i_..\0610-002.

o. Remove b11lkhe,id irorn process booth.

Transport .ind securt: hulkheacl 1n

turnover (1xture.

1 - 3 4 

Tooling 

Adapter 8EH -0068, 

frame 8EH -0146, 
drops 8EH-0182 

Holding fixture 
8EH-0052, etching 

solution retainer 

Turnover fixture 

HEH-0054 

SD 67-•143 
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p. 

Procedure 

Rotate bulkhead to a dome -up pos I tion, 
and attach segmented hoisting bars. 

q. Remove bulkhead dome -down adapter
8EH -0052 from processing pit, and
transport to storage area.

r. Obtain processing pit work platform
8EH -0139 from storage; install over
the processing pit.

s. Remove ring T-7200390 from temporary
storage, and position it on work plat
form in the processing room.

t • 

u. 

Transport LH2 bulkhead fro111 turnover
fixture, and position it on layup _jtg 111
processing room No. 2; inflate to
1-3/8 psi.

Position work ladder over b11lkhead 
assembly. and ready the spray 
equipment. 

v. Prime b11lkhearl with HT424 prime pe:-r
spec:ii1cation �v1A0101,-033: layup HT424
adhestve iilrn per specifici.it1on
MA0106-028.

w. Install insulation: apply hleeder cloth.

x. lnstdll vacuum bag T-7200175: pull
vacuun,.

y. H(iist and transport bulkhead and holding
fixture into autoclave.

z. Cure adhesive at 350± 10 F for l hour.
Inspect to verify cure.

aa. Remove vacuum bag and send to storage.

1-35

Tooling 

Adapter 8EH -0068 

.'\dapter 8EH -0068, 
spreader bar 8EH -
0146, Nylon drops 
8EH-0182 

Work platform 
8£1-1 -0064 

SD 67-443 
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Proccdttre 

bb. Prepare i11sulatin11 ftlr l,unding Nylon 
laminate 1)vc-r 111<'rid1a11 joints oi 
ins u I at ion. l 11 s pe ct. 

c:c . .  \pply adhesive ( .\eroboncJ 43(\) to 
ia,·1ng suriace of la1!1inate. 

dd. Install vacuun1 La�. and apply vacuum.

ee. Pressuriz.e as requ1re<l. 

ii. Curt.! adi:esi,.,e 45 rn1nu.t1::s at 330±10 F.

gg. Rer110\·e and :-<tort vacuun1 hag. 

hh. Inspect :\don lanHnat(' dou:Jl.f'r::> ior 
voids. 

ii. A.pply :\annco 73-U adhesive to faying
surface oi Tedlar, und install Tedlar
strips.

jj. .-\pph· bleeder cloth and \'acuurn ba_g. 

kk . .  -\pply vac, ... urn, and inspect i,ag. 

ll. Install autocla·✓ e C:u\·er, i:l.nd sec,:r1:.

:nn1. Fress,tr!Z.<: as requirt'.'d. 

n n . C u re a <l he s t ·, e 4 L o u r s a t l t� 0 !-� . 

oo. Ren,o,·e vacuu:1. r,ag, and store. 

pp. Transport b1..:ll<he;id and holrlin!.; i·ixture 
to layup area, a.nd leak-<..hcck 1nsttla
t1011. Inspect. 

qq. Deliver to ,dtrasonic 1nspect1on. 

1 - 3 (·, 

Tooling 

Spreader bar 
8EH-014t>, adapter 
MEH-0068, drops 
8F.H-0l82 

SD 67-443 
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Procedure 

rr. Tra11sport bulkhead to processing 
booth, seal oii insulation, and 

apply con.version coating. Inspect. 

ss. Identify bulkhead after each operation 
as required. 

tt . Position bulkhead on transportatio11 dolly, 
and <leliver to vert1cal tower. 

1. 1. 7 · .-\FT BU LI�HE AD

Tooling 

1. l. 7-1 The aft bulkhead wdl be a Wt!l<led alumirrnm skin assembly
made of 12 performed skrns and an access cover attachme11t fitting. The 
access cover fitting will be positioned at the center of the diaphragm. then 
fusion-welded into place, Welding will lie accomplished per I\.".-\A specifica
tion :-.1A0107-0Jb. _-\ll weld equipment and operator::; wtll be certified in 
accordance with :l..B1'1A-PO-\"i"-45A and :l..B\·1A-PD-\V-l53. Preproduction 
tests will be pe rforrned in accordance wi t11 noted s pe ci fications. (See 
Figure 1-20.) 

I. l. 7-2 Following is the fabrication procedt1re and tooling for the
LOX bulkhead assem.bly: 

a. 

b. 

Proce<.bre 

Po s 1 ti on first gore and t r i rn. 

Position next gore a.nd tri 111, 

clean, and fit to adjacent gore. 
Inspect. 

c. Weld (N1\:\ specification ?\L-l..0107 -L)J b).

d. 

e. 

f. 

g. 

Rotate into posit.ion, mill, and inspect
radiographically (:'\1.�0107-016).

Repeat steps b, c, and d for gore
segments 3 through 9.

Position gore 12 and tnrn hoth sides.

Set asi.de.

Repeat steps b, c, and d for gores ! (l
and 11.

1-37

Tooling 

Wel.djig 

\Veld jig 

\l."eld jig 

Weld jig 

Weld jig 
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h. 

i . 

Procedure 

Trim opening to fit gore 12; clean 
and position gore 12. 

Repeat· steps c and d for 11th and 
12th welds, 

j . l n s pe ct a s s e m b l y

k. Traru,fer a:;sernLly to dollar weld
fixture. (See Figure 1-18.)

l. Locate asscrnuly; rout openin� and
sump attachment ring to match. Clean.
fit, and ins peel ( NAA s peci fi cation
:\ 1 A O l O 7 -0 1(, a n d 9 7 1 -I)) .

m, Weld sun1p attachrnent ring. Mill and 
inspect radingraphically (NAA 
specification MA0I07-0l6 and 97 l -D). 

n. Inspect assembly.

o .. Deliver to hydrostatic test fixture. (See
Figure 1- 18.)

I. I. 8 CO�tMON BULKHEAD

Tooling 

Weld jig, HEH-0018 
sling 

Weld jig 

Dollar weld fixture 
T-7200077
Vac-U-lift BEH-0069

Dollar weld fixture 

Dollar weld fixture 

Vac-U-lift 8EH-0069 

1.1.8-1 The co1nrnon bulkhead will consist ofuµper and lower pre�
forined, welded diaphragms and a preassernbled honeycomb core. ...\fter the 
appropriate adhesives have been applied, the bulkhead will be bond-cured 
(per specification) to complete the assembly. .1\ll welding equiprnent and 
operators wil.l be certified in accordance with existing NAJ\ specifications. 
Preproduction tests will be made in accordance with noted specifications. 
(See Figures 1-21 and 1-22.)

l. 1. 8. I .r'\ft Facing Sheet

1. 1. 8. J -1 Each of the 12 aft skin �ore seg111e11ts ti.at iorm the aft
facing !:;heet will consist of a high-eneq:�1 forllled and tnachined panel butt
welded to a preformed gore panel. The following operational sequence 1s 
accomplished for the aft < onnnon bulklle,1d and aft LOX bulkhead subassernblies: 

I - � u 
SD 67-443 
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Procedure 

a. Check operational plaque on assembl�
weld jig (,\WJ) T-7200052 for aft facing

sheet and aft LOX bulkhead.

b. Position thin panel for tri111: apply

vacuum chuck; 1nake trin1.

c. After trim, 111ove thin panel back

without ren1ov1ng from jig.

d. Position thick panel Jor trim; make trim.

e . Pre we 1 d -clean i n a-cc or dance w i th we I rl
sch e du Le 9 7 1 - D.

i. Reposition panels: set up tor weld.

g. Verit\· weld 111achine operation.

h. Inspection O. l·C to weld: weld in
a1·cordanc-e wiU1 �.-\.-\ specit'1c at ion
:.\.1A0!07-0lt> and 971-0: retain damptnµ

pressure until part. has cuoled.

1 . Inspection 0. �- to remove from .-\WJ.

Transfer to T-7200438 holding t'ixture.

j. Mill weld reinforcenient per drawing:
inspect radiographically.

k. Che1�1-ftl1n weld land (N.-\.-\ specification
MA0109-003).

1. Apply part number and serial number;

electro-etch.

m. Submit assembly and FAIR ticket to

i n s pe ct i o n .

n. Deliver assembly to bulkhead .·\\VJ.

1-42
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I. I. 8. 2 Forward Facing Sheet

I. 1. 8. 2-1 The common bulkhead forward facing sheet panel assembly
will consist of 12 gore skin panels welded to a machined J-section. Each 
panel is stretch-formed from a single aluminum sheet. The following opera
tional sequence is accomplished for the forward facing tiheet gore assemblies: 

Procedure 

a. Position J -section for trim,
T-7200181 (Figure 1-15).

b. Make trim.

c. Remove ]-section for preweld clean.

d. Locate thin section for trim; apply
vacuum chuck; make trim.

e. Preweld-clean thin section and I-section
in AW J in accordance with cleaning
procedure 971-D.

f. Reposition ]-section and thin section AWJ.

g. Verify weld rnachine operation.

h. Inspection 0. K. to weld; weld in accordance
with NA:\ specification �l/\0107-0lt, and
971-0; retain clamping pressure until part
has cooled.

i . Inspection 0. K. to remove from AWJ. 

J. Mill weld as required.

k. Radiographically inspect (T-7200438).

1. Chern-film weld land area (manually).

m. Apply part number and serial number;
electro-etch.

n. Submit assembly and FAIR tic1'et to
inspection.

1 -43 
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Procedure 

o. Ddiver assembly to bulkhead
:\WJ (T-7200002).

Tooling 

l. 1. 8. 3 Forward ..ind .\ft Facing Sheet .\:;senilities

1. I. 8. 3-1 The forward and aft sktn panel assernhl1es will both be 
fabricated in the sarne manner. The preforn1ecl gore skin panels wdl be 
automatically butt-wclcl-jo1ned to Lorin each diaphragm. The J.ssernbly will 
then be hyd rostati cal ly pres sure -testec.J. 

ProcedHre 

a. Locate· sc�ment:; in fixture.

u. Tnm botl, sides of segn1cnts I and 2
(Figure 1-U>).

c. Clean tor \,eld (N.\ . .\ spcci1icat1on
J\ 1.-\ 0 J O 7 -0 I 6 ) .

cl. Inspect.

e. Locate pd.nels l and 2 in bulkhead
weld ftxture. (Se<> Fi !,!.ure 1-1,\.)

f. \la.chine welcl-_jotn pan<'l.s.

�-

h. 

l • 

j . 

k. 

Inspect weld both visucdl) dnd
radiographically while it 1s in welci
fixture.

Rotate tool; index for nf:'xt W<:'ld.

Repeat loadin!.! 01· panels: peri"or1n
steps e through h for e:;.ch panel until
all but the last panel have been
positioned.

Trin1 excess 1naterial to 1na1nta111
diametrJcal size.

Position last panel, and repeat
steps C, d, r, and g.

1 -4·-l 

Tooling 

Bulki1ectd weld 
fixture 

\Velrl 1·ixture 

\Veld fixture 

\\'elc.l i"ixture 

\\ clci fixt11re 

Weld fixture 

Weld fixture 
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l. 

Procedure 

Circumferentially trim bulkhead to 
accon11T1odate center dorne. 

m . C le an ( NA A s p e et f i c at 1 on :\.1 AO l I O - 0 I I ) . 

n. I n s pe ct pe r d raw i n g.

o. Circumferentially trim center dome.

p . C I e an ( >1 .·\ :\ s p e c 1 f H a t i o n \ I:\ 0 I l O -0 l 1 ) .

q. Inspect per draw111g.

r. 

s. 

t. 

Position center dome for welding.

\·1ach1ne-weld center .don,e to bulkhead
(:'JAA specification \l.'\0107-0lu).

Inspect weld visually and radiographically
while it 1s in weld fixture.

u. Machine welds per drawing.

v. Deliver to hydrostatic test (actl1ty.

l. 1. 8. -l Honeycomb Core ,\ssembly

Tooling 

Dollar fixture 

Weld fixture 

Weld fixture 

Weld fixture 

1. 1. 8. 4-1 The common bulkhead honeycomb core will consist of pre
assembled segments and one round, preassemblcd center segment. Seg
ments will be assembled and prefitted in the core bonding fixture prior to 
bonding. 

Procedure 

a. Prefit honeycomb core detail pieces.

b. Detail edges. and install details.

c. Install thermocouples in glne lines as
required.

d. Cover entire surface of core with bleeder
cloth.

l -45

Tooling 

Core assembly 
jig (three required) 
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Procedure 

e. Lay vacuum baµ over entire surface.

(. Install vacuum Lin(

g. Seal vacuu111 bag, a1,u draw a vac11urn.

h. Cure.

i. Cool to 150 F beiore releasing vacuu111.

J Repeat operations to complete ship set.

k. .-\ s s e n, b l e a n d t r i rn t o n, p le t e as a .12. o re .

l. Identify, wrap, d.nd sto:-e.

1. 1. 8. 5 Common Bulkhead .-\ssenibly

Tooling 

Vacuum pump 
with automatic 
control 

I rim jig 

l. 1. 8. 5-1 After the forward and ait t'acing sheets have been adhesive
primed and cured, they will be bonded t.o the honey1...omb core. The core will be 
bonded tu the aft facing sheet; the forward sheet will be bunded to the core 
a s s em bl y • ( S e e Fi g u r: e l - 2 3 •. ) 

a. 

b. 

Procedure 

Pos it1on and rig aft Lacing sheet on 
bond fixture. (See Figure 1-24.) 

Inflate bulk he ad frorn 0. 5 to 2 psi of 
pressure. 

]. Install machine fixture with dial 
indicators mounted and set to 
bulkhead mold line. 

2. Trace and record aft bulkhe..i.d ior
contour dimensions.

3. Remove rn acbine fixture.

l - 46

Tooling 

Bond tixture 
1 - 72 00004 or 
T-720094

Inflation apron 

T-72.00415

T-7200415
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Procedure 

c. Position hone\·com b core sub-
as sem bli es on aft facing sheet for
prebond fitup.

d. Remove and store honey,omh
subassemblies.

e. Apply Vinyl impression check 111aterial
to outer surface of the aft facing sheet..

( .

g. 

Reposition honeycomb core sub-
a s s e m bl i e s . C o v e r s u r fa c: e o f , or e w I t !1 

bleeder material. install vacuu111 ba�. and
draw vacuun, and transport to a11to('lavc: ILH 

run of impression cycle.

Install autoclave cover; lock, seal unrl
pressurize, and heat to prescribed
temperature; cool down, ren1ovc fro1n
autoclave, and transfer to bond room.

h. Ren1ove vacuum bag and bleeder cloth;
remove and store hone,·con,b s1.1uassen1-
blies; remove and check imprcs::;ions.

i . Remove aft facing sheet fron1 tool; clean,
prime cure bond suriace, :ind return to
bond room.

j Apply film adhesive to outer surface of
aft facing sheet. and position honey,ornb
subassemblies in their correct relationship.

k. Place foam adhesive strip lietween segment
edges.

l . Install thermocouples in glue llnes as 
required.

m. Cover entire surface of core with bleeder
material; install va,uu:n bag and lines.

n. Draw vacuun1.

l-50

Tooling 

(iantn· 8Efl-0l2o 
Spreader bar 
MEl·J-014L and sling 
Vacuum bag 
T-7200175

:.\utocl ave bond 
fixtllre T-72000()9 

Spreader !Jar 
8£11-014ti, Turno,·er 
i'ixture 8El!-0054 

Vacuum bag 
T-7200175
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o. 

Procedure 

Transport to autoclave, install 
cover, and lock and pressurize. 

p. Cure at prescribed temperatu.re.

q. Cool to 150 F; release pressure and
ren1ove cover.

r. Transport to bond roorn; rernove vacuurn
bag and bleeder cloth: rig bulkhead.
Inspect.

s. 

t . 

Position bulkhead in T-7200390 tool: 
trace and record forward bulkhead 
for contour dimensions. 

:-.1achine sand core facing to contour 
utilizing bulkhead tracing data. 

Fit upper facing sheet to surface of 
core. 

l. 

2. 

A.pply Vinyl impression check
material; positton forward bulkhead
on assen,bly, draw vacuun1, and
transport to autoclave ior impres -
sion cycle.

Install autoclave cover; lock, seal, 
pressurize, and heat to prescribed 
temperature; cool down; remove 
from autoclave and transfer to bond 
room. (See Figure 1-25.) 

u. Inspect (final prefi.t). NAA specification
LQ0401-001.

v. Remove upper facing sheet, and transport
to processing roon,; clean, prime, and
cure bond primer.

l - 5 1

Tooling 

Gantry BEH-0126 
Spreader bar 
8£H -0146 and sling 

T-7200415

\' acuum be 11 
T-7200514

\'acuurn bell 
T-7200514
Cantrv 8£H-0126

Autoclave bond 
fixture T-7200099 
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Procedure 

w. Vacuu111 (as required) core surface
to remove dust or other foreign matter.

x. Apply adhesive film to inner surface of
forward facing sheet, and install forward
facing sheet {use extreme care not to
damage cell walls or permit movement
of the adhesive).

y. Seal bulkhead, and pull full vacuurn.

z. Transport unit to autoclave, install
cover, and lock and pressurize.

aa. Cure at prescribed ternperatur<". 

bb. Cool to 150 F. release pressure, and 
re1nove autoclave cover. 

cc. lnspect (NA.A specification LQ-0401-001).

dd. _Flo.,_, test gore section� us11q� STE: cu11,.,ole 
8FS-:i91S pt::r requi.rctne1�u, 0! I\.IA0201-18.n. 

ec. Cuver and ;;tor(: u111t. 

Tooling 

1. 2 VEHICLE AIH llORNL ELECTRONIC/ELECTRICAL
.\:'\D RF EQUIP:\1ENT 

l. 2-1 The vehicle airhorne electronic/electrical and RF {to include
telemetry) equipment for the Saturn S-11 stage will be composed of electrical, 
electronic, electromechanical, and RF assemblies oi both NAA-procured 
and NAA-fabricated items at the component module assembly, subassembly, 
and subsystem level. 

1. 2.1 PROCURED ITE:\.-1S

1. 2. i'-1 Quality and Reliability .-\ssurance (Q&r.Ri\) will assure the
mechanical and electronic excellence of procured iterns prior to the accept
ance for use in the Saturn S-Il stage as required by NASA contract and Q&.RA 
docurnent. In the case of modules and subassernblies, S&ID Source Inspection 
will perform a physical and functional test of all packages utilizing a NAA 
procurement specification prior to shipment from the supplier. Upon receivi.ng 
assemblies at NAA, Receiving Inspection will check parts for identity, damage, 
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and proper quantity and subsequently will rout<." them (with receiving inspec
tion docun1entation) to the warehouse. Upon rleletion Crom tht= warehouse,. 
the part either will undergo modific.:itton�. bccorn1ng d S1-dD-ident1fied part, 
or will be routed directly to the function;;! tf'<:-t ,1r�,,. li re1dentified, tht' 
part is physically inspected .:ind readied f,·,r ..i fonct1,)n<.1.l tc5t ;,t J\:A.-\. 

1. 2. 2 N.·\.-\-::\1.-\"KUF.-\CTURED lTE;,.lS

1. 2. 2-1 Saturn S-II stage assemblies, sul,a:-:.-en1lil,es, anrl subsystems
will be fabricated and/or asseniblc>d in designated .1ssernbly areas of >!AA 111 
a ccordance with specific engineering draw1ne and spl'c11° i,ation requ1re1,1ents. 
Emphasis will be placed on qua lit,· of workrn;,nsl:ip and ,,1,ilerial handling. 
Fabrication procedures will be approved and contr0lled as 01ithned tn '.':.-\SA 
contract and related contractual Quality Reliability and Assurance documents 
for S-II-16 thro�gh S-II-25. All components used in NA.A-fabricated assem
blies and purchased outside NAA will be inspected for quality and quantity 
(in accordance with Q&.RA documents) pri0r to installation into any assembly. 

1. 3 ELECTRON"IC/ELECTRICA.L ?\·10f)l;:.....£ .-\5SF:\LBLY ([:'-;-HOUSE) 

1. 3-1 ln specified assen1l,l\· area,;, eiectro::1ec-11<1m,al, dectncal, and
electronic con··,ponents (relays, resistors, capacitors. tri'tnsistors, and
dio des) will be assembled 1nto functton,�l mod•d d. r ;i_;;:;pmblies (ttrner modules, 
power distributor modules, s1gnal-cond1:1oner 11,odt:le,,, a:11pl,11er rnodules, 
RF power control 111odul�s. and con,·crter rnod11l1:.s). S,·::--tems n1.:1nuf:lc-tur·i1�,.: 
engineering a-:;en1biy u1strutt10n docu1:·ient;-,, L':i,.:i:,t:•crtn):.'. .�µ ... cifi..:at1ons, 
and engine er in g drawing ::, w i l1 be u t il i .G..: J . ( S �· <:lo Fi '-' t. r r · ::- i - 2 u and J - 2 -;- . ) 

1. 3-l Before a.module ledVl."S the i1SS<.'l1.'.JL\' .-!J't:',i, the F.-\1.R ticket v..ill
be signed by the assembler and stamped by ON.I--:_\ personnel ,tfter the latter 
has verified that the module has been a.c',.,e111uled tn accordance w1th applicable 
engineering draw1ngs and speci ficclt1ons .111c� 1s :ree uf 1mpn)perly mounted 
or da1naged components, irnproperly :soldered connections, etc. The con�
pleted module 1s then routed along with the 1-~_-\lR ticket to the appropriate 
functional test area. 

1. -1 SD-PROCURED ELECTRONlC/ELECTRIC.-\L tvlODULE TESTS

l. 4-1 With iew except!ons, all n1nd\il(•::, prdc .. red by :\'A \ are suhJected
to a bench-le\·el l,·pe f11nct1unal test. 1·\111ct1(,na.l l.1·�ts are perforn1ed by us1n!--'. 
sp ecial te,;t equipment (STE) GS£, and other tr!-,t c><;uip:nent. 

l-,;--1 
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Figure 1-26. M0dule Designed and Dcvel,>�td .:Jy £,15i,1eeri,1g 

De velupme,ll La,)v ratvry 
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l .  4-2 The upt:rctti11g manuals han: previuusl� bt:en appruved for use by

the Manual £va1L1at10n and Cert1fu.:ation (iv1£o.C) !Jepartment 1n accordance 

v.:ith Quality Assurdnce prucedur1:s, which, 1n p;;.rt. specif y that the manual 

must periorm the test a.,; rcquirt.:d IJy the L11g1neering proccs"' specification. 

l. 4-3 The »pecial te�t equ1µment \STE) will have been accepted previ
ously by Q&RA, which certiiie,- ib cunforn1ance to STE acceptance checkout 
procedures. The module» under tec.;t, utL!i:zing subject te,-,t equipment and the 

operating manual, are s11bjected to '.\JAA certification by Q&RA per»onnel, 

who certify that the eq11iprncnt will perform the f1mctional test in accordance 

with the process ;-;peciiication. A certification stamp is affixed to the FAIR 

book by Q& RA. 

1. 4-4 ·Once certifiPd, the module 1s tested and witnessed by Q&-RA

personnel, who record all test d,.ta on appropriate cJata sheets anr! stamp 
thf' FAIR book in accordilnce with O&R;\ 1Ho,0rL1re:;. Then the module is 
re a rl y to !J e i n st a Ll P cl i 11 tn next as,.; e rn b I y · � u b ;i � "'em bl y. 

I. 5 \:AA-F:\BRIC.-'.\TED ELE:CTRONIC: 1 F:LECTRICAL '.'v1ODULE TESTS

l. S-1 The same type iunctional test,-,, will be performed on all in-house

fa hr i c a t e d mod u 1 e s a s ,1 r e p e r f 0 r rn <' d on p r o c 11 r e d m o d u 1 e s u s i n g t h e s am e 

tyne operating manuals and tf'st cqtnpment. 

1. 5-Z Q&RA personnel _will snbject all modular assemblies requiring
encapsulation to a rrepotting functional test and ,-ertification. 

1. 5-3 Once certified. tlie rnorlule is te,.;ted and witnessed by Q&R.A
personnel who recur<:l all t<:st data �111 appropriate data sheets and ·stamp 
FAIR books in accordance with 08. Rs\ procedures. I'hc pre potted-tested 
module is subsequently routed tu t11e potti11g area. ior encapsulation or coating 
as required by speciiicc1tion. (See Potting .-\red, Pilragraph .3. 12.) 

1. 5--1 Modules are processed according to instructions in the appropriate
potting speciiications and Q&RA procedures. Upon con1pletion of the potting 
and curing process, Q&R:\ inspects the n1udule for workmanship per Q&RA 
procedures and sta1nps the FAIR book to denote dCCeptance, and the n-1odule 
1s rerouted to the Manufacturing test ared fur d post-potting functional test. 

l. :>-:> A post-ptJtt1ng 1un<..tio11al test 1s 1nade by using the samt:: oµerdt-

1ng manual and test equipment as tht: µrepotting tt'sts. Q&RA witnesses the 

test and certifit:. thdt no shorts, open circuits, or physicdl irregularities 
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were created as a result of the puttin� pr->ces,,. Qt,. RA stamps the FAIR book 
and processes the data sheets to tht: cli:tt.,l centt.:r files. Thl'n the module is 
ready for installation into the nc·xt ;1ssemhl) /s1ili<.1ssernhly. 

1.6 ASSEMBLY OF E:Lr.CrRO'I\JIC/ELJ;:C-TRICAL RF 
.-\'.\JD TF.LE\'iE fRY Si..'R:\SSE.:\1BLIE:S 

l. ti- I IntermC:!d1ate steps oi ,1ssemhl·,. sud1 .ts thf• installation of
rn,1dules, boards, plug-1n power s1.1ppli.,•:,;. arnpl1fiers. and interconnecting 
wire harn�sses. will be carried ot:t in the St,;basse1nbly area. Appar�lttts 
(i.e., telemetry packages, c!1arge ampliiier cr1,H;;1s, temperature brid !]. e 
chass1s. f{F iilter networks. (GFP) switch sclc...:tur, (GFP) EBW firing units, 
etc.) arc tu be construt:::d as :.11bctssemblit::=>. 

1. o-l FoL.r typical categnne� oi subasseml.>l�es are:

a. GFP ::;ubct,,scrnblles (iurmsheci :.;1 :'\A:S:\)

b. NAA- purcha:;ed subas sembl11.!,, (/\tI:..: XX.\. cont rvlled µa rt:;)

c. NAA-purcnased sul>assernblh:s modiiiecl ..i.t S6:1D irom \1E µc1ru;
and reid�nt1fied to .:3&.ID part number,.,

d. NAA-desi i.;ned cind iabncc1ted SL.ba:=:.semhlic;s

1 • G - 3 A s s e m b I y e ff or t 1 s r e q L: L r e d on i t e m s c and cl i n par a g r '.3-p h J • 6 - .� 
only. 

1. 6-4 During .J.s::.embly processes, Q&R/\ i)Crsnnnel will \·erify tha t the
assembly is in accordance with the ,tpplic.-1ble engineering drav.ring and speci
fication and is free of improperly mvunted or c'.amagecl components, improper 
,,older connections, etc. Prior to the installation of electrical/electronic or 
RF modules, the chassis assembly wirin!a! wdl bL' given a complete continuity 
test and verified by Q&RA personnel. After acceptance of continuity tests, 
the electronic/electrical and RF cornpo:1ent:� will :,e tnstalled and the 
subassembly completed. 

1. 6-5 After acceptance of the completeci sul.i,tssembly by Q&RA per
sonnel, it is routed to the Mar.uiactnring Test· uep.:i.rtmcnt t•J undergo func -
tional tests. 

1-58

SD b?-443 



NOftTH AMERICAN AVIATION. INC. 

l. 7 EL.!::CTRICAL/1:.:LECTRONIC RF AND TELEMETRY
SUl.L\�SCMBLY TESTING 

l. 7 -1 Suba::; :;em bl y tt.:i:;ti 11g will he performed un all in-house-fabricated.
::;ubai:;se1nblies <.1.nd, with few exceptions, GFP-furnished subassernblies. In 
::;ome c..ises GFP subas:H:rnblles will be tested by using GFP test apparatus 
and operating m.:tnuals. In the remainder of cases, GFP testing will be per

formed by using special t...:::;t c•quipment (STE), SME operating manuals, and 
test consoles and adapt�ri:; ;,.pproved and certified by Q&RA. 

l. 7-2 All in-house subassemblies will be subjected to a functional test
by utilizi_ng approved and ,·ertified STE operating manuals and test consoles
and adapters. 

1. 7-3 Testing 0f subassemblies will be witnessed and verified by a
member of O& R:\ in accordance with process specification requirements 
and Q&RA <locuments. 

I. i'-4 QK-R.-\ stamp is affixed to the- FAIR book, and the subassembly
is routed to the cunta1n(•r asscrnhly area for installation into containers 
(subsystems). After successful completion oi the functional tests, a Q&RA 
stamp is affixed to the FAIR book. 

1.8 CABLE !IARNESSING ASSEMBLIES 

l. 8-1 Tht.:rt.: arl! thr..-e l>a.s1c categurit.;::; ui calJle hdrnesses used in
the Sat urn S-11 s tc1ge, dS fulluws: 

'-'• lnstrun1ell.tcttiu11 SL.bc1�;;ernbly (blal.·K box) harness d.ssemblies 

b. Electr1c<..1.l/instrun1e:1ti:tt1on cuntaint:r ,,nd J-bux harness
;'.J.SSt:rnblies

c. Stage inter<.:•.>nnecting tr•.mk li<1.rnes::; .:1ssc1nhlie::;

l. H-2. Cc1bl,� hitr11-.-sses <..1.re rc1briec1ted l>y u::;ing systems n1anufacturing
engineering ..i.ssernbl ') inst.rtt,.t10n,d dllCUtncnts c:llld ;.µpro\·ed dirnensiunal tool:; 
certified i)y Q&R . .'\. All wt ring, tit:S, l rirnpi1,g and svldedng connections, 
-3:nd et..:., art.: inspL"Cted i0r cunf,)rni,1nce to the applic<1ble Cngineering docu
mentation. C,.ti..Jlt� har:1esso.::s are si '.'en a cunt1n11ity and insulation resistance 
test after they a rt: iabricated and bei(Jrf' they ,,re installed into their next 
assembly. This testing 1s periorme·d per the ;,pplicablc Engineering process 
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specification 11tilizing STE operaling manuals, automatic co�tinuity and 
insulation resistance test equipment, programming test tapes, patchboards, 
and cable adapters (STE model 8FC-5-!08), which are reviewed, appraised, 
and certified by Q& RA. 

l. 9 CONTAINER ASSEMBLY (SUBSYSTEM)

1. 9-1 Components and subassernblies- mounted inside an enclosure and
·interconnected with cable harness�s are designated as containers. Subject

containers are mounted on the forward and aft skirts of the Saturn S-Il stage.

l .  9. 2 Beiore a container leaves the assembly area, the fabrication
and inspection record (FA.IR) ticket will be affixed with the assembly's serial 
number and stamped by a Q&RA member after the latter has veriiied that 
the container has been dssembled per applicable Sngineering drawings and 
specifications. 

l. 10 CONTAINER AND J-BOX TESTING

l. l 0. l B ENCH• LEVEL TESTING OF ASSEMBLIES

l. l 0. 1-l A continuity and insulation resistance test will be performed
on all harness assemblies atter they are installed into c<.mtainers and J-boxt!s 
per applicable prucess speciiit..ation and STJ:: operating manuals by usini; 
automatic continuity and in:;ulat1011 resi:5tan<.:t.: test equipmenl, programming 
test tapes, patchboi.lrd.,, and adapter cables (STE model 8FC-S408), which 
are reviewed, apprd.ised, and ccrtiiied by Q&RA. 

1.10. 1-Z All conl,nners fabrildted at SD and McAlester (Oklahoma) 
Division uf >JAA will be subjected to a coniidence level or functional tesl aft�r 
the installation of all subassemblit•s, cable harnesses, de. Co!1iidencc- L<.',·el 
test is perform<::d vn 1hosc contdiners (prior to S-11-ti) wl1i<..h do not ha,·e 
Engineering process sreciiicati1.)ns. Functional test will bt' perfurmed on 
those containers (prior to S-ll-o) which hd.Vt! £n�ineeri11g process specifi
cations and on ali <..Ontainers e(fectivP S-II-o and subsequent. Thi.! confidence 
level and functional tests ar(.! intended tu confirm that wiring connections 
are correct and that major c0mponents are operating properly, ensuring 
that the container will interfc1ce and iunction compatibly with the staie sys
tems. STE will ue desi)_: nE'd to perform these tests thro U.!,!h tht• use ui a11 
STE operating manual. Buth the manual and test eq1-:1prnent are ctppro\•ed 
and certified by Q&·R:\ to meet all requirements oi Engineering process 
specifications. 
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1. 11 M.I:.:CHANlC,\L COMPONENTS

1. l l -1 Mechanical components, such d.S cuntrul v,dves, pressure
regulators, pumµs, an<l pressure vessels, will be thoroughly tested by the 
supµlier prior to initi,.d accL:ptance at S&ID receiving inspection. Hydraulic 
syste1n co1nµonents cue routed to an assembly area, while other stage com
ponents are ruuted to Seal Bed.Ch for stage installation, 

l .  11-2. Ea.ch hy<lraulic component will be cleaned and flushed with
hydraulic oil prior to assembly into an engine actuation system (EAS). After 

the system has been completed, it will be filled with oil, qushed, bled, and 
checked for contaminati·on, The contamination test is verified before and 
after the hydraulic system functional test. 

1. 11 -3 Other mechanical components will be routed to Seal Beach for
installation without additional testing, unless specifically required by engi
neering documentation. 

1.12 ENGINE 

1. 12-1 The engine shop will consist of a five-station layout. Station I
will contain a receiving inspection for identity and damage inspection and 
functional tests of engines and log books and will check and log all 
in-shipment discrepancies. Station II will be used to install components 
that are shipped separately and to install instrumentation. In Station III, 
engine components and systems will be pressure-checked. In Station V, 
the engines will be placed on a G-4035 vertical engine installer and checked 
to ensure that each engine is ready for installation on the stage. Each 
engine will then be routed to the Vertical Assembly Building and installed on 
the stage. 

1. 13 COMPONENT FAIL UR ES

1. 13. 2. 6-1 Each component failure will be recorded on applicable
nonconformance documents and forwarded to the Reliability data center for 
analysis. fhe component will be routed to the Material Review Board (MRB) 
for evaluation. The evaluation will determine if the part can be repaired 
satisfactorily or if it must l,e scrapped. 
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1.14 SUB:\SSF:MBLY DELIVERY TO ASSEMBLY AREA 

1.14-l Modern and economical handling equipment will be used in 
handling and transporting ,rnbassemblies to the assembly area, Transporta
tion oi all subassemblies will be accomplished with a minimum of actual 
item-hanrlling contact. ln-rut1le transfer of assemblies will not be necessary. 
In all highway transport, the asst:mbly will be protected from physical 

damage by coverings ur shipping cuntainers. 

l. 14. l TRANSPORTER SUPPORT BED

1.14.1-1 The transpurtt!r support bed {Figurt! l-13) will be cunstructed 

oi box framework and will consist oi individual modules that are bolted together. 

This bolting will alluw disas:oernbly a.nd packaging ior rt!turn shipment to the 

manufacturing ared at c1 reduced shipping charge. fo prevent t!xcessive 

torsional forces fro1n being trans,nitted to the subassemblies, truss rnernbers 

will be used to JOin the lateral arms. Use of these tru;;ses will also ensure 

structural rigidity of the transporter bed. Warning lights, directional signctls, 

floodlights, and safety lights will be placed on all outer edges oi the trans

porter support bed. 

1. 14. 2 LOADING AND PACKAGING PROCEDURES

1. 14. 2-1 Cylinder loading operations will be conducted as follows:

Procedure 

a. Assemble transporter support bed to
truck bed. Place flexible reinforced
plastic over truck bed to protect part
during transport.

b. Position crane: at· ach spreader bar
and slings.

c. Following acceptance oi subassembly
by Q&RA. transfer irom work stand
to matt::nal-handling dolly; deliver
to loading area.

d. Secure slings tu subassembly for use

in liftiug and pus1tiuning item on

transporter bed. {See Figure 1-13.)
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Pro,·cdure 

e. Secure subassembly by clamps to

the transpt,rter conto11r support

attachment ring.

f. .-\ttach flexible reinforced cover
to spreader bar; drape cover over
subassembly with crane,

g. Secure cover in position by tie
down co rrls.

h. l'ransier s11bass<.:rnbly, utilizing
i nte rdi visiunal paL kin� sheds.
P<.11:ki11g sheets will be signt:d by
Q�H..'\ personnel tu indicate com
pletion ol lo,1cting operations
accumµlished under their surv<:illance.

Tooling 

l. 1-L l-l. Lo<..1d1ng u1terstag� panel a�sembly will be accomplished

u� iollows:

Proce<lure 

a. Fabricate cle..ited plywood container

(Figure 1-28); de::liver to subassembly

area.

b. Aite r r1.cc cptan, e of subassembly by

Q&Rr\, disassL'mblc snbassembly

for packaginl.<'.,

c. Piact• each section in contoured

cradle of container base.

d. When all St'Ction� have lit·en padded
and cradled in conraint.•r, accomplish
blocking. bracing, dnd tic--down
ope rat iu11s.

e. Position container µands: secure with
Klimr fasteners to en::;:ire hiS)' dis
assembly at assembly site and quick
turnaround and reuse capabilities .
.-\11 material ust:d will cvniorm with

MSFC ctrawing 10309.HJZ.
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PL YVVOOD-CLEA TED 
/ KLIMPED CONTAINER 

Figure l -28. Panel Assembly Carrier 

l. 14. 2-3 Loading of the skirt and thrust structure ,1ssembly v--i.ll be
performed as follnws: 

The same procedure and techniques applied in loading the 
cylinder sectiun will be 11secl. (See Figure l -13.)

I . l 4 . 2 - 4 Pa c k a g i n g I n i s c e 11 �� n. � o t 1 s 1 u o s e h .:i r cl w a r e w i ll be .::i. c co m -
plished as follows: 

Wrap, cushion. and µroperly protect all 
hardware fur tran.sier t.u as:;embly site . 
conform with ?v1Sl--C drawing 10509302. 

n1i s c: c: lla neot1s I 00::; e 
. \�l material used will 

I. 1 S Fl\!,\L ASS£MB LY

1.15-l Find! a::;st..:rnbly uµcr.::i.t1011s will bt..: periurmt..:c.1111 the vertic,1[ 
assembly stcJt1on. (::5ee Figures 1-2. tJ.) E;ich ass..:mbl; (Figure l -30),

beginning with the lower sections, \Vill be progressively µosition.ed in the 
tool (Figure l -32); JU1;1ing ·will be accomplished by ius1on welding or by 
bolting (Figures 1-31 through 1-34). Optical alignment, in conjunction \Vith 
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Figure 1-31. Wt::ld Skate 
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NO,-TH AM�'RICAN AVIATION. INC. 

mechanical mold line positioners, will be used to check each assembly 
operation during the final structure buildup, Welds will be inspected immedi-

- ately after each joining operation. A diagram of final assembly stationing
is shown in Figure 1-34.

I. 15. 1 CIRCUMFERENTIAL WELDING OF LOWER LH7 A, ·o LOWER
C'-HERMEDIATE LHz CY Ll:\"DER TO COMMO:'J BULKHEAD 
ASSEMBLY 

I. 15. 1-1 All wE::ld equipment and operators will be certified in accord
ance with ;\'AA specifications. 

a. 

b. 

c. 

Proce�ure 

Transier stage dolly containing weld 
fixture to Station Ill; level tooling. 

Obtain Cylinder 1 from storage and 
position in weld fixture. 

Locate and install weld b<1ckup 
tooling. 

d. Obtain Cylinder 2. from storage, and
position on Cy lindE::r 1 for welding.

e. Install weld heads on skate track,
and verify operation.

f. Make a dry run over weld J01nt, and
check accuracy of weld head tracking.

g. Weld Cylinders l and 2 (�AA
specification M:\0107-016).

h. Inspect weld (penetrant and radiograph).

1 . Remove cylinder weld assembly from
weld fixture, and transfer to storage
area.

J. Obtain common bulkhead assembly
from storage

L 
and install in weld

fixture.

1-72

Tooling 

Assembly station 

Tooling support fixture 

Welding backup 

Tooling support iixture 
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Procedltre 

k. Trim J joint

1 . Obtain assembly for Cylinders 1
and 2 from storage, and po&i tion
over co1nn1on bulkhead.

1n. 

n. 

0. 

Check weld joint mating, and position
J -\veld backup bars.

Qualifv weld equipment operation.

I�stall weld heads on skate track,
and make a tracking run over weld
joint.

p. Weld J to cylinder Joint.

q. Radiographically inspect weld joint.

r. Locate bolting channel segments
around periphery of common bulkhead.

s. Position drill fixtures and drill, counter
bore, and tap hules ior Rosan inserts.

t. Install Rosan insc:rts.

u. Install shoulder bolts and all bolts
that attach channels to lower LH2
cylinder.

v. Torque-check all bolts.

Tooling 

Tri1n. skate 

1. 15. 2 CIRCUMFERENTIAL WELDING OF UPPER LH2 CYLl:\DER TO
FORWARD LHz BULKHEAD (See Figure 1-35.) 

1. 15. 2-1 Following is the procedure and tooling to be used for cir
cumferential welding of the upper LH2 cylinder to the forward LHz bulkhead: 

l - 7 3
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a. 

b. 

.Prut.edure 

Obtain Cylind1:.:r u from stur<.1ge, 

.111d µ0�1t1un un \.veld fixture. 

Po:,;ition weld L,ackup tool ing in:side 

Cylinder b, 

c. Obtain iurwarcl LH2 bulkhead from

storagl!, and position over Cylinder 6.

d. Trim lower cd�e of bulkhead.

e. Position Lllz bulkhead un Cylinder n,

anci check welrl JOint fitup.

f. Verity weld equipment operation, and
install weld heads.

g . W e 1 d bulk h e a cl to C y li n d e r Ii
(upper U!z).

h. Radiographiu.dly in:spect weld.

1. frdnsport assen1bly tu hydrostatic
tower.

Tooling 

Assembly station 

Tooling support fixture 

Welding backup 

1. 15. 3 l!'iTERSTAGE FIT-CHECK TO AFT SKIRT AND THRUST

STRUCTURE 

1. 15. 3-1 The procedure and tuoling for interstage fit-check to the

aft skirt and thru:st structur1:: is as follows: 

a. 

Procedure 

Obt<lin from stora�e and a:ssemble 

intcn,tagc panels on the support 

[ixtttrL' T- 720051 b, picking up aft 

interface hole pattern. 

b. Loosely install splice plate between

interstage segments.

1 - 7 5 

Tooling 

As:sembly station 
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Procedure 

c. Obtain aft skirt and thrust struc..:ture
assembly irum storage, an<l position
on interst.ige.

d. Install and tighten all bolts in attach
holes at Station l qb in panel segment
:; plic es.

e. Locate longerun iittings at ::itation 196,
ar1d check 10 r proper fit.

f. Locate Station 19b ::;eparat1on plates

on thrust longerons, cirill and ream

attach holes, and identiiy cittach holes

for locd.tion.

g. Inspect interstage fit-check, and

remove bolts from Station 190 attach

fittings.

h. Remove aft skirt and thrust structure
from interstage: place on stage dolly.

i. Install GSE handlin� ring 1)n upper t>nd
of intersta!,!e (f.:> erfurmt..:d after paint,

but before packaging).

J . Ins ta l l wi re ha r n e s s e s . ( Ma y be

installed prior to iit c..:heck.)

k. Deliver t() interstage assembly,
Station VII. for painting and shipment.

Tooling 

1. 15. 4 CIRCUMFEREi\:TL\L \NELDING OF LOX T.-\I\K (See F1gurL! I -Jo.

1. 15. 4-1 Folluwrng 1s the procedure an<l tooling ior acc0mpli:d11ng
circumferential welding of thl: LO� tank: 

a. 

P roced1,.;.re 

Position an<l <tlig11 aft Liulk11ead in ji g , 

c1.nd trirn upper edge. 

b. Position cornn,on bulkhead and

cylinder assembly over lower LOX

bulkhead and backup bars.

1-76
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NO.-TH AMERICAN AVIATION, iNC. 

Procedure 

C • Trim lower ed�c- of common bulkhead. 

d. Verify two weld heads on short skate

track.

e. 

f. 

Circltmferentially wdd LOX tanks.

Inspect wdcl (\·isually ... nd
radi og raphi cc1.l l y).

g. Ra.ise LOX tank, ,,,;111g sling dnd
overhe;_,,d l>nrlgc.

h. Move :;tdge dolly wit!: ait skin d.nd

thru:,,t <..one into pusit1(.111 in .:)tation 1,

using transier tuble.

1. Lower LOX ta11k ontu ,tit skirt and

align, using reiercnce systen,.

J. Drill and re:.irn 432 hule::; through aft
skirt and bolt channel.

k. Install bolts dnd torque.

1. Install i.nternal work platform and

backup bars inside of Cylinder 2.

Tooling 

Trim skate 

\Veld sk�te 

Rct.diogr.:i.ph head 

1.15. 5 MATING FINAL TANK ASSEMBLY STRUCTURE 

l. 15. 5- l Following is the procedure an<i tooling to be used for matin�
the final tank assembly structure: 

a. 

Procedure 

Obtain Cylinder 3 from storage, and 
locate on tool. lnstall backup bars 
to top oi Cylinder 3. 

b. Obtain Cylinder 4 from storage. and
locate on Cylinder 2 and backup bars.
Align rudially.

1-78

Tooli ng 

Suppa rt tooling 
vacuum -supported 

SD 67-443 



NO"TH AMERICAN .AVIATION, INC. 

Procedure 

c. Verify two weld heads, and :nstall on
track.

d. Circumferentially weld Cylinder 3 to
Cylinder 4.

e. Inspect weld visually and radiographically.
Dye penetrant inspection weld.

f. lrid1te (Chem-film) weld area, and install
splices across weld.

g. Repeat steps a through f using Cylinder 5.

h. [nstall skate track at top of Cylinder 5,
and install :1ackup bars.

t. Obtain LHz bulkhead _and Cylinder 6
assembly from storage.

j. Index assembly to Cylinder 5, and check
rotation vertical and horizontal alignment
using alignment reference system.

k. Trim lower edge of Cylinder 6.

1. Verify two weld heads, and install on
skate track.

m. Circumferentially weld Cylinder 5 to
Cylinder 6.

n. Remove backup tooling.

o. Inspect weld visually and radiographically.
Dye penetrant inspection weld.

p. lridite (Chem-film) weld area, and install
splices across weld.

q. Obtain Cylinders 3 through 6 and forward
ski rt assembly from storage. and locate
on backup support tooling in Cylinder 2.

1-79

Tooling 

Vacuum -supported 
track 
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Procedure 

r. Check vertical and rotational
alignment.

s. Circumferentially weld Cylinder 2
to Cylinder 3.

t .  Inspect weld visually and radiographically; 
dye penetrant check we-ld. 

u. lridite (Chem-film) weld area, and
install splices across weld.

v. Install eight EM-0035 catwalks.

w. Remove backup bars and internal support
tooling.

l .  15. 6 TANK INSULATION

Tooling 

l. 15. 6- l The container will l;>e moved to the vertical insulation station
for completion of the final tank insulation. The external surfaces of the 
forward bulkhead and the LI--12 panels will have been insulated prior to the 
final welding of the container. Areas approximately 10 inches wide at all 
weld joints on the LH2 panels will have been left uninsulated; insulation
will be applied at this time. 

l. 15. 6. 1 Preparation of S\lrface for Bonding

1. 15. 6. 1-1 The surface will be prepared for bonding as follows:

Procedure 

a. Prefit insulation closeout subassembly
to_fit area to be insulated.

b. Seal off edges of tank insulation to
prevent contamination during surface
preparation per,MA0ll0-010 and
MA0610-023.

1-80
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Procedure 

c. Bear-tex and solvent-wipe to remove
surface contamination rece1 ved during
weld-joining process.

d. Apply acid-etch solution.

e. Wash with demineralized water.

f. Air-dry.

g. Inspect.

1. 15. 6. 2 Bond of Insulation Closeout Subassembly

a. 

Procedure 

Mix and apply adhesive per MA0606-02 7 
to the tank wall, and inspect. 

b. Inspect.

c. Place insulation closeout subassembly
over weld area; apply positive pressure
(5 psi) 4 hours.

d. Remove positive pressure tool.

e. Inspect.

f. Repeat steps a, b, c, d, _and e until all
of the external surface is insulated.

T_ooling

Tooling 

SEMCO mixer 
Adhesive hand 
spreader 

Positive pres sure 
tool T-7203326 

1. 15. 6.3 A.ppl1cation of Outer Insulation Laminate Strips

1. 15. o. 3-1 The outer insulation laminates will be bonded over the
closeout areas to the dimensions required per drawings and specifications. 

l - 8 I
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Procedure 

a. Applv film adhestve on laminate strips,
and ruh out wrinkles or a1 r entrapments

per \L\0101,-033 process specification.

b. Install thermocouple wires at glue line.

c. Inspect.

d. Apply prepared laminate skin; press
firmly Into place.

e. Apply PV.-\ iilm over area of bond,
and install vacuum valves.

f. Apply zinc chromate tape to outer

periphery of layup drea.

g. Draw vacuum to secure bond.

h. Apply heat (strip) blanket, and cure
( :'½IL - .-\-9 06 7).

i • Remove heat blanket and PV A bag.

Clean for inspection.

J· Inspect (NA.-\ spee1fication
LQ-0401-001).

1. 15. 6. 4 Sealing and Leak-Check of Insulation Splices

Tooling 

Polyvinyl alcohol 

bag 

Heat blanket 

·). 15. 6. 4-1 The insulation will be sealed by applying Narmco adhesive
over faying surfaces of the laminates. The sealed insulation will be subjected 
to leak-check. 

l. 15. 6. 5 Leak. Proof, and Flow Check of Insulation

l. 15. 6. 5-1 Insulation leak, proof. .and flow checks will be performed
using special test equipment and operating manuals complying with proce!:>s 
specifications MA0201---l26-l, MA020l-4�65, MA0lOl-4266, and MA0Z0J-1837. 

1-82
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l. 16 SYSTEM INST ALLA Tl ON

l. 16-1 The S-II stage structural assembly will be positioned in the
Vertical Assembly Building for installation of systems. During installation, 
control of equipment and hardware will be maintained through the use of 
appropriate documents to be included in the data package delivered with each 
S-II stage. Following are the doc_uments to be delivered with each stage:

Equipment serialization 
Operation time 
Signoff 
Calibration 
Change verification 
Pa rt removal 
Process specification 

1. 16-2 Afte r each installation, Q&RA personnel will verify that the
preceding data have been entered and the system has been installed per 
applicable engineering drawings. 

l . 16-3 After the vehicle has been pneumostatically tested and cleaned
in accordance with applicable engineering documentation, it will he positioned 
in the Vertical Assembly Building where Stations II and IV will be utilized. 
In these stations, systems, including electrical power, control RF, instru
mentation, pressurization, propellant, relay boxes, and hydraulic systems, 
will be installed. STE model SFS-0007 will be used to aid in repairing insu
lation when required. Tube assemblies and wire harnesses will be installed 
as a warehouse operation on the aft thrust structure. Wire harnesses are 
installed using approved Operators General Instruction Document (GID) 
provided by systems manufacturing engineering. 

These documents detail the sequential installation of wire harnesses 
throughout the aft thrust structure area, the forward skirt area, tunnel, 
and the interstage. 

1. 16-4 The following installation and operation sequence has been
established for the purpose of accessibility of installations. The installatiol1' 
effort can proceed in each area at the same time (with close coordination 
maintained at all times) to permit proper sequ,:.;ncing. 

1. 16-5 The installatio n sequence at Stations 11 or IV is as follows:

Procedure 

a. Provisions redundant instrumentation,
forward skirt

b. Provisions instrurnentation system,
aft ski rt

1-83
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c. .'>y,-,tv11,:,;, LOX r,·ctrl'11Ld1u11.

cl. S11pJll1Tl 111;;,.st, g.1s distributor pressuri

✓..tltt>ll sys1e111.

c. 1'ruv1s1u11s, i11sln111ic11lation !�OX tank.

I. 1:qt11p:, 1 ,•11L .. 11d v.1 1rc,CSJ·: t,•sl ;ift ski rt.

Ii . S •. -; l ,, 111 . pr<.> l >t- I L.i 1 t 111 .111 ;:i g v ! 11 e n t a 11 cl 

LOX. 

1 . l'r.i\t:-;1.i11s rPd11nd.inl ins1n11nentation, 

forw:,rd skirt. 

1 . I·: I�· , t rt , ;, I 1 11 s t -r 
1t 11 1 t: n I a 1 1 o 11 ,, y s t c n 1 , 

c,)11\rul, inst,dl,it1,in, turw.ird slurt. 

k. 1'r,1\1:,1,P1,-, 1I\SLnI1I1eI.t.t1Ion systeIn,

forw.,rd ,-,k I rt.

I. l:qu1p111,·11t. vlPctnc;d S\ ste111s, aft skirt.

111. Equiµ11,c>111 ,.<1;d wire .:lc::ctric_al syste1n,

forw,1rd skirt.

IL Systl'l!l, pr1>pella11t 111:l!lagc1llent Lllz.

u. E q u I p1,, r· n t, e I e ct ri c .-, l s vs t e 111.

p. E:l,·, tried 111,:,tr1111icnl,ltion syste,n,

<.ulltrul i11:oti.,.ll.1t1on, ..ift skirt.

'l'ool1 ng 

I. lti-t, Tl e 1nst..ilLd1011 sequence al Stations ll or LV is as (0llow:;:

}'roct·dur<.: 

a . [ n ;, t n I n , t' n t a t I o n , L. 0 X t .:t 11 k - \' c Ii i c I e ,:, 

b. Pruvisiolls, instnunen1.1tiun LOX tank'''

,:,s1at1uns II or IV 

l - H-l
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Procedure 

c. Inst rurne ntation, LH 2, tank -vehicle,:":'

d. Provisions, instrumentation systems
LHz tank'�,;,

e. Systems, LOX recirculation':'

f. Support mast, gas distributor pressurization
systems':'

g. Vent systerns, LOX tank':'

h. Line, outboard engine feed-Lox,:,

i. Screen assembly, ieed line-LHz':'

J. Deflectors, fill and drain line-LHz<'

k. Gas distributor assembly, pressuri
zation system -LOX tank':'

1. System, propellant manage me nt-LOx =:,

m. Line, center engine feed-Lox,:,

n. System, propellant management-LHz:::::,

o. Pressurization system, internal LOX tank =:,

p. Pressurization systen1. internal LHz tank':":'

q. Baffle and screen, LOX sump':'

r. Baffle, anti vortex upper -LOX=::

Tooling 

1. 16-7 The installation sequence on the low tool T-7 2 00515 at
Stations II or IV is as follows: 

Procedure 

a. Instrumentation, system tunnel

b. Instrumentation, instrumentation thrust
cone, static-firing

,:,stations 11 or IV 
,:,*Stations VII 

1-85
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Procedure 

c. Wiring, instrumentation, aft skirt

d. lnstrurnentatton, aft skirt, stage

e. Electrical i nstru1 nentation sys terns,
control installation, aft skirt

f. Equipment, electrical system

g. Wiring, elecrrical system, aft skirt

h. £qu1pnient. electrical system, aft skirt

1. Engine� actuation, hy<lra1ilic system

j. Electr1cal instrumentation system,
control, iorwarrl skirt

k. Leak dt::tecuon and purge systems,
lower c '> l I nde r c111d bolt1 ng ring

Tooling 

I. 16-8 The 1nst.:1ll,1l1011 sequence at Station II or IV is as follows:

:---late: Portions of tht�se installations are perforrned as subassemblies 
and warehouse operation. 

Procedure 

a. lnstrumentatlon, aft skirt, stage

b. Electrical i nstrume ntatton systems,
control installation, aft skirt

c. Electrical instru1nentation systerns,
control installation, forward skirt

d. Equipment, electrical systems

e. Wiring, electrical systems, aft skirt

f. Equipment, electriC"al systems, aft skirt

g. Equipment and wire, electrical systems,
forward ski.rt

1-86
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Procedure 

h. s, steins, leak detection and purge,
forw,ird hulknead and sklrt

1 . Ledk detection and purge systeni,
Sta ti 011 J (Ji..1

J. Engine actu..i.uon, hyciraulic sy::;tem

k. Line, outboarci :?ng1ne feed, LH2

l. Leak detection and purge systems,
LH 2 s tdewall

Tooling 

1. 16-q The Station II installation sequence on the high tool (T-7200100)
1s as follows: (See Figure 1-37.) 

i\"ote: Portions of these 1nstallat1ons are pe ri'orrned as a subassembly 
in the wa rehoust operation. 

a. Equ1p1nent, instnt1·1entati.on. aft skirt

b. instrumentation, aft ski rt. sta�e

c. Tubin� assernlily. instrttn:entation statlc
tiring

d. Electrical instrumentation system, control
installation, forward ski rt

e. Instrun1entation. hydraulic s,·stem

f. Equ1ptnE'nt, electrical system

g. Wiring, electrical system, aft skirt

h. Equipment, electrical sy!>teir., aft skirt

1 . Equipment and wire, electrical system,
forward ski rt

J· Engine actuation, hydraulic system
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Procedure 

k. Engine. J-2 engine

l . Pressurization system, LOX tank

rn. Pressurization system, LHz tank,
external

n. Actuation and checkout lines, LOX and
LHz tank pressurization systems

o. Pneumatic actuation sy::;tems, engine
propellant valves

p. Line, outboard engine feed- LHz

q. Leak detection and purge. LHz sidewall

r. Vent systems, LOX tank

s. Thermostatic control syst�ms, instrumen
tation and electrical, aft skirt

t . System, LH2 recirculation

u. Systen1, engine co1nponent

v. Manifold, LOX and LH z tank pressurization

w. Helium pressurization systems. Ll:-Iz tank
ullage

x. Line, center engine feed-LHz

y. Leak detection, common bulkhead

z. Vent systems, LOX tank

aa. Ltne, outboard eng1 ne feed -LOX

bb. Wiring, instrumentation, special test

cc. Wiring, in5trumentation, forward skirt

1-89
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Procedure 

dd. £qui prnent, in:;tru1ne ntation, forward
skirt

ee. Instrumentation, .forward skirt 

ff . Engine servicing 

gg. Vent systems, LHz tank 

hh. Purge systems, LHz tank pressurization 
line 

11 . Line, fill and drain, LOX and LHz 

jj. Wire, special test, forward skirt 

kk. Simulated base heat shield 

ll. Thermostatic control systems, instrumen
tation and electrical, forward ski rt 

mm. Sy stern, LOX recirculation

nn. Heliuni pressurization syste1T1s, LOX 
tank pressurization 

oo. Leak-check, LHz flanged joint 

pp. Line, center engine feed-LOX 

qq. Tubing assembly, instrumentation, static 
firing 

l. 16. 1 ST AGE -LEVEL TESTING

Tooling 

After containers, J -boxes, and trunk harness assemblies are installed, 
the following test will be performed in the sequence as listed. These tests 
will conform to the applicable process specification and STE operating manual, 
utilizing manual continuity and insulation resistance test equipment and 
adapters (STE model 8FC - 5407}. The manuals, test equipment, and adapters 
are reviewed, appraised, and certified by Q&RA. 
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l. 16. l-1 For S-Il-3 and Subs

Insulation resistance testing will be performed on all S -II stage 
trunk harness assemblies. 

Bus isolation test will be performed to ensure that there are no 
short circuits between buses or from buses to ground. 

Continuity test will be performed on all resistive free circllit paths 
from one extreme end to the other extreme end, as reflected per the 
applicable stage schen,atics. 

Stage master schematic book will be maintained by systems manufac
turing engineering to reilect the "as built'' coniiguration during the 
manufacturing installation cycle. 

1. 16. 1-2 After completion of continuity testing, final inspection occurs,
and the stage is moved to Stations 8 or 9 for stage systems checkout. 

1. 17 FIBER GLASS F_i\IRINGS

1. 17-1 Aerodynamic heating problems on the hydrogen feed lines,
forward elbows of the LOX vent valves, and other stage external protrusions 
make it necessary for these areas to be faired. This function will be accom
plished by a series of fiber glass fairings. 

1. 17-2 Materials used ior the fairings consist of fiber glass cloth
preim pre gnated with a phenolic res in sys tern. Such preim pregnations permit 
greater shop flexibility with the following advantages: 

Elimination of formulation problems and the annoying mess of wet 
layup 

Consistent quality and constant resin content 

Adaptability to assembly-line techniques for increased production 
at lower unit cost 

Fewer rejects 

Less variance 1n mechanical properties 

1 -9 l 
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Lowe-r inventory, because no re�ins or catalysts need �e stocked 

The cloth is placed in female layup dies, and a vacuum bag is installed and 
cured in large gas -fired ovens. 

l. 17-3 . .\ typical fairing consists oi a fairing. skin with a thtckness of
five laminations. A series of internal stiffeners and stringers {the sanie 
material as the fairing skin) is l•onded to the fairing skin. The adhesive 
system employed is thf' sarne as the system currently used for bulkhead 
bonding. The cornpleted units are then shipped to the Vertical Assemhly 
Building to be inst.ailed. 

l. 18 P ,\l:\T I:\IG �\>JD P .-\CK . .\GING

1. 18-1 Following the integrated systems tests, the outsid·e surfaces
will be chernically treated, pa1nted, or coated in the Pneumatic Testing, 
Painting, and Packaging I3uild1ng. The paint design and color will be speci
fied by :\1SFC. The S-ll stage will be painted before shipment and after 
static firings. 

l. 18-2 SpE'cifications w11l be developed to define the design criteria
and details of n1ethod:::; and procedures for packaging and pre::se rvat1on. ln 
general, the· followi11g procedure will be used to prepare the S-ll stage tor 
shipment: 

Procedure 

a. Install sensing elements for intransit
i nstrume ntat ion.

b. Cover all stage access doors and ports
{with the exception of the main propel
l,ant tank \'ents} on exterior surfaces with
a flexible moisture' barrier {'.\tIL-B-121,
Grade A}; seal with tape (PPP-T-60).

c. Cover all instru1nentat1on, separation,
and control syste111 components (that
are not hermet1 cally sealed or otherwise
inherent],,' protected) with a flextble.
metal-foil moisture barrier {.\'1IL-B-131C,
Class l); seal with tape (PPP-T-60}.
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Procedure 

d. Check to ensure that engine actuator locks

are installed.

e. Coat all exposed critical surfaces, such

as bearings and actuating arms, with a

corrosion -preventative compound

UvHL-C-16173).

i. Purge the propulsion system (including

propellant containers) with nitrogen gas.

g. Fit desiccator breathers with activated

desiccant charges; install breathers on

the propellant tank main vent openings.

h. Fill desiccant baskets on the thrust

chamber dust covers with a bulk desiccant
(MIL-D-3464R); install covers to seal

off the chambers.

1. Install protective covers on the stage.

j. Connect in-transit instrumentation.

k. Place static desiccant charges in forward

and aft skirt areas.

l. install the transportation light set on the

transporter rnounting rings for over-

the road movement.

l -9 3
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2. 0 FACTORY TEST PLAN 

2. 0-1 This section contains the test and final assembly procedures

for the S-II stage. Procedures are outlined under three general headings: 

process and test, pneumatic pressure test, and systems tests. 

2. 1 PROCESS AND TEST 

2. 1-1 i\ll process and test operation data will Le recorded in a log

that will accompany the stage through all major asscml>ly operations. Per

tinent data will include acceptance test results, t'alibration and cleaning 

inspection records, and lists of applicable drawings and specifications. 

2. 1. 1 HYDROST:\TIC TF.ST OPERATIO!':S

.!. . 1. 1-1 fhe hydro�tatic test will be performed i.n a test facility that 

will provide access to all t,tnk welds. .-\ mean::- of iillin)!, draining, and 

depressurizing the a�sen1bly ab,o will be available. An autumatic vent valve 

will be installed to µre\·ent negative cullapsir�g pre,;sure in the case of 

assembly failure. Rccordinb cameras will be provided to monitor hazarduus 

area,:;. The test site will be iully equipped to accomj)li,,h all pha�es 01 the 

hydrostatic testing and leak detection. (See J:'igure .!.-1.) 

2. l. 1. l Preparation tor Bulkhead Tests

2. 1. 1. 1-1 The followinh procedure and tooling will be U!:ied in the preparation:

Procedure 

a. Lift bulkhead frorn handling dolly,

position, and fasten to hydrostatic
test fi xture in iacility. (See Figure 2-2.)

b. Install appropriate fittings on all

bulkhead openings.

c. Perform pretest ca.Libration of

hydrotest instrumentation

2 - l 

Tooting 

40, 000-pound hoist 

Hydrostatic test fixture 

Blanking plates 

8FS-S908 

Hydrostatic test fixture 
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Figure 2-2. Bulkhead Hydrostatic Test ::-ixture (T-7200010) 
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2. 1. 1. 2 Bulkhead Hydrostatic Test

2. l. l. 2- l The individual forward, aft, and aft common bulkhead dia
phragm will be hytlro�tatically µressure-tested (Figurt: l-l) with the 

prescribed pressures indicated at the bottom ot the bulkhead. Tests will 
be conducted with clean dcmineralized water that contains a corrosion 
inhibitor. 

a. 

Procedure 

Fill bulkhead, through 2-inch fill 
line, with clean demineralized 
water (corrosion inh1h1tor added). 

b. Pressurize bulkhead through 1-inch
pressurizatit)n line to required
pressure per \L\()208-1001 process
specification.

c. Hold test pressure for 10 rninutes
n1 i n i 111 u n1

d. Visually inspect all welds for leaks.

e. Drop pressure. Drain and dry
bulkhead.

f. Dye penetrant inspection of welds.

2. I. 1. 3 Bulkhead LecJ k- Check

Tooling 

Hydrostatic test 
fixture T-7200010; 

li;,drostatic test unit 
HFS-'J908 

2,. 1. 1. 3-1 The iorward common bulkhead diaphram only will be leak

checked with a helium leak detector. Helium will be inserted into the 
bulkhead and pressurized per process specification MA0615-003. The helium 
leak detector, incorporating a sample probe, is capable of detecting l part 
of helium in 10 million parts of air. 
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Proct:tlure 

a. Introduce :;m;dl cp1antity of

helium-charged air into bulkhead.

(See Fi�11re 2-2..)

b. Test exposed \\"elds with leak
dt'tector and :;ampling probe.

c. Inspect. and \'(•rii"y weld cp1ality.

2. l. l. 4 MaJor S11ba::;scmbly Hydrostatic Test

Tooling 

Helium de tee tor (type 

2-l-120 or equivalent);

Test equipment 8 FS-S908:

Hydrostatic test 
fixture 

2. 1. 1. 4- l The completed c1.>mmon b11lkhead with the two lower LH z. 

cylinders and LOX girth !rnlting ring attilched will be hydrostat1cally tested 
prior to further a::;sernbly •Jf)(::rations. (See; Fi�ure Z-3.) 

P1·0-.edure 

a. Luad cu111mu11 b11lkhcad in test
iixturc.

b. Install clo:;eout plates over opt:.m

ings in LH2. Cylinder z.

c. Hook up STE fill and drain lines

and vent line::;.

d, Fill lower compartrnent \Vith demin

eralizcd treated water. 

e. Pressurize lower compartment as

prescribed in process specification
M:-\0208-1001.

f. Install up per dome on test tixture to
close off 11µper end of LHz
Cylinder 2. 

h. Fill upper compartment with treated
demineralized water.

i. Pressurize upper· and lower compart
ment per process specification.
MA0208-1001.

2-5

11\·drostatic test iixturc: 
r-7200009

fest CO\·ers 8FS-590q 

Hydrostatic t<:st unit 
HFS-5909 
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Procedure 

j. Inspect assembly for leakage.

k. Drop pressure; drain and dry both
compartments.

Tooling 

NOTE: Tanks will receive dye penetrant inspection of all welds 
after pneumatic test. 

2. l. I. 5 The Pneumatic Test

2. 1. I. 5- l The pneumatic pressure test (pneumastat) is performed on
the S-II stage prior to vehicular system installations. The test is !'11ade at a 
remote area with the star;e in a horizontal position. The structural integrity 
of the stage already has been partially established by hydrostatic testing 
operation at Stati,rn VI; thus a pressurized tank rupture accompanied 
by violent gaseous expansions. although still possible, is unlikely to oc cur. 
For this reason, the pncumastatic test is performed at a ren1ote area using 
a GNl supply, tt'.:H cu-.·e r,., 8 !:"�- 591 7, and control test equipment 8FS- 591 7. 

2. 1. 1. 6 LH 2, c:1.nd LOX Tank Prelimtnary Cleaning

l. 1 .  1. 6-1 Preliminary -:leaning of the interior of the LHz and LOX
tanks will be accomplished prior to hydrostatic testing. 

P roe e<lur'e 

a. Ready the necessary equipment for
preliminary cleaning.

b, Install air blower to container opening. 

c. Thoroughly vc:tcuum interior of t.ank,
removing all c..hips and foreign matter.

J. Starting at buttuin 01 tank and working
toward opening, wipe and/ur brush
interior ilnd remove all vi::,;ible grea_ses,
oils, <1nd stctins lJy using detergent
solution and trichloroethylene
(ABMA-C--l). Caution is t<.> be taken to
ensur� that blowers an<l bre<1.thing
apparatus work properly while trich
oroethylene is in u::,;e,

l-7

Tooling 

Filtered air blower, 
breathing apparatus, 
special work stands 

Cy clone cleaner with 
100-foot flex-hose

White static-, lint-, and 
oil-free cloth and Nylon
bristled brushes 
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Prucedure 

e. Inspect for luose foreign n1atter.

f. Remo\·e all prclirriinary cleaning

equipment from tzink.

g. Disconnect air blL>wer,

h. Reinst.::tll manhole and vent cuvers.

2. 1. l. 7 LOX Tank C1ecining

Tooling 

2. 1. I. 7-1 Clei.lning operations will be ;,,ccornplished after p1wu111ast.:itic:

test operati,m whilt· the stagl' is in a v�rtical pnsiti,rn. 

Pruccdun.: 

a. install shutu!L \'dlvi:: ..tnd dram hose
to vent opening.

b. Insert ckanin� buum and spray noz.zlcs,

com1nence impingement detergent ::;pray

cycle; sprc.1y dt..!tergent per pro<.:<=ss

speciiica tion ,\.lAO 610-000 l.

c. After det1.:rg1.:nt deaning is complete,

spray rinse per process spec1ficat1on

MAObl0-00001.

d. During rinse cycle, Quality and

Heliabilit\· .\ssurancc perso11rwl will

�.a,nplf• water to ;i:--,o:;ure particle c,)1int
c0111·orrna11c <· with :--.1.·\11t,l 0-000!.

e. Dry lcrnk with hot. oil-free .iir at 140

to 180 F.

2. - 8

Toolin� 

F1r(.: liuse, o-1nch dia
meter. 100 lE:et Lon�, 
with 4-inch vctlvt: 

Sprcly nuzzle, rotating 

Jet with rnaximurn Opl:r

atin� pressLtre ot 2.UO p:;1 

<1.L UO to lJ() F and 

rotation speed uf I. rprn, 

2.00-[uot clec.1n111g rad1u:; 

Hot air blower (and in�11-
li1terl ducts that will filter 
a i r to l 0 0-rn i c r on le vc l 
(absolute) 
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Procedure 

f. Insert cle,rning spr<.1y probe and nozzle:
comn,enc e 1 rnp1ngeme nt :; pray c ye le
(using trichloroethylene) until nonvolatile
residue and particulate contamination
pickup cuniorm tu proces.::; specification
MA0610-001.

g. Ihur0ughly dq conlc1.iner t1!:>1ng hot,

oil-irec <..11r at l 71) to l�0 F.

h. Install manhole and LOX sump .

• Inspect manhole cover installation and

torq11e.

j. Inspect and seal LOX tank.

k. P.ress11re LOX tank with missile
clean air to pre vent contamination.

2. 1.. I. 8 LHz Tank Cleaning

Tooling 

Test covers 8FS-591-! 

Pressurization unit 

s i--s-591-! 

2. I.]. 8-1 Following the completion of the LOX tank cleaning the
stage will be im·erted and the LHz tank will be cle?11ed per MA0610-001. 

Procedure 

a. Lift stage from suprort iixture
T-7200109

b. Invert stage and secure on fixture
T-7L00109

c. Insert cleaning boom and spray nozzles

in LHz tank.

d. Spray detergent per process specification

MA0610-00l.

e. Spray rinse water per process specifi

cation MA0610-001.

2-9

Tooling 

7 0-ton bridge cranes 

Support fixture 
T-7200109
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i. During ri11,;c• cycle, Qu:ilit, -1:Hl 

Rvli,1hi:1I) _\,-�,,r,,Ill"l' Dt.'r:-':>11111·1 will
:-',,1�1plv w.iter :n .1s,,11re :i t1rti,·le CL)llllt 

,·1111fnrm.,11- v \\·it1'. MA0610-001.

I.!, Dn Ll!� tu.nk wi1h hut. clec111. oil-fr�e 
a.Ir . 

ii . l n.:; p e-: ! i. �u, k : u r c le a n 1i n t: :o ,:; • 

j Pres,:;t,nze Lll 2, t..i.nk to prev1.;nt 
rec ontu1�-:111<1 llu n. 

k. Rotate sti.l.gc to normdl position and
secure on T-7�0051:i tool.

Tooling 

ciFS-:">91-! prc,:;::;unzatiun 
unit 

T-7200515 support
i1xture

l.. 2 Pi\EUMATIC PRESSURE TEST 

2. 2 -1 The pne•.:matic operations 1n Station IV consist of proof j..>re::; sure
and leak check of the stage pressurization system and engine systems. 
Piping and equiprnent ,H<! checked by STE model 8FC-5910 by using operating 
manuals that comply with the proof -pres sure and leak -check portion oi the 
process 1-pecirication::;, :\'lA0Z0e,-1028 and ;\L\0210-1060. 

2. 2.-2. Functional tests ot' the stage syste,n are performed in Stations
VIII or IX following th<.! µrooi pressure and leak-check in Station IV. 

Z-10
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3. 0 GROUND SUPPORT EQUIPMENT 

3. 0-1 The ground support equipment (GSE) for the Saturn S-II stage
will be composed of electronic. electrical, electromechanical and mechan
ical assemblies of both procured and S&ID-fabricated items at the component, 
module assembly, and rack (end item) assembly level. 

3. I PROCURED ITE\-1S

3. 1-1 Quality and Reliability Assurance (Q&RA) will assure the
mechanical and electronic excellence of procured items prior to the accept
ance for use in 5-Il GSE as outlined in the Q&:RA document. 

3. 2 SD-MANUFACTURED ITEMS

3. 2-1 S-II GSE will be fabricated in tlte GSE assembly area 1n
accordance with the specified drawing and specification requirements. 
Emphasis will be placed on the quality of workmanship and material handling. 
Fabrication procedures will be approved and controlled as outlined in the 
Q&.R A document. 

�.1 \\ODL;LE ASSE\1TILY 

3. 3-1 ln the mod11le asse111bly area. electric-al and electronic com
ponents. suL11 as relays, resistors, capacitors. di0des. and transistors 
will he assen1bled into lunct1onal n1odular as:..ernlil1es, such as logic cards, 
relay driver card:;, and a111pl1i1crs per asscrnlily instructin11 documents and 
applicable engineering dr.:iwin�s. 

3. 3-2 Beiore a 111odule leaves the dsse111bl� area, tne FAIH ticket
will be signed by the asse1nbler .incl sta111ped by a member of Q&RA, who hds 
verified that the module has been assembled 1n accordance with applicable 
engineering drawings and �P• J cif1ldl1ons and is free of irnproperly mounted 
or darn.aged components, irnproperly soldered connections, etc. 

3 - l 
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3. 4 MODULE TESTING

3. 4. l ELECTRONIC MODULES

3. 4. l-1 Module testing will be .pe-riormed on all in-house fabricated
. .  

GSE modules. Thesc- tests will be performed using special test equipment 
(STE) test consoles. adnpters, and operating manuals approved and Cf'rtified 
by Q&R.A.. 1'-1odulp testing will bC' in accordance with the applicable engi
neering process speciiicati,ln and will accurately sin�ulate the nperatillnal 
condition to which the m.idulf' will be subjected in the ,peratinnal drawer 
assen1bly ,ir system i�H which it was designed. The testing ,1f each module 
assen1bly will be witnessed and verified by a member ,if Q&RA in accordance· 
with the Q&R A do·cumenr. 

3. 4. 2 MECH ANIC . .\L ,\10DU LES

3. 4. 2-1 :--.1echanical rnod•des. such as control valves. pressure
regulators. andga11gcs, will l>e thoroughly tested by the supplier prior tn c111 
initial acceptance and funct1ona.l test 111 the SD receiving inspection area. 

3. 5 DR:\WER .-\SSE�1BLY

3. 5. l ELECTRICAL/ELECTRONIC DR.\WERS

3. 5. l-1 lnterrncd1ate steps of assembly (Figure 3-1), such as the
installation of panels, chassis c,1rrier cards., and wire harnesses, will be 
carried out in the drawer assembly area. During these steps, Q&lL\ 
personnel will verify that the assembly 1s in accordance with the applicable 
engineering drawing and specii1cation, and is free of improperly mounted or 

damaged components, irnproper solder connections, etc. Prior to tlv� 
installation of damagc;1ble electrical or electronic modules, the drawer wil.l 
be given a complete continuity test and verified l;y Q&R.·\ personnel. When 
the continuity test h.:1::; bee11 accepted by Q&R,\, the electrical/electronic 
modules will b e  installed and the drawer assembly completed. 

3, 5. 1-2 Before a rlrawer assembly leaves the assembly area, the 
FAIR ticket will be sihned b\· the assembler and stamped by a 111.ember of 
Q&.RA, whohasverified tl1at the assen1bly 1s complete and in accordance with 
the applicable engineering drawings, specifications, and Q&.R A procedures. 

3-2

SD 67-•H3 



NORTH AMERICAN AVIATIO N. INC 

3-3

I 

7 
@ 

I 

SD 67--l-U 

� 
..0 

E 
<l) 

'fl 
;/) 

< 

i... 

a 

u.l 
V') 

(J 



' 

NORTH AMIERICAN AVIATION, INC. 

3. 5. 2 .\t1£Cl!.-\'.\:1C:\L Dl-L\WERS

3. 5. '2.-1 \techa11tcal drawer assembly will be conducted in the same
fa s hi on a s e l c c t ri c ;d / e le c tr o n I c cl r awe r a s s e m bl i e s , w I th th e e x c e pt I o n o i 
the installation oi tubing, vi.I.Ives, regulators, gauges, etc. 

3 . {) DR _-l, W ER TEST I� G 

3. 6. I Drawer tt·st1ng \1,ill lie performed on all in-hL)USe fabricated
GSE electrical, electrunic, <H mechanical drawer assemblies. Thes<"' tests 
will be perfori�1e<l u::;1ng STE tt·st cunsole, adapters, and operating manuals 
approved and certified by Q�R.-\, Drawer testing will be in accordance with 
th� applicable tngineering prqcc•ss specification and will accurately simulate 
the oper.:i.tional c,,nditi u ns to whicb the drawer assembly will be subjected in 
the rack (end item) asse1:1bly or �ystem for which it was designed. The 
testing of each drawer assembly will be witnessed ar.:I verified by a member 
t)f Q& RA in accnrcl.;.r,ct v:i th the Q& R .-\ d:::icume nt. 

3. 7 RACK (END ITEM) ASSEMBLY

3. 7. 1 ELECTRlC-�L/ELECTRO:\'lC RACKS

3. 7. 1-l In the rack (end item) asbembly area as intermediate �teps of
as-sembly, such a,., panels, hardware, and cable harness assemblies, are 
finished, Q&.Rr\ pen,unnel will verify that the assemblv i� per applicable 
engineering d r a v,.:r n gs and s pe ci fi cations. Prior to the installation of an'} 
damageable drawer as'>e1nblies, the rack wi.11 be given a complete continuity 
test and verified by <-2&:.RA personnel. If the continuity test has been accepted 
by Q&RA, then the drawer assembli<·s will be installed and the rack assembl\' 
completed. 

3. 7. 1-2 Re-fore a rack leaves the assembly area. the FAIR ticket will
be signed by the assembler and stamped by a Q&RA member who has verified 
th�t the assemiil•: 1s complete and in accordance with the applicable engineer
ing drawings. spe,ific ation:=;. and qual1tv control proce<lures. 

3-4
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3. 7. 2 \lECH.-\NIC.-\L R.-\Cl<S

3. 7. 2-1 \lechanical rack assembly ,.,,·ill be cunducted in the same
fashi,>n as electrical/electr,,r.ic drawer assemblies with the exception of the 
installati,m ,)i tubing anrl leakage test there,>f. 

3. 8 RACK (END ITE:\!) TESTIXG

3. 8-1 Rack testing v.ill be- pt'rformed on all in-huuse fabricated GSE
rack(end ite111) asse:nblic>s. These tests wi_ll be performed using STE test 
c,msoles, adapters, and operating manuals approved and certified by Q&RA. 
R,_ck testing will be in accordance with the applicahle engineering process 
specification and will accurately simulate the operatiunal c,>nditi,in to which 
the rack assembly will be subjected in th<:' operational syste1�1 for which it 
was designed. The testing oi each rack assen1blr will be witnessed and 
verified by a n1ember of Q6.:R:\ 111 accordance with the engineering process 
specificatiun and the Q&.:R.'\ dncument. 

3. 9 CA.BL£ H.-\RNESSING J\SSE\1BLIES

3. 9-1 Cable harnesses are iabricated by using dim,:nsional tools ce r -
tified by Q&RA. and syste:ns manufacturing engineering assembly instruction 
documents. A.ll wiring, spot ties. crimping and soldering connc-ctions, etc. , 
are inspected for coniorrn.ance to the applicable Engineering documentation. 
A continuity and insulation rt·sistance test is performed on the cable harnesses 
after they are installed into the GS£ drawer and rack assemblies. This test
ing is performed in accordance with the applicable Engineering process 
specification while utilizing STE operating ·manuals, a�tomatic and/or fixed 
programmed continuity and 1 nsulation resistance test equipment, programmed 
test tapes and/ or matrix charts, patchboa rds, and cable adapters (STE model 
BFC-5437), which are revitwed, appraised, and certified by Q&RA. 

3. 10 TUBI�G ASSE:\1B LIES

3. 10-1 Tubing assemblies will be fabricated using dimensional tools to
ensure subsequent unit configuration. All tubin-.!, details and assemblies 
will be inspected by a Q&RA member who will verify that all tubing is in 
accordance with the applicable drawings. specifications, and Q&RA procedures. 

3-5
SD 67-443 



NORTH AMERICAN AVIATION INC 

"3.11 CAURHATION 

3. 11-1 Electrical, electronic-, pneumatic and hydraulic meas11ring

devic:es will be ,alibrated and serviced prior to · 1stallation into drawer and 

rack a:-;semhlies. .-'\ll rlcvices will be individually c-a·lilirated or serviced, 

with Q&·RA verification, 1n a complete laboratory which merits secondary 

and laboratory calibration standards in accordance with requirements of the 

U.S. I3ureau of Standards. The standard parameters established by Q&RA 
and Engineering sper.ifications will be t1Jet. Figures 3-2 through 3-5 show 

typical checkout equipnient. 

3. 11-2 All GS£ and STE will be completely inspected. serviced, and

calibrated at regular intervals. 

3. 12 POTTING .-\REA

3. 12- I The potting are;i has facilities with high-quality systems and

equipment to provide a high capability in the area of potting, encapsulation, 

and coating operations. 

3. 12-2 Some of the latest equipment used in this ;uea i.nclude an

ultrasonic cleaner for cleaning soldered assemblies, a vapor degreasing 

system for vapor deaning electronic assemblies and printed circuit boards, 

and a chemtronic vapor spray system for applying high solid c:oatin� to elec

tronic assemblies. :\dditionally, the area is equipped with high-quality 

conventional cquipn1ent. including vacuun1 deaeriation units, curing ovens, 
spray booth, nitrogen pressure system, triple bearn balances, potting guns, 

and all other tools anrl equipment needed for the potting, encapsulation, and 

coating operations. 

3. 13 t\,10DIFIC:\TION .-\ND REPAIR ARI::A

3. 13-1 The modification and repair area serves as the manufacturing

control center for all S&.ID-built iten:is requiring modification or repair, The 

control center routes reparables to the cognizant SD manufacturing group 

for modification and repair and monitors the progress of the work on these 

items. 

3-6
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4.0 SPECIAL TOOLING 

-l. 0- I Bulkhead welding, cylindrical-section longitudinal welding,

and iinal assembly operations require major tool complexities. In these 

ope,rations, nHiltiple functions are required of each tool. A description uf 

the fabrication and capabilitif•s of these tuols is outlined in this s<.:ctiun. 

Complete lists of tools and systems measuring devices are also included. 

-1. I TOOL10l'G ASPECTS 

4. I. I Fl;\lAL ASSEMBLY WELD FIXTURE

4. I. 1-1 Final assembly in a vertical p1)siti1,n is b.t"sf...'d on a building

bloc k concept. ln this position, subassembly loading, circ1u11ic-rent1al 

exactness, and station locating is benditt:d by the e,-�-n gravitational force 

exerted durin)! each assembly rnutinc. C1)nstanl checks anrl veriiicat1on 

of station planes and stage alignrnent are maint-11111.:·d during ead1 joining 

procedure by thv use of Taylor-Hohson scopes, Wild levels, tlwodolites, 

and the traditional plumbinµ, df'vicE'S. 

-L 1. l -2. Circumferential welding ui tank components is accumplished

with the use of vacuum cup-supported skate track. Two welding 
heads operate in unison, l�O dvgrecs apart, l(> n·,1ninllzc \\'Cld �ro,qh and 

stress riser problen1s. Prcwcld trin1ming opL,rations and pust,veld radio

graphic inspection 2.lsv usv the skate and skatt.·-tr:-ick tooh; for th,.:ir proce

dures. No attachn1cnt to, or suppu:-t fron1, the tu,,·pr str\lcture is allov,:ed 

for either the stage or toolin).'. dur11t!,! assembly procedures. Tower-supported 

section positioners are used nnly dur1n� initial loadin!l procedures (to assist· 

in co r r e ct p 1 a c e n1 e n I o f s t a I-! c- s u b s t r u ct u r v s } . 

4. l. 1-3 Internal round-uut tnoling and weld backup lJars are sup

ported by vacuum cup attachment to the stage interior. All interior tooling. 

1s disassen,bled tlwn remt>VL'd through the tank n1anholc. 

4. I. 2 BULJ,HEAD WELD FIXTURES

4. 1.2.-1 The bulkhead welding fixtures ,it<: dome-like tools that weld

bulkhead segments to�ether. An elliptically contoured, hydraulically 

4 - I 
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operated \veld boom extends from the outer periphery to the dome center. 

Four bulkhead welding fixtures are re quired: one for the forward bulkhead; 
a second tor the lower common bulkhead diaphragm; a third for the upper 
common bulkhead diaphragm; and a fourth for the LOX aft bulkhead, All 
tools are siniilar both structurally and operationally. 

4. l. 2-Z. A hydraulically clamped center shaft positions and supports
the weld boom at thf.' center during segment welding operations. Incorporated 
in the boom arc clampinu and supporting mechanisms with a dual-track 
system for \\·elding equipment and for operator travel during the welding 
operation. The ,1..·elding t'quipment carriage and platform roller is powered 
,,·ith variable- speed motors to accommodate all welding speed re quirements. 
The boom bc.1se remains stationary while the part is rotated into position. 

4. 1. 2-3 The dome framework is equipped with vacuum chuck facilities
that hold each segment in its proper position after loading. At each welding 
position, the required pressure is applied to the weld area by the boom 
during the elliptical travel of the weld head. 

4. J. 2-4 After each segment is weld-joined and radiographically
inspected within the tool, the diaphragm is rotated to the next weld location 
by electromechanical drive-and-lock mechanisms. After all welding and 
inspection operations have been successfully completed, the boom is hydrau
lically pivoted to permit removal of the welded bulkhead. 

4. 1. 3 SKIN CYLl:--JDER LONGITUDINAL WELD FIXTURE

4. 1. 3-1 The skin cylinder longitudinal welding hxture performs the
vertical weld-joining of the iour-panel cylindrical sections. Each panel 
assembly will be circumferentially placed in the longitudinal welding fix-

ture and held by vacuum chucks. The panels remain stationary during this 
assembly procedure. The vacuum cups are mounted on each side of each 
mold line contour bar. The contour bars have a 3-inch travel limit in both 
directions from the index location to facilitate loading of the large panels. 
Four grooved backup bars with side-n1ounted vacuum cups are located so 

that the longitudinal weld edges are precisionally aligned and held for welding 
at those locatiuns. 

4. 1. 3-2 The welding equipment is mounted on an electrically powered
�olly. Included on the dolly is a weld-operator carriage that uses a dual 
chai� drive and a v�riable-speed motor control to permit vertical operator 
travel.. The dolly is positioned to locate and vertically align the weld skate 
and track; it will then be moved into the operator control and observation 
position. The vertical-climb welding_ procedure is controlled from a con
sole that is mounted on the carriage within easy reach of the operator. 

4-2

SD 67-443 



NORTH AMERICAN AVIATION. INC. 

After each weld ha::; bC'en completed and radiographically in::;pectcd, the 

dully is rcp()sitiunt·d to load the \�dcl skate and track. The dolly i s  then 

rnoved to the nt'xt weld station. When the four longitudinal welds have been 

satisfactorily completed, the frarnl'.' splicf's arc installed and riveted to 

c om pl e t e t h e a s s t' m b 1 y . 

4. 2 TOO LI>! G LIST

4. 2- I ,-\ list oi S-II stage· t1loling rf'quirerncnts is prescnt<"d in

Table 4-l. 

Table 4- l. Toolinu Reqnircments 

]\; (). 

Toolin.12 Application Required 

Subassembly jig 

T-,200017 

Assembly jig 

T- 7 200036

Longitudinal welder 

T - 720000-1 

\\teld pack 

Fuel outlet \•.:elder 

T-7200-!23

Wf'ld pack 

Bonding fixture 

T-7200198

Bonding fixture 

T-7201320

LH2 CY LINDER ASSEMDL Y 

Subassembly uf pand irame, 

wehs, and cap,; 

lnstallin_l! franws to skin panel 

segn1ents 

External fu::;ion wt"lding of panels 

l<) Clll1lplete LHz cylinder 

400-an1p, de, tungsten inert

�as (dc-TIG)

Welding fuel outlet assembly to 

cylinder panels 

400-arnp, de, tungsten inert

gas (also used <in T- 72003 36)

Bondinµ insulation to cylinder 

panels 

Bonding in::;ulation to cylinder 

panels 
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Tooling 

Manufacturing 
mcnt shc-cts -

. 

T-7200437
T-7200439
T-7 200446

Table 4-]. Tooling Requirements (Cont) 

Application 

require- Detail machining 

Numeric;:al control Detail machining 
n1achine data 
T-7320235
T-7320236
T-7320230
T-7320231
T -7 32.02 I 5
T-7320238
T-,320239
T-, 320240
T-7�20241
T-7320242
T-7320243
T-7 320244

Apply jig Ddail machining 
T-7 32041 I
T-732023,

Check jig Detail machining 
T-,320232 
T-7320233

Tracer pattern Detail machining 
T-7320449
T-7320450

Master Detail machining 
T-7320234
T-7320412 Detail machining 
T-7320191 Detail machining 
T-7320433 Detail machining 
T-7320426 Detail machining 
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Trtble 4-1. Tooling Requirements (Cont) 

Tooling Application 

FORWARD BULKHEAD ASSEMBLY 

High-energy forming 
die T- 7 200049 

Trim ,rnd drill fixture 
T- 7 320437

Weld fixture 
T-7200120

Weld pack 

Weld fixture 
T- 7200077

Weld pack 

Hydrostatic test fixture 
T-7200010

Drill plate 
T-7200718

Weld fixturt:> 
T-7200536

Weld pack 

Drill plates 
T-7200708
T-7200710

Bond fixture 
T-7200519

High-energy forming bulkhead 
segments 

Rough trim nnd tool hole drilling 
of segment panels prior to weld 
joining 

Weld-joining bulkh,�ad segments 
rtnd X-raying 

400-am.p, de, tun�s ten inert
gas (dc-TIG)

Welding manhole ring, 
Lrinunin,;, and \:-rayin� 

b00-amp, de, tungsten inert 
, gas (dc-TIG) 

I Pressure-testing bulkhead 
I 
I 

Drilling n1.1nhole c over 
1 

,1 tt:1 ch 

Welding systems plate in 
s,•gment 

-!00-arr.p, de, tungsten inert gas 
(dc-TIG) (,ilso used on T-7200-123) 

I Drilling systems plate

I 

I
' Curing insulation on forward

bulkhead 

-I - 3 
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Table 4- 1. Tooling Requirements (Cont) 

Tooling :\ pplication 

Autocl..tve T-7200099 Bonding 

Trim fixture I Rough trim r1.nd d ri 11 segment 
T-7320211 edges prior to wf'ld joining 

I 

Trim fixture 
T-7320438

Trim fixture 
T-7320443

Trim fixtu.r,� Locate tool holes 
T-7320185

Manufacturing require- Speci.:.l instructions 
rnent sheet T-7200347 

M.-1 nufactu rin� r...:qui re- Specia I inst ructions 
nH•nt sheet T-7320589 

Manufacturinc: require - i Sp<.:cial instructions 
rn.;nt she�·t T-7200861 

I 

M:1nufa ctu ring 
i 

Spec i;d· inst ructions require•- I 
rn t� nt ;,hL'L't T-7 3205r)n ' 

I 
' 

Manuf.l ctu r In� rcqui re- I ' Spc-c ial inst ructions
n1ent sheet T- 7 320 58') ' 

I 

Manufacturing, ri>qui r.: - Special instruct ions 
ment sheet T-7200349 

Inspection check fixture Check gores 
T-7320161

Inspection clwck fixture I Check contour 
T-7320167

I 
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Table 4-1. Tooling Requirements (Cont) 

Tooling Application 

Inspection check fixture Check machining 

T-7320163

Inspection check fixture Check machining 
T-7320184

Heat treat fixture Gore panels 
T-7320170

Heat treat fixture Gore panels 
T -732017 6 

Heat treat fixture Gore panels 
T-7320179

Heat treat fixture Gore panels 
T-7320181

Piek- up jig I Bulkhead pick-up jig 
T-7 200 l 17 I 
Bond fixtures I Base fixture 

I 

T-7200427

Bond fixtures I Holding fixture 
T-7200390

I 

Bond fixtures Support fixture 
T-7201003

Bond fixtures Core cutter and drive unit 
T-7201013

Cutting beam Honeycomb machine fixture 
T-7200415

Vacuum bell LOX common bulkhead 
T-7200514 I 

Tracing beam For Sanborn recorder 
T-7200982

4-7 
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No. 
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l 

I 

l 

I 

I 

l 

l 

1 

1 

1 

1 

l 
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Table 4- 1. Tooling Requirements (Cont) 

Tooling 

Bench ope rations 

Bond fixture 
T-7200519

High-energy forming 
die T-7200047 

High-energy forming 
die T-7200048 

Trim fixtures 
T-7200438
T -7 320 168
T-7320247
T-7320197
T-7320198

Weld fixture 
T-7200052

Weld pack 

Weld fixture 
T-7 200002

Weld pack 

Weld fixture 
T-7200181

Weld pack 

Application 

BULKHEAD INSULATION 

Trimming insulation se�ments 

Applying adhesive to insulation 
inside surface 

COMMON RULKHE:\D 

I Forming lower thick segment 

Forming upper thin segment 

I 

I Rough trim and drill thick/thin 

i segment edges prior to '.veld
joining 

Weld- joining thick/thin 
segments 

400-amp, de, tungsten inert
gas (dc-TIG)

Weld-joining upper diaphragm 
segments 

400-amp, de, tungsten inert
gas (dc-TIG)

Welding J to thin 

400-amp, de, tungsten inert
gas (de - TIG)

-1-8 
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No. 

Required 

I 

I 

1 each 
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Table 4- l. Tooling Requirements (Cont) 

Tooling 

Weld fixture 

T-7200003

Weld pack 

Power hammer 

High-energy fvrmin� 
die T- 7200050 

Stretch form die 

T-7200401

Weld fixture 

T- 7200077

Weld pack 

Bond fixtures 

BJ- 7 200067 

BJ-7200377 

BJ-7200378 

BJ-7200379 

Bond fixtures 

T-7200004

T-7200174

T-7200175

Autoclave 
T-7200099

Handling fixture 
T-7200514

Application 

Weld-joining common bulkhead 

lower diaphragm and aft 

bulkhead segments 

400- amp, de, tu ngs_ten Inert
gas (de - TIG)

Forming bulk.head center domes 

Forming bulkhead thin skin 

Forming J skin panel 

Welding dome in bulkheads 

600-amp, de, tungsten inert gas

{de- TIG)

,\ssembling, trimming, and 

bonding honeycomb co re 

segments 

Bond- curing bulk.head 

Bond-curing honeycomb 
bulkhead 

Handling bulkhead 

4-9
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Table 4- I. Tooling Requirements (Cont) 

Tooling 

Hydrostatic test fixture 
T-7200009

Inspection fixtuTe 

Application 

(Bulkhead inversion operations) 

Hydrostatic test fixture 

Ultrasonically inspecting 
honeycomb bulkhead 

AFT BULKHEAD .ASSEMBLY 

Tooling requirements 
for this bulkhead a re 
similar to those for 
the common bulkhead. 
However, no insulation 
or bonding tools are 

required. 

FORWARD SKIRT ASSEMBLY 

Subassembly jig 

Subassembly jig 
T-7630102

Assembly jig 
T-7630105

Master - coordinate 
hole pattern to 
match S-IVB 
T-7200019

Master - mating 
gauge T - 7 2 00005 

Subassembly jig 
T-7630073

Assembling frames 

Assembling skin and stringers 

Mating ski rt panels and d dll 

pilot holes 

Master forward interface 

Mating gauge forward (See 
Figure 4- 1. ) 

AFT SKIRT ASSEMBLY 

Assembling skin frames and 

stringers 

4-10
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Table 4- I. Tooling Requirements ( Cont) 

Tooling 
I No. 

:\ssembly jig 

T-7200013

Application 

Assembling completv panl'I 

and mating 

AFT INTERSTAGE :\SSEMBLY 

Required 

------�I ·-
Subassembly jigs .-'\ssembling frames I each 
T-7630061 

T-7630062 

T-7630063 

Master 

T-7201486

Subassembly jigs 

T-7630064

T-7630065

.-\ssembly jig 

T-7 630067

Subassembly jig 

T-7630065

Master - coordinate 

interface attach pattern 

S-II to S-IC,

T-7200084

Master - control 

separation intc rface, 

T-7200085

Assembly jig 

Subassembly jig 

Subassembly jig 

Assembling skin, frames, and 

stringers 

Assembling skin assembly and 

fran,e s to complete panel 

assembly 

Assembling door assembly 

See Figure 4- I 

See Figure 4- 1 

Mating interstage panels and 

drilling attach bolt pattern 

Assembling antenna door 

Assembling access door 

4-1 1
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Table 4- l. Tooling Requirements (Cont) 

Tooling Application 

THRUST STRUCTURE CONE ASSEMBLY 

Subassembly jig Assembling frame segments 

Subassembly jig Assembling frame and skin 

Subassembly jig 

Monorail and hoist Automatic welder 

Acee s s platform Propellant lines and rocket 

engine ir.stallation 

THRUST STRUCTURE ASSEMBLY 

Subassembly jig Mating cone assembly and aft 

skirt 

HEAT SHIELD ASSEMBLY 

Subassembly jig Assembling frames 

Subassembly jig Assembling web assemblies 

Subassembly jig Assembling support beam 

Assembly jig Assembling beams, frames, 
web assemblies 

Master - coordinate 

attach bolt pattern 

HANDLING FIXTURES 

Collapsible work LOX tank operations 
platform 

Mobile work Welding and installation 
platform ope rations 

4-12
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. Table 4-1. Tooling Requirements {Cont) 

Tooling Application 

Collapsible work LHz tank operations
platform 

Electrical motorized General usage 
bench with 250-pound 
capacity 

FINAL ASSEMBLY WELD PACKS 

Weld pack 600-amp, de, tungsten inert gas
{de-TIG) {use with T-7200040)

Weld pack 600-amp, de, tungsten inert gas
{dc-TIG) (use with T-7200761)

-l. 3 SPECIAL TEST EQU[PMEI\T

No. 
Required 

l 

1 

. 

.3 

1 

-t. 3. l Special test equipment {STE), pre,·iously identiiied as systems
mea»uring device,, (SMD), are implements of in-plant equipment required to 
manufacture or check out S&ID products to the ,,pecification!:- ultimately ,,d 
forth by the customer. These devices are motivated by Systems Manufac
turing Engineering (SME) and may be of a special design (STE) or oi �1-uu1.d 
support equipment (GSE) design, depending upon !:-pecitic iactory require
ment,;. These device"' rnay range from a simple mechanical device, such 
as a gauge, to a 13-bay, 31-rack electrical checkout stdtion that i� u;-;eci in 
the systems checkout of the vehicle. Special test equipment is µro,·idl'd by 
the (SME) group to the :v1anufacturing departments when unique implement:' 
are required to measure the input or output.of a sy,-.tern or its con1punent, 
{as dictated by the speciti.cations set iorth by Engineering or by ·the customer\ 
to ensure the reliability and accuracy of tht:! deliverable product. The S�·1E 
group orders GSE items ior Manufacturing to be used as test equiprnent 
within the factory. Factory GSE is, therefore, identical to dt?liverable G:-,J:.:; 
and, \.vhere identical ,;ystems or component testing is required, the GSE i!-
utili<'..�d to its fullest extent to provide the customer with a iinancial advanta_L!L' 
Those items previou�ly identiiied ?S SMD shall retain the identity 01 SMD 
throughout th<:: Saturn S-ll pro�rar1, and shall be recogni<'..ed as STE. 

4-13
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•!. 3.2 The components, ubassemblie,;;, and assemblies of STE and 
factory GSE will be manufactured or purchased and will be inspected visually 
to verify acceptabl� levels of workmanship and reliability. Each STE and 
end item of factory GSE will be inspected to verify complete physical and 
functional conformance to applicable documentation. This equipment will be 
periodically serviced and calibrated in accordance with established Quality 
and Reliability Assurance procedures. Factory GS£ will receive the same 
inspection and Quality and Reliability Assurance as will deliverable GS£ and 
STE in process physical inspection at all levels of fabrication (detail, �ub
assembly, and assembly); however, the functional inspection will be 
performed only at the end-item level in accordance with the applicable 
acceptance c bee kout procedure. 

4. 3. 3 The acceptance checkout procedure is the document used by
Quality and Reliability A!;surance for accomplishing functional checkout of 
STE at the initial acceptance and for inspecting verification of operations at 
subsequent major change points. The document is applicable only to the 
unit or units that are listed in the procedure, and it establishes methods and 
procedures essential to the checkout (testing) and maintenance of the units. 
The acceptance checkout procedure is maintained by Systems Manufacturing 
Engineering. 

•L 3. 4 The operation of STE is established by an operating manual that
is an instruction guide for operating a specific STE model. These instruc
tions are complete, step-by-step directions that will leave no assumptions 
to the discretion of the operator. Each operating manual is applicable only 
to the unit or units listed in the manual. An operating manual is compiled as 
a directive for the operator to follow when using STE to checkout an airborne 
or GSE part (functional part, subassembly, assembly, or end item) 1n 
accordance with the applicable process specification requirements. 

4.3.5 ST£ requirements are shown in Tables 4-2, 4-3, 4-4, and 4-5. 

Model 
Number 

BFC-002 5 

BFC-002 7 

BFC-5408 

BFC-543 5 

BFC-5436 

Table 4-2. Vehicle Systems Functional Test Equipment 

I 

I Description 
. 

Operating Manuals for s·tage Testing During 
Manufacturing (Sets) I 

I Operating Manuals - Bench Test of S-11 Cont 

Automatic continuity analyzer support, 
Vehicle-bench test 

Console, vehicle component functional test 

Adapter, vehicle component fun�tional test 

4-15
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Quantity 

10 sets 

1 set 

1 set 

3 

1 set 
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Table 4-2. 

Model 

Number 

8FC -5452 

SFC-5454 

SFC-7101 

BFC-7501 

8FC - 7502 

SFC-7601 

8FC - 7603 

8FS - 0002 

SFS-5801 

SFS-5804 

SFS-5919 

Model 

Number 

SFC-5420 

SFC-5421 

SFC-5422 

BFC-5423 

Vehicle Systems Functional Test Equipment (Cont) 

Description 

Console, high-current resistance test 

Cryogenic harness test set 

Console, co11mand destruct, functional 

Console, instru1nent component 

Adapter, i nstrurne nt component console 

Console, antenna checkout 

Console, telemeter functional 

Vi brat ion equipment, hydraulic 

component 

Consnle, hydraulic service 

Console, ARMA and servoactuator 

flushing 

Proof test unit, insulation test coupons 

Table 4-3. Functional Test Support GSE 

Description 

Console, GSE module checkout 

Adapter sd, CSE module heckout 

Console, GSE logic drawer checkout 

Adapter, GSE logic drawer checkout 

4-16
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Quantity 

2 

2 

Quantity 

l 

1 set 

5 

1 set 
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Model 
Number 

BFC-5424 

BFC-5425 

8FC -5428 

8FC-5429 

8FC-5430 

8FC-5431 

8FC -5432 

8FC-5433 

8FC-5437 

8FC -5440 

8FC-5441 

8FC-5442 

BFC-5443 

8FC-5444 

BFC-5453 

BFC-5910 

Table 4-3. Functional Test Support GSE (Cont) 

Description Quantity 

Console, GSE RF drawer and rack checkout 1 

Adapter, GSE RF drawer and rack checkout 

Console, GSE special requirements drawer 
checkout 

Adapter, GSE special requirements drc.1.wer 
checkout 

Console, GSE logic rac:k check.out 

Adapter, GSE logic rack checkout 

Console, GSE special requirt-rne> nts rack 

checkout 

,\dapter, GSE special n•quirernents rack 
check out 

:\utomatic continuity analyzer support, 
(;SE hench 

RAC's , heckout console 

0- to 22-vdc battery box assembly

Cdlibration switching device lJox 
assernlJly 

Calibration load bank, box assembly 

Banner test station 

Intercom test set 

Console, GSE checkout high pressure 
pneuinatic 

4-17
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l set

3 

l set

4 

l set

J set 

l set

2 

2 

l set

2 
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Table 4-4. Sf•al Rc•ach S rE: l·'uncuonal Test Equipment 

Model 
Number 

BFC-0026 

8FC-5-l07 

8FC-5901 

8FC-7601 

8FS-0003 

8FS-0006 

8FS-0007 

8FS- 5b05 

8FS-5901 

8FS-S908 

8FS-S909 

8FS-59ll 

SFS-5912 

8FS-S913 

8FS· ; 14 

8FS-">915 

8FS-5916 

8.FS-5917 

8FS-.5918 

I 

Description 

Spare pans tor SMD models (vehicle) 

Continuity and ins1datio11 resistance lest, 
S-II stages

Instru1nentation, hydrotest 

C•Jnsulc, c1.nte1111a � heckout 

Co:1sult:, heat ell"111ent LOntrol 

LOX t,1nk, ,H .. ..:css equipment 

Cu11s,>le, te1np<.:raturc n1onitoring 

Control unit, hydrostatic Lest 

Cuntrol unit, hydrostdtic test 

Control equiprncnr, bulkhead hydrostatic test 

· Hydrostati, test eqr,ipmt.:nt, bltlkhead
assembly

ClJllsolc, lec1k test, insulatioz� cluseout

C,rnsole, Led.k te:H, LH2 tank. insulation

Leak test unit, LOX tank

Pressurization •mit, propellant tanks

Console, pl!r�l! test LOmrn.:n bulkhead

Console, press1<re test 9110 rt er panel

Pneumatic test sy,,tem

Console, leak detection .u,d :)ur15e
system

I 

Quantil� 

l set

I set 

6 

2. 

I 

3 

1 

1 

l 

l 

------

'�Cancel 
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Model 
Number 

A7-40* 

A7-85 

A7-88 

A7-89 

A7-119 

C7-53 

C7-59 

C7-85 

H7-20 

H7-27 

H7-28 

H7-29 

H7-30 

H7-83 

H7-94 

S7-34* 

S7-37�'

*Cancel

Table 4-5. Seal Beach Factory GS£ 

Description 

LHz tank servicing air conditioner 

Ladder, thrust cone internal access 

Protective ring, LOX tank access 

Protective ring, LHz tank access 

Portable helium leak detector set 

Plate set, blanking, pneumatic c/ o 

Power cable set, engine checkout 
equipment 

Propellant utilization test set 

Simulator, actuator, engine 

Sling, interstage and static firing 
segments 

Sling, · ring segment support 

Line s, adapter, tag 

Interstage and static firing skirt 

Transporter, component sling 

Adapter center engine vertical installation 

Adapter outboard engine vertical 
installation 

Air servicing unit, electrical container 

Pump unit, portable, vacuum 

4-19

SD 67-443 

Quantity 

1 

4 

2 

2 

1 

l 

l 

1 

4 

2 

l 

1 

l 

2 
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Model 
Number 

S7-38�• 

SDD-151 t., 

SDD-152':' 

SDD-154'� 

SDD-159 

SDD-163 

SDD-165 

SDD-191 

SDD-192 

SDD-193�' 

SDD-196::, 

SDD- l 97t., 

SDD-199"� 

SDD-238 

SDD-239"" 

SDD-243,:, 

SDD-244* 

SDD-262':' 

*Cancel

Table 4-5. Seal Beach Factory GSE (Cont} 

Description 

Servicing unit, precharge 

Head sets, intercommunications 

Head sets, intercommunications 

Facility interface J -box 

Electrical power control and monitor 

Cable installation, Station VII 

Fluid distribution system, Station VII 

Retract mechanism, forward, Station VII 

Retract mechanism, aft, Station VII 

Console, hydrauli.c power 

Cable installation 

Cable installation 

Distribution system 

Distribution system 

Adapter, stage forward erecting 

Adapter, aft hoisting frame 

Servicing unit, hydraulic fluid 

Jumper unit, hydraulic systems 

Simulator, camera capsule 

4-20
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Quantity 

90 

10 

2 

1 

2 

1 

2 

2 
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\1odel 

Number 

SDD-263':, 

SDD-264,:, 

SDD-273,:, 

SDD-337,:, 

930 

931 

,:,cancel 

Table 4-5. Seal Beach Factory GSE (Cont) 

Description 

Arrestor, camera capsule 

Tool set, camera capsule 

Recorder, engine sequence 

Rack, power supply, 56 volts de, 

200 amperes 

Installation fixture, hydraulic system 

Bu:Ldup iixture, hydraulic- system 
assembly 

4. 4 COORDINATION TOOLS

4. 4. l MASTER MATING GAUGES

Quantity 

2 

1 

3 

2 

2 

12 

4. 4. 1- l The forward and aft master mating gauges will be of minimum
weight material; theses gauges will generally consist of an aluminum outer 

ring connected by approximately 12 inner supports to a center hub. The 
gauge will be fabricated 1n a manner that will allow it to be disassembled rnto 

12 segments for shipping (Figure 4-1). 

4. 4. 1-2 1 he aft S-11 interface bolt attachment points will be located

on the outer ring of the aft master mating gauge, which will also provide the 
location of the plugs and fittings for the mating of aft system interfaces. The 
S-IC associate contractor will provide a similar master mating gauge for the

S -IC forward face. These two tools wi 11 be exchanged to check mating sur -
faces and to assure structure and system interface f1tups.

4. 4. 1-3 The forward S-II interface bolt attachment points will be

located on the outer nng of the forward master mating gauge, which will 
also pro\·ide the locations of the systems tunnel, plugs, and fittings for the 
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mating of forward system interfaces. The S -IVB associate contractor will 
provide a similar master mating gauge for the S-IVB aft face. These tools 
will be exchanged to check mating surfaces and to assure structure and sys
tem interface fitups. 

4. 4. 1-4 The master mating gauges will be delivered as requested by

MSFC. 
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