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This repor t  presents  the manufacturing requirements  for  fabricating 
Saturn V serv ice  a r m s  and contains design and operating details of the 
service a r m s  and associated equipment. 

P a r t  1 defines the a r e a s  of responsibility necessary  for the manufacture 
of Saturn V service a r m s  and associated equipment. Capability requi re-  
ments ,  manufacturing processes ,  special  techniques, schedule s ,  and other  
a r e a s  a r e  detailed in P a r t  1. The manufacturer selected to fabricate the 
a r m s  and related equipment must  meet  the requirements  (stated in P a r t  1. 

P a r t  2 contains design and operation details of the service a r m s ,  
Command Module Access  A r m ,  and related equipment used on o r  in support 
of the Launcher-Umbilical Tower for the Saturn V Vehicle a t  Complex 39. 
The design and construction of a l l  bas ic  a r m s  i s  s imi l a r ,  Eight ,service 
a r m s  a r e  being designed. The a r m s  a r e  being designed to .jupport a l l  
umbilical l ines necessary  to service the various s tages of a l l  3aturn V 
Vehicles. The a r m s  a r e  also being designed to allow personnel a c c e s s  to 
the vehicle. 

Some of the a r m s  must  be re t rac ted  before vehicle lift-off and o thers  
will r e t r ac t  following lift-off. This  requirement  necessi ta ted the design 
of umbilical disconnect and a r m  re t r ac t  devices which would ensure 
clearance between the a r m s  and vehicle during lift-off. 

The Command Module Access  A r m  i s  a separate  design concept, The 
a r m  i s  used only for  astronaut  access  to the Command Module. 

P a r t  2 presents  the prel iminary design directed toward meeting the 
requirements  stated above. 
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SUMMARY 

This volume of the Pre l iminary  Engineering Report presents  
requirements  for  fabricating Saturn V Service A r m s  and contains design 
and operating details of the service and access  a r m s  and associated 
equipment . 

P a r t  1 defines the a r e a s  of responsibility necessary for  the manu- 
fac ture  of Saturn V service a r m s  and associated equipment. Capability 
requirements ,  manufacturing proces se s ,  special  techniques, schedules, 
and other a r e a s  a r e  detailed in  $ar t  1. The manufacturer selected to  
fabricate  the a r m s  and related equipment must  meet  the requirements  
stated in  P a r t  1. 

P a r t  2 i s  pr imar i ly  devoted to the design and operation of the serv ice  
a r m s  and Command Module Access  A r m  to be used a t  Launch Complex 3 9 ,  
Additional information included in this repor t  descr ibes  the function of the 
a r m s  in various prelaunch modes,  the location of each a r m  with respect  
to the vehicle, and the design cr i te r ia ,  Auxiliary equipment, used in  
conjunction with the subject a!rPs, i s  described, and the supporting 
function of this equipment i s  explained. 

The major  assemblies  of the service a r m  include the f i r s t  and second 
elements ,  extension elements,  withdrawal mechanisms,  and extension 
platforms. The rotation of the service a r m  i s  accomplished by a cylinder- 
type hydr o-pneumatic system. 

The major  assemblies  of the access  a r m  include the basic a r m  
s t ruc ture ,  an  extension to the a r m  structure,  and a n  environmental cab,  
Rotation of the a r m  i s  accomplished by a hydraulic system using piston- 
r ack  type ro tary  actuator s .  
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SECTION I. 
SCOPE 

B - l . INTRODUCTION. 

The scope of work covered in P a r t  1 consists of furnishing a l l  plant 
facili t ies,  labor,  material ,  and equipment necessary for the fabrication 
and delivery of the Saturn V Service Arms and associated equipment, per  
provisions stated herein and in P a r t  2. Figure 1 - l  i l lustrates a portion 
of the service a r m s  and associated equipment. The a r m s  will provide 
service and personnel access  to the Saturn V Vehicle which will be launched 
f rom Launch Complex 39, Cape Canaveral, Florida. Some of the service 
a r m s  will be retracted pr ior  to launching of the vehicle; the remainder will 
r e t r ac t  during launch. Complete operational testing of each a r m  and acces-  
so r i e s  will be completed by NASA personnel before the equipment i s  installed 
on Complex 39. 

DESCRIPTION OF EQUIPMENT. 

The contract will include fabrication of the following components: 

B -3. ARM BASIC STRUCTURE. 

The a r m  basic s tructure (Figure 1-21 will be a welded t r u s s  composed 
of round and square tubular shapes of T - l  steel. The maximum chord mem- 
b e r  i s  3 x 3 inches square,  with a wall thickness of 0. 188 inch. 

Each a r m  i s  made up of two structural  elements. The f i r s t  element 
will be common to a l l  a r m s .  The approximate dimensions for  this element 
a r e  272 inches long, 60 inches wide, and 98 inches high. The second element 
var ies  in length f rom 146 inches to 182 inches, depending upon the vehicle 
stage being served. Width and depth dimensions a r e  the same a s  on the f i r s t  
element, 

1-4. EXTENSION PLATFORM. 

The extension platform (Figure 1-31 i s  composed of five major  par ts  
a s  follows: 

a. A basic platform support, s imi lar  in construction to the basic  
a r m ,  of square tubular shapes of T - l  steel. 

b. A T-head service a r e a  which i s  mounted to the basic platform 
support, and s imi lar  in  construction to (a). 

c .  A bumper assembly which makes contact with the vehicle. 
d. A coupler assembly which connects the bumper to the vehicle. 
e. The drive mechanisms which position the basic  platform sup- 

port  and the T-head. 

Varying vehicle configurations rehuire modifications to the extension 
platform. The modifications a r e  detailed in P a r t  2. 

B 



Figure 1-1. S-IVB A F T  and S-I1 F W D  Service Arms and Associated Equipment 



Figure 1-2.  A r m  Basic Structure 
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1-5. TOWER MOUNTING HINGES. 

Two hinges (Figure 1-4), positioned outboard of the a r m  a t  the top 
and bottom chords, house retraction cylinders, valves, and bearing 
assemblies .  The hinges a r e  plate weldments fabricated of A441 s tee l  
which varies  in thickness f rom 0. 5 to B. 5 inches. Each hinge i s  fastened 
to the tower with twenty-three 1- 1 /4-inch diameter high strength bolts. 
The hinges a r e  standard for a l l  the a r m s .  

1- 6. UMBILICAL SERVICE LINES. 

The umbilical service lines (Figure 1-3) which connect the tower 
piping to the vehicle a r e  supported on the service a r m s .  They a r e  
composed of both hard and flex lines of various s izes and materials  a s  
foPlows: 

a .  S-IC INTERTANK ARM - two 8-inch I. D. stainless steel,  
vacuum-jacketed LOX lines. 

b. S- IC FWD ARM - approximately 16 miscellaneous lines in- 
cluding 0. 25-inch I. D. pneumatic lines, two 4-inch I. D. a i r  
conditioning ducts, and electr ical  cables. 

c.  S- I IAFT ARM- one 1-inch corrugated stainless s t ee lb leed  
line. 

d. S-I1 INTERMEDIATE ARM - one 8-inch I. D. LOX line, one 
8-inch I. D. LH2 line, each vacuum-jacketed corrugated stainless 
steel.  In addition there a r e  approximately 3 7 miscellaneous lines 
ranging from 0.  25-inch I. D. to 2.00-inch I. ID. , and electr ical  
cables, plus two 10-inch and one 4-inch a i r  conditioning ducts. 

e .  S-11 FWD ARM - two 8-inch I. D. corrugated stainless s teel  
vent lines; twelve electr ical  cables; s ix  miscelPaneous pneumatic 
lines ranging in s ize f rom 0. 25-inch I. D. to 1.00-inch I. D . ,  and 
a 4-inch a i r  conditioning line. 

f .  S- IVB AFT ARM - one 6-inch I. D. LOX line and one 6- inch I. D. 
LH2 Pine, each vacuum- jacketed corrugated stainless steel,  with 
19 miscellaneous lines,  0.25-inch to 0.75-inch I. D. ,  and 
electr ical  cables, plus one 10-inch a i r  conditioning line. 

g. S-IVB FWD ARM - one 6-inch I. D. corrugated stainless s t ee l  
vent line; 29 miscellaneous lines, 0. 25 to 1. 50-inch I. D. electri-  
ca l  cables,  and one 6-inch a i r  conditioning line. The instrument 
unit umbilical l ines a r e  included in this grouping. 

h. Service Module ARM - 12 miscellaneous lines,  0. 25 to 1. 25-inch 
I. D. , and two 6- inch a i r  conditioning lines. 

I -  '7. HYDRAULIC AND PNEUMATIC SYSTEMS. 

The major  i tems in the hydraulic and pneumatic systems a r e  the a r m  
retract ion systems (Figure 1-4) and the withdrawal mechanisms (Figure 1 - 3 ) .  



Figure 1-4. Tower Uourmte d Hinge 



An in-flight a r m  retraction system i s  composed of the BolPowing: 
a. Two hydraulic actuators, one in the top and one in the 

bottom hinge (Figure B -4). Each cylinder has an  8-inch 
bore, B4. 87'-inch stroke, and a 3. 5-inch rod, and i s  
mounted within the hinge. 

b. One hydro-pneumatic cylinder, mounted on the tower deck; 
this cylinder has a 7'-inch bore, a 52-inch stroke, with the 
rod end attached to a 4-pulley block (Figure P - 5). 

c, P r ima ry  and secondary pressure  supplies, consisting of 
s ix B 0- gallon nitrogen bottles, and a piston-type 18-gallon 
accumulator. 

The largest  withdrawal mechanism i s  composed of: 
a. A large cylinder (Figure 1-6) of special design, having a 

5-inch bore, a 4-inch tubular rod, and stroke of approx. 5 feet. 
This cylinder i s  trunnion-mounted in a universal joint. 

b. A small  cylinder, which i s  a standard high-pressure actu- 
ator  with a 3-inch bore, 20-inch stroke, and a ]I. 5-inch 
rod, trunnion-mounted in a universal joint. 

c. A secondary device kor umbilical plate disconnect, which 
i s  a small  single-acting pneumatic cylinder driving a spring- 
loaded linkage (Figure 1-7). 

A hydraulic charging unit i s  mounted in the base of the E U T  and supplies 
hydraulic fluid where required fo r  al l  systems. Ht consists of a 500-gallon res-  
ervoir  with dual 5000 psi,  P 8 gpm pumps, f i l te rs ,  valving, and controls. 

In addition to these i tems,  there a r e  numerous cables, pneumatic lines, 
hydraulic l ines, and associated valves and controls a s  described in P a r t  2 
and detailed in the enginee sing drawings. 

1-8. ELECTRIC CONTROL AND POWER SYSTEMS. 

The electrical portion of the service a r m  control system will consist of 
cabinets, panels, and components, both internal and external, a t  each service 
a r m  level, and interconnects between these units. These units will be used 
fo r  the operational control, monitoring, and signal distribution for the r e  spec- 
tive service a rms .  

Lighting on each service a r m  will provide 20 foot-candle illumination, 
ar1.d. receptacles will provide electrical power a s  required. A Class I ,  Group 
B,  esplosion-proof sys tern will be provided throughout. 

All electrical cables from the service a r m  umbilical plate to the tower 
distribution box will be provided with connectors a t  each end. Sufficient cable 
flexibility to a s  suye prope P ope ration of the withdrawal and re t rac t  mechanisms 
i s  necessary. These cables will be thermal coated for high temperature ex- 
posure. 

7 
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Figure 1-5. Cable Retraction 
System 



This page intentionally left blank. 



Figure 1-6. Cylinder -Type Withdrawal Mechanism 
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Figure 1-7. Umbilical C a r r i e r  
Cam-Off Mechanism 13 
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Tes t  se t s  and procedures for  complete verification of the satisfac- 
tory  operation of a l l  units shal l  be provided to  ensure operational reliability. 

Control panels and cabinets, with associated instruments and equip- 
ment,  will be. required i n  the base of the LUT for  all service a r m s  to provide 
interface with the Launch Control Center and for  local recording, indication 
and control. 

1-9. WATER QUENCH SYSTEM. 

The water  quench system (Figure 1-8) consists of header pipe 
assembl ies  and spray nozzles mounted on the face of the tower. The spray  
pipes will t ee  off the tower headers  so  that each serv ice  a r m  is covered by 
two pipes, one above and one below the a r m .  The pipe used i n  this sys tem 
ranges f rom 2-1 /2-inch to 6-inch I. D. Each spray  nozzle will be capable 
of discharging 28 gallons of water pe r  minute, a t  70  psi .  

The water  quench system will operate f rom a n  electr ical  control 
panel i n  the L U T .  

1 - 10. TRANSPORT TRAILER UNITS. 

Transpor t  t r a i l e r  units (F igure  1-9) will be of sufficient s ize to 
t ranspor t  a complete serv ice  a r m  and accessor ies ,  and will be capable of 
highway travel .  The drop-deck platform type units will be 10-feet wide by 
%-feet long, have removable metal  body panels, and will be covered with 
supported tarpaulin. 

1 - 1 1.  QUANTITIES TO BE MANUFACTURED. 

The quantities to be manufactured under this  scope, according to 
the ma jo r  divisions, a r e  a s  follows: 

a. Service Arms  - there  will be four complete se t s  of serv ice  
a r m s  manufactured, consisting of eight a r m s  per  set .  This 
includes one se t  for  each of the three  LUT's  of Launch 
Complex 39, with one set  of spa res .  In addition, there  will 
be provided 10 percent loose spa res  for  a l l  components of 
the f i r s t  th ree  se ts .  

b. Water Quench System - there  will be one water  quench header  
sys tem for each a r m ,  making a total of four se ts ,  eight a r m s  
pe r  set .  

c .  Control panels located remotely f rom the serv ice  a r m  - this  
includes a l l  control panels outlined in 1-7,  1-8,  and 1-9. 

d. Transport  t r a i l e r s  - there  will be eight complete t ranspor t  
t r a i l e r  units. 

Upon satisfactory completion of the i tems called for  i n  this scope, 
the contractor  will be given the opportunity to negotiate for  the manufacture 

of four Command Module access  a r m s  and their  associated equipment. 
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If i t  becomes necessary  for an a r m  to be provided for  the Lunar 
Excursion Module, i t  shall  be within the scope of work to negotiate for 
the manufacture of four such a r m s  and their  associated equipment. 

]I - 12. SPECIAL PROCESSES. 

Propellant and pneumatic line cleaning will be required both before 
and a f t e r  testing. Refer to Section I11 for  fabrication and special  processes  
details. 

1-13. TIME FACTOR. 

The f i r s t  s e t  of eight service a r m s  with their  associated equipment, 
water  quench sys tems,  and t ransport  t r a i l e r s  shal l  be completed and de- 
l ivered  to NASA for operational testing a t  MSFC seven months a f t e r  award 
of contract. F o r  delivery dates of remaining i tems,  see  mas te r  schedule 
(F igure  1 - 10). 
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SECTION PI. 
EVALUATION CRITERIA 

Contractors will be evaluated and selected in accordance with the 
cri teria discussed in the subsequent paragraphs. 

2-2. SCHEDULE. 

The contractor shall adhere to the schedule established by LOC 
(Section VI), and to whatever changes that may be required to success- 
fully complete LOC scheduling requirements. The ability and past per-  
formance of the contractor to adapt to design changes and modifications 
in tooling and processes with minimum schedule delay will be evaluated. 

2-3. COST. 

The contractor shall establish a cost figure for the manufacture of 
Saturn V service a r m s  and related support equipment, with further cost 
breakdown a s  directed by the contracting officer. Although the lowest 
price will affect the award of the contract, the real ism of the cost figures 
presented will indicate to some degree the experience of the contractor 
and his grasp of the project, and could result in rejection of a contractor 
for  a deficiency of either. 

2-4, MANAGEMENT CAPABILITIES. 

Changes o r  modifications to the basic service a r m  design may re-  
quire fabrication, testing, and delivery within an extremely short time. 
Therefor.e, the contractor's ability to assign additional personnel to the 
program and efficiently manage a close schedule i s  of prime importance. 
An organization i s  desired that can properly direct a project of this scope, 
with emphasis on schedule completion in problem areas. An organization 
i s  desired that would also provide a central contact for LOC and subcon- 
tractor  personnel in obtaining schedules, reports,  and project status for 
proper coordination and direction. 

2-5. EXPERIENCE. 

Work experience and past projects of the contractor shall be in the 
manufacturing of equipment similar to that delineated in Section I. This 
contractor experience should be in, o r  related to, the fabrication a r ea s  
listed below. 

a.  Umbilical disconnect devices. 
b. Umbilical support structures and retract  mechanisms. 
c. Control systems, panels, lines, and cables. 
d. Large launch support equipment (hydraulic, pneumatic, 

electrical, mechanical). 



e,  Tes t  s e t s  to  check out complex equipment and systems. 
f. T ra i l e r s  to  t ransport  equipment described in Section I. 

2- 6. FACILITIES. 

Facili t ies of the contractor and subcontractors must  be inspected 
and approved by LOC (Section VIII) and shall  have a l l  equipment neces-  
s a r y  to complete the performance of the contract. Equipment and pro-  
c e s s e s  that shall  be required a r e  defined in Section 111. 

2-7. PERSONNEL. 

Contractor personnel must  be experienced in the manufacturing, 
functional testing, and shipping of equipment described in Section I. 
Welders shall  be certified to NASA requirements a s  indicated in P a r t  
2. Manufacturing personnel shall  be fully capable of successfully per  - 
forming a l l  functions necessary  to complete the services  required. 

2-8. LOCATION. 

The location of the contractor 's  facil i t ies,  in relation to LOC 
and MSFC, will have a d i rec t  bearing on schedules and cost. The 
contractor  shall  be in a location to facilitate the following with mini- 
mum t ime and cost. 

a.  Transportation of service a r m s  to MSFC for  testing. 
b. Return of service a r m s  to contractor 's  facil i t ies for  

refurbishing. (Must be located in the immediate 
vicinity of Huntsville, Ala. ) 

c. Transportation of service a r m s  to Cape Canaveral. 

2-9. SUBCONTRACTING. 

The contractor shal l  not exceed 15 percent (paragraph 13-3) of 
the value of the contract in subcontracted services .  



SECTION 111. 
CAPABILITY REQUIREMENTS 

3 - 1 .  GENERAL 

The contractor must show a proven capability for providing adequate 
fabrication facilities and manufacturing support, and must have experience 
in subcontracting methods and procedures. This capability and experience 
must have been directly related to the manufacture of umbilical disconnect 
devices, service structures, and related systems which have performed 
satisfactorily during actual Paunch operations. To effectively provide the 
required services, the following capabilities a r e  considered necessary. 

3- 2. FACILITIES AND SPECIAL PROCESSES. 

The contractor must be capable of providing facilities and services 
for the manufacture of service a rms ,  umbilical disconnect devices, and 
supporting equipment to be used on Launch Complex 39 for the Saturn V 
Vehicle. The; e facilities shall be adequate to manufacture the equipment 
delineated in Section I. The facilities must be adaptable to ckzanges or  
modifications in the basic design of the equipment. The processes and 
facilities necessary to manufacture Saturn V service a rms  and related 
equipment a r e  a s  follows: 

General and precision machining. 
Welding and sheet metal working. 
Precision welding jig and fixture fabrication. 
Material plating, painting, and finishing. 
LOX clean, hydraulic clean, and "clean room" 
(to MSFC-PROC- 166 and MSFC-PROC- 164). 
Inspection (including X-ray, zyglo, magnetic particle). 
Silkscreening. 
Functional testing of components and subassemblies. 

Element welds shall be inspected a s  follows: 

a. Connections of the four chords to the a r m  hinge plates shall 
be 100 percent radiographically inspected. 

b. Approximately 16 joints a r e  designated a s  critical on the 
drawing 75M-05835 and shall be 100 percent radiographically 
inspected. 

c. Five percent of the remaining welds shall be radiographically 
inspected. 

d. The remaining welds shall be inspected by a magnetic particle 
method. 



Adequate facilities to hoist and handle all items and assemblies must 
be available. 

3 - 3 .  ENGINEERING. 

The contractor must have available a minimum of 10 engineering 
personnel to support the manufacturing, functional, and quality test  efforts. 
These personnel must have substantial manufacturing production engineering 
experience. These engineering personnel must be available to either the 
manufacturing or  test  a reas  a s  required and will be required to determine 
if the proper fabrication tools, equipment and processes a r e  being utilized. 
A minimum of three manufacturing engineers will be assigned to the NASA 
tes t  area  a t  MSFC, a s  required by the customer, to ass is t  in coordinating 
o r  making changes recommended by LOC personnel. 

3-4. SUBCONTRACTING. 

The contractor must select subcontractors who have adequate facilities 
for performing the required work. The subcontractor must have experience 
in the manufacturing and testing of items of a nature similar to those sub- 
contracted. Subcontractors must have facilities and personnel to accomplish 
the contracted work in an expeditious manner to ensure schedule compliance. 
The subcontractor must have the ability to quickly adapt processing tools and 
facilities in the event that basic design' changes a r e  necessary. Quality con- 
trol  procedures and methods must meet EOC requirements to facilitate in- 
process and end-product inspection (Section V). 



SECTION IV. 
NASA PERT AND COMPANION COST SYSTEM 

4- 1. REPORTING. 

Periodic reporting to NASA by the contractor of time and cost actuals 
and projections will be accomp.!.ished a s  se t  forth herein. Contractor r e  - 
ports  a r e  required in the operation of NASA's internal project control system 
called "NASA PERT and Companion Cost". Contractor recognizes NASA's 
responsibility and authority to establish the type, content, and format of in- 
formation required. Operation of the sys tem and contractor ' s  obligation in  
connection therewith a r e  to be a s  described in the NASA PERT and Companion 
Cost System Handbook a s  in effect on the date of this contract. 

4 - 2 .  IMPLEMENTATION. 

Contract requirements under the NASA PERT and Companion Cost 
System shall be implemented through the operation of an implementation 
team consisting of representatives of the contractor and of NASA. The NASA 
Technical Supervisor shall: determine the NASA representatives on the 
team; designate from the NASA members  a team Chairman; and approve 
contractor repre  sentatives on the team. The work breakdown structure to 
be used by the team a s  the framework for structuring of the NASA PERT 
fragnets and corresponding cost reporting categories shall be established 
by the contractor and approved by the technical supervisor.  

4 - 3 .  PARTICIPATION, 
a d -  

Fragnets  and subdivision of work cost categories (see Handbook) a r e  
to be established fo r  each line item or group of line items a s  indicated 
by the contractor and approved by the technical supervisor.  The contractor Is 
participation, a s  a member of the implementation team, shall include but 
not be limited to the following: 

a .  Development of the required fragnets. 
b. Interconnecting of fragnets so  that data can be processed 

separately for each fragnet or  a s  a group for the contractor 's  
entire project effort. 

c .  Identification of events and activities comprising each of the 
fragnets required. 

d. Definition of content of each cost reporting category. 
e .  Identification of activities chargeable to each subdivision of 

work cost category. 
f .  Establishment of the initial time estimate for each activity. 

4-4. REQUIREMENTS. 

Lower level time and cost detail, which contractor utilizes for i ts  own 
management purposes to validate information reported to NASA, shall be con- 
sistent with NASA requirements hereunder. 



Contractor shall exert its best efforts to ensure participation of i ts  
subcontractors in implementation and operation of the NASA BERT and Com- 
panion Cost System a s  appropriate. 

The approximate scope of each fragnet (in terms of the number of 
activities) that will be required is  also to be indicated by the contractor and 
approved by the technical supervisor. This number is  an approximate esti- 
mate included in the contract primarily for purposes of estimating the cost 
of meeting the requirements under this clause. 

Reporting against initially developed fragnets shall commence upon 
direction by the NASA Technical Supervisor. Frequency of reporting shall 
be a s  determined by NASA's Technical Supervisor but not more frequently 
than every two weeks. Reporting against all fragnets specified by the con- 
tractor  will be commenced a t  the time the Technical Supervisor deems ap- 
propriate. Reporting against and updating of individual fragnets shall 
commence a s  soon a s  individual fragnets a r e  developed and not until com- 
pletion of all  fragnets. The computer input data reported shall be current 
a s  of the reporting date. 

Cost reports of actuals and projections shall be submitted by the 
contractor on NASA Form 5 3 3  in accordance with the instructions on the 
reverse of the form, a s  supplemented by the work breakdown structure, 
and in the number of copies set  forth in the contract schedule. Reports 
shall be submitted a t  the time and in the manner designated by the NASA 
Contracting Officer provided, i f  the reporting requirements described 
above a r e  changed, contractor shall be entitled to an equitable adjustment 
under the las t  paragraph hereof. The line items within the work break- 
down structure will constitute the subdivisions of work to be reported. 
The elements of cost to be reported within each subdivision of work will 
be established by the contractor subject to approval by the Technical 
Supervisor. 

In view of the character of the work under this contract, the initi- 
ally developed fragnets referred to above need continual updating on a 
current  basis to reflect to NASA a true picture of contractor work plans 
and status. 

To ensure responsiveness and adequacy of reporting requirements, 
the implementation team will review total content and operation of the sys-  
tem annually. 

During the course of this contract, i f  significant changes, either 
an increase or  decrease, in NASA's information requirements specified 
in the work breakdown structure above, a r e  directed by NASA's Technical 
Supervisor (through the NASA Contracting Officer) an equitable adjustment 
will be made in estimated cost, and fee to be paid to the contractor and in 
such other provisions of the contract a s  may be affected. 



SECTION V. 
QUALIT Y ASSURANCE 

GENERAL. 

The contractor shal l  provide a quality assurance  sys tem responsive 
to  the requirements and decisions of MSFC's Quality Division. The sys t em 
shal l  meet  the requirements  of "Inspection System Provisions for  Suppliers 
of Space Materials,  P a r t s ,  Components, and Services",  NASA Quality Publi- 
cation, National Publication Control 208-3, The sys tem a lso  shall  meet  the 
additional requirements specified in  5- 2 through 5- 17. 

5 -  GOVERNMENT SOURCE INSPECTION. 

Covernment source inspection i s  required on a l l  i t ems manufactured 
under this contract. The contractor shall  provide facilities and other neces-  
s a r y  provisions for  1 2  resident Government source inspectors during the t e r m  
of the contract. Contractor-owned inspection and t e s t  equipment shall  be made 
available to  Government inspectors for product verification, i f  requested, The 
Government inspectors  along with Quality Division and LOG personnel will be 
given at leas t  48 hours  notice and be present  during conduction of end-item sub- 
assembly  acceptance tests .  Inspectors and cognizant personnel a l so  shall  be 
notified before shipment of i tems. 

ORGANIZATION. 

The contractor shall  have a quality assurance  organization whose pas t  
performance proves it to  be capable of operating without organizational con- 
s t raints .  The person  responsible for  directing the quality assurance  organi- 
zation shall  have direct  contact with contractor top management personnel 
and shal l  regular ly repor t  on the status and adequacy of the programs.  This 
level of management shall  be capable of ensuring compliance with all contrac 
tual  commitments. 

5-4. PLANNING. 

The cont rac tor ' s  writ ten inspection and t e s t  plan, including the product 
flow char t s  for  each different end i tem, shall  be submitted to the contracting 
officer,  for review by NASA, within 60 days af ter  contract award. Changes 
to  the written plan shal l  be submitted a t  leas t  two weeks before implementation. 
One-hundred percent  inspection i s  required on a l l  subassemblies and on each 
end i tem delivered under this contract. 

5- 5. DOCUMENTATEON CONTROL. 

The contractor shal l  control the distribution of drawings, change o r d e r s ,  
control procedures ,  inspection and t e s t  procedures ,  and procurement  documents 
within his  facility. This effort shall  include the controlled removal of a l l  such 



documents from use a s  they become obsolete. The effectivity of changes, 
preferably by item a s  well a s  date, made to any controlled document shall 
be clearly defined and complete records maintained. 

5-6. SUBCONTRACTOR CONTROL. 

All subcontractors shall have inspection programs complying with 
N P G  280-3. Each subcontractor selected shall either have an acceptable 
previous quality record with the contractor or  shall satisfactorily pass a 
quality survey performed by the contractor. Subcontractors engaged in 
this work shall be resurveyed semiannually o r  more often as  quality 
histories necessitate. Subcontractors shall permit both scheduled and 
nonscheduled inspection access. 

5-7. PROCUREMENT DOCUMENTS. 

Purchase orders and subcontracts shall be reviewed by the con- 
t rac tor ' s  quality engineering element to determine the adequacy of the 
completeness of the technical and quality requirements therein. Only 
those procurement documents which, a r e  approved shall be released for 
procurement operations. Reports, certifications, and other guarantees 
of compliance to requirements shall be submitted with any procured i tem 
whose important characteristics a r e  not completely reverified by the 
contractor. 

5- 8. PRODUCTION INSPECTION AND TESTS. 

The contractor" quality engineering function shall analyze al l  
design documents to determine the factors that control the inherent 
reliability of the design. Based on this analysis, the characteristics 
$0 be measured in receiving, production, and shipping operations, shall 
be determined to assure  the achievement of inherent reliability. This 
data shall be used, in conjunction with the manufacturing plan, to set  
inspection and tes t  stations, and to comply with the requirements of para-  
graph 3. 6 of NPC 200-3. All procedures shall be maintained current with 
ihe effective design documentation and process controls. 

5-9. ACCEPTANCE TESTS AND MODIFICATIONS. 

After manufacture, the completed end-item will be delivered to Test 
Qivision a t  MSFC for acceptance tests on the service a r m  and related equip- 
-merit. The contractor shall supply three manufacturing engineers to MSFC 
Test  Division during acceptance testing. After performance of the accep- 
tance test ,  the equipment will be returned to the contractor for cleaning and 
refurbishment. Should acceptance testing indicate that modification of the 
equipment i s  required, such modifications shall be swiftly negotiated with 
the contractor and modified by the contractor a t  the test  site where possible. 
Further testing will follow to confirm the effectiveness of the changes. 



5- l0. PROCESS CERTIFICATIONS. 

P rocess  certifications shall be provided on all special processes  
utilized in fulfilling this contract. These processes include welding, sol- 
dering, plating, anodizing, heat treating, LOX cleaning, X - ray, magnetic 
particle and liquid penetrant inspections, and any other processes  specified 
in design documents. P rocess  control procedures shall be generated and 
utilized. The contractor 's  quality organization shall conduct audits and r e -  
views of operating processes and shall  enforce compliance with the established 
procedures.  

5 -  B 1. MATERIAL REVIEW BOARD. - 

The contractor shall conduct formal  mater ial  review of any discrepant 
i t em that cannot be reworked to conform to design drawings. The mater ia l  
review board (MRB) shall consist of representatives f rom the quality, engi- 
neering, and production elements of the contractor 's  organization and of a 
Government representative. Acceptance of nonconforming mater ia l  shal l  
occur only with the unanimous agreement of the MRB. The contractor 's  MRB 
jurisdiction for this contract shall be limited to those discrepancies not affect- 
ing reliability, function, interchangeability, life, and safety. Requests for 
review of discrepancies affecting these a r e a s ,  and records of all acceptance 
decisions made on minor discrepancies,  shall be forwarded to LOC through 
the contracting officer. 

5-12. TRACEABILITY. 

A record  of al l  operations performed on each delivered i tem,  i t s  com- 
ponents, and i t s  sub-assemblies shall  accompany each i t em through production, 
inspection, and testing. These records shall  reference the applicable docu- 
ments and changes, shall  indicate the resul ts  of a l l  inspections and tes ts  pes-  
formed, any MRB actions,  and shall  indicate operating t imes  o r  expiration 
date of any limited-life item. The s e t  of records defining each end i tem shall  
be used to permi t  compilation of al l  applicable certifications, inspection r e -  
sul ts ,  and tes t  reports  for  any delivered item. 

5-13. EQUIPMENT ACCURACY. 

The contractor should use inspection and test  equipment which has meas  - 
urement  capability of 10 percent of the allowable tolerance of the character is t ic  
it measures .  Similarly,  the accuracy of standards used to calibrate equipment 
should be sufficient to measure  10 percent of the tolerance of the equipment 
calibrated. 



5 - 14. CALIBRATION. 

The contractor shall  maintain records  of the data resulting f rom 
calibration operations. Any equipment exceeding i ts  required due date 
o r  tolerance shall  be suitably isolated, tagged, o r  otherwise marked  to 
prevent i t s  use without special permission of LOC and/or  NASA. 

5- 15. STATISTICAL TECHNIQUES. 

Any sampling performed by the contractor shall  be in accordance 
with MIL-STB- 105, MIL-STD-414, o r  Department of Defense Inspection 
and Quality Control Handbooks H-106, 107, and 108. If required, other 
plans may be used with specific p r io r  approval by Quality Division of 
MSFC. Statist ical  quality control charts  shall  be used whenever their  
use  will increase  the effective control over the a r t ic le  produced. 

5- 16. DATA AND ITEM ANALYSIS. 

Inspection and t e s t  data shall  be analyzed for  indication of degrada- 
tion of quality and reliability. If necessary ,  specific discrepant i tems 
shal l  be given an  engineering failure analysis to determine the cause of 
the discrepancy. If analysis of the data o r  i tems indicates a design defi- 
ciency, LOC shall  be notified and all applicable data, i t ems,  and other 
ass i s tance  shall  be supplied to  aid in design correction. 

5-17. HOUSEKEEPING. 

The contractor shal l  establish and maintain high standards for  clean- 
l iness  and handling pract ices  throughout the manufacturing and t e s t  facilities. 

5-18. AUDITS. 

The contractor 's  quality engineering personnel shall  per form quarter ly  
audits of the operating conformance to  a l l  quality requirements specified he re -  
in. The resul ts  of the audits,  with statements of correct ive actions taken, 
shal l  be submitted to the contracting officer within three  weeks of the pe r fo r -  
mance of the audit. 



SECTION VI. 
S CHE-DULE' 

6 -  B. GENERAL.  

The following brief definitions and discussion will make c lear  the 
intent of the accompanying schedule charts.  

6-2 .  ENGINEERING.  

The engineering required in connection with the manufacture of the 
serv ice  a r m s  shall  be that necessary during the manufacturing, testing, 
and refurbishing processes.  Engineering work and guidance shall  begin 
immediately upon award of the contract and will continue until final repro-  
cessing o r  refurbishing a t  the manufacturer" facilities i s  complete. 

6- 3. FABRICATION. 

Fabrication shall include manufacture andlor  acquisition of the 
necessary  component pa r t s  o r  mater ials  and assembling these i tems into 
finished systems o r  s t ructures  for shipment to  the t e s t  site. A general 
breakdown of the sub-assemblies to be fabricated i s  a s  follows: 

a. Basic a r m  structure.  
b. Withdrawal mechanisms. 
c. Extension platforms. 
d. Arm-mounted hydraulic and pneumatic systems and all 

associated tower and LUT-mounted control panels. 
e. Electr ical  controls and power equipment mounted on the 

a r m  and control panels located on the tower and in the LUT 
f .  Water quench header system and controls. 
g. Arm-mounted platform and s ta i rs .  
h. Hydraulic charging unit mounted in the LUT. 
i. As semblly of vehicle service lines (fuel, e lectr ical ,  etc. ). 
j. Transport  t ra i le rs .  

Note: See P a r t  HI for a more  detailed description of the service a r m s  
and related equipment. 

Fabrication shall  begin immediately af ter  awarding of the contract. 
The government will submit a "letter of intent" to the selected contractor 
s o  that o rde r s  may be placed for the long-lead i tems required to begin 
manufacturing. 



Transportation r e fe r s  to moving the service a r m s ,  related componets, 
and equipment a s  described below: 

a. F r o m  the manufacturer 's  plant to the MSFC te s t  si te at 
Redstone Arsenal ,  Alabama. 

b. F r o m  the t e s t  si te to  the manufacturer" refurbishing a r e a  
in o r  near  Huntsville, Ala. 

c. F r o m  the refurbishing a r e a  to the AMR a t  Cape Canaveral. 

6-5, INSPECTION. 

Inspection, in this instance, r e fe r s  to supervisory type inspection by 
NASA to ensure  compliance with contractual commitments. This i tem,  al- 
though not actually shown in the chart ,  will be scheduled on a continuing 
bas is  and requires  of the manufacturer adequate inspection access .  

6-  6. TESTING. 

All mater ia l s  and component pasts  of a non-standard nature must  suc- 
cessfully pass  a l l  acceptance t e s t s  specified in Part II. Standard stock i t ems  
such as s t ruc tura l  s tee l  need not be tested i f  "Mill T e s t  Reports" a r e  avail-  
able as specified. This i s  t rue  f o r  i tems such a s  standard valves which have 
previously been cer t i f ied by NASA. Following fabrication, the serv ice  a r m  
sub-assemblies shall  be subjected to  a functional t e s t  by the manufacturer.  
This  i t em i s  scheduled on the char t  as testing (manufacturer).  Upon comple- 
tion of the subassembly functional testing and final assembly,  the a r m s  will 
be delivered to  Tes t  Division, MSFC, for acceptance testing. 

6- 7. REPROCESSING OR REFURBISHING. 

Upon completion of the NASA tes t  program,  the service a r m s  will be 
t ranspor ted  to the manufacturer" facil i t ies for refurbishing. This refurbish- 
ing o r  reprocessing shal l  include cleaning, descaling, straightening, repaint- 
ing, and repair ing a s  necessary  to prepare  the equipment for  use. If extensive 
damage has  been incurred ,  ma jo r  repa i rs  by the manufacturer will be negotiated. 

6 - 8 .  DELIVERY O F  HAKDWARE AND DOCUMENTATION. 

This r e fe r s  to the presentation s f  the final products,  a s  indicated in 
paragraph 6 - 3 ,  to LOG a t  Cape Canaveral, Florida.  At this point, a f te r  a c -  
ceptance of the i t em by LOC, the responsibility of the contractor terminates .  
Hardware includes all i tems manufactured under the contract,  generally out- 
l ined in paragraph 6-3. Also included i s  the required 10 percent  spa re  compo- 
nents f o r  a l l  the above i tems.  Documentation shall  include such things a s :  

a.  Tes t  his tory log. 
b. Manufacturer 's  shop drawings. 



c. Any documents o r  data received with purchased mater ia l s ,  
pa r t s ,  o r  equipment, including all manuals, 

d. Operating t ime, cure date, o r  expiration date for  any 
limited-life i tems. 

Traceabili ty record ,  paragraph 5-12, may serve  to fulfill p a r t  of the 
above requirements.  

6-9, TOTAL CONTRACT REQUIREMENTS. 

The previous information in this section on scheduling has been con- 
cerned  with only the eight service a r m s  of LUT 1; however, the total  contract  
requirements  a r e  for  the following: 

a. Eight service a r m s  - LUT 1. 
b. Eight service a r m s  - LUT 2. 
c. Eight serv ice  a r m s  - LUT 3. 
d. Eight service a r m s  - spares .  

Note: The contractor will have an  option to negotiate for  the manufacture 
of four Command Module Access  Arms  ( see  Frontispiece) depending upon his  
performance, capabilities, and facilities to meet  LOC schedule requirements.  

The schedule in Figure 1-11 shows the fabrication t ime permit ted for  
each of the sections of the total  contract shown above. This scheduling break-  
down of eight serv ice  a r m s ,  a s  shown in Figure 1- 10, i s  generally typical of 
the scheduling for  the other sections of the total contract  requirements.  

6 -  lo. MAJOR MODIFIGATPONS. 

Any ma jo r  modification requirements will be determined during the manu- 
fac turer"  functional testing o r  during NASA's acceptance t e s t  program,  This 
will enable modifications om future production to  be ca r r i ed  on concurrently with 
the t e s t  programs s o  that overall  schedules can be met.  All major  modifications 
s o  introduced will be negotiated. 

6- 11. SUBMISSION O F  SCHEDULES. 

Each bidder shall  submit a detailed schedule of each section of the total  
contract  requirements.  This schedule shall  be s imi lar  to  that shown in Figure 
1-10 and shall  adhere to the general requirernents of the schedule shown in  
F igure  1-11. 



Figure 1 - 10. Master Schedule 
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SECTION VII* 
INCENTIVE IDEAS 

7-1. GENERAL. 

The resultant contract will be of a cost plus incentive fee type. 

7-2. OBJECTIVES. 

The three  p r ime  objectives that should be considered in establishing 
the bas is  for  determining incentive fee will be a s  follows: 

a .  Delivery - final delivery date for the f i r s t  s e t  of a r m s  (8 
service a r m s ) ,  would be the pr ime milestone. The delivery 
date for  each subsequent a r m ,  according to LOC sequire-  
rnents, would be the next milestones. 

b. Cost - Target  cost and target  fee will be established. 'The 
contractor  will receive an increase in fee for  underrun of 
costs  and /o r  a decrease in fee for an  overrun of costs .  

c. Per formance  of Contractor - All units delivered must  adhere 
to LOC documentation and quality requirements ,  
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SECTION VIII, 
REPORTING REQUIREMENTS AND INSPECTION ACCESS 

8- B. REPORTING REQUIREMENTS. 

Reports will be prepared to ref lect  status a s  of the l a s t  day of the 
month reported and will be submitted to reach the NASA Technical Super- 
visor  on o r  before the 15th of the month following the repor t  period. They 
will contain the following: 

a. A brief statement of the work accomplished to s t a r t  of 
the cur rent  repor t  period. 

b. A description of the work performed during the cur rent  
repor t  period. 

c .  A discussion of problems encountered together with r e -  
commended resolutions. 

d. A schedule showing the following: 
l . Authorized man-hours by individual Schedule Orde r s  

including cor  r e  sponding dollar values. 
2. Authorized dollar amounts by Schedule Orders  of 

mater ia l  es t imates .  
3. Cumulative total of hours  and dollar costs  used to 

date. 
4. Forecas t  of uncompleted Schedule Orde r s  expressed 

in details of hours and dollars.  

The contractor shall  be required to submit other repor ts ,  either 
of a recurr ing  o r  non-recurring nature,  a s  directed by the NASA Technical 
Supervisor.  

8-3 .  INTERVALS. 

A weekly job status repor t  for  the preceding week shal l  be issued to 
the customer on the f i r s t  work day of each week. A monthly status r epor t  
and a monthly financial report  shall  be submitted to the customer on o r  
before the 15th of the month following the period being reported. They will 
contain the following: 

a. Weekly Status Report - This repor t  shal l  contain daily labor 
expenditures for each job; weekly labor hours ,  labor dol la rs ,  
and other expenditures by job; and weekly job status repor ts  
which compare planned expenditures to actual expenditures 
and indicate problem a r e a s .  The repor t  shall  contain all work 
performed through the l a s t  day of the previous week. 



b. Monthly Status Report - This report shall contain a brief 
statement, of work accomplished a t  the s t a r t  of the current  
work period; a description of the significant work accom- 
plishment during the current  work period; and a discussion 
of problems encountered, with recommended solutions. 

c. Monthly Financial Report - This report shall contain, in  
appropriate tabulation, the hours expended and dollar costs 
for the month reported; the cumulative hours expended, dol- 
l a r  costs,  and materials;  and a forecast  to complete the job 
expressed in t e rms  of hours and dollars,  shown on a compa- 
rative basis with the amounts authorized, and showing dis- 
crepancies between the two a s  plus o r  minus. 

8-4. INSPECTION ACCESS. 

Scheduled Inspection Intervals - The customer shall  notify the 
contractor,  in advance, of intended inspections and the nature of the 
inspections. The contractor shall then advise the affected personnel 
concerned so they may be available to ass is t  customer inspection 
personnel. Upon notification of an impending inspection, the contractor 
personnel concerned shall assemble any engineering drawings o r  other 
necessary documents that the customer may request in connection with 
the inspection tour. 

Nonscheduled Inspection - Because the nature of the inspection 
tours will vary, the preparation period for the contractor will a lso vary 
in proportion. Reasonable time notification will be granted the contractor 
to adequately prepare for the inspection. Frequency of nonscheduled 
inspection and an appropriate interval of advance notice shall be stated 
by the contractor before the contract i s  awarded. 



SECTION PX, 
GOVERNMENT FURNISHED EQUIPMEN'I' 

9-1.  TEST FACILITIES. 

All service a r m s  fabricated under this scope of work shall  be given 
a complete acceptance t e s t  to confirm proper  operation and performance 
a s  scheduled in Section VI. This t e s t  will be performed by personnel of 
T e s t  Division of MSFC. The tes t s  will be made at a Government furnished 
t e s t  facility located a t  the Marshall  Space Flight Center in Huntsville, Ala- 
bama. All  facilities and personnel required for the assembly, t e s t  mounting, 
operational testing, and disassembly of each service a r m  a t  the t e s t  si te will 
be provided by the Government a t  no expense to the fabrication contractor.  
MSFC will provide office facilities for fabrication contractor personnel r e -  
quired in the t e s t  a r e a  during operational tes t  periods.  

9-2. QUICK-DISCONNECT HOUSING. 

NASA will provide ground-half quick disconnect housings, either actual 
o r  prototype, for  each service a r m  for  alignment purposes and functional 
cheeks during testing a t  the MSFC tes t  a rea .  

9-3. TRANSPORT TRAILERS. 

The t ranspor t  t r a i l e r s  will become Government furnished equipment 
a f te r  LOC acceptance and p r io r  to any service a r m  transportation by the 
fabrication contractor.  
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SECTION X. 
PARTS PROVISIONING REQUIREMENTS 

18- 11. GENERAL. 

Spare parts  will be manufactured, stocked, and maintained by the - 

manufacturer at.the rate of 10 percent. Spare parts manufacture and 
stocking will be accomplished concurrent with system manufacture. 
The spares a r e  subject to the same quality control inspections and test- 
ing methods employed for the primary parts. In addition, a spare se t  
of a r m s  and equipment to outfit one LUT will be fabricated, inspected, 
and tested. Ten percent spares will be shipped to MSFC tes t  a r ea  and 
Cape Canaveral concurrent with transportation of the f i rs t  and subsequent 
sets  of a rms .  The items which will require spares will be determined by 
LOG. 

Adequate space will be provided by MSFG at  the test  site for storage 
of spare parts. 
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SECTION XI. 
TRANSPORTATION 

The contractor shall  furnish transportation of the serv ice  a r m s  a s  
f ollows : 

F r o m  the contractor 's  manufacturing a r e a  to the t e s t  facility at the 
Marshal l  Space Flight Cente r ,  Huntsville, Alabama. 

F r o m  the t e s t  facility to the contractor 's  a r e a  for refurbishing o r  
modification. 

F r o m  the contractor 's  a r e a  to the Atlantic Missile Range a t  Cape 
Canave r a l ,  Florida.  

Transportation of the service a r m s  will be performed using eight 
semi- t ra i le rs  to be manufactured by the contractor.  The eight semi -  
t r a i l e r s  shall  be 22-ton capacity, 10-feet wide by 56-feet long, drop- 
deck platform type t ranspor te rs ,  with removable metal  bodies, roof 
bows, and tarpaulin tops a s  indicated in Figure 1-9. Acceptance of the 
t r a i l e r s  will be a t  the manufacturing a r e a  upon completion of manufacture 
and  t r a i l e r  acceptance test. 

B B - 3. AREAS O F  RESPBE\VSJ[BIEITPES. 

The Government shall  furnish the t r a i l e r s  a t  the required location 
for  use  by the contractor for  a l l  transportation of the service a r m s ,  The 
contractor  shall  be responsible for loading and unloading the serv ice  a r m s  
f r o m  the t r a i l e r s  a t  his  facility, a t  the t e s t  s i te ,  at MSFC and at the Atlantic 
Missi le  Range, 

The contractor shall  per form any packaging o r  dismantling of the 
serv ice  a r m s  in preparat ion for  shipment. The number of p a r t s  o r  a s s e m -  
blies removed Prom the service a r m s  for  transportation will be held to  a 
minimum. The contractor shall  be responsible for  transportation of all 
i t ems  to Cape Canaveral. Packaging shal l  be performed i n  accordance with 
the American Trucking Association's National Motor Freight  Classifications; 
Rules and Container Specifications. Packaging of sys tem components and 
assembl ies  shall ,  In addition, be in accordance with NASA specifications. 
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SECTION XII, 
COST BREAKDOWN 

12-1, SCOPE. 

The cost totals for  the manufacture of Saturn V service a r m s  and 
related equipment necessary  to outfit one LUT shall  be determined by 
the fabrication contractor,  and the information displayed according to  
F igure  1 - 12. The total  for  labor  man-hours and mater ia l s  shal l  include 
the contractors  overhead costs. 

The contractor shal l  a l so  show costs  for a r m  transportation, liai- 
son, t ravel ,  and p e r  diem. These costs  will be affected by the location 
of the contractor 's  facil i t ies in relation to  LOC, MSFC ( tes t  a r e a )  and 
Cape Canave ral. 
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SECTION XIII. 
SUBCONTRACTING LIMITATIONS 

IL 3- 1. APPROVAL. 

The bidder shal l  specify any subcontractor support required o r  
des i red  to complete the requirements of the contract. The work required 
and the estimated cost of such work must  be clear ly stated. Approval of 
subcontractors must  be obtained p r io r  to awarding of the contract. 

13-2. TYPEOFCOMPONENTS. 

It is anticipated that some components, subassemblies,  and serv ices  
can be provided m o r e  advantageously through subcontractors.  Typical ex- 
amples  of components o r  serv ices  which could be subcontracted a r e  as 
follows r 

a. Propellant lines. 
b. Special  cylinders and actuators.  
c.  P r e s s u r e  compensating control valve, 
d. LOX cleaning. 

13-3. PERCENTAGE O F  TOTAL JOB. 

The p r ime  contractor will be limited to a maximum of 15 percent on 
the amount of work under this contract which can be subcontracted. 

Generally, the procuring of components which a r e  vendor i tems will 
not be considered a subcontract item. Specialty i tems procured f rom out- 
s ide sources ,  which must  be manufactured and/or  fabricated in  accordance 
with drawings and specifications furnished by the contractor,  shal l  be consid- 
ered as subcontracted i tems.  Services of any nature performed, a s  a p a r t  
of this contract,  by personnel other than regular  employees shall  be considered 
a s  a subcontract. 

Questionable i tems shal l  be r e fe r red  to the contracting officer for  a 
decision a s  to whether o r  not they constitute a subcontract i tem. The deci- 
sion of the contracting officer shal l  be final in every case.  

13-4. WORKING AGREEMENTS. 

The subcontractors will adhere  to the contract in a l l  respec ts .  Any 
changes in the original contract by the pr ime contractor will be subject to 
immediate negotiation. 

Representatives of NASA and the pr ime contractor will be authorized 
to inspect work progress  a t  any t ime during the contract period. P r o g r e s s  
repor ts  will be kept up to date and will be presented to NASA and the p r ime  
contractor periodically, a s  stated in Section VIII. 



All mater ia l s  and pa r t s  furnished by the subcontractor will be 
accompanied by a written certificate.  

13-5. LOCATION. 

Subcontracted engineering, fabricating, and testing will be per -  
formed only by companies within the Unized States. All mater ia l s  and 
pa r t s  used in  fabricating will  be manufactured i n  the United States. 

13- 6 .  GOVERNMENT SUPERVISION. 

NASA installations will invoke the requirements of NASA Quality 
Publication 200-3 contractually to the extent needed and consistent with 
program planning for  procurements  involved. NASA space sys tem con- 
t r ac to r s  will a l so  invoke the requirements  of this publication a s  appro- 
pr iate .  

When revisions o r  additions to this publication a r e  announced, the 
p r i m e  contractor  i s  encouraged to authorize his subcontractors to follow 
the applicable portions of the revised publication. However, the contractor 
is not required to comply with revisions made a f t e r  the effective date of the 
contract,  except as a negotiated contract change. 



SECTION 1 
INTRODUCTION 

1-1. PURPOSE 

P a r t  2 of this Pre l iminary  Engineering Report presents  data relative 
to the Saturn V Vehicle service a r m s  and access  a r m .  This pa r t  of the r e -  
po r t  provides detailed engineering data and drawings for use by personnel 
associated with the Saturn V program. 

The information presented in this report  reflects the design based on 
requirements  up to 10 July 1963. 

SCOPE 

P a r t  2 contains design c r i t e r i a ,  descriptions,  and theories  of opera-  
tion for the service a r m s ,  access  a r m ,  and related equipment used on o r  
in  support of the Launcher-Umbilical Tower. 

The information i s  presented according to the following arrangement:  

Section II. P r e s e n t s  information of a general nature.  The data 
given in this section i s  intended to orient the reader  
regarding the Saturn V program,  

Section III. Details the c r i t e r i a  by which the present  designs were  
developed. 

SectionPV. Provides detailed information on each service a r m  and 
major  component, Description and theories  of opera-  
tion a r e  contained in this section. 

Section V. Provides the la te  s t  engineering data on the Command 
Module access  a r m .  

Section VI. Contains descriptions and uses  of equipment and acces -  
so r i e s  used on the LUT. The a r m  transportation 
t r a i l e r  i s  included in this section. 

Section VPI. P r e s e n t s  information and detailed drawings which 
locate each interface between the a r m s  and vehicle,  
the a r m s  and tower, and between the a r m s  and 
Vertical As sembBy Building. 



The appendices to this volume of the report  contain documentation 
concerning the weight and center of gravity of the a r m s ,  the electr ical  
schematics ,  the interfaces and umbilical requirements ,  and the drawings 
furnished by the stage contractors.  

The references  r e fe r red  to in P a r t  2 a r e  l is ted following the 
appendice s ,  



SECTION I1 
GENERAL INFORMATION 

The Saturn V i s  a multi-stage, liquid fueled launch vehicle which 
will be used i n  the Apollo program. In this program the launch vehicle will 
boost the spacecraft  into the proper t ra jectory and orientation for lunar and 
planetary explorations f rom Launch Complex 39. 

The S-IC, f i r s t  stage of Saturn V, i s  powered by five engines which 
operate on a mixture of RP-1 ( a  kerosene base fuel), and LOX (liquid oxygen). 
The S-11, second stage, and S-IVB, third stage, a r e  both powered by engines 
operating on a fuel mlxture of LOX and LH2 (liquid hydrogen). An unpowered 
instrument unit contains in-flight control and monitoring equipment and i s  
located between the S-IVB stage and the Apollo, The payload consists of the 
Lunar Excursion Module (LEM), the Service Module (SM), and the Command 
Module (CM) (Figures  2-1  and 2-2). 

2- 1 .  UMBILICAL LOCATIONS 

Fuel  and oxidizer loading and venting provisions, hydraulic and pneu- 
matic system service connections, and electr ical  system powering and moni- 
toring connections a r e  contained in  vehicle-to-ground umbilical connections 
a t  nine locations on the Saturn V stages.  A summary  of the umbilical require-  
ments for  ehch stage i s  contained in  Table 2-1 .  Detailed umbilical require-  
ments ,  se rv ice  line locations, connector s izes ,  flow ra tes ,  and component 
weights a r e  defined in  Figures  A- 1 through A- 18, Appendix A. 

2-2. LAUNCH COMPLEX 39 

Launch Complex 39 consists of two o r  more  firing s i tes ,  the Verti-  
ca l  Assembly Building (VAB), the Launcher - Umbilical Tower (LUT), the 
Mobile Arming Tower, and the Crawler  Transpor ter .  Assembly and check- 
out of the erected vehicle on the LUT will be accomplished inside the VAB. 
The assembled vehicle and the LUT a r e  then moved to the firing site by 
the Crawler  Transpor ter .  After the LUT i s  positioned a t  the s i te ,  the Crawl- 
e r  Transpor ter  moves the Arming Tower into position for installation of 
pyrotechnics. If wind in excess  of vehicle capability (99. 9% probability) a r e  
predicted, the vehicle will. be disarmed and returned to the VAB for protection. 

Placement of the LUT a t  the firing s i te  will be with the tower north 
of the vehicle, with position I east ,  and fin A 45 degrees north of position I. 
The f lame deflector will be directly below the vehicle with the flame exits 
north and south. 



The assembled vehicle i s  supported on the LUT by four holddown 
- rms  during a l l  phases of ope ration including prelaunch. These holddown 
a r m s  a r e  oriented north, south, east ,  and west.  The LUT i s  supported on 
permanent foundations a t  the firing s i te ;  service l ines located a t  the firing 
s i te  will  be mated to corresponding service l ines on the LUT, 

The Crawler  Transpor ter  lifts the LUT using hydraulic cylinders, 
The t r ahspor t e r ,  powered by four c rawlers ,  will t ransport  the LUT between 
the VAB and the f i r ing s i te ;  and will t ransfer  the Arming Tower between i t s  
parking a r e a  and, the f i r ing s i te .  The Crawler  Transporter  maintains the 
base  of the LUT horizontal within 10 minutes s f  a r c  a t  a l l  t imes.  

I 

All launch operations will be monitored and controlled f rom the 
Launch Control Center (ECC)  located a t  the VAB. 

2-  3 .  LAUNCHER- UMBILICAL TOWER OPERATIONAL SEQUENCE 

The purpose of the following information i s  to familiarize the reader ,  
in  general ,  with the state of the service a r m s  and the access  a r m  a s  the 
LUT progresses  from i t s  erection site through lift-off of the Saturn V Vehicle 

The LUT i s  e rec ted  in  an open a r e a  adjacent to the VAB. Installation 
of the service a r m s ,  access  a r m ,  and al l  auxiliary equipment i s  performed 
i n  this  a r e a  pr ior  to being t ransfer red  into the VAB by the Crawler Trans-  
po r t e r .  

The following ground rules  a r e  applicable for  VAB operations: 

a. The LUT enters  the VAB with the umbilical c a r r i e r s  with- 
drawn, the service a r m s  retracted against the tower face, and the access  
a r m  locked i n  the extended position. 

b. The access  a r m  i s  rotated to the side to permit  stage 
assembly.  

c. As the stages a r e  assembled, the respective service a r m s  
a r e  extended (umbilical c a r r i e r s  remain in the withdrawn position). .The 
VAB work platforms for  the stages a r e  then positioned. 

d. Extension of withdrawal mechanisms and connections of the 
umbilicals i s  accomplished f rom the VAB work platforms. 

e .  Service Arm Extension Platforms will not be used in  the VAB 
except for  fit and alignment checks. 



FIN 0 
i s  1 

Y 5Th2794312 EF-1 
C AlR CONDOUCl i I 58.000 b 

V STA 2760,000 R E F  
i L O X F l L i h L H ?  

n 
Y '  I 

" A A A A 5 rl 
I "  $ 

,4 n n 

I "'"LOW REF 

, FLIGHT SEWPATION 

i 
\, 

5-JIk F W D  

SECTION C-C ml 

5- I l - INTER 

VIEW- D-D 
SCALC "20 

SECTION A-A HI 

S-E! 0 AFT INSm UNm AND S-EB-FWD - SECTION E-E mI 

7 I (r I 5 I 
I3 I I I 

I I 4 I I 
I I I0 11 0 

I% 

Figure 2- 1. Saturn V Vehicle 



Figure 2- 2.  Service Arm Locations 



Table  2- 1. Saturn V Umbilical Requirements  

Stage VEH, station:' Service  Provided 

S-IC INTERTANK 

S-IC FWD 

S-I1 AFT 

S- I1 INTERMEDIATE 

S-I1 FWD 

S-IVB AFT 

S-IVB FWD 

LOX Fill and Dra in  Couplings 

Air  Conditioning, E lec t r i ca l ,  and 
Pneumat ic  Serv ices  

LOX Pump  Drain  

Ins t rument  Cooling and Pu rge  

LOX Coupling, Engine Compar t -  
ment  ,Purge,  E l ec t r i c a l  and 

Pneumat ic  Serv ices  

LH2 Coupling 

GH2 Vent, E lec t r i ca l  and 
Pneumat ic  Serv ices  

LH2 and LOX Coupling, E lec t r i ca l  
and Pneumat ic  Serv ices  

Air  Conditioning 

GH2 Vent 

Air  Conditioning, E l ec t r i c a l  and 
Pneumat ic  Serv ices  

Air  Conditioning, Vent L ines ,  
E lec t r i ca l  and Pneumat ic  
Serv ices  

:' 
Stations defined a r e  cen te r  l ines  of umbilical  housing. 



f .  Umbilical c a r r i e r  disconnect, withdrawal mechanism re t rac-  
tion, and a r m  rotation for  a l l  service a r m s  will have complete functional 
t e s t s  p r io r  to leaving the VAB. 

g. Any tes t s  performed on the access  a r m  i n  the VAB will be 
l imited by the space available for  a r m  rotation. 

h .  A complete functional. t es t  will be performed on the access  
a r m  af te r  removal f r o m  the VAB and pr ior  to transportatior;l to the f i r ing  
s i te .  

i .  The LU'T leaves the QAB, pauses for access  a r m  retraction, 
and continues to the firing s i te .  

During transportation to the flring s i te ,  the s e r v i ~ e  a r m s  remain 
extended and locked, a l l  withdrawal mechanisms stay extdnded with the 
umbilical c a r r i e r s  connected to the vehicle, and al l  extension platforms a r e  
withdrawn and locked. The access  a r m  i s  in  the retracted position locked 
to the tower.  

After the crawler  positions the L U T  a t  the f i r ing  s i te ,  i t  will then 
t ranspor t  the Arming Tower to 'the firing s i te  and position i t  on the south 
side of the L ~ T .  The access  a r m  will be extended and the cab positioned 
adjacent to the CM hatch, The Arming Tower work platforrqs will then be 
moved into position to provide arming service to the vehicle. 

After pyrotechnics a r e  installed and other arming serv ices  a r e  com- 
pleted, the c rawler  will remove the Arming Tower so that propellant loading 
and final checkout operations can begin. buring final checkout, an  astronaut 
c rew will enter  the ApoYLo via the access  a r m  and check out the payload. The 
CM hatch will be closed and the access  a r m  retracted and latched to the 
tower during this period to allow emergency escape of the CM. After propel- 
lant  loading i s  completed, the access  a r m  will be extended for removal of the 
checkout crew and loading of the flight crew. 

The access  a r m  will be retracted a t  T minus 60 seconds. The S-IC 
INTERTANK, S-IC FWD and S-I1 AFT Service Arms  will be i e t r ac t ed  a t  T 
minus 10  seconds. 

The S-11 INTERMEDIATE, S-PI FWD, S-IVB AFT, S-IVB FWD and 
SM a r m s  will r e t r ac t  a t  lift-off a f te r  receiving a command signal f rom 
lift-off switches located on the holddown a r m s .  These switches a r e  activated 
by the vert ical  motion of the vehicle. 



Inspectioiis will be per formed on the a r m s  af ter  each launch to 
determine the extent of damage due to p r e s s u r e  and heat.  All ma jo r  refurb-  
ishment  will be per formed a l t e r  removing the a r m s  f rom the tower and 
t r ans fe r r ing  them to a separa te  Refurbish Building. 
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SECTION III 
DESIGN CRITERIA 

Design cr i te r la  for the service a r m s  and access  a r m  a r e  established 
by ground operations 2nd by ground and launch environments during which 
the Saturn V VehicIe w i l l  function. 

Wind conditlons a r e  expressed in t e r m s  of a percentage. This p e r -  
centage represents  the probability that winds not exceeding a cer tain magni- 
tude will occur durlng the month when the strongest winds a r e  expected, F o r  
example, a 99% probabillty wlnd i s  a wlnd velocity which will not be exceeded 
9970 of the t ime during t h e  strongest wind month. 

The Saturn V Ground Rules (Reference 1)  state that the Saturn V 
Vehicle shall  have a f ree  standliig capability for  the 99. 970 probability wind. 
The Saturn V Vehlcle shall be capable of launch for the 99% probability wind 
and capable of flight for the 95% probabillty wind. 

The Crawler  Transporter  wlll be capable of t ransferr ing the LUT and 
the Saturn V Vehicle in winds up to 9970 probability wind; the LUT must  have 
a f r e e  standing capability, wlthout the vehicle,in hurr icane winds. 

The wind conditlons mentioned above establish the vehicle deflections 
and frequencies that will affect service a r m  and access  a r m  design. 

P r i o r  to laun-ch, the vehlcle size and shape will be affected by the 
prevailing ambient temperatures  and by the weight of propellants. 

The initial flight path wlll be determined by the wind velocity and 
direction and the booster thrust  variation. This i s  one of the c r i t e r i a  which 
establishes the retraction t lme for servlce a r m s .  

Vehicle drift  toward the tower will s u b ~ e c t  a l l  tower mounted compon- 
ents to severe  impingement p res su res  and tempera tures ,  These conditions 
necessitate the use of high strength s teels  and a water quench system for the 
serv ice  a r m s ,  

Additional c r i t e r i a  a r e  established by maintenance, checkout, and 
access  required into the vehicle a t  each umbilical a r e a .  

Each of the c r i t e r i a  mentioned above will be discussed in m o r e  detail 
in  the paragraphs to follow.. 



General design c r i t e r i a  for  each major  a r m  component a r e  discussed 
i n  paragraphs 3- 13  through 3- 18, while detailed cr i te r ia  and design conditions 
for  each component will be presented in  their  applicable sections of the report .  

3-1. SATURN V VEHICLE DEFLECTIONS ON THE LUT - 
) I  

3-2. VEHICLE DEFLECTIONS DUE TO WIND 

The Saturn V Vehicle deflections on the LUT due to wind a r e  presented 
in  Reference 2.  This data i s  prcsented for  the 99 .  9 7 0 ~  9970 and 9570 prob- 
ability wind conditions for both a fueled and unfueled vehicle. Deflection of 
the vehicle base caused by flexibility of the holddown a r m s ,  the launcher deck, 
and the LUT foundation a r e  also included in  this data. The horizontal t r ans -  
lation of the launcher will be subtracted f rom the total deflection presented f o r  
a given station since i t  bas no effect on the net deflection between the vehicle 
and the serv ice  a r m s .  

The Saturn V Vehicle frequencies,  a s  given in  Reference 2, a r e  0 .  80 
cps and 0. 33 cps for  the unfueled and fueled vehicle respectively. 

3-3. VEHICLE DEFLECTIONS DUE TO WIND-INDUCED OSCILLATIONS 

The Saturn %T Vehicle deflections on ;the LUT due to wind-induced 
oscillations a r e  p resen ted in  ~ e f e r e n c e  3. This data i s  applicable to the 
99 .  9010, 99% and 9570 probability wind conditians for both a fueled and un- 
fueled vehicle. ~ f f e c t s  of the vehicle base flexibility a r e  included in  this 
data.  

These deflections a r e  caused by vortex shedding of wind af ter  the 
vehicle has  undergone i t s  maximum displacement due to steady state wind 
p r e s s u r e .  The oscillations form an elliptical pattern i n  the horizontal plane. 
The ma jo r  axis of this ellrpse l ies  normal  to the steady s tate  wind direction. 
The elliptical pattern will be contained within the maximum vehicle motion 
envelope, 

3-4. VEHICLE DEFLECTIONS DUE TO THERMAL BENDING 

The Saturn V Vehicle deflections on the L U T  due to thermal  bending 
a r e  given in Reference 4. This data i s  based on a 25'~ temperature differ- 
ential between diametrically opposed points on the vehicle skin, 



3-5. VEHICLE DEFLECTIONS DUE TO PROPELLANT AND 
STRUCTURAL DEAD WEIGHT 

The Saturn V Vehicle deflections on the LUT due to propellant and 
s t ruc tura l  dead weight a r e  glven in  Reference 4. This data i s  presented for 
the most  severe  conditions that occur simultaneously to produce maximum 
vert ical  deflections. The vertical  deflections of the LUT and i t s  foundation 
relative to the vehicle a r e  negligible. 

VEHICLE SHOCK AND VIBRATION CRITERIA 

The Saturn V Vehicle shock and vibration c r i t e r i a  a r e  given in 
Reference 5 ,  The data i s  presented for the propellant couplings and elec- 
t r i ca l  umbilical connectors of the S-XI, S-IWB, Instrument Unit, and SM. 
The environments considered a r e e  

a ,  Transient  vibration during ignition, lift-off, maximum 
dynamic p res su re ,  Mach one, cutoff, separation, ignition bf second stage, etc.  

b. Steady s tate  vibration during the "mainstage portion of flight. 

c .  Short t lme mechanical o r  e lectr ical  shock environment 

3-7.  TOWER DEFLECTIONS DUE TO WIND AND TRANSPORTATION 

Tower deflections due to wind and transportation a r e  presented in 
Reference 6 .  The deflections a r e  given for the following conditions: 

a .  LUT transporting the vehicle in  a 9970 probability wind, 

b. LUT stationary with the vehicle a t  the f i r ing  site in a 99.  9% 
probability wind. 

c .  LUT stationary with fixed supports during hurr icane conditions. 

d. Crawler  transporting the L U T  and Saturn V Vehicle with a 
power pulse of 2. 6 f t / s ec2 .  The combined loads induced in the vehicle due to 
crawler  acceleration and wind will not exceed those induced a t  the firing 
site during a 99. 9% probability wind condition, 

Tower wind deflections wi l l  not be combined with vehicle wind deflec- 
tions for  net deflections between the service a r m s  and the vehicle. This i s  
due to frequency conditions and shielding of one s t ructure by the other for 
the m o r e  crit ical  north- south winds. 



3 - 8 .  SATURN V VEHICLE DRIFT CONDITIONS 

The vehicle drift  i s  given in Reference 7 ,  This reference gives the 
dr i f t  of the vehicle nose and base with respect  to the tower versus  t ime in 
seconds and vehicle r i s e  in feet. Curves a r e  presented giving the com- 
bined effect of thrust  misalignment and variation with 9570 and 99% wind 
probabili t ies,  

3  - 9 .  LUT TEMPERATURES AND PRESSURES DURING SATURN V 
VEHICLE LIFT -OFF 

The LUT and a l l  attached components will be subjected to extremely 
high impingement p r e s s u r e s  and temperatures  for cr i t ical  vehicle drift  
conditions. The stagnation p res su res  and temperatures  versus  distance 
f r o m  nozzle exit and engine centerline a r e  given in reference 8.  

The vehicle may  be committed to flight during a 95% probability 
wind and can co r rec t  for drift  with engine gimbal angles up to 5O-9" A 
combination of the above conditions can place a given service a rm in the 
exhaust s t r eam,  thus subjecting i t  to the temperatures  and p res su res  indica- 
ted  in  Reference 8 .  These values can approach 400OoF and' 85 psig respec t -  
ively. 

Several temperature versus  time curves for various locations on 
the face and top of the tower a r e  presented in Reference 9. These curves 
indicate the soak time required to stabilize temperatures  of 1 / 4 ,  112, and 
1 -inch s teel  plates.  The data considered mos t  applicable for design c r i t e r i a  
a r e  for a 114-inch s teel  plate located a t  the south edge of the top of the tower. 
A stable temperature of 1200°F i s  accomplished in a soak time of 15 to 20 
seconds . 
3 -  10. ASPIRATION EFFECTS INDUCED B Y  THE SATURN V 

ENGINE EXHAUST 

Data from the Complex 34 Umbilical Tower,  obtained during the SA-4 
launch, indicated under -pressures  of significant magnitude occurred a t  tower 
elevations. These under-pressure levels a r e  caused by the' jet pump effect 
of the exhaust gases a s  they exit from the engine nozzles. Wind velocities 
developed a c r o s s  the various decks by this under-pressure  can slow or p r e -  
vent retract ion of the service a r m s ,  Investigation and analysis of this phe - 
nomenon has been requested; however, no positive data i s  presently avai l -  
able for design cr i te r ia .  

To provide some r,elief from the aspirated wind effects,  a l l  a r m s  a r e  
r e t r ac t ed  ana latched to the tower before the engine nozzle exits a r e  level 
with the top of the a r m .  



3-1 1.  CRITERIA BASED ON PERSONNEL AND MAINTENANCE 
CONSIDERATIONS 

Personnel  access  into the vehicle will be required f rom serv ice  a r m s .  
This access  i s  required for  installation, checkout, and maintenance of vehicle 
components and instrumentation. 

The anticipated maximum package weight to be ca r r i ed  a c r o s s  the a r m s  
i s  200 pounds. 

Personnel access  to each umbilical c a r r i e r  will be required for routine 
and emergency maintenance. 

Personnel  will not be allowed on the extension platforms during winds 
g rea te r  than 30 knots, except for emergency operations.  

3- 12. DESIGN LOAD FACTORS 
I 

The following load factors  will be used: 

a .  Wind Loads = 2 

b. Dead Loads = 2 

c .  Live Loads = 3 

d. Inertia Loads = 2 

e .  Impact Loads = 2 

3-13. DESIGN CRITERIA FOR MAJOR SERVICE ARM COMPONENTS 

3-14. ARMSTRUCTURE 

The t r u s s  shall  be capable of remaining extended and locked during a 
99. 9% wind condition and mus t  be capable of being re t rac ted  during a 99% 
wind condition. 

The t r u s s  shall  be capable of withstanding loads induced by an  angular 
deceleration equivalent to an eight "g" side load a t  the a r m  tip. No load fac- 
to r  will  be used f o r  this condition. Design shall  be based on ultimate s t rengths.  

Design loads for  the ver t ical  direction shall  be determined by combin- 
ing the maximum dead loads with a maximum live load of 1000 pounds. 



All ma jo r  s t ructural  members  that a r e  crit ical  when exposed to 
exhaust p res su res  shall  be designed to the yield strength of the mater ia l  a t  
1 0 0 0 ~ ~ .  F o r  a l l  other conditions, the major  members  will be designed to 
the yield strength of the mater ial  a t  normal ambient temperature.  Minor 
s t ruc ture  such a s  flooring, personnel safety screen ,  handrails,  e t c . ,  will 
be designed for  normal  ambient temperature.  

Engine exhaust p res su res  applied to the a r m  a r e  a function of drift  
and engine gimbal angle. The maximum drift  condition will give intoler- 
able p res su res  for  design purposes.  The a r m  structure will be designed 
for  the following loads: 

a .  C a r r y  a net p res su re  of 10 psig on the projected a r e a  of the 
a r m s .  

b. The floor panels can c a r r y  3 .  5 psig. 

c .  If the floor panels have failed, the t rus s  members  will with- 
stand up to 35 psig before yield. 

The S-IC INTERTANK, S-IC FWD and the S-I1 AFT Extension Plat-  
fo rms  do not couple to the vehicle but make contact only through a rubber 
bumper.  The platforms a r e  withdrawn i f  wind velocities exceed a 95'7% prob- 
ability wind. The maximum live load for these platforms will be 1000 pounds 
Loads induced by a r m  retraction will be negligible. 

The S-II FWD, S-IVB AFT, S-IVB FWD and SM Extension Platforms 
a r e  mechanically coupled to the vehicle in  wind conditions not to exceed 30 
knots. They must  remain attached during the 9570 probability wind. While 
coupled, the extension platforms must  t rack  the vehicle through an envelope 
established by combining the effects of a 957'0 wind, thermal  bending, vehicle 
deflection due to weight, wind-induced oscillations, etc. The detailed c r i -  
t e r i a  i s  given in Table 3-1. These platforms a r e  withdrawn af ter  vehicle 
serv ice  and pr ior  to lift-off. The platform designs a r e  subject to c r i t e r i a  
established by serv ice  a r m  acceleration. The maximum live load will be 
1000 pounds. 

All extension platforms will be designed to the same cr i te r ia  for  
tempera ture  and p res su re  a s  stated for a r m  s t ruc ture .  



Table 3 - 1. Vehicle and Tower Peflections For Extension 
Platform Design 

S-IC INTER'K 

S - m B  AFT 

S - I Y B  FWD 

b INCLUDES SOLAR WARPAGE AT 95% WIND CONDITION. 
DOES NOT INCLUDE TOWER DEFLECTIONS. 

b INCLUDES TOWER DEFLECTIONS, 120° E TEMP, AND 
f UELED VEHICLE CONDITIONS. 

l 9  RESULT OF VORTEX SHEDDING AT 95% WIND, EMPTY 
VEHICLE, f = .80 

D PLATFORM DOES NOT FOLLOW VEHICLE MOTION. 

D- DEFLECTIONS FOR THIS LOCATION ARE APPROX. 
DEFINITE INFORMATION NOT AVAILABLE. 



3- 16. WITHDRAWAL MECHANISMS 

The withdrawal mechanism shall be capable of tracking the vehicle 
through an envelope established by the 99. 97c wind condition, vehicle de- 
flection due to propellant weight, and wind-induced oscillations, Thermal  
bending i s  excluded f r o m  this summation because i t  will not be coincident 
with a 99. 97c wind condition, Detailed design data for each withdrawal 
mechanism i s  presented in Tables 3-2 and 3-3. 

The withdrawal mechanisms shall  be capable of retracting the 
umbilical c a r r i e r  to the service a r m  tip f rom any point within an envelope 
established by the 9 9 7 ~  wind condition, thermal  bending, vehicle deflection 
due to propellant weight, wind-induced oscillations, and vertical  motion of 
the vehicle during the f i r s t  few inches of flight. This c r i te r ia  i s  presented 
in Table 3- 3 ,  

The withdrawal mechanism shall function while subjected to iner t ia  
loads induced by service a r m  retraction and shall be capable of surviving 
the following conditions: 

a .  Impact loads that were described for the service a r m  s t ruc-  
ture .  Design will be based on the ultimate strength of the p a t e r i a l  a t  
normal  temperature.  

b. External design p res su re  of 35 psig with the design based 
on yield strength of the mater ial  a t  1000°F. 

c .  Inertia loads 'induced when withdrawing in one second. 
Design will be based oA yield strength of the mater ial  a t  normal  tempera-  
tu re ,  

During L U T  transport  the withdrawal mechanisms will be extended 
and attached to the vehicle and must  accoatnodate  this motion envelope 
which shall  not exceed the 99 9% condition previously stated, 

3- 17. ARM RETRACTION SYSTEPJ 
\ 

The a r m  ,retraction system shall be designed to re t rac t  the a r m  in 
a 997'~ probability i i n d  f o r  the most  severe  vehicle drift condition, and each 
a r m  mus t  a r r ivesand  latch to the tower face before the bottom of the booster 
nozzles a r e  level with the top of each service a r m ,  The most cr i t ical  r e -  
t ract ion t imes fo r  the service a r m s  a r e  given in Table 3-4. 



Table 3-2. Vehicle Motion Envelope P r i o r  
To Lift-Off 

Vehicle Latera l  Displacement Vehicle ~ e r t i c  a? 
Service A r m  Station (Reference 2 & 4) Deflections 

t - 
S-IC INTERTANK 772 2. 5 .46  1. 15 

S-IC FWD 1516 6. 8 1. 03 3. 3 4  

S-I1 A F T  1606 7. 3 1. 06 3. 36 

S-I1 INTERMEDIATE 1771 
(Lox & Umb. ) 

S-I1 INTERMEDIATE 1905 9. 3 1. 25 3. 54 
{LH2 Line) 

S-I1 FWD 2506 13. 5 2.12 5.45 

S-IVB AFT 2777 15. 8 2. 18 5. 67 

S-IVB FWD 3222 20; 3 2. 64 6. 64 

SM. 3721 26. 6 2 .  98 7. 16 

Notes: 

(1) Horizontal Translations given in References 2 and 3 have been 
subtracted. Reference Design Cr i te r ia ,  Section 111. 

(2)  La te ra l  Displacements a r e  the. maximum of the two following 
conditions: 

( a )  99. 9% wind and 'fueled vehicle. 
(b)  99% wind and unfueled vehicle plus thermal  bending. 

( 3 )  Deflections f o r  this location a r e  approximate. No definite 
information available. 



Table 3- 3. Vehicle Motion Envelope a t  Lift- Off 

Vehicle Latera l  Displacement Vehicle Vertical 
Service Arm 

Station (Reference 2 & 4) Defelctions 

S-IC INTERTANK 77 2 

S-IC FWD 

S-I1 AFT 1606 4. 5 0 3. 36 

S-I1 INTERMEDIATE 1771 
(LOX & Umb..) 

S-I1 INTERMEDIATE 1905 
(LH2 Line) 

S-I1 FWD 2506 

S-IVB AFT 2777 9 - 5  0 5.67 

S-IVB FWD 3222 11 .9  0 6 .  64 

Notes: 

(1) Horizontal. translations given i n  References 2 and 3 have been 
subtracted. Reference Design Cr i te r ia ,  Section III. 

(2) Latera l  Displacements a r e  for  the 9970 wind, fueled vehicle 
condition. 

(3)  Deflections for  this location a r e  approximate. No definite 
information available. 



Table 3-4. Maximum Retraction Times for  In-flight Arms 

A r m  Tower Station Retraction Time 

(Set) 

S- I1 INTERMEDIATE 1739. 25 

S-I1 FWD 2391. 25 

S-IVB AFT 

S-IVB FWD 

Note: Retraction t imes  a r e  based on the t rave l  t ime required for  
the bottom of the nozzle (station 115, 0) to reach the top of each service a r m .  

3-18. LIESIGN CRITERIA FOR THE COMMAND MODULE ACCESS ARM 

The access  a r m  will be latched to the tower during transportation to 
the firing site'. 

At the firing s i te ,  the access  a r m  can be extended and coupled to 
the vehicle in  wind velocities up to the 95% probability wind (Table 3-  5).  

The access  a r m  cab must  be capable of tracking the vehicle envelope 
established by a 99% probability wind, thermal  bending, vehicle deflection 
due to propellant loadsCyand wind-induced oscillations (Table 3-  5). 

The design temperature for  the access  a r m  will be the same  a s  
specified for  the serv ice  a r m s .  The access  a r m  will be retracted approxi- 
mately 60 seconds pr ior  to lift-off i n  wind velocities up to 99% probability 
wind. 

More detailed c r i t e r i a  i s  presented in  Section VI for each of the 
major  access  a r m  components, 



Table 3-5. Command Module Access Arm Design Cr i te r ia  

WIND PROBABILITY CONDITIONS 
DESIGN CRITERIA 95% 99% 99.9% 

ITEMS 
Fueled Unfueled Fueled Unfueled Fueled Unfueled 

Steady s tate  wind 
veloci ty  (knots) 29.4 29 .4  38.7 38.7 48 .3  48.3 

Peak wind velocity 
(knots) . 4 1 . 2  41. 2 54 .2  54 .2  67.6 67.6 

Displacement of C, M. 
induced by wind (in. ) 5 .7 5 . 4  15 .8  15 .5  26. 0 24.4 

Thermal  bending 
envelope (in. ) - 13. 3 - 13. 3 .. - 

Maximum C. M. 
displacement (in. ) 5 . 7  18. 7:) 15. 8 28. 8:: 26 .0  24 .4  

Amplitude of wind 
induced oscillations 

(CPS) 3 .9  3. 8 7 . 0  6 .3  1 0 . 2  9 .8  

Freq .  of wind induced 
oscil lations (in. / sec)  - 3 3  - 8 0  . 3 3  . 8 0  - 3 3  . 8 0  

Velocity of wind induced 
oscillation (in. / sec)  8, 1 18. 9 14 .6  3 4 . 2  21 ,2  49 .3  

Acceleration of wind 
induced oscillations 16 .  9 95.0 30 .3  173.0  44.1 247.2  

"GIf loading wind 
induced oscillations 0,044 0.246 .O 78 .0446 0.114 0.639 

4. 

'Displacement figures based on thermal  and wind induced displacements.  
Wind induced oscillations occur within the maximum displacement envelope. 



SECTION IV 
SERVICE ARMS 

There a r e  eight service a r m s  (S-IC INTERTANK, S-IC FWD, S-I1 
AFT,  S-I1 INTERMEDIATE, S-I1 FWD, S-IVB AFT,  S-IVB FWD, and SM) 
attached ta the LUT mounting beam and extending to  within approximately 
5 feet of the vehicle (Figure 2 -2 ) .  

These a r m s  support service l ines that a r e  required to sustain the 
vehicle a t  the firing site pr ior  to launch. The dimensions of the a r m s  a r e  
sufficient to permi t  personnel passage through the a r m  to a n  extension 
platform. The extension platform provides for personnel entrance into the 
vehicle and allows access  to  the various umbilical service a r e a s .  

There a r e  two general classifications or types of service a r m s :  
preflight and in -flight. The preflight a r m s  a r e  retracted and locked against 
the tower face p r io r  to vehicle lift-off. The in-flight a r m s  remain extended 
until the vehicle is  launched and a r e  then rotated to the tower before the 
engine nozzles reach  the a r m  elevation. The S-IC INTERTANK a r m  must  
be capable of reconnecting if the launch is  aborted during the l a s t  10 seconds 
of countdown. 

The weight and center  of gravity has been determined for  each a r m  
except the SM and CM a r m s .  This data i s  presented in Appendix B. 

F o r  convenience of presentation, the discussion of the service a r m s  
i s  separated into the a r m  structure;  the withdrawal mechanism and line 
handling devices; the extension' platforms; the a r m  retraction system; the 
electr ical  system; and the service line s .  The detail ope rational sequence 
i s  presented in paragraph 4-  83, 

4-1. ARM STRUCTURE 

The complete s t ructural  a r m  assembly consists of e i ther  two or 
three elements (Figure 4-1).  The element nearest  the tower i s  designated 
a s  the f i r s t  element and the one neares t  the vehicle a s  the second element.  
On two a r m s  (S-IVB FWD and SM), the f i r s t  and second elements a r e  con- 
nected by another section designated a s  an extension element.  All elements 
a r e  of t rus s  type construction employing tubular members  and gusset plates.  



The S-IC FWD, S-EE AFT, S-I1 INTERMEDIATE, and the S-I1 FWD 
a r m s  a r e  approximately 420 inches long. The S-IC INTERTANK a r m  i s  
13 inches shorter  due to tower geometry. The S-IVB AFT, S-IVB FWD, 
and the SM a r m s  range f rom 455 inches to 541 inches in length. This ad- 
ditional length i s  required because of reduced vehicle diameter .  

The outside a r m  dimensions a r e  60 inches wide and 98 inches high 
and provide an unobstructed a r e a  of 42 by 78 inches for personnel passage. 
The floor of the a r m  i s  constructed of panels which a r e  bolted to angles 
installed paral le l  and adjacent to the lower chords.  A 1- 112 inch diameter  
handrail  i s  provided 42 inches above the floor level for personnel safety. 

4-2.  MATERIAL SELECTION CRITERIA 

During adverse launch conditions, the upper surface of a 1 / 4  inch 
thick plate located a t  the top south edge of the tower will be heated to ap- 
proximately 1800°F for two to three seconds. This temperature will 
stabilize a t  approximately 1200°F" for 15 to 20 seconds. 

Because of the t ransient  nature of this high temperature,  a l e s s e r  
tempera ture  ,of 1000 " F  was chosen a s  optimum for the accompanying b las t  
loading (paragraph 3- 14). To satisfy this requirement,  T -  1 Type A steel  
i s  used for a l l  mater ial  thicknesses of one inch o r  l e s s .  F o r  mater ia l  
over  one inch thick, T - 1  steel i s  used because T - 1  Type A i s  not available. 

T -  1 and T-  1 Type A s teels  have yield strengths of 100,000 psi  a t  
normal  temperatures  for plates up to 2- 112 inches thick and 1 inch thick 
respectively.  For  T-  1 s teel  plates over 2- 112 inches thick and for square 
tubes,  the yield strength i s  90,000 psi.  At 1000°F the yield strengths de- 
c r e a s e  to 73,000 bsi.  These s teels  will, upon cooling, regain their  origi-  
nal yield strength and modulus of elasticity unless the tempering temperature 
i s  exceeded. 

As a collateral  benefit to the high strengths,  T - 1  has  a resis tance to 
atmospheric  corrosion four t imes  that of s t ructural  carbon steel while T - 1 
Type A has  a resis tance equal to twice that of s t ructural  carbon s teel ,  The 
addition of nickel and copper accaunts for the increased corrosion resis tance 
of T - 1 .  



4-3. FIRST ELEMENT 

The f i r s t  e lement  (F igure  4-2) i s  a t r u s s  approximately  272 inches  
long and  i s  common to  a l l  s e rv i ce  a r m s .  The interchangeabil i ty of th is  
e l emen t  r e q u i r e s  that  i t  be designed for  the a r m  with the m o s t  s eve re  
loading condit ions.  It  i s  supported a t  the tower face b y  the upper and  
lower  a r m  hinges.  Splice pla tes  a r e  provided on the vehicle end for  con-  
nection of a n  extension e lement  o r  a second e lement .  This e lement ,  in  
e levat ion,  i s  a P r a t t  t r u s s  with the upper and lower  chords  connected b y  
m e m b e r s  designed for  load r e v e r s a l s .  

Two wide -flange b e a m s  with coverp la tes ,  connect  the upper  and  
lower  hinge pla tes .  These  b e a m s  t r ans f e r  the individual bending loads  
caused  by  the rota t ional  tendency of the self -aligning bear ings .  A r m  
locking devices  a r e  incorporated into the hinge p la tes ,  F o r  personne l  
safe ty  and protect ion of the locking mechan i sms ,  the lower  hinge plate i s  
covered  with a removable  f loor gra t ing.  The f i r s t  e lement  i s  a l s o  equipped 
with a secondary  a r m  lock which i s  ac tuated by  the movement  of a manual ly  
opera ted  safe ty  gate (F igure  4-3).  The gate occupies a posit ion i n  the f loor ,  
nea r  the hinge pla te ,  and opera tes  a lock to p reven t  a r m  rotat ion.  When the 
gate i s  in  a r a i s e d  posit ion,  ba r r icad ing  the a r m ,  the lock i s  disengaged.  

4-4. SECOND ELEMENT 

The second e lement  (F igu re s  4 -4  through 4-7) i s  the vehicle end of 
the s t r u c t u r a l  a r m  a s sembly .  This  e lement ,  in elevation,  i s  a K - t r u s s  
des ign with the lower  half of the l a s t  panel  omitted to  accommodate  the 
r e t r a c t e d  extension p la t fo rm and  "T" head.  The e l emen t  i s  of welded con-  
s t ruc t ion  and  f r a m e d  predominate ly  of square  tubular m e m b e r  s which 
fu rn i sh  addit ional  s t reng th  in  a r e a s  of local  bending. Splice p la tes  a r e  
mounted on the tower end of the second e lement  for connection to the f i r s t  
e lement  o r  extension e lement .  

The second e lement  contains b racke t s  fo r  supporting the extension 
p la t fo rm box beams .  These  b r acke t s  a r e  pinnedlongitudinally to prevent  
t r a n s f e r  of bending loads ,  caused b.y deflection of the box b e a m ,  into the 
ve r t i c a l  a r m  t r u s s .  However,  the t r u s s  does  support ,  i n  bending, the 
eccen t r i c  ve r t i c a l  shea r  and the side load induced by the box beams .  



4-5. WITHDRAWAL MECHANISM MOUNT 

Withdrawal mechanism mounts (Figures 4-8 and 4-9) a r e  provided 
on the a r m s  to support the rnechanisrns. The mounts also transfer  the 
withdrawal mechanism loads to the a r m  structure. 

4-6. EXTENSION ELEMENT 

The two extension elements (Figure 4- P O )  a r e  K-trusses fabricated 
f rom round tubing and gusset plates. The extension element for the S-IVB 
FWD a r m  i s  68 inches long; the element for the SM a r m  i s  12 1 inches long. 

4-7. CABLE ATTACH BEAM 

The a r m  mounted cable attach beams (Figure 4- 11) a,re weldments 
s f  T -  1 Type A steel plate and a r e  supported+-+e-If-digraing bearings to 
allow rotation a s  the a r m  6 s  retracted. The beam i s  mounted a t  the vehicle 
end of the f i r s t  element and transfers  the cable tension produced by the 
tower mounted cylinder into the a r m  structure. These beams a r e  identical 
for al l  a r m s  except the S-EVB AFT'. This a r m  has  a special beam to pro-  
vide clearance for the propellant lines. 

4-8. SERVICE ARM MOUNTING HINGE 

Two tower mounted hinges (Figures 4- 12 and 4- 13) located above 
and below the a r m  hinge plates support the service a rm.  Each hinge 
weighs approximately 2500 pound.s and i s  designed to support the service 
a r m s  structure under a blast load of 35 psi with the a r m  in the retracted 
position. 

The hinges a r e  fabricated of welded ASTM A44 1 steel plate, 112 to 
2 inches thick, and a r e  bolted to the tower structure with high strength 
steel  bolts. 

Each hinge contains a bearing assembly, drive shaft, hydraulic 
cylinder, and a s  ssciated piping. The upper and lower hinge assemblies 
a r e  protected by dust covers which pivot a t  one corner for access  to the 
equipment. The hydraulic cylinder is clevis mounted to the hinge struc-  
ture.  The piston rod of the cylinder i s  pinned to a driving a r m  which 
t ransmits  torque through the drive shaft to the service a r m  hinge plate 
(Figure 4- 14). 



The differences in the upper and lower hinges a r e  the opposite hand 
mounting of the hi.nge components, the secondary lock bracket  located only 
on the I.ower hinge, and the deceleration valve located only in the upper 
hinge. 

Two adjustable lock mechanisms will hold the service a r m  in the 
extended position and a r e  located on the eas t  side of the hinge assembl ies .  
The locking dog i s  driven by a linkage and a hydraulic cylinder, The dog 
contacts a floating inse r t  located in the service a r m  hinge plate ensuring 
full surface contact, 

A secondary locking device prevents inadvertent a r m  rotation while 
personnel a r e  on the a r m ,  A floating inser t ,  located in the Eower tower- 
mounted hinge, receives a key that i s  pivoted f rom the a r m  hinge plate. 
Personnel  entering the a r m  lower the safety gate, thus engaging the lock. 

The upper surface of' the Eower hinge se rves  a s  a continuation of 
the access  platform and i s  covered with a nonskid coating to provide a 
safe walking surface.  
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WITHDRAWAL MECHANISM AND LINE HANDLING DEVICES 

The mechanisms (Figure  4- 15) discussed in this  section a r e  divided 
into three general categories:  umbilical c a r r i e r  withdrawal mechanisms,  
cam-off mechanisms,  and line handling devices. The basic  function of the 
withdrawal mechanism i s  to provide rapid withdrakal of the umbilical c a r -  
r i e r  f rom the disconnected position adjacent to the vehicle skin to a s tored 
position near  the end of the service a r m .  The purpose of the cam-off (or  
disconnect) mechanism i s  to provide a redundant rqethod of unlocking and 
separating the umbilical c a r r i e r  f rom the vehicle plate. The line handling 
device operates  in conjunction with the withdrawal mechanism to ensure  
that the line slack developed during withdrawal i s  accommodated without 
excessive bending of the l ines and without interference with adjacent s t ruc -  
tu res  o r  mechanigms, 

The withdrawal mechanism i s  mounted on the vehicle end of the 
service a r m  and i s  bolted to the umbilical c a r r i e r .  The mechanism must  
be capable of f~ l lowing  the relative displacement of the vehicle caused by 
wind loading, thermal  bending, fuel weight compr e s sion, and thermal  
contraction due to subzero temperature s of the cryogenic propellants 
(Tables  4-  1 and 4-2) ,  

The "Description of Components" and the "Operational Description" 
(paragraphs 4- 10 and 4- 17) a r e  applicable to the S -11 INTER- 
MEDIATE, S-I1 FWD, S-IVB AFT and S-IVB FWD Service Arms .  

i 1- 

Some of the detailed,.de s c ~ i p t i o n s  and il lustrations used a r e  peculiar 
to the S-IVB AFT a r m .  The differences between the mechanisms for  S-IVB 
AFT a r m  and those for  the other service a r m s  a r e  clarified in paragraph 4-  19. 

4- 10. DESCPIPTION O F  COMPONENTS 

4- 11. Umbilical C a r r i e r .  The umbilical c a r r i e r  for the S -1VB AFT 
(Figure  4-  16) i s  essentially a rectangular housing containing the various line 
connectors which mate  with counter-parts  in the vehicle plate. The c a r r i e r  
and vehicle plate a r e  held together until r e l e a ~ e d  by a ball-lock assembly.  
Umbilical c a r r i e r s  for  a l l  stages a r e  shown in F igures  7-3 through 7-8. 

P r i m a r y  disconnect i s  accomplished by energizing smal l  pneumatic 
push-off pistons which a r e  contained within the housing. These pistons and the 
ball  lock a r e  energized simultaneously. Hockey stick type cam leve r s  a r e  
pivoted on each side of the housing and linked to the ball-lock assembly.  The 
l eve r s  a r e  driven by the cam-off mechanism and will provide a secondary 
means  of umbilical c a r r i e r  unlock and separation in case  of p r imary  discon- 
nect  fa i lure ,  As the l eve r s  a r e  revolved, the ball  lock i s  mechanically d is -  
engaged. The lower sur faces  of the l eve r s  then contact the vehicle to produce 



Table 4-1. Vehicle Motion Envelope a.t Lift-Off 

Vehicle Latera l  Displacement Vehicle Vertical 
Service A r m  Station (Reference 2 & 4) Deflections 

4- - 
S-IC INTERTANK 772 1 . 6  0 1. 15 

S-IC FWD 151 6 4 . 0  0 3. 34 

S-I1 AFT 1606 4. 5 0 3. 36 

S-IPINTERMEDIATE 1771 
(LOX & Umb.) 

S-I1 INTERMEDIATE 1905 
(LH2 Line) 

S-I1 FWD 2506 

S-IVB AFT 2777 

S-IVB FWD 3222 

S M ~  3721 

Notes: 

(1) Horizontal translations given i n  References 2 and 3 have been 
subtracted. Reference Design Criteria., Section 111. 

('2) Latera l  Displacements a r e  for the 99% wind, fueled vehicle 
condition. 

( 3 )  Deflections for  this location a r e  approximate. No definite 
information available. 



Table 4-2.  Vehicle Motion Envelope P r i o r  to Lift-Off 

Service Arm 
Vehicle Latera l  Displacement Vehicle Vertical 
Station (Reference 2 & 4) Deflections 

S-IC INTERTANK 

S-IC FWD 

S-I1 AFT 

S- I1 INTERMEDIATE 
(LOX &, Umb. ) 

S-I1 INTERMEDIATE 
(LH2 Line) 

S-I1 FWD 

S-IVB AFT 

S-IVB FWD 

S M ~  

Notes: 

(1) Horizonta.1 Translations given in References 2 and 3 have been 
subtracted. Reference Design Cr i te r ia ,  Section 111. 

(2) Latera l  Displacements a r e  the maximum of the two following 
conditions : 

(a) 99 .  970 wind and fueled vehicle. 

(b) 9970 wind and unfueled vehicle plus thermal  bending. 

(3) Deflections for  this location a r e  approximate. No definite 
information available. 



a prying action which rotates the umbilical c a r r i e r  about i t s  support fee t ,  
The support feet re lease  completely before an  1 lo  rotation angle i s  attained. 

4- 12. Cam-off Mechanism The cam-off mechanism (Figure 4- 17) i s  
located on a short  link a t  the vehicle end of the withdrawal mechanism. This 
mechanism consists of a pneumatic cylinder (2-inch bore  and 6-inch s t roke) ,  
a pa i r  of driving a r m s ,  a pair  of over-center springs,  a splined output shaft, 
and two smal l  cams ,  The two smal l  cams  a r e  attached to the l a rge  clevis 
a t  the end of the withdrawal mechanism pneumatic cylinder. 

The cam-off cylinder body i s  trunnion mounted to the driving a r m s ;  
the piston rod i s  pinned to a clevis which i s  par t  of the support link; and the 
over-  center  springs a r e  a r ranged to prevent inadvertent actuation of the 
mechanism, When the cylinder i s  pregsurized, the a r m s  a r e  rotated toward 
the vehicle driving the springs over c e ~ t e r  and producing a torque a t  the 
output shaft, The torque i s  t ransmit ted through a simple linkage to the c a m  
l e v e r s  on the s ides  of the umbilical c a r r i e r .  The torque and angle a r e  
given in  Figure 7 - 1.  

A third method of disconnecting the umbilical c a r r i e r  i s  produced 
by the vert ical  lift-off motion of the vehicle. This phenomenon i s  known a s  
"Vehicle Motion Cam-offs' and i s  available in  case  of complete fai lure  of 

a l l  e lec t r ica l  and pneumatic sys tems,  The method has  no effect on normal  
cam-off operations.  When the vehicle has  r i s en  past a predetermined level, 
the angular change between the umbilical c a r r i e r  and the withdrawal mecha- 
n i sm pneumatic cylinder causes engagement of cam surfaces to dr ive the 
cam-off mechanism output shaft. The driving cams a r e  splined to the clevis 
of the pneumatic cylinder to allow proper  ad~us tmen t .  The driven cams  a r e  
integral  pa r t s  of the a r m s  which rotate the output shaft. 

4- 13. withdrawal Mechanism. The major  component of the withdrawal 
mechanism is  a high p res su re  pneumatic cylinder (F igure  4- 18) of special  
design which has  a 5-inch bore,  4-inch rod, and a s t roke of approximately 
60 inches.  The piston rod i s  constrained aga-inst rotation by a feather  key 
mounted near  the piston. The feather key r ides  i n  a milled slot i n  the piston 
guide rod. The guide rod i s  keyed to the blind-end cylinder head, extends 
through the bar re l ,  and telescopes inside the piston rod. The forward end 
of the piston guide rod se rves  a s  a b a r r e l  for a 1 -1 /2  inch bore x 7-inch 
s t r o k e ,  hydraulic shock absorbe r ,  The fluid column contained within the 
piston guide rod discharges through a meter ing orifice to provide decelera-  
tion during the l a s t  five inches of cylinder s t roke.  The pneumatic cylinder 
i s  trunnion mounted in  a universal  joint located a t  the cylinder midpoint. A 
ring-mounted clevis i s  also threaded to the cylinder b a r r e l  to receive a se l f -  
aligning bearing on the rod end of the hydraulic cylinder. 



The withdrawal mechani s m  hydraulic cylinder i s  a standard high 
p res su re  hydraulic actuator with a 3-inch bore,  1- 142 inch rod, and a 
modified rod-end head which receives a la rge  spherical bushing. The bush- 
ing i s  housed directly below the pneumatic cylinder universal joint and i s  
supported by a common structure which t ies  the withdrawal mechanism to 
the service a r m .  

This dual cylinder combination and arrangement  of universal joints 
allows tracking of vehicle motion while the umbilical c a r r i e r  i s  connected. 
The arrangement  also provides a self-centering feature during retraction. 
Vehicle loading i s  minimized by the introduction of balancing p res su res  in  
both cylinders,  The retract ion motion i s  a combination of straight line 
displacement along the axis of the pneumatic cylinder and simultaneous ro-  
tation of this axis i s  due to the torque applied by the hydraulic cylinder, 

4-14. Line Handling Devices. Two types of Bine handling devices a r e  
required on the service a r m s :  propellant line handling devices; and elec- 
t r i ca l  cable, air conditioning duct, and p res su re  line handling devices,  
Descriptions of these devices a r e  given i n  the following paragraphs.  

F igure  4- 19 shows the propellant line installation on the S-IVB 
AFT Service Arm,  Vacuum-jacketed flex-line assemblies  extend f rom the 
couplers in the umbilical c a r r i e r  to flanged joints a t  the forward ends of 
the ha rd  line assembl ies ,  The portions of the hard  Bine assemblies  on the 
top of the a r m  a r e  supported on trolleys which rol l  along I-beams,  Three  
vacuum-jacketed hinge joints a r e  contained in  sections of the ha rd  line 

1 I 

a s sembl ies  which a r e  suspended on the sides of the service a r m .  During 
vehicle mot6on and umbilical c a r r i e r  retraction, the hinged ~ o i n t s  deflect 
to allow straight line motion along the I-beams. This arrangement  en- 
s u r e s  positive drain of propellants throughout the range of vehicle motion. 
The installation must  have enough. f r e e  motion to extend 16 inches out and 
30 inches up f rom nominal position and yet not allow pockets to form i n  
the l ines when the umbilical c a r r i e r  i s  16 inches in  and 6 inches down f rom 
the nominal position. 

A propellant line r e t r ac t  system ns Installed on top of the a r m  be- 
hind the l ines.  This system consists of a pneumatic cylinder which dr ives  
a 4 to 1 ratio blbck and tackle. The output cable i s  connected to a beam 
which joins the two ha rd  line assemblies .  This sys tem provides a pull on 
the propellant l ines during retract ion to prevent destructive compressive 
bending of the flex l ines ,  A second use of the r e t r ac t  sys tem i s  to provide 
an  adjustment of the tension in  the flex line during vehicle tracking. 



The remaining service l ines for  the S-IVB AFT a r m  a r e  handled by 
a pivoted f r ame  (Figure 4-15) located directly behind the support s t ructure 
for  the withdrawal mechanism. The various l ines a r e  clamped to the tubular 
members  of the f r ame  and a r e  arranged to provide proper bend configura- 
tions a t  both ends. The f r a m e  folllows vehicle motion to some extent since 
any inc rease  in  line tension, a s  the vehicle moves out, tends to rotate the 
f r a m e  forward. A cable. connects the f rame to the beam ac ross  the aft end 
of the propellant l ines .  Thus, a s  the vehicle moves in and the propellant 
l ines  move away f rom the vehicle, the line handling f rame i s  rotated back. 
When the umbilical c a r r i e r  i s  withdrawn, the f r ame  i s  rapidly revolved 
backward by the propellant line re t rac t  system. When in  final position, the 
f r ame  i s  locked i n  place and i s  restrained against motion induced by serv ice  
a r m  acceleration. 

4- 1 5. OPERATIONAL DESCRIPTION 

Three  possible modes of operation a r e  briefly outlined below. These 
descriptions a r e  intended to, give only a general understanding of the chrono- 
logical sequence of events. Refer to paragraph 4- 83 for detail operational 
description of the isolated redundant mechanical and electr ical  systems.  

4-1 6 .  P r i m a r y  Disconnect and Withdrawal, Initial ver t ical  motion of the 
vehicle closes  the p r imary  lift-off switch. "he closing of this switch com- 
pletes a c ircui t  to energize a valve which supplies p res su re  to the umbilical 
c a r r i e r  ball  lock and push-off pistons. The umbilical c a r r i e r  i s  unlocked 
and ejected f rom the vehicle. This action closes a switch in  the umbilical 
c a r r i e r  to  confirm release.  When this switch i s  closed, a c ircui t  i s  com- 
pleted to energied the valves which supply p res su re  to the withdrawal mecha- 
n ism pneumatic and hydraulic cylinders.  The umbilical c a r r i e r  re lease  
confirm switch also completes a circui t  to energize the service a r m  re t r ac t  
system. Thus, serv ice  a r m  retraction and umbilical c a r r i e r  withdrawal 
occur simultaneously. 

F igure  '4120 i s  a presentation s f  the combined motions which produce 
relative displacement of the S-HVB AFT umbilical c a r r i e r  with respect  to 
the vehicle skin a t  lift-off. The following phenomena were  examined sep- 
a ra te ly  a s  functions of t ime :  pneumatic ejection of the umbilical c a r r i e r ,  
withdrawal action of the dual cylinders,  retraction of the service a r m ,  r i s e  
of the vehicle, and drift  of the vehicle toward the tower. The "Ttt  r e fe r red  
to in  the figure represents  the instant when vehicle r i s e  begins. Many sim- 

i 

plifying assumptions were  necessary  in the preparation of this study. Some 
of these assumptions were  constant accelerations of the withdrawal mecha- 
n i sm cylinders,  valve delays, velocity of umbilical c a r r i e r  acquired by 
ejection, etc.  



4- 17. Secondary Disconnect. A few milliseconds af ter  application of p r e s -  
sure  to the umbilical c a r r i e r  pneumatic system, pressure  i s  applied to the 
cam-off mechanism pneumatic cylinder. Therefore,  i f  the ball  lock o r  push- 
off pistons within the c a r r i e r  fail ,  re lease and separation will be  accomplished 
almost  immediately by the cam-off mechanism. The sequence of operation 
af te r  c losure of the umbilical c a r r i e r  re lease  confirm switch i s  the same a s  
that for  p r imary  disconnect. 

4- 18. Vehicle Motion Cam-off. If both modes of operation described above 
fail ,  the vehicle will continue to r i s e  until the carps on the end of the pneu- 
matic  cylinder engage the cam surfaces on the driving a r m s  (Figure 4- 17). 
This  causes enough rotation of the cam-off mechanism output shaft to unlock 
the umbilical c a r r i e r .  Fur ther  vehicle r i s e  rotates the withdrawal mecha-  
n i sm pneumatic cylinder away f rom the vehicle and fully extends the piston 
rod. When the piston bottoms, the umbilical c a r r i e r  continues to rotate 
until a l l  connections a r e  broken and the c a r r i e r  i s  f ree  of the vehicle. At 
this point, the pneumatic cylinder i s constrained against rotation toward the 
vehicle by a ratchet a t  the trunnion. The p res su res  in this cylinder a r e  no 
longer equal due to the increase  in the force component along the b a r r e l .  
Therefore,  the pneumatic cylinder will collapse and the c a r r i e r  will fall 
away f rom the vehicle. 

As a resu l t  of efforts toward standardization, a dual cylinder type 
withdrawal meahanism ( ~ i m i l a r  to the one described) i s  used on four of the 
eight service a r m s .  The la rge  pneumatic cylinder for each of these mecha-  
n i sms  i s  identical except fo r  the location of the attach point for the hydraulic 
cylinder. The trunnions for the pneumatic cylinder s a r e  identical. The 
hydraulic cylinders differ only in stroke. The adjustment feature inherent 
in the cam-off mechanism allows i t s  application to a l l  dual-cylinder type 
withdrawal mechanisms.  A brief description of the mechanisms ca r r i ed  by 
each service a r m  i s  given below. 

4-20 .  S-IC INTERTANK. Addition of a r'emote connect capability to the 
S -1C INTERTANK a r m  allows a r m  retraction be'fore lift-off and c las  sifica- 
tion a s  a preflight a r m .  The exact confiduration of the LOX couplers to be 
handled f rom this a r m  i s  yet to be determined. P resen t  plans call  for two 
6-inch couplers.  The propellants will be ca r r i ed  by two 8-inch lines f rom 
the M-P&VE/LOC interface on the a r m  back to the tower interface.  A 
compound paral le l  linkage device has  been proposed to handle the c a r r i e r  
which contains the couplers.  This device i s  spring loaded to the neutral  
position and i s  driven by a single pneumatic cylinder. Two concentric 
pneumatic devices'are provided in the c a r r i e r  for actuation of the couplers 
and control of the probe which seats  in a funnel in the vehicle. This 
a r rangement  provides guidance for remote reconnect of the couplers.  



The design of the remote reconnect mechanism has not progressed 
sufficiently to warrant inclusion of an illustration in  this report other than 
the sketch in Appendix F, . 

4-21. S-IC FWD. Since the S-IC F W D  i s  a preflight a rm,  a simple dis- 
connect and withdrawal mechanism i s  used. Figure 4-21 shows a pivoted 
device similar  to those used on Complex 37. A lanyard i s  connected to the 
bar  between the umbilical c a r r i e r  cam levers .  This lanyard i s  routed over 
pulleys on the boom to a block and tackle retraction device which i s  driven 
by a pneumatic cylinder. Initial lanyard travel cams the umbilical c a r r i e r  
f rom the vehicle (if  the push-off pistons have failed) and withdraws the 
c a r r i e r  to the end of the boom. Additional lanyard travel rotates the boom 
away from the vehicle and back to a small structure on top of the service 
a r m  where the boom i s  latched. The service lines a r e  clamped to the 
pivoted boom thereby obtaining limited guidance during withdrawal. 

An alternate mechanism i s  shown in Figure 4-22. The operation 
of this  device i s  similar to the one just described except that the pivoted 
boom i s  replaced with a simple rigid structure. This mechanism i s  a r -  
ranged to prevkAt the retracted umbilical c a r r i e r  from contacting the skin 
of the vehicle a s  i t  deflects toward the tower. 

I , 

4-22. S-II AFT. The S-I1 AFT disconnect and withdrawal mechanism 
('Figure 4- 23) will handle a single 1 -inch diameter flex line. Therefore, a 
very  simple lanyard retract  device i s  mqunted on the side of the service 
a r m  t russ .  This device consists of a pneumatic cylinder which reels  cable 
through a block and tackle to disconnect and withdraw the coupler to the 
service a r m .  

4-23. S-11 INTERMEDIATE. The unique spacing of two propellant lines 
i n  .addition to a relatively large umbilical c a r r i e r  dictates the need for 
three  separake withdrawal meEhanisms on the special second element of the 
S-I1 INTERMEDIATE service a r m  (Figure 4-24). The arrangement of the - 

mechanisms has been somewhat simplified by placement of an extension 
platform on the S-I1 AFT a r m  for service of the lower umbilicals a t  the 
S-II INTERMEDIATE a rm .  

A dual cjrlinder type withdrawal mechanism i s  mounted inside the 
a r m  on the bottom cord members to handle the umbilical ca r r i e r  a t  vehicle 
station + 77 1. ' The operation and arrangement of the cylinders i s  similar to 
that previously described for the S-1VB AFT service a rm.  All the umbilical 
l ines except the 14-inch a i r  conditioning duet a r e  clamped near the mecha- 
nism mount and allowed to sag-in the retracted position. Thus, no special 
handling devices a r e  required. 



The 8-inch LOX line a t  vehicle station 1771 i s  re tracted by a lan-  
yard  type withdrawal device mounted a t  the upper left side of the a r m .  The 
lanyard i s  connected directly to the ball-lock pin in the coupler to provide a 
secondary m e a n s  of re lease ,  The flex line section of the propellant line i s  
supported by ro l l e r s  to reduce vehicle loading. The propellant line slack 
generated by vehicle motion i s  taken up by an arrangement  of two hinged 
joints and a p res su re  compensated expansion joint. These components a r e  
set  in their  neutral  positions a t  full retraction. Thus, the spring forces  
generated in the system cause impending motion away f r o m  the vehicle. An 
additional lanyard i s  connected to the ball-lock pin and anchored to the a r m  
such that vehicle r i s e  past  a predetermined level will cause re lease  of the 
coupler.  This corresponds to the vehicle motion cam-off condition p re  - 
viously explained for the umbilical c a r r i e r s .  

The 8 -inch LH2 line a t  station 1905 i s  handled by a second lanyard 
type mechanism. A hard  line section r ides  on a trolley between two sec-  
tions of flex l ine.  The flex line into the coupler i s  supported by a band to 
reduce vehicle loading. The aft flex section i s  directed down the side of 
the a r m  and deflects to allow approximately 40 inches of translation along 
the t rol ley.  Both the coupler, with attached flex l ine,  and the hard  line 
section a r e  retracted by a single pneumatic cylinder a s  follows. The 
cylinder i s  connected to the hard  line section by a 2 to 1 lanyard-pulley 
ar rangement .  The lanyard f rom the coupler i s  connected to the ha rd  line 
support by another 2 to 1 pulley system. Thus, one unit of motiop by the 
cylinder produces two units of motion by the hard  line and four units by the 
coupler.  This action produces the required bending in the aft  section of 
flex line and simultaneous retract idn of the fwd flex line without violating 
the minimum bend radius of either section. 

The sys tems described above will meet  the requirement for posi- 
tive drain of propellants during vehicle tracking. 

4-24. S-II FW-D. A dual-cylinder type withdrawal mechanism (Figure  4- 25) 
i s  mounted off center on the top of the S-I1 FWD a r m  to handle the umbilical 
c a r r i e r  a t  vehicle station 2506. The hydraulic cylinder i s  located above 
the pneumatic cylinder and i s  attached to the b a r r e l  forward of the main 
t r u n n i o ~ ,  The hydrogen vent l ines a r e  routed through ro l le rs  on the side 
of the service a r m ,  The remainder of the service l ines a r e  routed such 
that the retract ion slack may be accommodated inside the a r m  s t ruc ture .  

4-25. S-IVB AFT. The withdrawal mechanism for the S-IVB AFT a r m  
(Figure  4- 15) has  been completely described in "Description of Componentsi1 
and "Operational Description. 



4- 26. S-IVB FWD. A dual cylinder type withdrawal mechanism (Figure 4-26) 
is mounted on the side of the S-IVB FWD a r m .  This mechanism handles the 
Instrument Unit and 5 - IVB FWD umbilical c a r r i e r s  which a r e  held within a 
common f rame.  The mechanism employs the "hydraulic cylinder above1' 
configuration and a special  bent clevis a t  the end of the piston rod of the 
pneumatic cylinder. The special  clevis compensates for  the geometrical 
conditions imposed by the off-set location and radial  orientation s f  the 
umbilical c a r r i e r s .  A pivoted f rame similar  to the one on the S-IVB AFT 
i s  used to handle the service l ines.  This f r ame  i s  pulled during retraction 
by a lanyard connected to the blind end head of the pneumatic cylinder.  

4-27. SM. A modified pivoted boom type disconnect and withdrawal mecha- - 
nism (Figure  4-27) i s  mounted on top of the SM a r m  to handle the umbilical 
c a r r i e r  a t  station 3721. 555. The boom for  this device has  a central  pivot 
that allows the boom to collapse a s  the umbilical c a r r i e r  i s  withdrawn. This 
feature ensures  impending motion away f rom the vehicle skin. A lanyard 
clamping device i s  included a t  the end of the boom to accomplish vehicle 
motion cam-off within a reasonable amount of vehicle r i s e .  The magnitude 
of horizontal vehicle displacement a t  this station prohibits the use  of a n  
ordinary cable tension cam-off device. The special  device senses the ve r -  
t ical  motion of the vehicle and clamps the lanyard so that additional vehicle 
motion re leases  the umbilical c a r r i e r .  





Figure  4-16. S-IVB AFT Umbilical C a r r i e r  
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Figure 4- 18. Cylinder-Type Withdrawal Mechanism 



This intentionally left blank. 



Figure 4- 19. Propellant Line 
Ins tallation - 
S-IVB A F T  
(Sheet 1 of 4) 1 1  1 



l 6 O R  *OPIZONTAL 
ENVELOPE 

I3 

er-~mc~ -el, n 0 10 TC 4r (D 

PROPELLANT LlNE RETRACT CYL L E N j i H  9.'. 

Figure 4-19. Propellant Line Installation - S-IVB AFT 
(Sheet 2 of 4) 



DETAIL l3N, 

NOTES 
I SUPWRTS MUSTBE DESIGNED FOR T m S E  FORCES 

INTRODUCED B Y  LINE WEIGHTS. OEFCECTON OF FLEX 
LINES AND HINGED JOINTS, AND ACCELERATONIOF 
A55EMBLIES TO RETRACTED POSITION IN 1.0 5EC. 

VIEW (: (: 0 3  

VIEW 1) 1) ROTATED 180.0' @I3 
VIEW 1: 1: ROTATED 9d d C C W m ,  

Figu re  4- 19. Prope l lan t  Line 
Instal lat ion - 
S-IVB A F T  
(Sheet 3 of 4) 113 



Figure 4- 19. Propellant Line Installation - S-IVB A F T  
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Figure 4- 21. S-IC FWD Withdrawal Mechanism 
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Figure 4-27. Service Module Withdrawal Mechanism 
(Sheet 2 of 2 )  



4-28. SERVICE ARM EXTENSION PLATFORMS 

The extension platforms a r e  located a t  the vehicle end of each 
service a r m .  These platforms provide 'a walkway a c r o s s  the space be-  
tween the end of the service a r m  and the vehicle. ' This distance has  been 
established a t  60 inches for  a l l  a r m s  except the S-IC INTERTANK which i s  
45 inches and the S-I1 AFT which i s  36 inches, I n  addition, the portion of 
the platform adjacent to the vehicle provides a landing f rom which person- 
nel can enter  the vehicle o r  service the umbilical a r e a s  outside the vehicle. 

4-29. DESIGN CRITERIA AND OPERATIONAL REQUIREMENTS 

Design c r i t e r i a  e stablished during concept studies and prel iminary 
design of the extension platforms include: 

a .  All vertical  and horizontal motion during pre launch conditions 
including a maximum 95% wind condition (Table 4-3) mus t  be accommodated 
by the platform. 

, b ,  The platform must  b& light enough to minimize the acce lera-  
tion forces  imparted to the vehicle during tracking operations. 

c .  Thy platform must  r e t r ac t  into the service a r m  sufficiently 
to maintain the required clearance between the platform and the vehicle 
skin. 

d. An open s tructure with good blast  survival charac ter i s t ics  
i s  required,  

e .   he coupliAg operation must  be capable of being performed 
during winds up to 30 knots. 

f .  Personnel  will not be permitted on the platforms during 
winds exceeding 30 knots. 

g o  Vertical movement of the vehicle relative to the platform 
must  be accommodated with minimum forces  imparted to the vehicle, 

h.  The platform structure must  allow clearance for  a l l  service 
line s . 

i. The maximum acceleration forces  exerted on the vehicle by 
the platform a r e  a resul t  of vortex shedding oscillations (Table 4- 3). 



Table 4-3 Vehicle and Tower Deflections For Extension 
Plat form Design 

s -me  AFT 

S - m e  FWD 

b INCLUDES SOLAR WARPAGE AT 950A WIND CONDITION. 
DOES NOT INCLUDE TOWER DEFLECTIONS. 

b INCLUDES TOWER DEFLECTIONS, 120" E TEMP, AND 
FUELED VEHBCLE CONDITIONS. 

I 9  RESULT OF VORTEX SHEDDING AT 95% WIND, EMPTY 
VEHICLE, f = .80 

b PLATFORM DOES NOT FOLLOW VEHICLE MOTION 

D- DEFLECTIONS FOR TYlS LOCATION ARE APPROX. 
DEFINITE INFORMATION NOT AVAILABLE. 



The service a r m  extension platforms fulfill a l l  the above design 
c r i t e r i a  and in addition provide practical personnel safety measures  and 
personnel access  to the vehicle. 

4- 30. DESCRIPTION O F  COMPONENTS 

The basic  design of the extension platforms (Figures  4-28 through 
4-34) consists of a welded construction of square tubular members ,  s e r -  
ra ted flooring, and expanded metal  side screening, The main elements of 
the platforms a r e  l is ted below with a brief description of each (Figure  4-  15). 

4-31. Box Beam Assembly. A box beam assembly (Figure  4-35) i s  
mounted on each side of the service a r m  just inside the basic  s t ructure 
and approximately 50 inches above the bottom chord of the a r m .  These 
two assembl ies  support the ent i re  extension platform and provide longi- 
tudinal motion of the platform with respect  to the a r m .  

Each box beam contains a bearing c a r r i e r  assembly consisting of 
recirculating ro l le r  bearings mounted on a "Ts l  shaped c a r r i e r .  The ex- 
tension platform-is  suspended f rom the c a r r i e r s .  Recirculating ro l le r  
bearings ride on hardened race  ways inside the box beam housing and pro-  
vide Pow friction movement of the extension platform. The bearings on 
the c a r r i e r  assembly must  be a r ranged to reac t  the la rge  moment resul t ing 
f rom the cantilevered extension platform. In addition, a single se t  of 
bearings a r e  provided to react  r eve r se  loads which may  occur during a r m  
retract ion,  

4-32, Bas ic  P la t form.  - The basic  platform, with minor var iat ions,  i s  
common to a l l  service a r m s ,  This portion of the extension platform pro-  
vides a walkway a c r o s s  the space between the vehicle and the a r m  and 
fo rms  the support s t ructure for  the landing outside the vehicle, The "U" 
shaped s tructure of the basic  platform consists of square s teel  tubing of 
welded construction, The approximate dimensions of the platfarm a r e :  
124 inches long, 52 inches wide, and 45 inches high. 

4 - 3 3 .  Y'Tqt  Head. A 'IT" head i s  located a t  the vehicle end of the basic  
platform and mounted on ball  bearing ro l l e r s .  The 'ITPt head moves p e r -  
pendicular t; the bas ic  platform on the ro l le rs  to accommodate vehicle 
motion in the la te ra l  direction. A landing for  access  to the vehicle and/or  

I L. 

service a r e a s  i s  i rovided  on a l l  q lT"  heads: Handrails and screening a r e  
an  integral pa r t  of a l l  "TIt heads where personnel a r e  permitted while 
servicing the v'ehicle. 



The esT" head described above i s  required only on the S-I1 FWD, 
S-IVB AFT, S-IVB FWD, and SM a r m s .  A small  service platform, to be 
descr ibed l a t e r ,  i s  used on the remaining a r m s  where access  into the 
vehicle i s  required. 

4-34, Bumper Assembly. The bumper assembly (Figure 4-36) i s  
mounted on ball bushings which move vertically on shafts attached to the 
"T" head s t ructure.  This arrangement permits  vertical  movement of the 
vehicle and bumper assembly relative to the 'IT" head. A rubber bumper 
i s  bonded to the bumper assembly s t ructure to protect the vehicle skin 
while the extension platform i s  connected. Structure i s  provided in the 
center  of the bumper a s  sembly for mounting the coupler. 

4-35. Coupler. Acoupler  (F igure4-37)  i s m o u n t e d o n t h e b u m p e r  a s -  
sembly of each IIT'%ead. The coupler connects to a hard  point on the 
vehicle to fo rm a link between the vehicle and the extension platform, The 
coupler permi ts  connection to a n  oscillating vehicle while the extension 
platform remains a sufficient distance away to prevent a collision. Once 
the coupler i s  connected, the platform may be moved out until i t  i s  in phase 
with the oscil latory motion of the vehicle. 

4- 36. Drive Mechanisms. A11 extension platforms which require  "TI1 
heads a r e  equipped with a i r  motors  for positioning both the extension plat- 
form and the "TI1 head, Torque f rom the a i r  motors  i s  t ransmit ted through 
a friction wheel to a drive ra i l .  This power moves the extension platform 
relative to the basic  a r m  o r  the "T" head relative to the extension platform. 
The a i r  motors  will be powered by pneumatics and will be controlled 
through manually operated valves located on the extension platform control 
panel direct ly  behind the 'IT" head. 

4-37. Guide Rollers .  ~ u i d e  ro l le rs  a r e  mounted on the bottom chord of 
the basic  a r m  and bea r  against  the lower members  of the extension plat- 
fo rm.  These ro l l e r s  t ransfer  wind loads directly to the main s t ructural  
m e m b e r s  of the service a r m s .  

4-38. Uncoupled Warning System. A warning buzzer and flashing red 
light a r e  mounted on the vehicle end of the basic a r m .  These devices a r e  
electr ical ly  connected to a switch located on the coupling mechanism and 
give visual and audible signals should the extension platform inadvertently 
disconnect f rom the vehicle. 



4- 39. Safety Panels .  Safety panels a r e  installed a c r o s s  the'vehicle end 
of the extension platform when the platform i s  not connected to the vehicle. 

4-40. Service Work PE'atform. A small  service platform (Figure  4-38) 
rep laces  the "T" head where horizontal vehicle deflections do not exceed 
four inches.  This  occyrs  on the S-IC INTERTANK, S-IC FWD, and S-11 
AFT a r m s .  On these extension platforms, the service platform fo rms  a 
p a r t  of the bumper assembly.  No ha rd  point on the vehicle i s  required a t  
these locations. The bumper asserkbly i s  sp<ing loaded to maintain p r e s -  
s u r e  against  the vehicle skin during a l l  oscillations. The forces  imparted 
to the rubber bumper by the vehicle skin a r e  sufficient to cause the bumper 
a s  sembly and the attached service platform to follow vehicle oscil lations . 

4-4 1 ,  S-I1 INTERMEDIATE PLATFORMS 

The location of umbilical a r e a s  a t  the S-PI INTERMEDIATE a r m  r e -  
qui res  two special  extension platforms,  One platform i s  located on the S-11 
INTERMEDIATE a r m  and provides a service a r e a  for the LH2 umbilical 
(F igure  4-39). This platform consists of the components described in  
paragraphs 4-31,  4-32 and 4-37. The platform floor i s  located approximate- 
l y  36 inches above the basic  a r m  floor to provide clearance for the withdraw- 
al mechanism. 

A second platform i s  located on top of the S-I1 AFT a r m  and provides 
a serv ice  a r e a  fo r  the S-I1 INTERMEDIATE umbilical c a r r i e r  and LOX 
umbilical (F igure  4-30]. Because"of special  requirements  for this  platform, 
none of the components described in paragraphs 4-31 through 4-40 could be 
utilized, 

There  i s  no contact between either of these platforms and the vehicle 
since access  intb the vehicle i s  not required. Both platforms a r e  extended 
and locked in po sition when service i s  required a t  the umbilical a r e a .  

4-42. PLATFORM OPERATIONAL DESCRIPTIONS 

a ,  Extension and retract ion of platforms which do not c'onnect to 
the vehicle (S -1C ENTERTANK, S-LC FWD, S -11 AFT).  

1 Two men  a r e  required fo r  extension. Operator A takes a 
position on the vehicle end of the platform to move and position the bumper 
assembly  la te ra l ly  against  the vehicle a s  the platform i s  extended. 



2 .  Operator B unlocks the extension platform by depressing 
a foot pedal located a t  the tower end of the platform and pushes the platform 
toward the vehicle. Movement of the platform can be contr olled by 
actuating a lever  which will apply braking action through two friction blocks 
p res sed  against ra i l s  on ei ther  side of the basic a r m .  

3 .  When operator A has positioned the bumper assembly  
against the side of the vehicle, operator B pushes the platform against a 
p rese t  stop and locks it in position with the friction blocks. 

4. Safety panels a c r o s s  the end of the platform a r e  removed 
to permi t  entry to the vehicle. 

5. Only one operator i s  required to  r e t r ac t  the extension 
platform. He re l eases  the f r i c t i ~ n ~ b l o c k s  and pulls the platform into the 
a r m  until it  locks in the re t rac ted  position. 

b. Extension and retract ion of S-11 INTERMEDIATE umbilical 
service platforms. 

The platforms described in paragraph 4-41 will be extended 
by unlocking the platform re t r ac t  lock and pushing the platform to a prese t  
stop. The platforms a r e  then locked in the extended position, The plat-  
forms a r e  re t rac ted  by reversing the above procedure.  

c .  Extension and retract ion of platforms which connect to hard  
points on the vehicle (S-I1 FWD, S-IVB AFT, S-IVB FWD, SM): 

1. Two men a r e  required for extension and retract ion opera-  
tions. Operator A will assume a position a t  the a i r  motor controls located 
on the platform behind the "T" head. Operator B will assume a position on 
the "T" head above the coupler mechanism, 

2 ,  Operator B will remove a section of the "T" head floor 
to pe rmi t  access  to  the coupler and attach the coupler positioning device. 

3 ,  Operator A will open the main pneumatic supply valve. 
This will p ressur ize  both sides of the a i r  motors  to  provide braking for the 
platform and "T" head. Next, operator A will move the positioning cylinder 
valve to "drive" and both friction wheels will be forced against the drive ra i l s .  

4. Operator A then moves the lock-pin valve to "unlock" and 
the extension platform extend-retract  valve to  "extend". With initial move - 
ment of the platform, the lock-pin valve may be released to re turn  to "lock". 
P la t form extension continues until the "TI' head c l ea r s  the basic  a r m  structure 
Then operator A unlocks the "T" head lock-pin and moves the platform toward 
the vehicle while adjusting the "T" head la teral ly .  This operation continues 



until the coupler and vehicle mounted hard  point a r e  in cor rec t  position 
for connecting. Operator A. performs these movements by positioning the 
manual valves which operate the two a i r  motors .  One valve extends, r e -  
t r ac t s ,  or brakes  the platform while the other valve moves the "TIf head 
left and right or brakes  it in the desired position, A. space of two or  four 
inches now exis ts  between the platform bumper and the vehicle. 

5. Operator B actuates the coupler positioning device ex-  
tending the coupler a c r o s s  the space between the platform bumper and the 
vehicle and closing the jaws around the hard  point. Operator A extends 
the platform until the bumper i s  seated against the skin. Operator B locks 
the coupler. The coupler positioning device is removed and the floor 
section replaced. 

6. When coupling is complete, operator A. moves the cylinder 
valve to "floating", This pulls the f r  iction wheels away f rom the drive r a i l s ,  
and the platform and "T" head a r e  released to follow the vehicle movement. 
Safety panels a c r o s s  the end of the 'PT 'Y head a r e  removed to permit  access  
into the vehicle. 

7 .  Retraction i s  performed in the reverse  order  and the 
~ l a t f o r m  and "T" head a r e  Pocked in position af te r  re tract ion,  

F o r  detail operation of the pneumatic system, r e fe r  to  paragraph 4-108.  
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Figure 4-29.  S-IC FWD Extension Platform 
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4-43. ARM RETRACTION SYSTEM 

A ser ie  s of mechanical, hydraulic, and pneumatic feature s designed 
into each  of the service a r m s  provides a means for rotating the , a rm hori-  
zontally through a 73 degree a r c  and locking the a r m  a t  the extreme positions. 

Timing and performance of a l l  components a r e  cr i t ical  fdr in-flight 
a r m  retraction. The retract ion system is  capable of unlocking the a r m ,  
accelerat ing it against  various wind loads,  and decelerating it to a smooth 
stop. 

The a r m  retract ion sys tem differs for  preflight a r m s  and in-flight 
a r m s ,  The preflight a r m s  a r e  re t rac ted  hydraulically only and do not have 
the cable retract ion system; the in-flight a r m s  a r e  re t rac ted  by  a hydro- 
pneumatic combination system. The hinge-mounted cylinders and associated 
actuating mechanisms for preflight a r m s  and in-flight a r m s  a r e  the same.  
The subsequent description i s  applicable to  in-flight a r m  retraction. 

Thehydro-pneumatic par t  of the retract ion sys tem i s  composed of the 
p r i m a r y  and secondary p res su re  supplies, valving, and actuators  descr ibed . in the following paragraphs.  

The primairy p res su re  supply consists of three 10 -gallon nitrogen 
bottles having a precharge p res su re  of 2000 psi.  The secondary pre s su re  
supply i s  a combination of three 10-gallon nitrogen bottles precharged to  
2 100 ps i ,  and a piston type 10 -gallon hydraulic accumulator. The p r imary  
p res su re  supply and its  valving i s  mounted ieside control cabinet No. 2 
and the secondary p res su re  supply in control cabinet No. 1. 

4-44, DESCRIPTION OF COMPONENTS 

Two tower -mounted hinge s (Figure 4-40),  positioned outboard of 
I 

the a r m  a t  the top and the bottom chords,  house the retract ion cylinders,  
the a r m  lock, and the bearing assembly. Drive shafts,  seven inches in 
d iameter ,  t ransmi t  the torque through the a r m  hinge plates.  

4-45. Hydraulic Retraction Cylinder. Hydraulic cyl inders ,  one in the top 
and one in the bottom hinge, a r e  connected para l le l  in the hydraulic c ircui t .  
Each cylinder has  an  8-inch bore ,  14,875-inch stroke, 3.5-inch diameter  
rod, and i s  clevis mounted within the hinge. The force developed on the pull 
stroke of the cylinder i s  t ransmit ted through a 12-inch driving lever  to the 
drive shaft which rotates the service a r m .  Two bell-crank type, hydraulically 
operated a r m  locks a r e  encased in the hinges. The top hinge contains a spe-  
c ial  cam-operated decelerating valve and the required valve and cylinder 
piping. 



4-46. Tower -Mounted H y d r ~ ~ p n e u m a t i c  cyl inder .  One hydro- neumatic P 
cylinder,  mounted on the tower,  operates a cable retraction mechanism 
(Figure  4-41). This cylinder has a 7-inch bore ,  a 52-inch s t roke,  and has 
the rod  end attached to a block carrying four pulleys. Four  other pulleys 
a r e  mounted a t  the r e a r  of the cylinder to form an  8 to 1 block and tackle 
system. The cable i s  routed f rom the system through a tensioning device 
to a swivel connection 267 inches f rom the a r m  pivot (Figure 4-41). 

4-47. Control Cabinets. Contr 01 cabine t s  contain hydraulic and pneumatic 
accumulators  and control valves for the a r m  retract ion and withdrawal 
mechanism systems.  The cabinets a r e  made of stainless s teel  and a r e  
located on the tower deck adjacent to the a r m .  Each in-flight service a r m  
has  two control cabinets, No. 1 and No. 2; the prelaunch a r m s  have only 
control cabinet No. 1. The s ize of control cabinet No, 1 will be approxi- 
mately 7 feet long, 5 feet deep, and 7 feet high. The size of control cabinet 
No. 2 i s  approximately 2-1/2 feet long, 2 feet wide, and 7 feet high, Each 

contr 01 cabinet contains an  electr ical  distributor box and contr 01 cables to 
the solenoid valves and the position indicator lights. 

4-48. Latch-Back Mechanism. A r m  supports,  mounted on the tower, 
house the latch-back mechanism. This mechanism must  be designed to 
withstand the load induced on the a r m  by the asp i ra tory  wind back through 
the tower (Figure 4-42). 

4-49. Linear  ShockAbsorbers .  Twol inea r  type shockabsokbers  
(Figure 4-43) a r e  bolted to the tower-mounted beams a t  the same level 
a s  the top and bottom service a r m  chords.  These shock absorbers  have 
a 4-inch bore,  an 18-inch s t roke ,  and a r e  orificed such that a uniform 
stopping force is  provided to decelerate the a r m  in event of a dual failure 
of the flow contrd:l valve. 

4-50. OPERATIONAL DESCRIP'TION 

The prerequisi te  for  reliable retract ion of the service a r m  dictates 
the duplicatiov of retract idn means and minimum response time between 
modes of operation, P r i o r  to vehicle launch, the a r m s  a r e  mechanically 
locked in the extended position. At T minus l a  seconds during the count- 
down, the preflight service a r m s  a r e  retracted.  At T minus 15 seconds, 
the locks of the in-flight service a r m s  a r e  released;  however, the a r m s  
a r e  held in position by  hydraulically-locked, hinge -mounted cylinders.  

Lift-off initiates a rapid but chronological sequence of ope rations.  
F i r s t ,  the p r i m a r y  lift-off switch closes  and completes the circui t  to the 
umbilical c a r r i e r  ball-lock release and ejection pistons. When the c a r r i e r  
i s  unlocked and separated f rom the vehicle, a l imit  switch located in the 



umbilical c a r r i e r ,  c loses  to  initiate action of both the withdrawal mechanism 
and a r m  retract ion system. The resulting sequential operation of the hydro- 
pneumatic retract ion sys tem can be described a s  follows: 

NOTE 

This sys tem i s  completely duplicated for  
redundancy, ele ctrically and mechanically 
(paragraph 4-96 through 4-100). 

The limit  switch completes a c ircui t  to open valves located in the 
supply l ines and re turn  line. These valves re lease  the p r i m a r y  and the 
secondary p res su re  supplie s and open a hydraulic re turn  line f rom the 
hinge -mounted cylinders through the flow control valve to  the r e se rvo i r  . 

During normal  operation of the system, the p r imary  p res su re  
supply del ivers  nitrogen into the blind end of the towe r-mounted cylinder. 
The nitrogen intensifies the hydraulic p res su re  on the rod end and forces  
the flow into the rod  ends of the two hinge -mounted cylinders. In effect, 
the pistons of the hinge-mounted cylinders r e t r ac t  the service a r m ,  and 
the idling cable is  automatically reeled a t  8 t imes  the ra te  of the tower- 
mounted cylinder motion, Although blocked by a check valve, the secondary 
p res su re  supply i s  available i f  the intensified p r e s s u r e  drops below the 
secondary supply p r e  s sure.  

The geometry of the hinge cylinder and the cable mechanism i s  
such that for the same angular increments of service a r m  motion, dis  - 
placement pat terns  for  hinge and tower cylinders a r e  different, Cable 
s lack i s  approximately constant for  the f i r s t  50 degrees of rotation; 
however, the s lack increases  in the remaining 2 3  degrees,  A cable ten- 
sioner provided a t  the tower mounted cylinder contrsYs the cable slack and 
idling tension. 

The hydro-pneumatic system (Figure 4-44) offers automatic pro-  
tection against the consequences of the following types "of failure:  

a ,  Gradual o r  total  10s s of hydraulic oil in the hinge -mounted 
supply l ines.  If a gradual hydraulic leakage develops a t  the hinge-mounted 
cylinder, the tower -mounted cylinder, while automatically compensating 
for oil loss ,  will extend fur ther  and tighten the cable. At the same t ime,  
the intensified p res su re  to the hinge -mounted cylinder will decrease until 
the secondary supply (hydraulic accumulator) begins to  compensate fbr  oil 
loss .  Depending on the leakage intensity, either the cable tension will con- 
tinue to  increase o r  secondary p res su re  supply will take over and complete 
the a r m  retract ion,  Sudden los s  of a l l  oil due to  line failure rel ieves the 
p res su re  in the hydraulic line between the hinge -mounted and tower-mounted 



cylinders and resu l t s  in retract ion of the a r m  solely by  the cable system. 
Thus, any los s  in torque developed by the hinge-mounted cylinder i s  auto- 
matically supplied through the cable by the tower -mounte d cylinder. 

b. Loss  of Nitrogen P r e s s u r e .  If there  is a complete p res su re  
lo s s  in the GN2 p r i m a r y  supply, the tower-mounted cylinder will not move 
and the cable will not be reeled. However, a secondary supply (hydraulic 
accumulator) will provide p res su re  and full oil flow to the hinge-mounted 
cylinders instantaneously. Pa r t i a l  10s s of GN2 p res su re  will resu l t  in either 
a n  immediate and complete switch to  the secondary supply o r  a momentary 
input f rom the GN2 p r i m a r y  supply until the secondary supply takes over. 

4-5 1. PRESSURE-COMPENSATED FLOW CONTROL VALVE 

F o r  deceleration control of the service a r m ,  a cam-operated, 
pressure-compensated flow control valve (Figure 4-45) of unique design i s  
located in the r e tu rn  l ines f rom the hinge mounted cylinders. This valve 
incorporates special  features  such that it will fail only in the full-flow con- 
dition to  ensure complete a r m  retract ion within the cr i t ical  t ime interval. 
This valve knaintains accurate  and reliable speed control of the a r m ,  inde - 
pendent of wind loading conditions, by use of a pressure-compensating unit 
and a cam-controlled variable orifice. Different retract ion t imes and 
functions of angular velocity versus  displacement may  be obtained by chang- 
ing the shape o r  angular orientation of the cam or by adjusting the compen- 
sator  spring setting, 

The principle of the pressure-compensator  can be summarized a s  
follows: the p res su re  drop a c r o s s  the compensator i s  equal to the force 
exerted by the compensator spring. 

The internal design of the flow con'trol valve was dictated by the 
necessi ty  that the control sys tem must  always move the a r m  f rom the path 
of the ascending vehicle; consequently, there must be no valve failure that 
resu l t s  in additional flow restr ic t ion or  in complete closure of the line. 

Two types of failure a r e  possible which could jeopardize a r m  r e  - 
traction: failure of the compensator spring, or  cloggingof the cam- 
controlled Gariable orifice,  

~ a i l u r k  of the compensatbr spring resu l t s  in a shifting of the com- 
pensator spool to'the flow cptoff position. Addition of a sequence valve 
which, af ter  spring failure shifts the spbol to the fully open position, 
converts the unit into a nonpressure-compensating deceleration valve. 

Clogging of the c a m  controlled variable orifice would close the 
re turn  line and hecklerate the service a r m  which could resu l t  in collision 
with the vehicle, Orifice clogging causes a rapid p res su re  buildup that 
opens a latch-type relief valve allowing full flow through the r e tu rn  line. 



Incorporation of the two special features  satisfies the requirement 
for  a fail-  safe deceleration system. However, the fai lures  outlined above 
could resul t  in the service a r m  approaching the tower with sufficient momen- 
tum to destroy the a r m  o r  cause 'the a r m  to rebound into the vehicle, The 
shock absorbe r s  previously described reduce damage f rom thege possibil i t ies.  

F o r  detail operational description of hydro-pneumatic sys tem,  see 
paragraph 4-92 through 4- 107, 



Figure 4-40. Tower-Mounted Hinge 



Figure 4-41. Cable Retrac- 
tion System 157 
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4-53,  OPERATIONAL DESCRIPTION 

4-54,  In-fl ight  Serv ice  A r m s  Automatic Operat ion ( F i g u r e s  4-55 and  4-56) ,  
The au tomat ic  operat ion of the s e rv i ce  a r m s  h a s  the f i r ing  c i r cu i t s  i so la ted  
f r o m  the r ema inde r  of the sy s t em.  The re  a r e  two 28-volt d ,  c ,  power  
s o u r c e s ,  two p r i m a r y  lift-off swi tches ,  two secondary  lift-off swi tches ,  
and  two c a r r i e r  r e l e a s e  swi tches ,  Each  power  sou rce  is u sed  in  a s i m i l a r  
m a n n e r  through i t s  r espec t ive  p r l m a r y ,  secondary ,  and  c a r r i e r  r e l e a s e  
swi tch,  The re  i s  no e l ec t r i c a l  connection between the two s y s t e m s ,  t he r eby  
ensu r ing  complete i s  olation and  redundancy,  

The p r ~ m a r y  lift-off s ignals  o r ~ g i n a t e  f r o m  the two swi tches  loca ted  
on the vehlcle holddown a r m s  which sense  vehicle motion,  The slgnaP f r o m  
the p r i m a r y  llft-off swi tch number  one s imul taneously  ene rg i ze s  solenoid 
No. 1 of valve number  A5520 fo r  all in-fllght s e rv i ce  a r m s .  The s ignal  f r o m  
the p r i m a r y  lift-off swi tch number  two s imul taneously  ene rg i ze s  the solenold 
of valve A5524 fo r  ail. in-f l ight  servuce a r m s .  When the valves  have shif ted,  
the posi t ion indicator swi tches  c lose  and  ene rg l ze  r e l ays  nn the r e l a y  d i s t r i -  
bu to r ,  Contacts  of the r e l a y s  wil l  c lose  l ight  c i r cu i t s  on the LUT se rv i ce  
a r m  moni tor  panel  to  con f i rm  operation, Other  contacts  of the r e l a y s  will 
ene rg i ze  r e c o r d e r  c l r cu i t s  to  r e c o r d  the operations of the va lves ,  These  
valves  open pneumat ic  l i ne s  that  supply p r e s s u r e  t o  unlock and e ~ e c t  
the umbi l i ca l  c a r r i e r  f r o m  the vehic le ,  When the umbnllcal c a r r i e r  1s dls  - 
engaged,  two c a r r l e r  r e l e a s e  swi tches  a r e  c losed  to  ini t late withdrawal and 
r e t r a c t i o n  of the respec t ive  s e rv i ce  a r m  f o r  e ach  d ,  c .  power  s o u r c e ,  
C a r r i e r  r e l e a s e  swi tch No, l  energzzes  solenoid No. 2 of valve 8 5 5 0 0 ,  
solenoid No, 2 of valve A5462, solenoid No, 2 of valve 85451 ,  and  solenold 
No. 2 of valve A5326, C a r r i e r  r e l e a s e  swi tch lVo, 2 energizes solenoid of 
valve 8 5 5 0 8 ,  solenold No, 2 of valve 85463 ,  solenoid No, 2 of valve A5413, 
solenoid No. 1 of valve A5349, and solenoid No, 2 of valve 85377 .  A s  the 
above valves  shl f t ,  the posi t ion indicators  of e ach  wil l  c lose  and  ene rg i ze  
t he i r  r espec t ive  r e l a y  in the r e l a y  d i s t r ibu tor ,  Contacts  of the r e l a y s  wll l  
c lose  a l ight  c i r cu i t  on the LUT s e r v i c e  a r m  rnonltor panels  t o  con f i rm  
operat ion of e a c h  valve ,  Other  contacts  of the r e l a y  wil l  energ ize  r e c o r d e r  
c i r c u i t s  t o  r e c o r d  the operat ion of the valves ,  Due t o  the de lay  in shifting 
of the va lves ,  the withdraw will  begin operat ion approx imate ly  100 mi l l i -  
seconds  before  r e t r a c t i on  beg ins ,  



The secondary lift-off switches a r e  clos d by vehicle mation a t  a e 
position of vehicle t ravel  where any ypbi l ica l  c a r r i e r  will have been m e -  
chanically disengaged f rom the vehicle by vebicle motion if any u ~ b i l i c a l  
c a r r i e r  had failed to be disengaged electric ally,^ Closure of the pecondary 
lift-off switches supplies power to the withdrawal and retraction valves for  
all serv ice  a r m s  withoyt the need for umbilical c a r r i e r  switches having to  
close,  

When the service a r m  locks to the tower and the a r m  has bottomed 
out on the shock absorber ,  a retraction-complete switch will close and 
energize a relay in the relay distributor,  Contacts of the relay will ener -  
gize a light c i rcui t  on the L U T  service a r m  monitor panels. Other contacts 
of the re lay  will energize a recorder  circuit .  

The electr ical  wiring schematics for  the service a r m  control sys -  
t e m  a r e  shown in Figures  C- 1 through C-19 and C-23. Figure C-24 
depicts this operational sequence, The operational t imes were based on 
the bes t  information available f rom the mechanical, hydraulic, pneumatic, 
and analysis groups. 

4-55. In-flight Service Arms  Semiautomatic Operation. This operation 
i s  discussed in paragraph 4-83 (Figures  C-20 through C-23). 

4-56, Preflight Service Arms  Automatic Operation. The automatic opera-  
tion of the preflight service a r m s  will be qimilar to the in-flight a r m s .  The 
signal to r e t r ac t  the a r m s  will be given approximately 10 seconds before 
engine ignition f rom the countdown programmer;  whereasathe p r imary  lift- 
off switches give the r e t r ac t  signal on the iq-flight a r m s .  This will allow - 

the a r m s  t ime to be retracted and locked against the tower before engine 
ignition, When a l l  the   ref light a r m s  a r e  locked against the tower,  a signal 
will confirm the re t rac ted  condition, If any one of the preflight a r m s  i s  not 
re t rac ted ,  the countdown will hold, 

The preflight a r m s  will have no redundancy in the c a r r i e r  kickoff, 
withdrawal, and retract ion sys tems;  whereas the in-flight a r m s  use redun- 
dancy throughout. There  will be no cable retraction sys tem,  and the with- 
drawal  and c a r r i e r  kickoff valves will be reduced in number; for  example, 
there  will only be one supplp and re turn  valve for the pneumatic cylinder. 

There  will be one battery supply and one c a r r i e r  re lease switch; 
whereas,  the in-flight has two bhttery supplies and two c a r r i e r  re lease  
switches. Figure C-  31 depicts this operational sequence, 



4- 57. Preflight Service Arms Semiautomatic Operation. The preflight 
semiautomatic operation will be the same a s  for  the in-flight a r m s  except 
for  solenoid valves A5377, A5378, A5379, and A5349 of Figure 4-55. These 
valves will not be in  the system since there i s  no cable retract ion system 
for  the preflight a r m s .  

4-58. SERVICE ARM LIGHTING 

The lighting system will provide a minimum of 20 footcandles of 
illumination on each service a r m  (Figures  C-32 through C-36). The sys tem 
components a r e  hydrogen explosion proof; thus, should the need a r i s e ,  the 
lights could remain on during fueling operations. Refer to Figures  C- 32 and 
C-33 for  an arrangement  of overhead lighting for  those service a r m s  for 
which prel iminary design i s  complete. The f i r s t  element, a s  shown on the 
S-I1 AFT Service Arm,  will be typical for  every service a r m  (Figure C-32). 
The placement of the lights on the second elements and extension elements 
will vary for  each a r m  (Figures  C- 32 and C- 33). All service a r m s  will also 
be provided with three-wire ,  1201208 voltage explosion proof receptacles.  

4- 59. DOCUMENTATION 

The complete service a r m  electr ical  documentation for Complex 39, 
which includes a r m  installation, tower installation and L U T  base installa- 
tion i n  m o r e  detail, i s  shown by the family t r e e s  in  Figure C- 37 and C- 38. 

4-60. COMPONENT DESCRIPTION (Figure C- 29) 

4- 61. Control Distributor.  The p r imary  function of the control distributor 
i s  to channel the individual cables f rom pressu re  switches; valves, junction 
boxes, e tc .  , into 60 conductor cables for distribution to patch racks  in the 
base of the L U T .  Each distributor i s  supplied with the same 28 volts d. c .  
power used in  the patch racks to provide a common positive and negative 
r e tu rn  bus; this reduces the number of 60 conductor cables required to 
supply indication and controls to the base of L U T .  

The distributor will be 10. 50 inches high and i s  designed to mount 
i n  a s tandard 24-inch rack. There  will be top and bottom covers  which a r e  
sealed to provide easy  accessibil i ty to the terminal  boards and connectors.  
The front plate will be sealed in  o rde r  for the distributor to be used in  a r e a s  
that will require  sealing. The distributor i s  versat i le  and can be used in 
other  GSE. 



The control distributor will be used on al l  service a r q  levels and 
will. be mounted i n  valve console No. 1 since the majority of valves a r e  
located in  this console. The six-pin connectors on the r e a r  (Figure C-30) 
a r e  connected to components in  the console with cables which have a six- 
pin plug on one end and the required plug on the other end. This allows 
the distributor to be used on a l l  service a r m s  without special  modifications 
for  the exact number of 2, 3 ,  4, 5, and 6-pin connectors required, 

The front of the distributor has  two 60-pin and one 4-pin connectors. 
The 4-pin connector i s  4-conductor number 110 and i s  used for  do c ,  power. 
One of the 60-pin connectors i s  used for control and indication circui ts  
feeding to the patchracks in  the base of the L U T ,  and one i s  used for  control 
and indication circui ts  f rom valve console No, 2 o r  c ircui ts  f rom the serv ice  
a r m s ,  

There  a r e  two assembly-types of terminal  boards inside the dis t r ib-  
utor: One assembly numbered TBl  and TB2 which will be wired number to 
number to the 60-pin connectors J 1  and J 2  on the front of the distributor;  
and the other assembly numbered TBA, TBB, TBC, and TBD, each wired 
i n  groups of s i x  terminals  to their  respective 6-pin connector, l e t te r  to 
le t te r .  F o r  example, TBA1 wi res  le t te r  to le t te r  to connector JA1 on the 
r e a r .  Other terminals  will be used for do  c. buses and will be supplied 
f rom connector 5 3  on the front,  

The te rminal  board nomenclature of TBA1, A2 "A1 0"; TBBl "B1 Ow, 
Dl "DIOrt i s  used i n  lieu of TB1, 2, 3 , . . , 40, It has  been common 
pract ice to wire  each connectdr pin to a terminal  and to keep the te rminal  

I ,  

nomenclature consistent with that of i t s  connector pin; four mechanically 
interchangeable terminal  boards a r e  used i n  the distributor for  this purpose.  
Had connectors numbered 1 through 40 been used, then four separa te  boards 
which only differ in  silk sc reen  markings ( i .  e ,  , 1 - 10, 11-20, 21-30, and 
31 -40) would have to be produced and stocked, By engraving the position 
of the four terminal  boards TBA, TBB, TBC, and TBD, each board only 
needs to be marked 1-10, thus reducing stocking and manufacturing expense. 

4-62. Tes t  Set. The firing system portion of the tes t  se t  will have four 
switches,  One switch will be used for  a lift-off s imulator ,  The other 
th ree  switches will be used to either a r m  o r  d i sa rm the c a r r i e r  re lease  
switch, withdrawal, and retract ion circuits, respectively.  



The firing t e s t  se t  will have three  modes of operation: 

a .  Operation of the kickoff cylinders only. This can be done 
by disarming the c a r r i e r  re lease  switch, withdrawal, and retract ion 
switches. Then close the lift-off simulator to the firing position. 

b. Operation of the withdrawal mechanism. This can be done 
by arming the c a r r i e r  re lease  swltch and withdrawal switch, and disarming 
the retract ion switch. Then close the lift-off simulator switch. 

c .  Operation of the retract ion mechanism. This can be done 
by arming the c a r r i e r  re lease  switch, withdrawal and retract ion switches. 
Then close the lift-off simulator switch. 

F o r  safety purposes the operator checking the firing circui t  opera-  
t ions must  unplug the firing cable feedlng the firing junction box f rom the 
other LUT firing circui ts  and then plug the cable f rom the firing t e s t  se t  
into the firing junction box. 

Also included in this t e s t  se t  will be the capability of controlling all 
valves and verifying a l l  component feedback indications, thereby providing 
complete individual a r m  checkout capability while isolated f rom a l l  other 
sys tems.  This t e s t  se t  i s  identical f o r  a l l  a r m s  and has  switches and lights 
to command and monitor a l l  functions. When used on an  a r m  not containing 
cer ta in  functions, the switches and Eights not used may be noted on checkout 
procedures  and panel overlays,  

This t e s t  6et will be Ased to check out a single a r m  a t  the manufac- 
t u r e r ,  a t  MSFC Huntsville Service Arms  "rest  Site, a t  the completion of in- 
stallation of an a r m  on the L U T ,  a.t any t ime a single a r m  i s  to be checked 
out, o r  for  troubleshooting components of an a r m .  

The t e s t  se t  will have a separate  d, c. power connector to enable 
operation f rom portable o r  fixed power sources .  

A paral le l  connector will be provided t o  allow recording, i f  required,  
while testing, o r  to allow monitoring of checkout i n  the LUT. 

I 

The t e s t  s e t  i s  the suiicase weatherproof type s imi lar  to the LO-DE 
t e s t  s e t s  supplied for  the Saturn C1. 

All a r m  tes t  se t s  a r e  identical and kserchangeable.  There i s  only 
one t e s t  set  checkout procedure and only one spare  tes t  se t  pe r  LUT. Six 
t e s t  s e t s  will provide one for every other a r m  plus the one spare  per  LUT 



4-63, Portable  A r m  Control Box. The portable a r m  control box i s  used 
to extend o r  r e t r ac t  each service a r k  individually. The operator can take 
a position near  the a r m  with the control box and visually check the a r m  a s  
i t  extends o r  r e t r ac t s .  

There  will be s ix  indicator lights and a single-pole double-throw, 
center  off, spr ing re turn  switch on the top panel. Jnternally there  will 
be a te rminal  board and a relay. A 60-pin connector will terminate  the 
control cable f rom the control box to control console No, 1, Schematics 
showing the controls for the extension and retract ion a r e  shown in 
F igures  C-20 through C-22 

4- 64. Umbilical Crossover  Distributor. The umbilical c rossover  d is t r i -  
butor will be approximately 6 by 3 by 6 feet and will be used only on the 
serv ice  a r m s  that have urpbilical cables, 

Approximately 70 electr ical  cables will be required f rom the 
vehicle to cros'sover distributors and approximately 100 cables f rom the 
c rossover  dis t r ibutors  to Tacility umbilical (U, B. ) t e rminal  dis t r ibutors ,  
The majori ty  of these cables will be 60 con'ductor No, 16 with overall  
shields ahd with cer tain individual shield requirements ,  Choices of 
s tandard cable configurations will be made when requ i reven t s  a r e  avail-  
able f rom the stage contractors ,  

The a r m  cables will be delivered, installed on the a r m s  and tested 
a t  MSFC Huntsville, The crossover  to U B. distributor cables will be 
delivered with th6 a r m s  Ao that they can be installed on the L U T  a s  a com- 
plete package 

4-65, Control Console No. 1. Control Console No, 1 will have most  of 
the hydraulic and pneumatic components, and will be located on each s e r -  
vice a r m  control level,  ?hoe control distributor,  portable a r m  control box 
and t e s t  s e t  will be either mounted in o r  attached to the console. There  
will be approximately seventy-five, two to s ix  conductor component 
cables  f r o m  the p r e s s u r e  switches,  va lves , ' e tc .  , to the control dis t r ibutor ,  
portable a r m  control junction box, and t e s t  s e t  which will be installed with 
c lamps ,  e tc ,  

4-66, Control Console No 2 ,  Control Console No, 2 will have the hy- 
draul ic  -pneumatic cylinder controls.  This cons ole will only be used on 
the in-flight a r m s ,  This console will have a junction box for  portable a r m  
control Thenel will be approximately fifteen, two to s ix  conductor com- 
ponent cables f r o m  the p r e s s u r e  switches,  valves, etc. , to the junction 
box which will be installed with clamps,  etc,  



4-67. Lighting and Power Distributor,  The lighting and power dis t r i -  
butor will be approximately 8 by 8 by 8 inches, and will supply three-wire  
1201208 volts,  60-cycle power for lighting and receptacles for each service 
a r m .  The facil i t ies installation will be phased to provide a balanced load 
to a l l  service a r m s ,  and i t  will be on a switcheP circuit  s imi lar  to that for  
the tower lighting, 

4- 68, Service A r m  Patch Racks, These sacks a r e  used to distribute the 
control command and feedback signals of each service a r m  to remote 
locations such a s  the Launch Control Center (LCC). 

The r e  will be patchboard terminations for a l l  incoping  and outgoing 
lines. In addition, relay and diode modules have patchboard terminations 
fo r  each relay and diode terminal,  These modules a r e  plugged into con- 
nectors  identical to those which accept the cables on the back of the patch- 
board a s s e p b l y ,  The racks will be 24 inches wide by 86, 25 inches high 
and radio frequency interference shielded, There will be a requirement 
for  seven racks (F igures  C - 2 5  and C-26).  

P re -p rogrammed  patchboards can be readily installed or  existing 
board re -programmed for severa l  different operations. This will o f fer  
versat i l i ty  with a minimum of wiring changes. 

4-69. Service A r m  Monitor and Recorder  Panel  Racks. The service 
a r m  monitor and r ecorde r  panels will be used to monitor and record  
operations for  each service a r m .  The panels will monitor the systems 
a t  the ver t ical  assembly building, during t rans i t ,  and during prelaunch 
and launch ope rations.  

There  will be two monitor panels pe r  serv ice  a r m ,  each being 
24 inches wide and 8. 75 inches high. Panels  for each service a r m  a r e  
la id out by location of equipment, pneumatic charging, hydraulic charging, 
and f i r ing s+stems.  The $xieumatiz charging circuits for each service 
a r r p  a r e  summed up with relay contacts to a green pneumatic charging 
"OK" light. The pneumatic charging I1OK"light will remain energized 
until the p res su re  drops in one of the pneumatic a i r  bottles a t  which time 
the respective p res su re  switch closes and energizes a charging valve. 
The "OK" light w'ill be de-energized, This will te l l  the operator the 
location of the sys tem being charged. This same procedure i s  performed 
fo r  the hydraulic charging systems.  The firing feedback circui ts  a r e  
summed up with relays to a green firing system "OK" light. This light 
will remain  energized a s  long a s  the firing valves a r e  in the proper  position. 



Another light i s  provided to indicate the firing systems a r e  ready for  
launch. This light will be energized when the charging s y s t e p s  a r e  
blocked, the extension platform locked, and the a r m  extended-lock 
unlocked. As the firing valve; shift af ter  being energized, relays 
will be energized and will energize their  respective light and r e -  
co rde r s  c ircui ts .  

There  probably will be three 100-channel, R, F, I. shielded 
event r eco rde r s  used to record  charging events and firing events. 

The monitor panels will require four 24-inch wide by 86. 25- 
inch high R. F. I. shielded racks,  The layout of the monitor panels 
and racks  a r e  shown in Figures  C-25, C-27, and C-28, 



4-70. VEHICLE SERVICE LINES -- 

Service  l ines  descr ibed  in this  sect ion a r e  the cryogenic,  air con-  
ditioning, pneumatic,  and  e l ec t r i c a l  l ines  servic ing the S -IC, S-11, S -IVB, 
IU,  and  the SM s tages  of the Sa turn  V Vehicle, E lec t r i ca l  l ines  a r e  descr ibed  
in  pa rag raph  4-52. The l ines  r u n  f r o m  an  in terface  a t  each  tower l eve l ,  along 
the s e rv i ce  a r m ,  to another  in terface  a t  the vehicle,  e i ther  in  a combined 
housing o r  a single coupling, All  l ines  other than e lec t r i ca l ,  which a r e  con- 
tinuous between the vehicle and  the tower junction box, consis t  of a sect ion of 
f lex  l ine a t  e a c h  end of the a r m  with a section of h a r d  l ine between. All 
pneumat ic  f lex  l ines  a r e  extruded teflon tubes wrapped with a s ta in less  s tee l  
w i r e  b r a id ,  All  cryogenic f lex l ines  a r e  cor ruga ted  s ta in less  s tee l  wrapped 
with a s ta in less  s tee l  wi re  b ra id ,  A i r  conditioning flex l ines  a r e  si l icone and 
f iberg las  supported b y  a wi re  helix with the 4-inch,  6-inch,  and  10-inch 
s i z e s  being insulated,  The h a r d  line fo r  the a i r  conditioning i s  a n  a luminum 
sp i r a l  duct  with a n  ex te rna l  insulation, Propel lant  fill. and d r a in  l ines  will be 
vacuum jacketed with a vacuum probe ,  valve,  and bur  s t  d isk  supplied with 
e a c h  a s sembly .  In addit ion,  expansion joints a r e  u sed  to accommodate  move-  
ment  of the propellant  l i ne s ,  The S-IVB A F T  propellant  f i l l  l ines  a r e  d i s -  
cus sed  in pa rag raph  4-14. A detai led tabulation on function, media ,  
p r e s s u r e ,  t empe ra tu r e ,  f leq hose weight, s i z e ,  e t c ,  , and h a r d  l ine  data 
along with each  umbilical  c a r r i e r  location i s  included in Appendix A, 

4-71 . S-IC HNTERTANK 

This  a r m  will c a r r y  the S-IC LOX fi l l  and  d ra in  l i ne s ,  The s ize  
and  number  of the l ines  leading f r o m  the remote  reconnect  mechan i sm has  
not been  determined.  Two 8-inch ID l ines  c a r r y  the propel lants  f r o m  the 
tower  in terface  onto the a r m ,  

4-72,  S-I@ F W D  

All of the S-HC F W D  serv ice  l ines  a r e  t e rmina ted  fn a common u m -  
bi l ica l  c a r r i e r  (F igu re  4-46) a t  the vehicle. The l ines  include two 4-inch 
air conditioning l ines ,  eight  e l ec t r i c a l  l ines ,  and four pneumatic l ines  
(F igu re  A - 3 ,  Appendix A ) "  Each  line cons i s t s  of a f lex sect ion a t  the a r m  
tip,  a sect ion of h a r d  l ine along the a r m ,  and another  section of f lex  l ine 
a t  the hinge point, The ymbil ical  c a r r i e r  and the l i ne s  a r e  handled b y  a 
l anya rd  withdrawal mechan i sm (F igure  s 4 -2  1 and 4 - 2  2 ) -  

S-I1 A F T  

A one-inch LOX bleed line will be located on the S-II  A F T  a r m  
(F igu re  A-5 ) .  Cor ruga ted  s ta in less  steel  f lex l ines  will be u sed  a t  the 
a r m  tip and  hinge point with a section of tubing between, A lanyard  a t tached 
to  a co l la r  on the coupling and actuated by a pneumatic cylinder i s  u sed  to 
withdraw the l i ne ,  (F igu re  4- 2 3 ) .  



The three m a ~ n  groupings of servlce l:nes on this a r m  a r e  a s  follows. 

4-75. LOX F i l l a n d  Drain Line, An 8-lnchID,  10-inch OD, vacuamjack-  
eted line interfaces with a Ilit-off type ball and cone propellant coupling 
(Figure 4-47) and i s  retzacted by a Panyard wirhdsawal mechanism. Two 
hinged joints and a p res su re  compensated expansion joint i s  used in con- 
junction with a c o r r ~ g a t e d  flex hose to a ~ d  In retraot ioc,  

Another flex hose (F iga res  4-48 and 4-49) i s  used at  the hinge point 
in a traveling loop sugporred below the a r m ,  Srw pneumatlc l ines will fur -  
nish GN2 and He2 to purge the l i ~ e  and coupling and to actuate the shut-off 
valve located between the coupling and flex Lose . 
4-76. LH2 Fill and Dra;n Line, A n  $-inch Id ,  10-inch OD, vacuum jack- 
eted llne (F lgures  A-7, A - 8 ,  and A -9, Appendlx hi will interface with a 
coupling s i m ~ l a r  to  the one used fo r  the LOX Iine. Six small  pneumatic 
l ines will be routed out to the i n t e ~ f a c e  between the coupling and the f lex 
hose. The LH2 line 1s handled by  a lanyard-t-y-pe withdrawal mechanism a s  
shown in Figure 4-24, 

4-77. Umbilical Car-rler. A l l  e lectr ic  Lines air conditioning and purge 
l ines ,  smal l  cryogenic llne s ,  and pneilmatlc i lnes interface In a common 
c a r r i e r  (Figure 4-50], The carrller and l ines a r e  handled by  a cylinder - 
type withdrawal meci;a=i; sm, Tk.e e~yogels_,c and pneumatlc l ines va ry  f rom 
3/8 inch to 2 inshe s in diameter  and cond1t;oning ducts vary  f rom 4 inches 
to  14 inches in diameter ,  

4-78. S-Ii FWD 

A11 the i ines on this arm rnterfnce at the  vehicle in a common um-  
bilical c a r r i e r ,  'These llne s (F igure  A - 10, Appendix A) ~nc lude  two 8-inch 
hydrogen vent l ines ,  a one -inch cryogenrc line, six pneumatic l ines ,  eight 
e lec t r ica l  i ines ,  and one 4 - ~ n e h  air conditioning line.  These l ines  a r e  
handled by  a cylinder withdrawal rnechantsrn, 

4-79. S-IV'B A F T  

All the service i rnes on thls a r m  interface la; a common umbilical 
c a r r i e r  (Figure 4-511 handled 'by a eyllnder withdrawal mechanism. 



The vacuum jacketed prope8Pan.k f i l l  and drain Pines, a 6-inch ID, $-inch 
OD LOX line and a 6-inch ID, $-inch OD LH2 Pine a r e  located s ymmetr i-  
cally on ei ther  side of the a r m  (Figure 4-52). Hlnged expansion joints a r e  
used in  conjunction with flex hose a t  the tip of the a r m ,  and flex hose i s  
used a t  the hinge point. Another mechanism i s  used to  eliminate pockets 
in the LOX and LH2 line s and aid in withdrawal of the propellant line s ,  
10-inch a i r  conditioning Pine, six electr ical  l ines ,  and eleven pneumatie 
and smal l  cryogenic line s .  The Pine handling mechanism i s  shown in 
Figure 4- 15, The layout of these l ines around the hinge point i s  shown 
in Figure 4-19. 

4-80. S-IVB FWD AND INSTRUMENT UNIT 

The lines on this a r m  service both the S-IVB FWD and the Pnstru- 
ment Unit (HU)* All of the l ines interface with two umbilical c a r r i e r s  sup- 
ported in a common f rame (Figure 4-53). Each line i s  defined in Figure 
A-  14, Appendix A. A cylinder withdrawaB mechanism i s  used to handle the 
common frame and lines (Figure 4-26). 

a .  S-IVB. The S -1VB portion consists of a 6-inch hydrogen 
vent line and eight e lectr ical  Pines, 

b. IU. The IU portion consists of a 6-inch a i r  conditioning - 
l ine,  sixteen electr ical  l ines,  a pneumatic line, and two lines for water/  
me than01 conditioning, 

4-81. SERVICE MODULE 

The requirements of this a r m  have not been definitely established a t  
this t ime.  However, a l l  l ines will i n t e ~ f a c e  in a common umbilical c a r r i e r  
(F igure  4-54). This c a r r i e r  will be re t rac ted  with a lanyard withdrawal 
mechanism (Figure 4-27) and the tentative lines a r e  shown in Figure A-16 
and A - 17, Appendix A .  The line s include a 6 -inch a i r  conditioning l ine,  
three e lec t r ica l  l ines ,  five pneumatic and small  cryogenic l ines ,  and two 
coolant line s . 
4-82. COMMAND MODULE 

At present ,  a 6-inch a i r  conditioning line will supply the environ- 
mental cab a t  the tip of the acces  s a r m ,  



Figu re  4-46. S-IC F W D  Umbilical  C a r r i e r  
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Figure 4-49. S-I1 INTERMEDIATE Propellant Lines - Tower Interface 





Figure  4-51. S-IVB AFT Umbilical C a r r i e r  
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Figure  4-53. Combination S-IVB F W D  and IU Umbilical C a r r i e r  



Figu re  4- 54. Service  Module Umbilical C a r r i e r  



4-83. SYSTEM OPERATIONAL DESCRIPTION 

Semi-automatic and automatic operating sequences for the with- 
drawal mechanism, in-flight and preflight service a r m  retract ion sys tems,  
and extension platform a r e  presented in the following paragraphs.  Semi-  
automatic operations a r e  those which a r e  initiated by the manual positioning 
of switches, valves,  e t c ,  , by personnel on the tower levels ,  Automatic 
operations a r e  those which a r e  initiated remotely by the lift-off motion of 
the vehicle or  by the output signal f rom a countdown p rogrammer .  

Each component which appears  on the applicable schematic i s  
identified by the number mentioned in the chronological sequence of opera-  
tions ., Additional physical descriptions of cylinders,  locking devices,  
switches,  and other mechanisms have been excluded f rom this section 
since these a r e  contained in other sections of the repor t .  

4-84. CHARGING OPERATION 
/ I 

Each service a r m  i s  provided with the following supply l ines:  

Hydraulic fluid a t  3000 ps i ;  
Nitrogen gas 'a t  3000 psi ;  
Nitrogen gas a t  750 psi ;  
Compressed gas a t  1 2 5  ps i"  

These l ines  a r e  used to initially charge and to  replenish the hydraulic 
accumulators  and gas bottles located in the control cabinets,  P res su r i zed  
gas bottles,  hydraulic accumulators ,  and their  combinations a r e  separated 
f r o m  each  other e i ther  for  redunqancy or for accomplishing specific 
functions. 

A typical charging cycle i s  explained for gas bottles A5374, A5375, 
and A5376 (Figure 4-55). As the L U T  panel charging sy$tem switch i s  
turned on, solenoid valve A5371 i s  energized through action of p r e s s u r e  
switch A5369, When the p res su re  in  the gas bottles drops to  the low se t -  
ting of p res su re  switch A5369, the switch completes a circui t  and energizes  
solenoid valve A5371, The valve shifts to its open position, and gas flows 
through p r e s s u r e  regulator A5372, which controls the outlet p r e s s u r e  and 
thus the ra te  of gas flow into the bottles. P r e s s u r e  in the bottles r i s e s  to 
the high setting of p res su re  switch A 5369 when the bottles a r e  charged. 
The circui t  then opens and a s  solenoid valve A5371 i s  de -energized, the 
spring shifts the valve to  i t s  closed position, 



A separate standby hydraulic accumalator A53 16, charged to 75 p s i  
through i t s  charging components A5302, A5303, and A5320 prevents entry 
of a i r  into the hydraulic l ines ,  

4-85. WITHDRAWAL MECHANISM 

Withdrawal mechanisms may be classified as either lanyard or 
dual cylinder type. Figure 4-56 shows the schematic for the S-IVB AFT 
withdrawal mechanism which is  a typical dual cylinder type. The sche- 
matic  for the S-IVB FWD Service A r m  (Figure 4-57) is  s imi lar  to the 
S-IVB AFT,  Valve p res su re  settings a r e  different, however, and the 
propellant line cylinder and associated components a r e  not provided, 

4-86. Manual Extension, At the s t a r t  of this operation, the hydraulic 
and pneumatic cylinders of the withdrawal mechanism a r e  mechanically 
ratcheted in the re t rac ted  position; all the solenoid valves a r e  r e se t  to 
their  p r e  -launch position; and the kydraulic ao c ~ m u l a t o r  s and gas bottle s 
a r e  charged, To accomplish manual extension, two operators  a r e  r e -  
quired; operator A a t  control cabinet No, 1, and operator B on the tip of 
the service a r m ,  Operator A increases  p res su re  on the rod end of the 
hydraulic cylinder by clockwise adjustment of loader A5406. The resu l t -  
ing p res su re  change causes an  unbalance in the dome of the main p res su re  
regulator A5408 and permi ts  hydraulic fluid to flow into the rod end of 
the hydraulic cylinde r ,  When p res su re  gage A541 1 indicates appr  oxi- 
mately 675 ps i ,  operator  A stops adjustment of laader A5406, Operator 
B then removes the pawl f rom the ratchet mounted a t  the trunnion of the 
pneumatic cylinder. Should the paw4 be tight, a higher p res su re  will be 
requi red  to permi t  i t s  r e l ease ,  Once the pawl i s  removed, operator A 
adjusts  loader A5406 counterclockw~se to slowly reduce the p res su re .  
As  this p res su re  i s  reduced, the net moment about the pneumatic cylinder 
trunnion causes an unbalanced condition which causes extension of the 
hydraulic cylinder and allows the pneumatic cylinder to rotate toward a 
horizontal position, Operator B must judge how much rotation is  required 
in one step and kignals operator A accordingly, Operator A adjusts loader 
A5406 to increase the counterbalancing p res su re  and stop the motion. 
Operator A then slowly adjusts the setting of p res su re  regulator A5477, 
The p r e s s u r e  increases  in the blind end of the pneumatic cylinder and 
causes cylinder extension, Any extension of the pneumatic cylinder will 
cause fur ther  rotation toward the horizontal position; therefore,  operator 
A must  gradually increase the p res su re  in the hydraulic cylinder to counter- 
ac t  the increasing turning moment,  Until operator A become s famil iar  with 
the p res su re  variations required to extend the umbilical c a r r i e r  smoothly, 



The incremental method outlined above should be followed. After the 
umbilical c a r r i e r  i s  extended about half way, operator A positions valve 
A5499 to extend the pneumatic cylinder of the cam mechanism. When this 
action i s  completed and the springs in the cam mechanism have gone over 
center ,  operator  A allows valve A5499 to re turn  to i t s  normal  position and 
thus vents the rod end of the cylinder. 

Extension i s  continued until the umbilical c a r r i e r  i s  a few inches 
f rom the vehicle. The umbiPicaZ c a r r i e r  i s  manually positioned to contact 
the vehicle; the ball Bocks a r e  engaged; and extension i s  completed.( Coup- 
ling of service line connectors i s  excluded f rom this r epor t  ) Operator A 
wi l l  then a d ~ u s t  a l l  valves and regulators to the original sett ings,  

Should the manipulation of the hydraulic cylinder a s  described above 
prove difficult, an al ternate  method a s  outlined below may be used, 

Operator A adjusts regulator A5406 to increase  the p res su re  to 
1600 psi  in  the rod end of the hydraulic cylinder. After gage A5411 eon- 
f i r m s  the p res su re  increase ,  operator  A closes valves A5407 and A5446 
and opens valve A5427. Now the hydraulic cylinder can be advanced, 
bloclced, o r  re t rac ted  by positioning spring-centered manual valve A5428. 
Setting valve A5428 to either position No. 2 o r  position No, 1 causes the 
cylinder to advance o r  r e t r ac t  respectively. The speed of cylinder move- 
ment i s  controlled by valve A5426. Operation of the pneumatic cylinder 
i s  accomplished i n  the manner previously described, After locking the 
umbilical c a r r i e r  to the vehicle, operator A closes  valve A5427, checks 
for centering of valve A5428, opens valves A5407 and A5446, and adjusts 
valve A5406 to i t s  original p res su re  setting. 

4-8"0 Manual Retraction. Operatlsn of the withdrawal mechanism cylin- 
d e r s  may  be checlced as-follows: The pin 1s removed f rom the clevis on 
the rod end of the pneumatic cylinder, and operator  A adjusts regulators 
A5491 and A5406 clockwise. Increased p res su res  on the rod ends of the 
hydraulic and pneumatic cylinders cause their  retraction. The ra te  s f  
re t ract ion depends on the degree of regul,ator adjustment, 

4-88, Vehicle Tracking. The sys tem for vehicle tracking requi res  an 
a d ~ u s t m e n t  of p res su re  settings of regulators A5406, A5441, A5477 and 
A5491 to induce minimum vehicle skin loading. 



4-89. Vehicle Motion Away F r o m  the Service Arm,  Vehicle motion away 
f r o m  the a r m  causes movement s f  the withdrawal mechanism cylinders.  
F o r  the purpose of this description, le t  us  l imit  the motion to that directed 
along the Bongitudinal axis of the a r m ,  

When the vehicle moves away from the service a r m ,  the withdrawal 
mechanism pneumatic cylinder extends, and p res su re  increases  on the rod 
end and decreases  on the blind end, As soon a s  the p res su re  on the rod end 
inc reases  5 ps i  above the original setting of 150 psi ,  check valve A5495 
closes  and regulator A5497 opens to maintain constant rod end p res su re .  
Shuttle valve A5509 remains in the position shown on the schematic.  At 
the same t ime,  the blind end p res su re  i s  maintained a t  175 psi  by p r e s s u r e  
regulator A5477. The withdrawal mechanism hydraulic cylinder operates  
on the same regulating principle, The rod end discharges displaced fluid 
through a 5 ps i  differential unloader A5450 into the blind end of the cylinder,  
The difference in vo%ume between rod and blind ends i s  provided by accumu- 
lato r A 5449, 

The propellant line pneumatic cylinder also extends and displaces 
gas f rom i t s  rod end through a 5 ps i  differential unloader A5445 into the 
line containing check valve 85442. Thus, the blind end of the propellant 
line pneumatic cylinder i s  maintained a t  a p res su re  slightly above a tmos-  
pheric  p res su re  by the discharged gas f rom unloaders A5445 and A5497. 
A portion of this gas i s  relieved through check valve A5442, 

4-90 . Vehicle Motion Toward the Service A r m .  When the vehicle moves 
toward the service a r m ,  the operation i s  reversed .  The blind end of the 
withdrawal mechani s m  pneumatic cylinder now discharges through a 5 ps i  
differential unloader A5460, while the rod end p res su re  i s  maintained by 
action of p res su re  regulator A5491. 

The withdrawal mechanism hydrauli c cylinder a l so  r e t r ac t s  a s  
the vehicle moves8towa.rd the service a r m .  The discharge f rom the blind 
end of the hydraulic cylinder f i r s t  charges the accumulator A5449 to 75 
ps i  and then discharges any fur ther  fluid through system back p res su re  
valves A5354 and A5355 contained in hydraulic re turn  line 4 ,  Rod end 
p r e s s u r e  i s  maintained by fluid supplied through p res su re  regulator A5408. 

As the vehicle moves toward the service a r m ,  the propellant line 
pneumatic cylinder also r e t r ac t s ,  Rod end p res su re  i s  maintained by 
p r e s s u r e  regulator A544 1 and blind end p res su re  i s  relieved through check 
valve A5442, 



4-91.  Disconnect and Withdrawal. When the vehicle r i s e s  3 /4  inch, 
p r i m a r y  lift-off switches No, 1 and No, 2 complete electr ical  c i rcui ts ;  
switch No, 1 energizes  solenoid No, 1 and de -energizes solenoid No, 2 of 
inlet valve A5520 while switch No, 2 energizes the solenoid of inlet valve 
A5524.  Both valves shift and provide paths for the pressur ized  gas s tored 
in the two separate  gas bottles A5522 and A5519. Gas f rom bottle A5522,  
which i s  charged to  900 ps i ,  shuttles valves A5506 and A5525 and blocks 
the flow f rom bottle A5519 which i s  charged to 750 p s i  maximum. This 
p res su re  sequencing gives pr ior i ty  to the higher p res su re  supply and 
maintains the redundant second p res su re  source on standby. Since sole - 
noid valves A5524 and A5520 a r e  actuated f rom independent buses,  the 
redundant sys tem protects against failure of either of the two lift-off 
switches or e lec t r ica l  power supplies, valves, or stored energy sources ,  
Shuttle valves A5506 and A5525 will pe rmi t  operation f rom whichever 
p res su re  source i s  a t  the higher level, 

NOTE 

The sys tem described above necessi ta tes  a con- 
tinuous e lec t r ica l  signal applied to one of the solenoids 
of &ve A5520,  A similar  situation exis ts  in other 
c ircui ts  in the control system, This condition is  r e c -  
ognized to be undesirable. Therefore,  mechanical 
latching type valves a r e  under development for these 
applications. 

P r e s s u r e  build-ub will occur sooner in the ball-lock and kick-off pneumatic 
cylinders than in the cam mechanism pneumatic cylinder, due to the dif - 
ference in flow settings of valves A5526 and A5507. A slight delay will 
therefore occur between actuation of the ball lock and kick-off cylinders 
and the redundant cam mechanism pneumatic cylinder. 

The umbilical c a r r i e r  i s  ejected away f rom the vehicle by action 
of e i ther  the kick-off or c a m  mechanism pneumatic cylinders,  Release 
switches No, 1 (A 101) and No, 2 (A 102) which a r e  mounted in the umbilical 
c a r r i e r  then close.  These switches operate independently and complete 
two redundant c ircui ts  to initiate action of both the withdrawal mechanism 
and the a r m  retract ion sys tem,  



Operation of the withdrawal mechanism i s  initiated by the closure 
of switches No. 1 ( 8 1 0 1 )  and No, 2 ( 8 1 0 2 ) .  Switch No. 1 energizes  sole- 
noid No. 2 and de-energizes solenoid No. 1 of inlet valve A5500. It s imul-  
taneously energizes  solenoid No. 2 and de -energizes solenoid No. 1 of 
outlet valve A5462,  Switch No. 2 actuates the solenoid of inlet valve A5508 
and simultaneously energizes solenoid No, 2 and de -energizes solenoid No. 1 
of outlet valve A5463.  

Actuation of inlet valves A5508 and A5500 provide flow paths for 
gas s tored  in gas bottles A5437 and A5438 (precharged to 650 ps i  maximum) 
and A5503 (precharged to 1350 ps i  minimum). The resulting p res su re  dif- 
ference shifts shuttle valve 8 5 5 0 9 ,  which blocks the lower p res su re  source 
and pe rmi t s  the gas  a t  the higher p res su re  to flow into the rod end of the 
withdrawal mechanism pneumatic cylinder, Thus, bottles A5437 and A5438 
become the redundant source,  Valve A5463 permi ts  flow out of the blind 
end of the cylinder. Valve A5462 a l so  shifts open but does not permi t  any 
flow unless  valve A5463 fails to shift. 

During the l a s t  seven inche s of stroke, the withdrawal mechanism 
pneumatic cylinder and i ts  moving m a s s e s  a r e  decelerated by the hydraulic 
shock absorber  which i s  housed inside the cylinder,  The shock absorber  
hydraulic fluid i s  forced through the orifice of valve A5465 into accumulator 

' A5466 which is  gas  precharged to 180 ps i ,  

A s  the withdrawal mechansim pneumatic cylinder r e  t r ac t s ,  the 

withdrawal mechanism hydraulic cylinder swings the pneumatic cylinder 
upwards,  The hydraulic cylinder operation i s  a s  follows: 

Umbilical c a r r i e r  re lease  switches No. 1 ( 8 1 0 1 )  and No, 2 (A 102) 
actuate inlet valves A5451 and A5413 respectively of the withdrawal 
mechanism hydraulic c ircui t  f rom independent e lectr ical  buses ,  

When valve A5451 shif ts ,  it isolates unloader A5450 f rom the sys tem 
and pe rmi t s  hydraulic fluid a t  1600 ps i  minimum to flow f rom accumulator 
A5404  into the rod end of the withdrawal mechanism hydraulic cylinder,  
Hydraulic fluid displaced f rom the blind end of the cylinder flows to the 
hydraulic return.  Valve A5413 shifts and duplicates the function of valve 
A545 1 ,  A t  the end of the stroke the hydraulic cylinder i s  re ta rded  by 
buffering provided in the cylinder blind end, 

During retract ion of the umbilical c a r r i e r ,  the propellant l ines 
a r e  pulled back by action of the propellant line r e t r ac t  cylinder, The 
p res su re  in the rod end of this cylinder is maintained a t  100 p s i  during 
motion by regulator 8 5 4 4 1 ,  



4-92, IN-FLIGHT SERVICE ARMS 

Figure  4- 55 shows a schematic which i s  common to a l l  in-flight 
serv ice  a r m s .  The p res su re  settings indicated on the schematic a r e  p re -  
l iminary values calculated for  the S-IVB AFT Service Arm.  The switches 
r e fe r red  to in this  description a r e  located in F igures  C-20 through C-23. 

4-9 3. Semi-  Automatic Ope ration 

4-94. A r m  Extension. At the s t a r t  of this operation the service a r m  i s  
in  the fully re t rac ted  position and i s  latched to the tower,  The cable f rom 
J l  of junction box A5 in control cabinet No. 1 i s  disconnected f rom 52 of 
the control distributor by the operator  who plugs the portable a r m  control 
box into control cabinet No. 1 and then a s sumes  a convenient position near  
the edge of the tower deck for  d i rec t  observation of the service a r m .  The 
momentary switch S 1 on the control box i s  placed in the EXTEND position 
and held. Immediately, a c ircui t  i s  completed through l imit  switches 
A1 10 and A l l 1  to an  indicator light on the box which confirms the unlocked 
positions of the a r m  extended locks,  Simultaneously, a c ircui t  i s  completed 
to energize solenoid valve A5358. This valve shifts to the c ross-over  posi-  
tion and gas  f rom the 750 ps i  supply line en ters  the rod side s f  the latch- 
back re lea  se  cylinder,  The cylinder activates the latch-back mechanism 
so that the a r m  i s  f r ee  to swing away f rom the tower.  Limit  switch A104 
c loses  and completes a c ircui t  to a second indicator light on the control 
box confirming re lease  of the latch-back mechanism. The closure of 
switch A104 a lso  completes circui ts  to energize solenoid No. 2 of valve 
A5309 and the solenoid of valve A5379. As these valves shift, hydraulic 
p r e s s u r e  i s  applied to the blind ends of the hinge mounted cylinders f r o m  
secondary supply 85338; flow i s  directed away f rom the rod ends of these 
cylinders to the hydraulic r e tu rn  l ine; and the blind end of the tower mounted 
cylinder i s  vented, The application of torque by the hinge mounted cyl inders  
ro ta tes  the service a r m  away froin the tower. As the a r m  extends,  the 
cable i s  reeled out through the block and tackle system thus re t rac t ing  the 
tower mounted cylinder,  Hydraulic fluid en ters  the rod end of this  cylinder 
f r o m  accumulator A5316 through check valve 145329. Approximately 5 min-  
u tes  i s  required to extend the a r m .  This t ime may be varied by adjustment 
of valve A5308. After appgoximately 7 3  " of rotation, the a r m  hinge plates 

I contact adjustable mechanical stops on the tower mounted hinges. Limit  
switch A109 then closes  to energize solenoid No, 2 01 valve A5310. This  
valve shifts to admit p res su re  to the rod ends of the a r m  extended lock 
cylinders f r o m  accumulator A5338. These cylinders dl"ive the locking dogs 
into engagement with floating inse r t s  in the a r m  hinge plates.  Limit  
switches A 110 and A1 1 l in  the top and bottom hinges close to complete a 
c i rcu i t  through a third indicator light on the control box and thus confirm 



the engagement of both locks,  The operator  continues to hold the a r m  
control switch in the EXTEND position until the 75 ps i  fluid entering the 
rod end of the tower mounted cylinder forces  the prston to a fully retracted 
position which ensures  proper  cable tension, If this p res su re  i s  not 
sufficient to overcome the fraction an the system, back p res su re  regulators 
A5354 and 85355,  regulator 85303, and. p res su re  switch A5320 located 
in  control cabinet No. 1 should be adjusted to higher p res su re  sett ings,  
When the cylinder becomes fully r e t r ~ c t e d ,  l imit  switch A105 closes  to 
complete a circui t  to a fourth Eight on the control box, The a r m  control 
switch i s  re leased,  the portable arm control box i s  unplugged, and the 
operation i s  completed, 

The a r m  may be stopped at any intermediate position during the 
extension operation by releasing the momentary switch on the control 
box, If this switch is released,  &II electr ical  eirczaits a r e  opened, and 
the solenoid valves a r e  de-energized, Valve A5309 re turns  to the blocked 
position and the service a r m  i s  hydrau3~icaTbBy locked. After the a r m  has  
stopped, the operator  may reve r se  the original direction of rotation by 
placing the momentary switch in the RETRACT position. 

4-95. A r m  Retraction. At the s t a r t  of t'nits operation, the service a r m  
i s  in  the fully extended position and the a r m  extended locks a r e  engaged. 
The operator  plugs the portable a r m  control box into control cabinet No. I 
and takes a suitable position for d i rec t  observation of the service a r m .  
The momentary switch i s  placed in the RETRACT position and helid. A 
circui t  i s  completed to energize solenoid No, B of valve 85310. This  
valve shifts and p r e s s u r e  f rom accumulator A5338 i s  applied to the blind 
ends of the a r m  extended lock cy8rrnders. The locking dogs a r e  disengaged 
and the l imi t  switches in the hinges c b s e  to complete a c i rcui t  to an indi- 
cator  Bight sn the control box, CBos-tir e of these switches a l so  causes sole- 
noid No. 1 of valve A5309 and the s o l e ~ s l d  of valve A5378 to be energized. 
As these valves shift, gas p res su re  f rom the premary supply bottles 85374,  
A5375 and A5376 i s  applied ts the blind end of the tower mounted cylinder. 
This  p r e s s u r e  i s  intensified by differential piston area and applied to the 
rod ends of the hinge mounted cy1L;lnders through vabves A5361 and A5362, 
Fluid f rom the blind ends of the h k g e  mounted cylinders i s  directed through 
valve A5309 to the hydrauhc re turn  l~rae,  Smce the intensifaed p res su re  
keeps check valve A532 1 closed, fbuid f rom accumlulbator A5338 does not 
flow into the active circuit .  The application of torque by the hinge mounted 
cylinders rotates  the service arm towards the tower, The cable i s  reeled 
in  by the motion of the tower mounted cylinder, Retraction continues until 
the a r m  comes into the tower and i s  automatically engaged by the latch- 
back mechanism. Limit switch A183 closes  wEen the a r m  has  re t rac ted  
sufficiently for  engagement of the latch-back mechan.lsm. This switch com- 
pletes  a circui t  to an  indacator Light ox the controP box, The momentary 



switch IS re leased,  a l l  c i rcui ts  a r e  broken, the portable a r m  control box 
i s  unplugged, and the operation i s  completed. The same 5-minute opera- 
tion t ime mentioned in  paragraph 4-9 applies fo r  a r m  retr-action. This 
t ime i s  a l so  subject to the adjustment of valve A5308. 

As i n  the case  of extension, the a r m  may be stopped a t  any in ter -  
mediate position by re lease  of the momentary switch, Subsequent continu- 
ation of retract ion o r  a change to extension operation may be selected by 
positioning the momentary switch. 

4- 96.  Automatic Retraction 

4-97 .. Unlocking Operation. At T minus 15 seconds, a signal f rom the 
countdown p rogrammer  energizes  solenoid No, 1 of valve A5310. This 
valve shifts and hydraulic p res su re  f rom supply A5338 i s  applied to  the 
blind ends of the a r m  extended lock cylinders.  When the locking dogs 
become fully disengaged, a l imit  switch in each hinge closes  to complete 
a c i rcu i t  to an indicator light in the L C C  confirming the  pera at ion. The 
a r m  i s  now hydraulically locked since both s ides  of the hinge mounted 
cylinders a r e  blocked by valves A5327, A5348, and A5349. 

4-98. Normal Retraction. The operational sequence pr ior  to closure of 
the umbiPiea4. c a r r i e r  re lease  confirm switches i s  described in  paragraph 4-91. 

As the umbilical c a r r i e r  i s  e ~ e c t e d  flrom the vehicle, re lease  confirm 
switch No. 2 closes  to energize solenoid No. 2 of valve A5377 and to energize 
solenoid No. 1 of valve A5349. At the same  t ime,  re lease  confirm switch No, I 
c loses  to energize solenoid No. 2 of valve A5326 which d i rec ts  hydraulic pnlot 
p r e s s u r e  to valves A5327 and A5348, Valve A5373 shifts to the s t raight-  
through position and system p r i m a r y  p res su re  a t  2100 ps i  f rom bottles A5374, 
A5375 and A5376 i s  applied to the blind end of the tower mounted cylinder,  
This p r e s s u r e  i s  intensified to 2100 psi  by differential piston a r e a  and i s  
applied through valves A5361 and A5362 to the rod ends s f  the hinge mounted 
cylinders.  Valves A5348 and A5 349 shift to their  straight-through positions 
and allow fluid f rom the blind ends of the hinge mounted cylinders to flow 
through valves A5350, A5355, and A5354 to the hydraulic re turn  line. The 
torque applied by the hinge mounted cylinders causes the serv ice  a r m  to 
retract while the cable i s  automatically reeled in  by the motion s f  the tower 
mounted cylinder.  Although valve A5327 i s  shifted to the straight-through 
position, fluid f rom accumulator A5338, charged to 2008 psi,  i s  blocked by 
check valve A5324. As the a r m  re t r ac t s  toward the tower,  i t s  dynamic 
charac ter i s t ics  a re  governed by flow control valve A5350 ( see  paragraph 4-51 
for a detailed description of this valve),  



F o r  normal  operation, the flow through the cam controlled p res su re  com- 
pensated orifice i s  independent of p res su re  fluctuations on the ups t ream 
and /o r  downstream side of the valve and, in effect, flow ra t e  depends only 
on the cross-sect ional  a r e a  of the orifice. The integral sequence and p r e s -  
su re  relief valves remain  closed during normal  operation. Operation of 
valve A5350 causes angular velocity, of the a r m  to vary  a s  a function of 
a r m  angular displace,ment closely approximating a half sine wave. These 
dynamic charac ter i s t ics  a r e  dictated by the contour of a cam attached to 
the service a r m  pivot, The peak velocity occuring at the half angle of ro-  
tation i s  equivalent to a flow ra te  of approximately 120 gpm f o r  the S-IVB 
A F T  service a r m .  The corresponding retraction t ime,  excluding delays due 
to response t ime for  valves, switches, e t c . ,  i s  approximately 6 seconds. 
The service a r m  contacts the tower mounted shock absorber  af ter  rotation 
through a 70" angle and since the velocity of contact i s  small ,  an  additional 
t ime delay included in the 6 seconds is required to collapse the shock ab- 
so rbe r s .  The latch-back mechanism engages the a r m  a s  i t  becomes fully 
re t rac ted ,  A l imit  switch closes a t  the csmpketion of the retract ion cycle 
and energizes  a relay in the base  of the L U T  for  fur ther  distribution, re- 
cording, and indication a t  the LCC. 

Relief valves A5328, A5330, A5352, and A5373 a r e  provided for  
protection against excessive increase in the stored energy p r e s s u r e s  which 
could resul t  f rom engine exhaust gases  impinging upon the tower levels  
and consoles. 

4-9 9. Redundant Modes of Retraction. Several  different inter  system 
modes of a r m  retract ion a r e  automatically initiated by possible sub sys tem 
o r  component fai lure .  These specific fai lures  have been divided into groups 
below, Each  se t  of fai lures  i s  followed by a description of the subsequent 
sys tem operation. 

a .  C6mplete los  s of p r imary  supply p res su re ,  

Possible  reasons:  Gas bottles A5374, A5375, and A5376 
not charged; valve A5379 vented; valve A5377 and/or  valve A5362 closed; 
l o s s  of supply line to blind end of tower mounted cylinder; o r  malfunction 
of umbilical c a r r i e r  re lease  switch No. 2 (A102). 

Closure of umbilical c a r r i e r  re lease  switch No. 1 (A 10 1) 
insu res  that valves A5327 and A5348 have shifted to their  straight-through 
positions. Since p r imary  supply p res su re  i s  absent,  flow immediately 
proceeds f rom accumulator A5338 through check valve A5324 into the rod 
ends of the hinge mounted cylinders,  This flow i s  produced by a secondary 
supply p r e s s u r e  of 2000 psi  f rom gas bottles A5336, A5337, and A5339. 



The remainder  of the operational sequence i s  identical to that described 
for normal  retract ion except that the tower mounted cylinder does not 
extend, and thus the cable i s  not reeled in a t  the normal ra te .  

b,  Gradual or  intermittent loss  of p r i m a r y  supply p res su re .  

Possible reasons:  Leakage in the supply l ine,  leakage or  
sticking of valves A5379 and 8 5 3 7 7 .  

A decrease in p r i m a r y  supply p res su re  will be accompanied 
by a corresponding decrease in the intensified hydraulic p res su re  supplied 
by the tower mounted cylinder to the hinge mounted cylinders.  If the initial 
intensified hydraulic p res su re  is  between 2600 and 2000 ps i ,  the retract ion 
operation will be normal  until gas expansion causes the hydraulic p res su re  
to drop below 2000 psi .  When this p res su re  falls below 2000 ps i ,  the second- 
a r y  supply takes over;  fluid f r o m  accumulator A5338 feeds the hinge mounted 
cylinders through check valve 8 5 3 2 4 ;  and a r m  retract ion i s  completed with- 
out any time delay. If leakage has been severe enough to diminish the initial 
intensified p res su re  below 2000 ps i ,  the retract ion operation will be identi- 
cal  to that descr ibed in subparagraph a above. 

c ,  Complete loss  of hyAraulic fluid in the rod ends of the hinge 
mounted cylinders , 

Possible reasons:  Loss of inlet line (breakage).  

Should the hydraulic inlet line break,  a l l  hydraulic fluid f rom 
secondary p res su re  supply accumulator A5338 and f rom the rod end of tower 
mounted cylinder will be discharged. Since the blind end of tower mounted 
cylinder i s  p res su r i zed  by gas,  i t  will extend and force the cable to r e e l  in,  
thus completing a r m  retr+ction, 

d. Gradual loss  of hydraulic fluid in the rod ends of the hinge 
mounted cylinders . 

Possible reasons:  Hydraullle fluid leakage f rom any line nor -  
mally carrying intensified fluid p r e s  sure or internal leakage through valve 
A5309. 

Should the fluid leak be slight, the tower mounted cylinder will 
move fas te r  and increase cable tension. The intensified hydraulic p res su re  
will gradually decrease,but the retract ion will be continued without delay since 
the input power available for retract ion is nearly constant. 



The torque caused by increased cable tension will be added to the hinge 
mounted cylinder torque. Once the intensified p res su re  decreases  below 
that of the secondary p res su re  supply A5338, the hatter will compensate 
for  the leakage and complete the retraction. 

4-100. Redundant Modes of Operation for  Flow Control Valve A5350. Since 
the hydraulic r e tu rn  line plays a vital role i n  controlling the speed of a r m  
retract ion,  the special  cam operated valve A5350 incorporates severa l  
fail-safe features  to protect the ent i re  system f rom possible internal fail- 
u r e  of any flow control, valve component. 

a .  Fa i lure  of the compensator spring, 

Possible reason: Overstressing of the spring. 

Should the compensator spring break, the flow will rapidly 
decrease .  As a resul t ,  upstream pressu re  will r i s e  and a t  3200 psi will 
operate  the sequence valve to direct  high p res su re  fluid behind the com- 
pensator spool and force i t  to i t s  open position. The resulting flow will 
no longer be compensated for  pre.ssure variations but par t ia l  control i s  
s t i l l  maintained. 

b. Restriction of valve main flow channels. 

Possible reasons: Clogging of the variable orifice,  o r  
sticking of the compensator o r  sequence value spools. 

Should the variable orifice clog, the upstream pressu re  will 
r i s e  rapidly and a t  3650 psi,  the differential type relief valve will be actu- 
ated. The flow will force a normally closed spool into an open position 
and will unload the flow of 120 gpm a t  a p res su re  drop of 160 psi .  P r e s s u r e  
drop will be a function of flow ra te .  Flow and resulting a r m  motion will be 
uncontrolled. 

4-1 01. PREFLIGHT SERVICE ARMS 

The hydro-pneumatic system to operate the preflight service a r m s  
i s  a simplified version of the system used for in-flight a r m s .  All the r e -  
dundant features  provided for  the in-flight a r m s  a r e  not incorporated 
(Figure  4-58). Therefore,  the system i s  l imited to two hinge mounted 
cylinders (no cable arrangement)  ? and the p res su re  supply and valving 
contained i n  control cabinet No. 1 .  



4- 102. Semi- Automatic Operation 

4-103. Arm Extension, At the s t a r t  of this operation, the service a r m  
i s  i n  the fully re t rac ted  position and latched to the tower.  The operator  -- 

plugs the portable a r m  control box into control cabinet No. 1 ;  holds mom- 
entary switch S1 i n  the EXTEND position, and sys tem operation proceeds 
in  exactly the s a m e  manner  a s  fo r  in-flight a r m  extension. Since the tower 
mounted cylinder, i t s  control valves, and l imit  switch A1 05 a r e  not in- 
cluded in  the preflight system, the operator  re leases  the momentary switch 
when the l imit  switches confirm engagement of the a r m  extended locks.  

4-104. A r m  Retraction. At the s t a r t  of this operation, the serv ice  a r m  i s  
in  a fully extended position and the a r m  extended locks a r e  engaged. The 
operator  plugs the portable a r m  control box into the appropriate jack of the 
control cabinet, places momentary switch S1 into the RETRACT position, 
holds i t ,  and proceeds in  exactly the same manner descr ibed for  in-flight 
a r m  extension. Since the tower mounted cylinder, i t s  control valves,  and 
the p r i m a r y  p res su re  supply a r e  not included, re tract ion i s  accomplished 
by the pressur ized  fluid supply in  accumulator A5338. 

Control valve and electr ical  interlock operation was explained in 
the description of the in-flight serv ice  a r m  retract ion sequence. 

4- 105. Automatic Retraction. 

4-106. Unlocking Operation. At T minus 15 seconds, a signal f rom the 
countdown p rogrammer  energizes solenoid No. 1 of valve A5310 and s e -  
quences the unlocking operation in exactly the same  manner  a s  described 
for  the in-flight a r m .  

4- 107. Normal Retraction. At T minus 10 seconds, a signal f r o m  the 
countdown programmer  initiates the sequence of ejecting the umbilical 
c a r r i e r  and/or  couplings and retract ion of the a r m s .  The resulting 
sequential operation of the hydraulic retract ion system occurs  i n  the 
s a m e  manner  a s  for  the in-flight serv ice  a r m s ,  except that a l l  redundant 
units and their  controls do not exist .  The possibility of a countdown hold 
in  the event of sys tem malfunction provides a replacement for  the redun- 
dant sys tem complexities in  the preflight sys tems.  The countdown hold 
i s  accomplished automatically by failure of any preflight a r m  to r e t r ac t  
fully and close the a r m  re t rac ted  switch at  the tower.  

4-108. EXTENSION PLATFORM 

Flow control valves A6000, A6001, A6013, and A6014 (Figure  4-59) 
a r e  provided for  adjustment of motor  speed. P r e s s u r e  regulators  A6012 
and A6008 a r e  provided to allow motor  torque and friction wheel p r e s s u r e  
adjustment.  
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4- 109. Manual Extension, Vehicle Tracking, and Retraction. Operation 
of the extension platform requires  two operators .  To extend the basic  
extension platform, operator  A moves the handle of valve A6007 to 
position No. 2, gas at 90 ps i  flows into the blind ends of both motor 
positioning cylinders.  The rods extend and friction wheels mounted on 
the a r m  motor  shafts a r e  forced into contact with the a r m  mounted 
ra i l s .  Now both motors  a r e  ready to drive their  respective platforms, 
Operator A manually positions the handle of valve A60 BB to the unlock 
position. P r e s s u r e  forces  the piston of the Pock cylinder upwards and 
disengages the lock. Operator A next places valve A6002 into position 
No. 2. Nitrogen gas a t  40 ps i  flows into the a i r  motor ,  the motor s t a r t s  
to rotate ,  and through i t s  friction whseji extends the platform. After the 
platform moves approximately one inch, the handle of valve A60 10 i s  
re leased  and the rod end of the lock cylinder i s  vented through check 
valve A6006. The spring-loaded lock re turns  into position ready for  the 
next latching. When the basic platform i s  extended close to the required 
position, operator  A re leases  the handle of valve 86802. The a i r  motor 
i s  thereby pressur ized  on both sides to slow down and stop the platform. 
To position the s'TT" head, the mechanical lock i s  f i r s t  re leased and then 
valve A60 15 i s  manuallby turned into position No. ]I o r  No. 2 by operator  A, 
depending upon whether the platform has  to mobe left o r  right. When the 
handle i s  re leased ,  the YTT'l head stops. Operator B couples the !ITu head 
to the vehicle and operator A places val,ve A6007 into position No. P. The 
friction wheels a r e  pulled away f rom the ra i l  and the platform i s  f r ee  to 
t rack  the vehicle. 

To r e t r ac t  the p8atform, the operation i s  reversed.  F i r s t  operator  
B disconnects the coupler, then operator A moves the handles of valves 
A6007 and A6002 into position No. 1. The friction wheels a r e  engaged 
and basic  platform i s  retracted and automaticaPly locked, 

During platform retract ion,  operator  A moves the handle of valve 
A6015 a s  required,  The I T Y '  head i s  locked manually in the centered 
position. 

After retract ion i s  complete, operator A shifts valve A6007 into 
position No. 1. 
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SECTION V 
COMMAVD MODULE ACCESS ARM 

The Apollo Command Module Access A r m  provides an environmen- 
tally conditioned means of astronaut ingress  and eg ress  to the Apollo space-  
craft .  The a r m ,  in normal operating position, i s  extended toward the Saturn 
V Vehicle forming an  angle of 189 degrees with the eas t  face of the LUT. A 
hydraulically-actuated locking device res t ra ins  the extended a r m  against 
motion induced by wind, vibration, and other environmental conditions, 

DESIGN CRITERIA AND OPERATIONAL REQUIREMENTS 

Design of the Command Module Access  A r m  will not s t a r t  until 1964; 
however, the following desf gn c r i t e r i a  and operational requirements have 
been established. 

At approximately 60 seconds pr ior  to S-IC ignition, the a r m  extend 
lock i s  disengaged, and the a r m  i s  f reed  to rotate to a locked position, p a r -  
a l le l  to the eas t  face of the LUT. An a r m  re t r ac t  lock and support bracing 
r e s t r a in  the re t rac ted  a r p  against the tower face. The complete unlock- 
r e t r ac t - r e s t r a in  cycle i s  accomplished within 30 seconds. 

In the event of an abort  o r  hold in the countdown following a r m  r e -  
t ract ion,  the a r m  may be remotely re-extended to contact the spacecraf t  
and relocked in the extended position. The re-extension cycle wil l 'a lso be 
accomplished within a 30-second t ime period, 

Wind and environment induced displacements,  velocities,  and a c  - 
celeration a r e  shown ip  Table 5 - 1 for three wind probability conditions. 
The displacements and oscillations anticipated during t rans i t  operations 
will approximate the same conditions a s  imposed by a 99. 9% probability 
wind a s  shown in the table. 

The extended access  a r m  will be re t rac ted  wheAever wind velocities 
have reached the 95% probability level o r  more.  

The m'aximum live load imposed on the access  a r m ' w i l l  be l imited 
to five men. An average weight of 250 pounds for  each man and his safety 
equipment will be used in computing live loads. 



Table 5- 1  Command Module Access Arm Resign Cr i te r ia  

WIND PROBABILITY CONDITIONS 
DESIGN CRTTERIA 95% 99% 99 .9% . , -  . . ,  

ITEWS 
Fueled Unfueled Fueled Unfueled Fueled Unfueled 

Steqdy s tate  wind 
Velocity (knats) 29.4 29 .4  38. 7 38.7 48. 3  48. 3  

Beak wind velocity 
(knots) 411.2 41. 2 5 4 . 2  54 .2  67 .6  67 .6  

Displacement of C. M. 
induced by wind (in. ) 5 . 7  5 .4  15. 8  15. 5 26. 0  24 .4  

Thermal  bending 
envelope (in. ) - 13.  3  - 13. 3  - - 

Maximum C. M. s?, .v- 

displacement (in,  ) 5 . 7  1 8 . 7 q '  15 .8  28.8" .  26 .0  2 4 . 4  

Amplitude of wind 
induced oscillatioqs 

(CPS) 3 . 9  3. 8 7 .  0  6. 3  1 0 . 2  9 . 8  

Freq. qf wind induced 
oscillqtions (in. / sec)  " 3 3  . 8 0  . 3 3  . PO . 3 3  . 8 0  

Velocity of wind induced 
oscillations (in./ sec)  8. 1 18 ,9  14 .6  34. 2  21 .2  49 .3  

Acceleration of wipd 
induced oscillations 16 .9  95,O 30. 3  173.0  44. P 247. 2  

t t G t '  loading wind 
induced oscillations 0. 044 0.246 0.078 8.446 OJ14 0 .639  

-1. 

"Displacement figures based on thermal  and wind induced displacements.  
Wind induced oscillations occur within the maximum disp laceqent  envelope: 



5-2. ARM STRUCTURE 

The access  a r m  structure (Figure 5-11 i s  composed of two basic 
elements;  a P r a t t  t r u s s  copstructed of T-1  s teel ,  and a composite t r u s s  
constructed of aluminum alloy. The P r a t t  t rus s  i s  568 inches long and 
provides an  unobstructed walkway to the environmentally conditioned 
room. The second element i s  231 inches long and provides support for 
the environmentally conditioned room which i s  a l so  constructed of alumi- 
num alloy. 

Two la rge  hinge plates provide the rigidity required to connect 
the a r m  to the hinge, and expanded stainless s teel  screening provides 
personnel  protection. A r m  extend locks a r e  installed in the hinge plate 
and, a s  on the service a r m s ,  a buffer cylinder and a r m  re t r ac t  lock i s  
installed on the LUT. Umbilical connections a r e  not provided f rom this 
a r m ;  all l ines to the environmental chamber a r e  rigidly attached to the 
a r m  s t ruc tura l  members .  Wind provides the maximum loading condition 
on the a r m .  ' 

5-3. ARM RETRACTION SYSTEM 

The basic  hydraulic and pneumatic components required for sys -  
t e m  operation a r e  shown in Figure 5-2. 

5-4. CONTROL CABINET 

A stored-energy sys tem utilizing four a i r  rece ivers  and three hy- 
draul ic  accumulators i s  provided to permi t  use  of a smal l  capacity hydrau- 

. l i c  charging unit in the base of the LUT and to overcome pressurel ine 10s s e s  
which would be encountered in transporting fluids to various tower levels 
f r o m  a central  supply source.  Each of the three piston-type accumulators 
has  a 20-gallon fluid capacity and incorporates an electr ical  level sensor  
to provide an indicationof full capacity. Pressur iza t ion  of the fluid i s  aceom- 
plished by expaAsion of gaseous nitrogen s tored  a t  3000 ps i  in the four 20- 
gallon a i r  rece ivers .  

5-5. ROT'ARY ACTUATORS 

A r m  rotation i s  accomplished by the application of pressur ized  hy- 
draulic fluid to the pistons of ro tary  actuators RA- 1 and RA-2, The forces  
produced by hydraulic p res su re  acting upon the two opposed pistons rotate 
a pinion attached to the output shaft. Variable center-depth, involute gear  
teeth (Figure 5-3) a r e  integrally machined on the sides of each piston. A 
variable center-depth,  tooth configuration provides greater  strength than 
the s tandard involute tooth profile. 



The actuator housing i s  a ductile nodular i ron  casting incorporating 
replaceable bronze sleeves in the piston bores .  The sleeves a s s i s t  in  r e -  
ducing piston friction and provide corrosion resis tance during periods of 
system inactivity. Tapered ro l le r  bearings support each end of the shaft 
and absorb both radial  and axial  shaft loads. Standard elastomer O-rings 
a r e  used a s  shaft and moving piston seals .  

Each of the two units required in the complete a r m  actuation system 
produces 1.55 x l o6  inch-pounds of torque a t  an applied p res su re  of 2000 
ps i ,  i s  rated a t  3000 psi ,  and weighs 5 100 pounds. The shaft extending f rom 
the upper surface of the actuator has  been modified to permi t  mounting of a 
cam which actuates  a flow control valve mounted on a support plate spanning 
the two cylinders. These valves appear in Figure 5-2 a s  valves VCO- 1 
and VCO-2. 

5-6. HYDRAULIC SYSTEM 

Cam-operated, pressure-compensated, flow control valves provide 
the des i red  discharge flow ra t e s  f rom the rotary actuators during a r m  
operation. Compensation for the effects of wind loading and other environ- 
mental  conditions i s  accomplished in these valves to maintain approximately 
the same a r m  rotational t ime under a l l  operating conditions. Actuator 
discharge f1o.w control i s  provided by cam-valve action during the acce lera-  
tion and deceleration phases of a r m  operation, The valve i s  identical in 
design to that used in the service a r m  control system, 

The back p res su re  valve (VBP- 1) and hydraulic accumulator 
(HYD ACC-4) maintain a definite p res su re  level within the system during 
standby periods to minimize the possibilities of introducing a i r  into the 
system. 

System control valves (VA-6 and VA-9) a r e  pilot-operated ball  
valves detented to remain in  the l a s t  position selected. Pilot  p r e s s u r e s  
a r e  selected by pilot valves (VA- 10 and VA- 11). .. 
5-7. Automatic A r m  Extension. In the event of an abort  o r  hold i n  
the countdown following automatic retraction, the access  a r m  may be r e -  
extended upon command fnom the Launch Control Center (Figure 5-4). 

~ c t u a t i o n ' o f  either the access  a r 4  extend switch in the Launch 
Control Center  o r  the access  a r m  extend, switch on the remote hydraulic 
console in  the base  of the LUT provides an  electr ical  signal to solenoid 
valve VA- 12. Opening this valve permi ts  pressurized nitrogen to ac t  upon 
the piston of l inear  actuator C Y -  1, compressing the spring and releasing 
the latch-back device. 



Upon re lease  of the latching mechanism, an  electr ical  signal will 
be directed to solenoid 2 of pilot valve VA- 11. Hydraulic pilot p res su re  
will then be directed to open control valves VA-7 and VA-9. Fluid under 
p r e s s u r e  will flow f rom the hydraulic accumulators through coptrol valve 
VA-7 to ro tary  actuators RA- 1 and RA- 2. Rotary actuator outlet flow will 
be regulated by cam-operated, pressure-compensated, flow-control valve 
VCO-2 before flowing through control valve VA-9 and back-pressure regu- 
la tor  valve VBP- 1. 

Upon reaching the limit stop a t  the fully extended position, an elec- 
t r i ca l  signal will be initiated to energize solenoid 1 of valve VA- 5. This 
action permi ts  l inear  actuator CY- 2 to position a lock, thereby preventing 
a r m  motion caused by wind o r  other environmental conditions. An 
electr ical  signal, to de-energize solenoid 2 and energize solenoid 1 of pilot 
valve VA- 1 1,  i s  a l so  obtained when the a r m  contacts the extend l imit  stop 
and the lock i s  in place. 

5- 8.  Automatic A r m  Retraction. The bold l ines appearing on schematic 
diagram (Figure 5-5) indicate the portion of the system involved in an auto- 
matic  a r m  retract ion cycle. At 60 seconds pr ior  to S-IC ignition, an elec- 
t r i ca l  signal i s  directed to solenoid 2 of valve VA-5. Valve actuation permi ts  
pressur ized  fluid s tored  i n  hydraulic accumulators 1, 2, and 3 to actuate 
cylinder CY-2, thereby retracting the a r m  extend lock. An electr ical  signal 
i s  provided to indicate either successful accomplishment of the unlocking 
operation, o r  to provide an automatic countdown hold i n  the event of mal-  
function. 

At 45 seconds p r io r  to S-IC ignition, an electr ical  signal i s  automat- 
ically directed to solenoid 2 of pilot valve VA-10. Valve actuation provides 
p r e s s u r e  to actuate ball valves VA-6 and VA-8. These valves permit  fluid 
flow f rom the accumulators to the ro tary  actuators and f rom the actuators  
through cam flow-control valve VCO-1 and the back p r e s s u r e  valve p r io r  to 
returning to the sump in  the base of the LUT. 

I I 

Upon completion of the 30-second retract ion cycle, the a r m  contacts 
an  a r m  re t r ac t  lock. An electr ical  signal i s  provided a t  the completion of 
a r m  retract ion.  Fa i lure  to obtain this stignal resul ts  i n  an automatic count- 
down hold. 

5-9, Manual Arm Extension. Placing the latch-back re lease  switch on the 
local control panel in  the re lease  position provides an  electr ical  signal to 
energize solenoid valve VA-12 (Figure 5-2). Nitrogen gas s tored in  a i r  
rece ivers  AR-1, AR-2, AR-3, and AR-4 will then flow to cylinder CY-1 
through the circuit  indicated on Figure 5-2. P r e s s u r e  regulator VR-4 
maintains p res su re  in  the circui t  a t  750 psi  and needle valve VM-8 permi ts  



an  adjustment of cylinder actuation t ime.  An indicator light on the local 
control panel will indicate when the a r m  i s  no longer restrained to the 
tower by the latch-back mechanism. 

Following re lease  of the latching mechanism, the LUT-mounted 
hydraulic charging unit can be connected to the circuit  by placing the local  
control panel hydraulic supply switch in  the on position. Solenoid valve 
VA-2 i s  operated by the electr ical  signal provided. An indicator light on 
the local panel will confirm the open condition of the valve. 

Movement of the manual "RETRACT-EXTEND" valve (VM- 6)  to 
the "EXTEND" position will direct  hydraulic fluid to ro tary  actuators RA-I 
and RA- 2 a s  shown in  Figure 5- 2. The a r m  will slowly extend a s  a resul t  
of the applied actuator torque a t  a rate  of speed governed by needle valve 
VM- 5. 

During a r m  rotation, a continuous monitor signal of a r m  position 
i s  provided to panels in the Launch Control Center and i n  the LUT. When 
the a r m  reaches i t s  fully-extended position and has  wade contact with a 
l imit  stop, the panel-mounted, lock pin control switch i s  placed in  the 
"LOCK" position; an  electr ical  signal i s  thereby provided to open solenoid 
1 of valve VA-5 and direct  hydraulic fluid to l inear  actuator CY-2. The 
actuator extends and positions the locking device to prevent a r m  movement. 
An indicator light will verify the arm-locked condition. 

The extension cycle i s  completed by locking the a r m  and the 
"RETRACT-EXTEND" valve (VM- 6) and returning the HYDRAULIC SUPPLY 
and LATCH-BACK re lease  switches to their  off positions. Upon removal of 
the elecprical stimulation f rom the latch-back re lease  switch, l inear  actuator 
CY- 1 i s  vented to  the atmosphere through valve VA- 1 2  and the internal spring 
re turns  the latch-back re lease  pin to the locked position. 

5-10. Manual Arm Retraction. The retract ion cycle (Figure 5-6) i s  initiated 
by placing the lock pin control switch in  the "UNLOCK" position. Solenoid 2 
of valve VA- 5 i s  energized by the electr ical  signal produced, and hydraulic 
p res su re  i s  directed to l inear  actuator GY-2.  As the actuator piston r e t r ac t s ,  
it removes the locking device f rom the a r m .  An indicator light will verify 
removal of the locking device f rom the a r m .  

Connection to the LUT-mounted, variable-displacement hydraulic 
pump i s  obtained when the hydraulic supply switch i s  placed in the "ON" position 
to energize solenoid valve VA- 2. An indicator light will signify that hydraulic 
fluid f rom the LUT pump i s  available. 



When an indication of availability of hydraulic p res su re  has  been 
obtained, "RETRACT -EXTENDsP valve (VM-6) can be placed in the 
"RETRACT" position to direct  fluid flow to ro tary  actuators  RA-1 and 
RA-2, a s  shown, A r m  rotational speed i s  again determined by needle 
valve VM- 5 and the panel-mounted indicators provide continuous moni- 
toring of a r m  position. 

When the a r m  has  reached the ful ly-retracted position, i t  will be 
mechanically r e  strained by the panel- type, latch-back device. An indi- 
cator  light will conf i rm the r e  strained position of the a r m .  

Return of ''RETRACT -EXTENDn' valve (VM-6) and hydraulic supply 
valve (VA-2) to the "OFFP' position af ter  the a r m  restrained indication 
has  been obtained, completes the retraction cycle. 

5- 11. ENVIRONMENTAL CHAMBER 

An environmental chamber will be mounted to the aluminum alloy 
second element of the access  a r m .  Due to the length of the a r m ,  the 
chamber and associated equipment should be a s  light a s  possible. Light- 
weight construction ma te r i a l  such a s  aluminum alloys aids  in reducing 
iner t ia  forces  on the a r m  rotational drive system which already is sub- 
jected to extremely high wind loads.  

To provide consistency s f  a r m  rotational system methods of opera-  
+ 1 

tion with those used on service a r m s ,  the access  arrq will :ncorporate an  
a r m  extend lockue All vehiclk hack ing  functions will, therefore,  be incor-  
porated in the environmental chamber s imilar  to the manner  in which 
tracking funLtions a r e  included in  the service a r m  withdrawal mechanisms.  

The access  a r m  will be extended toward the command module 
during VAB a s ~ e m b l y  operations. It will be retracted to a position along 
the tower side a s  'soon a s  the vehicle and LUT have moved f rom the VAB. 
This  retract ion will permi t  only functional t e s t  of the retract ion sys tem 
following vehicle assembly in the VAB. The a r m  will remain  locked to 
the tower side throughout LUT and vehicle t ransi t  f rom the VAB to the 
f i r ing site.  The locked-to-tower position eliminates the requirements  
for  unreasonably l a rge  tracking excursions and a l a rge  capacity hydraulic 
charging unit'in the base of the LUT during a period when a l l  e lectr ical  
power must  be self-generated within the LUT. The charging unit would 



be required i f  the a r m  had to t rack maximum vehicle displacements during 
t rans i t .  After a r r i v a l  a t  the firing sfte, the a r m  will be extended toward 
the command module, and the environmental chamber tracking unit will be 
placed in contact with the field splice between the command and service 
modules ,  A bellows-type shroud and platform will be extended to provide 
a passage between the environmental chamber and the command module 
a c c e s s  hatch, 

A conditioned a i r  supply duct will be routed along the a r m  s t ruc-  
tu re  to provide cooled, controlled-humidity, salt-free a i r  to the environ- 
mental  chamber . 
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SECTION VI 
AUXILIARY COMPONENTS 

Included in this section a r e  the hydraulic charging unit, water 
quench system, service a r m  t ranspor ter ,  a r m  accessways, a r m  supports,  
latchback and holddown devices, skids, and tower -mounted secondary 
r e t r a c t  beams.  

The t ranspor te r  i s  used in  the preassembly and prelaunch phases 
to t ranspor t  the service a r m s  f rom the MSFC Test Area ,  Huntsville, 
Alabama, to Complex 39,  

The hydraulic charging unit is  used to initially charge and to pe r i -  
odically replenish the service a r m  control sys tem accumulators.  The 
unit i s  operated unde r standby conditions during vehicle t ransport  f r o m  
the VAB to the Fir ing Site, during checkout operations,  and while the 
vehicle i s  a t  the F i r ing  Site. During the final phase of the launch count- 
down, the unit is  inactivated and the launch sequence i s  completed with 
energy  s tored  in the system accumulators.  

The water quench sys tem i s  not required to complete a vehicle 
launch but i s  used to cool the service a r m s  and permi t  their  reuse  with 
a minimum of repa i r  a f te r  exposure to the high temperature engine 
exhaust gases .  

A r m  accessways give personnel access  onto the a r m s  f rom the 
tower for maintenance and che eksut , 

A r m  supports,  skids,  and tower -mounted secondary r e t r ac t  beams 
a r e  descr ibed in subsequent paragraphs.  

6 -  1. HYDRAULIC CHARGING UNIT 

The hydraulic charging unit (Figure 6-1)  is  used to initially charge 
and to periodically replenish the hydraulic accumulators which provide 
sources of s tored  energy for the service and access  a r m  control systems.  
This unit a l s o  furnishes fluid, under p res su re ,  to permi t  the umbilical 
withdrawal mechanisms to  t rack  vehicle excursions.  The charging unit 
i s  mounted in the lower level of the L U T  base  and is  de-energized during 
the final seconds of launch countdown. 



The hydraulic charging unit i s  comprised of three  major  sub- 
assembl ies ,  a r e se rvo i r ,  and two skid-mounted hydraulic pumping units,  
The sys tem design, a s  shown i n  schematic diagram (Figure 6-2), i s  such 
that either pumplng unit may  be readily removed without operational in te r -  
ference with the other unit. 

The r e se rvo i r  shape was dictated by the 5 x 8 foot opening in the 
L U T  decking through ~vhlch  the unit i s  lowered for installation. The stain- 
less -s tee l  r e se rvo i r  serves  both a s  a s torage vesse l  for  500 gallons of 
MIL-H-5606 hydraulic fluid and a s  a s t ruc tura l  support for  the skid-mounted 
pumping assembl ies ,  a gage panel, and associated valves.  The tank i s  
internal ly  baffled to  reduce fluid foaming and to provide a settling a r e a  for  
fluid contaminations, and vented overboard through the L U T  sidewall. 

The reservoi r  i s  7 3 . 7 5  inches long, 49 .  25 inches wide, and 47 inches 
high. The r e se rvo i r  i s  deslgned t c  accommodate a 4-inch re tu rn  line f rom 
the tower supplies, two 0. 75-inch supphv l ines ,  one for  each pumping unit, 
auxiliary 2-inch and 4- inch re turn  l ines ,  and a 4-inch vent line. Dry weight 
of the complete assembly  i s  approzmate ly  4500 pounds. 

The two pump drives ,  A6044-1 and A604a-2 (Figure 6-21 a r e  20 
horsepower,  220/440 volt, 3 phase, to ta l ly  enclosed, fan cooled motors  
operating a.t 1800 rpm,  The a l u m ~ n u m  alloy motor  f r ames  conform to NEMA 
classification 286 - U and a r e  double- ended with flanges on ea.ch end bell to 
accommodate dr ive pads for  both superchargers  and main stage pumps. The 
motor  windin.gs a r e  specially impregnated to permi t  use i n  hazardous a tmos-  
pheres .  All motor  control equipment i s  hydrogen ignition proof where NASA 
LOC qualified components a r e  a.vaila,ble. All. eiecfricz.1 components not with- 
in protected enclosures  a r e  either hydrogen safe  o r  capable of belng made 
hydrogen safe i f  required Eater by hermet ic  sealing, encapsulating, o r  purg- 
ing.. The motors  a r e  fastened to skids fabricated f rom 1020 s tee l  plate and 
channel s ections . 

The supercharger  pumps, A6011- 1 a n d  A601 1- 2,  a r e  fixed displaee- 
ment  units employing 1-inch wide helical gear  pumping elements ,  Each pump 

will deliver 11 gpm of hvdrauhc fluid a t  an  o -~ tpu t  p res su re  of 30 psi .  Supply 
fluid for  these pumps i s  dra*wn f rom the r e se rvo i r  through 60 m e s h  mone? 
s t r a ine r  assembl ies  A60l.0-1 and A6010-2, Pump discharge passes  through 
10 mic ron  nominal-, 25 micron  absolute, pleated wire  cloth f i l te rs ,  A601 2-1 
and A601 2-2, p r io r  to enLeering the inlet ports  of the main stage pumps, 



Relief valves.  A.6024- 1 and A 6024-2, a r e  a l so  included to unload 
the supercharger  pumps when no demand i s  placed upon the hydraulic sys-  
t em and when the main stage pumps a r e  operating under standby conditions. 
The valves have a cracking p res su re  oi  30 ps i  and return to supercharges 
pump output flow to the hydraulic r e  servoir  . 

The main stage pumps A6026-1 and A6026-2, a r e  p res su re  com- 
pensated variable displacement units capable of delivering 9 . 3  gpm at 
3000 ps i  discharge p res su re .  Fluid displacement i s  a function of demand 
and requi res  only sufficient power to  meet  the functional and delivery r e -  
quirements of the system. 

Discharge of the two main stage pumps i s  directed to  a common 
header through check valves A6034-1 and A6034-2. Header p res su re  i s  
l imited by  relief valve A6036 if  there  i s  a failure of the p res su re  com- 
pensator which i s  an  integral par t  of the main stage pump. 

The tower header may be drained by block valve A6035 and indivi- 
dual pump unit cycling, under flow conditions, may be achieved by  block 
valves A6032-1 and A6032-2, 

Motor control and nece s s a r y  instrumentation will exist  on the 
charging unit and a t  both the L U T  and LCC service a r m  monitors ,  

One pumping unit will be operated continuously while the L U T  i s  
in the VAB. A loss  of hydraulic supply, in  this environment, i s  not con- 
s idered cr i t ical .  Only one pumping unit will be operated during t rans i t ,  
in order  to minimize power demand. (Constant monitoring, therefore,  
should be considered to permi t  selection of the second unit operation in the 
event of a pumping unit malfunction). After the L U T  a r r i v e s  a t  the launch 
site both units will be placed in operation and remain in operation until 
launch. 

6-2. HYDRAULIC CHARGING UNIT MOTORS AND CONTROLS. 

This section generally covers  a91 electr ical  power and control com-  
ponents required for  connecting and controlling the hydraulic pump moto:r s 

which a r e  used to charge the swing a r m  hydraulic system. 

Each L U T  hydraulic charging unit (Figure 6-39 will have 20 hp 
motors .  These motors  will be electr ical ly  connected and controlled in- 
dividually. Therefore,  all  description herein will r e fe r  to only one pump 
motor and sys tem,  



6- 3.  OPERATIONAL DESCRIPTION 

The  following is a genera l  descr ip t ion of the operational  p rocedu re s  
f o r  the  e l e c t r i c a l  s y s t e m  of the hydraul ic  pump motor  

T h e r e  a r e  t h r e e  c o n t ~ o l  panel  locat ions ,  one in  the Launch Control  
Cen t e r ,  one in  the Launcher -Umbi l i ca l  Tower  Monitor Room and one 
mounted i n  the P u m p  Room on the hydraulic ins t rument  assembly .  The  
con t ro l  panels  a r e  u s e d  to  control  and  indicate p rope r  functioning of the 
e l e c t r i c a l  and  hydraul ic  s y s t e m s  

The  ma in  e lec t r i ca l  s e r v i c e  wil l  be  provided by the facil l ty power 
s o u r c e  through a s ight  switch.  With the sight  swi tch in  the  "ON' position,, 
the  following indicator  l ights should be l ighted on a l l  control  pane l s ;  
" P h a s e  Sequence O K f e ,  "AC on", and  IQDDC on"aalso the 'Con t ro l "  llght 
wil l  be l ighted on the controll ing panel  which has  charge  of the sy s t em,  
The  "Phase  Wrongl'llight should not be  l i t  but if l i t ,  opera t ion sha l l  c e a s e  
unt i l  the wrong phase  condition i s  c o r r e c t e d ,  

The  pump mo to r  I S  s t a r t e d  by the " S t a r t ' b w i t ~ h  a t  the (-ontrolling 
locat ion.  Th i s  swi tch energ izes  a n  a u t o t r a n s f o r p e r  s t a r t e r  w h ~ c h  s t a r t s  
the  mo to r .  If the s y s t e m  functions p rope r ly  the Hydrauh- .  " P r e s s u r e  OK" 
l ight  wil l  come on when the p r e s s u r e  operat ing level  i s  r eached  The 
p r e s s u r e  swi tch will be adjustable between tk~,e operat ive  l imi t s  of 2300 
t o  3000 p s i ,  Additional control  panel  indicators  will be a mo to r  oves te in -  
p e r a t u r e  l ight ,  hydraulic p r e s s u r e  transdur e r  rea  d-out m e t e r  and  " P r o -  
tec t ion Control  Bypass1 '  swi tch with danger  light The pump mo to r  will 
continue to  opera te  until the "Stop" s w ~ t c h  I S  ac tuated which s tcps  the 
m o t o r  and  r k s e t s  the  control  s y s t e m  The ~ n d ~ c a t l n g  lights and  au to t rans  - 
f o r w e r  holding coi ls  will be  of the 28 vdc type A l l  Indicating l ights w111 
be  dual  bulb legend type sui table  f o r  inounting In panels 

The  control  panel havlng the S t a r t  Stop function will be the one 
connected t o  the control  receptaa-le on the distributor a s semb ly .  All 
con t ro l  panel  cabllng will be ~nter ishangeable  t o  f a c l l ~ i a t e  the plug- s w a p  
con t ro l /mon i to r  lunctions Changing of th is  control  f r o m  one location 
t o  ano ther  will r equ i r e  a n  exchangc of plugs. These  changes wlll be 
made  with the power disconnected froim the motor .  



All e lectr ical  equipment in the Monitor and Motor Rooms shall  be 
capable of being easily converted to "Hydrogen Ignition Safe". All motor 
windings and t r a n s f o r q e r  coils shall  be vacuum impregnated with G.  E .  
RTV-11 encapsulating silicone rubber compound. Each piece of equip- 
ment  must  be mounted in  such a manner that i t  can bs  removed and 
replaced by disconnecting cable connectors, purge l ines ( i f  required for  
hydrogen safing) and mounting brackets o r  attachments,  

All components shall  be tested an$ certified a s  to their  capability 
of performance under the wors t  vibrating conditions expected during 
movement of the LUT o r  during launch. 

6-4.  ELECTRICAL CONTROL SYSTEM COMPONENTS. 

The control sys tems will generally include but not be l imited to 
the following number and type of i tems:  

a ,  One 28-vdc power source.  

b, Two phase sequence indicators and relays,  One of these 
i s  connected f o r  co r rec t  rotation and one fo r  incorrect .  

c .  Three  11 0-vac relay coils connected through re s i s to r s  to 
each phase of the 440 V supply with normally open contacts connected in 
s e r i e s  ahead of main contactor coil to prevent operation in case  a phase 
failed, 

All above i tems will be provided with a mini um of 2 fuses ,  
sufficiently s ized,  on the line side,  f=-l 

d. One autotransformer s t a r t e r  a s  shown on drawing. 
1 

e .  Three  overload relays with heater  elements installed in 
each motor lead, and their  contacts connected normally closed in control 
c i rcui t  

f .  Th ree  Start-Stop controls.  

g. Eighteen indicator lights suitable for  28 vdc operation with 
dual 40 ma  bulbs 



he  One t ransducer  connected to hydraulic sys tem for p res su re  
readout. 

i ,  One overtemperature relay imbedded in motor f r ame  and 
connected normally closed in control circuit .  

j ,  One 2 0 h p ,  1800 rpm, 440/220volt ,  3 p h a s e ,  qoubleend 
shaft, totally enclosed fan cooled (TEFC) with G.  E.  RTV- 11 encapsulated 
dual winding motor  with space heater  and drain plugs to alleviate moisture  
condensation in high humidity environment, 

This equipment will be connected generally a s  shown on Motor 
Control Circuit  Drawings, 

All components must  ha.ve a certified function t e s t  of a t  leas t  10 
cycles of sat isfactory consecutive operations before being released f rom 
the manufacturer ,  

The assembled unit will have a checkout procedure including conti- 
nuity and complete functional performances,  

6-5. Power Cables With Connectors, The power cables used for  power 
supply f rom the sight switch to the s t a r t e r  assembly and f rom the motor  
te rminals  to the s t a r t e r  assembly will be of flexible cable consisting of 
seven No. 8 tinned-copper s t randed conductors with a tinned-copper braided 
overal l  shield enclosed with mold-cured neoprene sheath cover.  The power 
cables will conform to NASA specifications of cable drawing No, A75M50222, 

6-  6. Control Cables With Connectors. The control cables connecting the 
Distributor to the Relay and control panels shall  consist  of sixty-one No, 20 
conductors with an overall  shield which shall conform to NASA cable drawing 
A75M50223, ' t hese  cables shal l  be interchangeable, using s imi lar  plugs. 
Lengths of these cables shal l  be such a s  to accommodate the maximum dis- 
tance between locations of t e r p i n a l s  in the LUT hydraulic motor room. 

The control cable connecting the s t a r t e r  assembly to the distributor 
will consis t  of nineteen No. 20 conductors with overall  shield which shall  
conform to NASA drawing A75w50223, 

The cables used to connect the relay assembly with LCC controls 
shal l  be a s  required according to NASA controlling authorit ies,  



A 3 wire No, 18 conductor cable shall connect the control panels 
to a p ressu re  switch sensing hydraulic pre  s sure ,  connected through the 
hydraulic unit e lectr ical  distributor Al .  The cable shall be constructed 
to conform to NASA LQ-DE standard cable subassembBfes, 

6-7, Receptacles. The receptacles shall be mounted on the a s s e m -  
bl ies  and gasketed to provide a leal< proof seal. The connections to the 
receptacles  shall be hermetically sealed by potting between the con- 
necting terminals  and the box inter ior .  The control and distributor 
receptacles  shall be according to standard cable subas sernbly drawings. 
All  component receptacles on Hydraulic Unit Distributor A 1 shall be 
MS3100 type. The power receptacles shall be rated for 600 volts and 
40 amperes  on the power and grounding terminals  and 10 amperes  on 
the low voltage terminals .  

The s t a r t e r  assembly shall have 2 power receptacles and one 
19 pin control receptacle,  Distributor assembly A l  shah1 have one 
19 pin and three 6 1  pin control receptacles,  Each control panel shall 
have one 61 pin control receptacle and one DC power 3 pin receptacle.  

6-8. S ta r t e r  Assembly. The s t a r t e r  assembly A3 shall be con- 
structed to house the aut;ransformer s t a r t e r ,  low voltage t r ans fo rmer  
and 28 vdc rect i f ier ,  plus right and wrong phase sequence relays,  phase 
to phase connected 115 volt relay and dropping res i s to r s ,  Pine overload 
re lays ,  fuses,  terminal  boards and a l l  other necessary  equipment needed 
f o r  mounting and connecting indicated components. 

This assembly shall be constructed of rigid sheet meta l  s teel  
sealed with gaskets and capable of: being purged with a n  iner t  gas making 
it hydrogen ignition proof i f  ever  required. The plug-in receptacles 
shall  be installed in the sides o r  bottom s f  the assembly,  The assembly 
shall  have been protected f rom r u s t  with galvanized o r  bonderized paint 
pe r  NASA standards.  AEP electr ical  connections shall be made with the 
applicable connectors,  All relay contacts located in the s t a r t e r  section 
shall be ignition proof o r  insta$led in an  environmental panel to give 
explosion proof prote ction. 

The s t a r t e r  and all components shall be of the capacity and size 
to meet  a l l  National Electr ic  Code Safety requirements ,  

The assembly shall be mounted in a manner to make inter-  
changing of assembl ies  easy. If any component within the assembly 
should become faulty the complete assembly could be replaced by 
unplugging cables and exchanging to a spare  s t a r t e r  assembly. The 
assembly shall be f r ame  mounted a s  shown on plan. 



6-9.  Distributor A l .  This box will provide the interconnect between 
the s t a r t e r ,  monitor and control panels. The distributor shall  have a 
sufficient number of terminal  boards for a l l  present  needs plus 20 per -  
cent spa res .  

The terminal  boards shall  be of the solder type and shall  be 
f i rmly  secured  to the distributor.  

The distributor shal l  have three  identical s ized 61 pin control 
jacks.  One jack shall  be labeled llControlll and each of the other jacks 
shall  be labeled "Monitor. l' 

The distributor shal l  be constructed of rigid sheet s teel  equipped 
with a gasket.  It shall  be of a standard s ize and shall  be protected f r o m '  
rus t  and moisture  accumulations by galvanizing o r  bonderized paint. It 
shal l  be capable of being purged for extra  hydrogen safing i f  ever  required. 

6-1 0 .  Control Panels .  All LUT hydraulic unit control panels a r e  to be 
identical, s tandard 24-inch rack mount type, shallow depth panels. They 
may  be connected for  "Monitor1' o r  llControl" operation by a plug swap 
into the appropriate control jack a t  the distributor A l .  The local control 
panel will be located in  the a r e a  of the pump below the hydraulic gages.  
The p r i m a r y  purpose will be to s t a r t  and stop the pump motor and monitor 
operations.  A toggle switch will be used for  starting and stopping the 
motor .  Eight indicator lights will be used for  monitoring. All components 
on the local control panel will be per  MSFC STD- 1 10 except a s  specially 
required for  motor control. 

All control c i rcui ts  f rom the panel will exit through a 61 pin 
connector. 

6- 11. LUT Remote Monitor- Control Panel. The LUT remote control 
panel will be located i n  the LUT control room. A standard s ize panel a s  
descr ibed above will be used to match existing panels within the a r e a .  
This panel will be pr imar i ly  used for  monitoring the operations of the 
pump electr ical  and hydraulic systems, but when the cable to the dis t r ib-  
utor box i s  connected in the "ControlP1 position, the LUT monitor room 
panel can function a s  the main control panel. The eight indicator lights 
on the panel will be 28 vdc Master  Specialties, Word Indicator Lite with 
appropriate legends engraved on each light. 



6-1 2. LCC Control Panel, The LCC control panel will be furnished by 
other NASA contractors  and will probably contain functions s imi lar  to 
LUT panels. 

6-13. Motor. The hydraulic e lectr ic  motor shall  be a 30 hp, 1800 RP M 
4401220 V, 3 phase, totally enclosed, fan cooled, double end shaft. The 
shaft shal l  be hollow with a l - inch diameter hole and constructed for  the 
installation of the specified pumps on each end. 

The motor housing shall  have two 1 14 inch drain holes tapped to 
the s ta tor  section of the m o t ~ r .  These drain holes shall  be used to remove 
any condensate o r  may be connected to a dry  nitrogen purge system where 
hydrogen safing i s  required. A 200 watt s t r ip  heater  shall  be installed in  
o r  adjacent to the inside cooling section to provide above ambient temper-  
a ture  to the internal section of the motor housing and further alleviate 
condensation. 

The motor windings shall  be vacuum impregnated and encapsulated 
with General Electr ic  RTV-11 silicone rubber compound o r  equal. The 
motor  winding leads shall  be according to MIL-W-8777 wire  and shal l  be 
solder terminated to a Bendix Hus-Key connector anchored and extending 
through the side of the motor lead terminal  box. The leads and soldered 
end of the connector shall  be potted with c lear  LTV 602 silicone. 

The motor shall have a terminal  overtemperature switch which 
will be embedded in  the motor  winding. The switch shall  operate with 
excessive tempera ture  r i s e  to turn  on a warning light when the overtemper-  
a tu re  occurs .  

The motor shall  be made of No. 363 aluminum alloy with not m o r e  
than 3 percent elongation in  2 inches and a maximum weight of 300 pounds 
The motor  shall  be s imi lar  to Reuland's horizontal double end hydraulic 
pump motor f r ame  No. 286U. 

6-14. Hydraulic P r e s s u r e  Read- Out. Transducers  and p res su re  switches 
shal l  be furnished and connected into the indicator system to provide p res -  
s u r e  read-out located on a l l  control panels. All equipment will be furnished 
according to NASA approved components. 



6- 15. WATER QUENCH SYSTEM 

The water quench sys tem will provide for  rapid heat dissipation 
and f i r e  control on the service a r m s  and CM access  a r m  immediately 
a f te r  launch. The l imits  of design call  for  tower-mounted headers  using 
7500 gprn of water and the assumption that wind conditions a r e  nulli- 
fied by aspiration effects during vehicle ascent,  

6- 16. OPERATIONAL REQUIREMENTS 

The service a r m  and equipment was considered to be cooled to an 
average temperature of 212°F in one minute. Even though no appreciable 
cooling effect could be lgained during lift-off, i t  i s  desirable to have the 
water  flowing on the a r m  during firing to insure immediate heat dissipa- 
tion af te r  blast  has cleared the a r m s .  Actuation of the water spray  sys-  
t e m  should take place a t  lift-off. 

Since a uniform water spray must  be designed for  cooling on a 
"per unit a rea"  bas is ,  the tubes of the service a r m  determine the water 
requirements ,  In this case  a flow rate of one g,pm per  square foot of 
projected a r e a  was required. 

The water quench headers  a r e  placed above and below each s e r -  
vice a r m  in positions that will allow clearance of a r m  hardware and yet 
provide complete water spray coverage over top and bottom of service 
a r m .  

The piping used for  the water quench sys tem will be seamless  
carbon s teel ,  schedule 40. Spray nozzles a r e  the square spray  type to 
provide uniform coverage. Water will be piped a s  near  the center  of the 
tower mounted headers  a s  possible so  that spraying will s t a r t  uniformly. 
Water p r e s s u r e  a t  each header will be determined by the number of 
nozzles p e r  a r m  and will be regulated by a p res su re  reducing orifice. 

The piping (Figure  6-4)  will be sypported by brackets attached to 
the face of the arm-mounting beam, two vert ical  beams,  and to the floor- 
mounting b e a p  a t  each individual a r m  level. Piping will be fabricated to 
provide easy  installation by tower crane,  A flanged interface i s  provided 
a t  each floor-mounting beam. 

The piping, nozzles,  etc. , for  the water quench sys tem a r e  
s tandard design and copmerc ia l ly  available. 



6- 17. CONTROL SYSTEM 

The water quench control system consists of a control valve 
located a t  each a r m  level, one solenoid valve to supply pneumatic 
p r e s s u r e  to  operate the control valves,  and a control panel located 
in the base  of the LUT, The control valves will be located near  the 
tower interface a t  each a r m  level so  the water i s  a s  near  the a r m s  
a s  possible,  

At holddown a r m  re lease ,  the solenoid valve receives an 
e lec t r ic  signal which opens the valve and allows pneupat ic  p res su re  
to actuate the control valves, By opening the control 'valves a t  this 
t ime,  water  will reach the a r m s  before they a r e  exposed to the ex- 
haust  heat. 

A timing circui t  in the control panel will determine the length 
of t ime the control valves will remain open. The t ime will be adjust-  
able. Between one and two minutes of quenching i s  expected to be 
sufficient, At the end of the des i red  t ime,  the solenoid valve will be 
de-energized and the control valves will' close and stop the water flow. 

A second control sys tem consisting of one la rge  control valve 
located below the f i r s t  service a r m  level was considered; however, i t  
was found that the head of water could not r i s e  a s  quickly a s  the vehicle. 

6- 18. SERVICE ARM TRANSPORTER 

The Complex 39 umbilical service a r m s  will require  t ranspor-  
tation f r o m  the Marshal l  Space Flight Center in Huntsville, Alabama 
to Complex 39,  a s  well a s  requiring local transportation a t  both loca- 
tions The s ize of the serv ice  a r m s  and ' the protection necessary  
preclude the use  of completely s tandard transportation methods. 

Transportation by t r a i l e r s  i s  necessary  for local movement 
and has been found to be the best  and most  efficient means of t r ans -  
portation f r o m  ~ u n t s v i l l e  to Cape Canayeral. Comparison with barge 
and r a i l  transportation indicates that t r a i l e r  transportation requires  
l e s s  handling, coordination, and t rave l  t ime than the other modes of 
t ransportat ion and provides bgtter protection for  the serv ice  a r m s .  
Minor d i sas sepb ly  of some of the service a r m  components i s  r e -  
quired for  t r a i l e r  transportation to provide sufficient bridge clearances.  



The t r a i l e r s  required to t ranspor t  the service a r m s  a r e  special  
drop deck, 22 ton capacity, platform type semi t ra i le rs  with removable 
body panels,  roof bows, and tarpaulin tops. The t r a i l e r s  a r e  56 feet 

long and 10 feet wide and constructed in accordance with NASA drawings 
and specifications (F igure  6-5). Standard commercial  components and 

prac t ices  a r e  used and meet  o r  exceed the requirements of the Interstate 
Commerce Commission "Motor C a r r i e r  Safety Regulations". 

6- 19. ARM SUPPORTS 

A r m  svpports (Figure 6-6)  a r e  p r ~ v i d e d  for the service and 
access  a r m s  qgainst the anticipated vehicle engine exhaust p res su re .  
The supports were designed on the basis  of a 10 psi  p res su re  upon the 
ver t ica l  projection of the a r m s .  

The serv ice  a r m  auxiliary supports a r e  always mounted on one 
of the two vert ical  beams which a r e  provided specifically for their  in- 
stallation. These double-web beams have mounting holes i~ their  outer 
flanges in the face neares t  the vehicle. The holes a r e  located a t  the 

same  pitch a s  the main a r p  mounting beam ( 5  inches) and a t  equal , 

tower elevations. The auxiliary supports will be mounted a t  leas t  one 
hole lower than the normal  position, due to a r m  deflection. 

The auxiliary a r m  support (F igures  6-7, 6-8, and 6-9)  i s  made 
f r o m  ASTM A-441 s teel ,  i s  of a l l  welded construction, and i s  connected 
to the tower with two vert ical  rows of +-inch diameter bolts. A cutout 
i s  provided in  the support to allow the passage of a water  header for  the 
quenching system. Shims a r e  used to keep the top of the support skid 
a t  approximately the co r rec t  elevation. The blast  load i s  t ransfer red  
through the skids to the auxiliary a r m  support. A corpplete skid a r -  
rangement consists of two skids: an a r m  mounted skid and a support 
mounted skid. 

6-20. SKIDS 

Skids a r e  used to sea t  the a r m s  in the retracted position where 
they receive the blast  load f rom the vehicle engine exhaust. 

6-21. A r m  Mounted Skid. The a r m  mounted skid (Figure 6-  10) i s  
bolted to the lower chords of the second element. The skid i s  fabri-  
cated f r o m  plates and has the shape of a wide flange beam with a 
sloping lower flange that rpatches the angle of the support mounted 
skid. The seating of the two sloping surfaces furnishes the automatic 
ver t ical  adjustment and also a dampening of the l inear  and rotational 
vibratory motion a s  the a r m  swings to the fully-retracted position. 



To provide a latch-back mechanism and holddown system, 
(F igure  6-61, a se r i e s  of rungs a r e  f ~ b r i c a t e d  onto the bottom flange 
of the a r m  mounted skid. These rungs ac t  with a spring loaded 
latching device, housed in the support mounted skid, providing a 
ratchet-type lock with severa l  locking positions. 

6-22, Support Mounted Skid, The support mounted skid {Figure 6-  11) 
i s  a constant depth weldment of plates and a lso  has the c r o s s  -sectional 
configuration pf a wide flange beam. The top flange will be covered 
with a sheet  of nonsparking mater ia l ,  The top flange i s  installed on 
the auxiliary a r m  s u p p ~ r t  and posltnoned with a s e r i e s  of sh ims which 
provides 5 inches of vertitcal adjustment. The outboard end of the skid 
slopes downward f r o m  the tower and paral le l  to the top of the auxiliary 
a r m  support. In addition to supporting the a r m s ,  the skid i s  utilized 
a s  a housing fo r  the a r m  iatch-back and holddown mechanisms,  

6-23. TOWFft MOUNTED SECOXDARY RETRACT BEAM 

A pa i r  of sheaves,  one in the horizontal plane and one in the 
vert ical  plane, provide the directional change for the secondary cable. 
The horizontal sheave i s  mounted on the inboard face of thk tower 
mounted secondary r e t r ac t  beam (Figure  6-  12) at approximately the 
s a m e  elevation a s  the center  of the a r m ,  Because of the eccentricity 
of the r e t r ac t  cable with respect  to the beam,  considerable tors ion i s  
c a r r i e d  by the beam. 

Tower connections fox the secondary r e t r ac t  beam a r e  furnished 
a t  every  floor above the 88 foot level a n d  will have common bolting pat- 
t e r n  for  interchangeability of the beams.  The holes for  the mounting of 
the sheaves will be located'and dr i l led during installation. Since the 
b e a p s  a r e  furnished only to meet  t h e  present  requirements ,  any subse-  
quent relocation of the a r m s  requires  additional field drilling for  the 
mounting of the sheaves.  

6-24. ARM ACCESSWAYS - 

Service and equipment installation for the ver t ic le  requires  
access  of personnel f rom'the tower to the vehicle, To fulfill this r e -  
quirement,  accessways {Figures  D-  11, D- 12, D- 13, and D- 14) leading 
f r o m  the tower levels to the a r m  levels a r e  provided, A11 a r m  access -  
ways, with the exception of the S-XC INTERTANK a r m ,  consist  of two 
landings and a t  leas t  one a rm peculiar transit ional section. This section 



may be a s t a i r ,  ladder ,  platform, combination of s t a i r  and platform, o r  
a combination of a ladder and a platform, The a r m  landing and the tower 
landing, including their  supporting s t ruc tures  , a r e  common to a l l  a r m s  
except the S-IC INTERTANK. A mounting beam on the eas t  face of the 
tower provides support for one side of the a r m  landing. 

F o r  the S-IC INTERTANK a r m ,  access  i s  provided through the 
in te r ior  to tower, This route, however, does not allow the walkway 
clearance of 42 inches by 78  inches that i s  normally maintained. All 
obstacles interfering with headroom clearances will be clear ly marked  
in an  approved manner ,  

F o r  personnel protection in the a r e a  of the a r m  mounting hinge 
and a r m  landing, a retractable  enclosure (F igure  6-  13) i s  provided. 
This  enclosure allows protection for personnel for a l l  positions of the 
a r m .  

The design loading for  the accessways i s  a 5 psi blast  loading. 
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SECTION VPI 
J ~ E R F A C E S  

This section presents the location and definition of each interface 
affecting the service a rms ,  access a rm,  and associated equipment. The 
design responsibility of each affected organization i s  delineated a s  the 
established interfaces a r e  defined. 

The interfaces a r e  presented in four general paragraphs entitled: 

Vehicle Interfaces 
Tower Interfaces 
Arming Tower Interfaces 
Vertical As sembliy Building (VAB) Interfaces 

Vehicle interface s will in general define the design responsibilities 
of LOC and M-P&VE. Tower interfaces will define the responsibilities of 
various branches and sections with LOC. Arming Tower and VAB inter- 
face s indicate the nece s sary structural modifications required on the extend- 
able work platforms to provide adequate clearance and environmental control 
around the service and access a rms .  

7- 1. VEHICLE INTERFACES 

All points of contact and connection between the service a r m s  and 
the vehicle a r e  defined in this section. The a r ea s  include extension platform 
bumpers and coupler s , propellant lines , pneumatic line s ,  a i r  conditioning 
line s ,  electrical lines, and the interface between the umbilical ca r r ie r  and 
the cylinder type withdrawal mechanism. The vehicle ground half con- 
nectors and the umbilical c a r r i e r s  a r e  the responsibility of M-P&VE. The 
interfaces covered in this section a r e  a s  fo%$ows: 

a. Propellant Lines. These interfaces consist s f  a LOC 
furnished vacuum jacketed stainless steel. flex line mating with a M-P&VE 
furnished coupling by means of a floating flange, gasket, and bolts supplied 
by LOC. 

b. Pneumatic Lines. Metal o r  teflon flex hose furnished by 
LOC will interface with a M-P&VE supplied quick disconnect coupling by 
means of tube fittings or  flanges. Gaskets and bolts will be furnished by 
LOG. 

c. Air Conditioning Lines. A flexible a i r  conditioning line 
supplied by LOC interfaces with a M-P&VE furnished vehicle ground 
half coupling. This interface i s  a flange o r  slip-on cuff and clamp. 
Gaskets, bolts and clamps will be furnished by LOC, 



d. Electr ical  Lines.  A cable and connector with the pin inse r t  
supplied by LOC will mate  with a M-P&VE furnished connector located on 
the vehicle and will mount in the M- P&VE furnished c a r r i e r s .  

e .  Umbilical C a r r i e r .  The M-P&VE c a r r i e r  which groups the 
smal l  l ines together in a common housing will have a bolted interface with 
the LOC withdrawal mechanism. This interface i s  shown i n  F igure  7-1. 
LOC will furnish the bolts. 

f .  Extension Platform Coupler. Personnel access  extension 
platforms for  the S-II FWD, S-IVB AFT, S-IVB FWD, and SM serv ice  a r m s  
will couple direct ly  to the vehicle. This coupler i s  detailed in  Figure 4- 37. 
Permiss ion  for  a hard  point on the SM for  this purpose has  not yet been 
granted by the Manned Spacecraft C e n t ~ r .  

g. Extension Platform Bumper. On a l l  personnel access  ex- 
tension platforms, a bumper assembly (Figure 7-2) will be provided by 
LOC. This resil ient bumper provides surface a r e a  for  contact against  the 
vehicle skin. The bumper i s  used in  conjunction with the coupler discussed 
in  paragraph f on the S-I1 FWD, S-IVB AFT, S-IVB FWD and SM serv ice  
a r m s .  

h .  Cylinder-Type Withdrawal Mechanism Interface. As shown 
i n  Figure 7-1,  LOC furnishes the complete assembly including the shock 
mount joint, smal l  cylinder, spr ings,  and driving linkage connected to the 
sma l l  cylinder. M- P&VE provides the driving linkage for  the umbilical 
c a r r i e r  cam-off l eve r .  These two driving linkages a r e  keyed to a common 
spline provided by LOC. 

Following 'is a detailed explanation, by service a r m ,  of the vehicle 
interfaces.  

7 - 2. S-IC INTERTANK ARM 

Two 8-inch stainless s teel  flex l ines interface with M- P&VE vehicle 
ground half propellant devices (Figure A- 1, Appendix A and Figure F-64, 
Appendix F) with ra i sed  face flanges. The extension platform interfaces 
with a bumper a s  shown in F igure  7-2. 

7-3. S-IC FWD ARM 

The extension platform bumper (Figure 7 - 2) will contact, but not 
couple with the vehicle. The lanyard withdrawal mechanism (Figures  4-21 
and 4-22) will interface with the umbilical c a r r i e r  on the cam-off lever .  
All of the serv ice  l ines (Figures  A-3 and A-4) interface a t  the umbilical 
c a r r i e r  (Figure 7-3) a s  outlined i n  subparagraphs b through d. 



7-4. S-II AFT ARM 

The bumper (Figure 7-2) does not couple to the vehicle. The LOCI 
M-P&VE interface i s  a t  the ground half of the quick disconnect coupling. 
LOC furnishes flex line up to the coupling a s  well a s  the lanyard for  the 
withdrawal mechanism. This  lanyard will be connected to an  attachment 
on the coupling. 

7-5. S-IIINTERMEDIATEARM 

As there  i s  no personnel access  into the vehicle f rom this  a r m ,  
neither of the extension platforms contact the vehicle. The M-P&VE um- 
bilical  c a r r i e r ,  which will have a mounting pad a s  an  interface,  i s  shown 
in  F igure  7-4. The LOC withdrawal mechanism will bolt to  this  mounting 
pad. The service Pines (F igures  A-7, A-8 and 8-91 interface a s  outlined 
in  subparagraphs a through d. The LOC/M-P&VE interface for the LO2 
fil l  and dra in  line i s  detailed in Figure 7- 5, The LOC portion of this 
interface consis ts  of the vacuum jacketed flex hose with the 150-pound 
ra ised  face floating flange, bolts,  and gasket. LOC a lso  provides the 
r e t r a c t  and cam-off lanyards and the s ix small  pneumatic and purge flex 
line s which interface a t  the coupling valve and flex hose. M-P  & VE will 
supply the coupler,  the butterfly shut-off valve, and the support bracket  
which interface with the LOG re t r ac t  lanyard. The LH2 f i l l  and dra in  Pine, 
which i s  handled by a lanyard device (Figure 7-5) has  a n  interface s imi lar  
to the LO2 connector. The LOC flex line interfaces with the M-P&VE 
butterfly valve by means of a 150-pound floating flange. 

7-6. S-I1 FWD ARM 

The extension platform will have a "hard" connection a s  well a s  
a "soft" bumper .  The individual umbilical c a r r i e r  and extension platform 
in ter faces  a r e  discussed in paragraph 7 - 1  b, c ,  d ,  f, g, and h. 

7-7. S - IVBAFTARM 

The interfaces for the extension platform coupler and bumper a r e  
covered in  paragraphs 7- 1 f and g. All s f  the service l ines  a r e  supported 
by  the umbilical c a r r i e r  which i s  handled by a cylinder type withdrawal 
mechanism. These LOC provided l ines  interface with M-P&VE supplied 
quick-disconnect couplings a s  outlined in paragraph 7- 1 a ,  b ,  c ,  and d. 
The M-P&VE c a r r i e r  (Figure 7 ~ 6 )  interfaces with the LOC withdrawal 
mechanism a s  detailed in  paragraph 7- 1 e and h. 



7-8. S-HVB FWD ARM 

There  will be a B'hard" and Ussoft ' '  connection between the extension 
platform and the vehicle. Refer to paragraph 7- 1 f and g. The S-IVB FWD 
and IU umbilical c a r r i e r s  a r e  supported in a common f rame  (Figure 7-7). 
M-P&VE will provide an  interface on this f rame for  the LOC cylinder type 
withdrawal mechanism. Details on this  interface a r e  given in paragraph 7- 1 
e and h. The service line data i s  covered in Figure A- 14 and the interfaces 
in paragraph 7-  1 b ,  c and d. 

7-9. SERVICE MODULE ARM 

Although there  will be no personnel access  into the vehicle f rom 
this a r m ,  a coupler will be used, if a hard  point can be provided. This 
coupler i s  detailed in Figure 4- 37. The service line data i s  covered in 
F igures  A16 and Al7 .  The umbilical c a r r i e r  (Figure 9-81 has  an  M-P&VE/ 
LOC interface on the cam-off lever  where the LOC lanyard withdrawal 
mechanism at taches (F igure  4-27). The Pine interface i s  outlined in 7- 1 b ,  
c ,  and d. 

7- 10. COMMAND MODULE ACCESS ARM 

There  a r e  two vehicle interfaces on this  a r m .  The environmental 
room bumper(s )  a s  present ly considered will contact and t rack ,  but not 
couple with, the vehicle a t  the vehicle station 37 16,555 field splice. An 
interface a l so  ex is t s  between the environmental room seal  and the edge 
of the a c c e s s  door. 

7- 11. TOWER INTERFACES 

All interfaces discussed in this paragraph a r e  those between service 
and a c c e s s  a r m s ,  with their  associated equipment, and the LUT. All tower 
in te r faces  (Appendix D) a r e  the respons ib~l i ty  of the Launch Support Equip- 
ment  Engineering Division QLO-D) of LOG. The following branches and 
sections of the division a r e  affected: 

LO-DE - Launch Equipment Branch 
LO-DE5 - Electrical. Section 
LO-DE3 - Pneumatic Section 
LO-DE4 - Umbilical A r m  Section 
LO-DL - Launch Transpor ter  Systems Branch 
LO-DL3 - Structures  Section 
LO-DL5 - Electr ical  Section 
LO-DP3 - Mechanical Section 
LO-DP2 - Cryogenics Section 



The interfaces established delineate rea lms  of responsibility be- 
tween the branches and sections of LO-D. 

i 
7- 12. L O - D E ~ / L O - D L  INTERFACES 

7- 13. Service Arms  and Command Module Access Arm. Each service 
a r m  will have two hinges (Figure 4-1 3) which bolt to the Launcher Umbil- 
ica l  Tower Mounting Beam. The tower elevation a t  the bottom of the 
lower chord of each service a r m  i s  a s  follows: S-IC INTERTANK - 666.000, 
S-IC FWD - 1391.000, S-PI AFT - 1566. 000, S-I1 INTERMEDIATE - 
1741. 000, S-I1 FWD - 2391. 000, S-IVB AFT - 2631.000, S-IYB FWD - 
31 56. 000, and SM - 3636. 000 (Figure 2-2). Details of service a r m  hinge 
mounting i s  given in  Appendix D. The Command Module ~ c c e s s  Arm inter-  
faces  with the Launcher Umbilical Tower in a manner s imilar  to the service 
a r m  interface.  However, the mounting beam i s  located on the eas t  face of the 
tower . 

7-14. Control ConsoBes. Refer to Appendix D for details on the LUT in ter -  
face with the consoles on tower levels 60, 120, 140, 160, 200, 220, 260, 300 
and 320. Another interface exists in  the LUT base where the hydraulic charg-  
ing unit will be mounted. 

7 ~ 1 5 .  A r m  Accessways. There  a r e  nine accessways between the Launcher 
Umbilical Tower and the service a m r s .  The accessways a r e  furnished by 
LO-DE4 and a r e  detailed in  Figure D-1 1 , Appendix Do 

7-16. Arm Support, Beam, and Linear Shock Absorber.  The tower-mounted 
serv ice  a r m  skid, support and beam a r e  furnished by LO-DE4. The l inear  
shock absorber  used to stop the a r m  i s  a l so  furnished by LO-DE4. Refer to 
F igures  D-1 through D-10 for  locations a t  each level of the a r m  supports and 
l inear  shock absorbers .  

7-17. Tower Mounted Cylinder. This mechanism i s  located on tower levels 
140, 200, 220, 260, and 300 a s  shown in  Figures  D-4, D-6, D-7, D-8 and - 
D-9. It is used in the service a r m  retraction system a s  outlined in  paragraphs 
4-46 and 4-50, 

7-18. Water Quench System, A piping system for  spraying each a r m  with 
water  at the tower will be furnished by LO-DE4. This water  quench sys tem 
interfaces with the tower a s  detailed on the following figures in Appendix D: 

S-IC INTERTANK a r m  - Figure D-2 
S-IC FWD a r m  - Figure D-3 
S-I1 AFT a r m  - Figure D-4 
S-I1 INTERMEDIATE a r m  - Figure D- 5 
S-I1 FWD a r m  - Figure D-6 
S-IVB AFT a r m  - Figure D-7 
S-IVB FWD a r m  - Figure D-8 
Service Module a r m  - Figure D-9 
Command Module Access a r m  - Figure D-10 



7- 19. LO-DE4/LO-DL5 INTERFACES 

7- 20. Control. An interface will exist between the cables, dis t r ibutors ,  
and consoles furnished by LO-DE4 and the facility furnished by LO-DL5. 

7-21. Umbilical. These a r e  the LO-DE4 furnished shell s ize  40 cables 
which supply a l l  e lectr ical  service to the vehicle. They a r e  outlined i n  the 
following figures in Appendix A: 

S-PC FWD Arm - Figure A-3 
S-TI INTERMEDIATE a r m  - Figures  A-7 and A-8 
S-TI FWD a r m  - Figure A- 10 
S-PVB AFT a r m  - Flgure A- 12 
S-IVB FWD a r m  - Figure A- 14 
Service Module a r m  - Figure A-16 

The cables interface on the tower levels with an umbilical c r o s s -  
over  distribution panel. 

7-22. Lights and Receptacles. The cables which furnish service to the 
a r m  mounted lights and 120/208 receptacles interface w ~ t h  a lighting dis- 
t r ibutor  panel on tower levels 60, 120, 140, 160, 200, 220, 260, 300, 
and 320. Refer to Appendix C, Figures  C-32 and C-36 for  fur ther  details.  

7-23. Fir ing.  LO-DE4 has  an interface a t  tower levels 160, 200, 220, 
260 and 300 i n  the lift-off and umbilical re lease  switch circui t ry.  A cable 
f rom the in-flight s ervice a r m s  interfaces with a distribution panel located 
on the above mentioned tower levels.  Another interface exists with the um- 
bilical re lease  c i rcu i t ry  for  the preflight a r m s .  These interfaces a r e  
located on tower levels 60, 120, 140, and 320 a t  distributor panels.  

7-24. LO-DE4/LO-DP2 INTERFACES 

The interfaces discussed h e r e  a r e  between the cryogenic l ines and 
the environmental l ines on the serv ice  a r m s  and access  a r m  and the tower 
supply l ines . 

7-25. L02 .  There  a r e  three  LO2 f i l l  l ines on the service a r m s ;  the S-IC - 
INTERTANK a r m  (two l ines) ,  the S-I1 INTERMEDIATE a r m ,  and the S-IVB 
AFT a r m .  Each of these LO-DE4 lines has  an interface with LO-DP2 furn- 
ished line. The S-IC INTERTANK service a r m  8-inch ID lines will in te r -  
face approximately a s  shown in  Figure D-2, Appendix D. The S-II LO2 f i l l  
l ine interface i s  shown in  Figure D-3. The S-PVB LO2 f i l l  line interface i s  
a s  shown in F igure  D-6. 



7-26. LH2. There a r e  two LH2 f i l l  line interfaces.  These a r e  the 8-inch 
line a t  the S-I1 INTERMEDIATE service a r m  shown in  Figure D- 3, and the 
6-inch ID line a t  the S-IVB AFT service a r m  a s  shown i n  Figure D-6. 

7-27. GH2 Vent. There  a r e  two GH2 vent a r e a s .  One line i s  located a t  - -  
the S-I1 FWD service a r m  ahd interfac'es with tower piping a s  shown i n  
Figure D-6, and the other line i s  located a t  the S-IVB FWD serv ice  a r m  
and interfaces a s  shown in  F igure  D-8 with the tower piping. 

7-28. Environmental Control (LO-DPM). The interfaces discussed h e r e  
a r e  the connections between the service-arm-mounted and tower-mounted 
a i r  conditioning and GN2 purge l ines;  and between the access-arm-mounted 
and the tower-mounted lines.  These flanged interfaces a r e  located a t  the 
S-IC FWD, S-I1 INTERMEDIATE, S-I1 FWD, S-IVB AFT, S-IVB FWD, and 
Service Module a r m s  a s  well a s  the access  a r m .  

7-29. LO-DE4ILO-DE3 INTERFACES 

The pneumatic section will furnish pneumatics for  the vehicle, the 
umbilical c a r r i e r  withdrawal mechanisms,  and the hydraulic charging unit. 

7 -  30. Service Arm Pneumatics.  LO-DE4 will receive a t  the various tower 
levels the necessary  pressur ized  a i r  and CN2 for  operation of the pneumatic 
equipment on the service a r m s  and access  a r m .  

7 - 31. Hydraulic Charging Unit. There  will be severa l  hydraulic interface 
a r e a s  on the tower.  One i s  located i n  the base of the LUT while the other  
i s  located a t  the consoles on the various levels.  LO-DE3 will supply the 
piping f rom the LUT up to the control consoles.  

7- 32. Vehicle Pneumatics.  LO-DE4 will interface with LO-DE3 a t  the 
tower levels for  pneumatic service to the vehicle. 

7 - 3 3 .  Vehicle Conditioning Fluids.  LO- DE3 will furnish LO-DE4 the 
water /glycol  for the Service Module a r m  and the water  /methanol for  the 
S-IVB FWD service a r m  f rom the supply units mounted on tower levels 
260 and 300.  

7- 34. VERTICAL ASSEMBLY BUILDING INTERFACES 

As the s tages a r e  assembled i n  the VAB, the respective serv ice  
a r m  will be extended. As the service a r m s  a r e  extended, the VAB work 
platforms will be positioned. There  will be provision i n  the work plat- 
fo rms  for  openings to accommodate the service a r m s  and associated 



equipment. These cutouts a r e  defined by the figures in E-2,  Appendix E. 
A recommended universal clearance envelope fo r  the service a r m  cutout 
in the VAB wall js detailed in Figure E-4 so that LO-DE4 may provide a 
standardizeddiaphragm for environmentally closing the cutout. 

ARMING TOWER INTERFACES 

The Command Module Access a r m  will not be extended until the 
LUT has  been positioned a t  the Fir ing Site. Openings o r  cutouts will be 
provided in the a rming tower platforms in order  to accommodate the 
service and access  a r m s  which will be in the extended position. These 
opening requirements a r e  outlined in Figures  E -5  and E-6, Appendix E .  
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OUTSIDE VEHICLE SKIN (REF) 
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NOTES: 
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I MAX WlND CONDITION WHILE CONNECTED TO THE VEHICLE-95% 
2 MAX WlND CONDITION FOR PERSONNEL ON PLATFORMS = 32 KNOTS. 
3 TOWER DEFLECTIONS ARE NOT CONSIDERED FOR PLATFORM DEFLECTIONS. 
4 NATURAL FREQUENCY OF VEHICLE-.8O DRY AND .33 FUELED. 

260 Figure 7-2 .  Extension Platform - Vehicle Interface (Sheet 1 of 2 )  
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Figure 7 - 3 .  S-IC F W D  Umbilical C a r r i e r  







Figure 7-6. S-IVB AFT Umbilical Carrier 



Figure 7 - 7 .  Combination S-IVB F W D  and I U  Umbilical C a r r i e r  



Figure 7-8. Service Module Umbilical Carrier  



APPENDIX A 

Preface 

Appendix A contains tabular data on the umbilical service l ines ,  
such a s  specification, insulation, s ize,  type mater ia l ,  source,and bend 
radii .  
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APPENDIX B 

P re f ace  

Appendix B contains information on the weight and  cen te r  of 
g rav i ty  of all a r m s  except the Service  Module Service  A r m  and Command 
Module Acces s  A r m .  The following e r r o r s  on these  drawings  a r e  being 
co r r ec t ed .  

(1 )  Sheet  1, vehicle stat ions a r e  in  e r r o r ,  

(2)  Sheet 2 ,  S-IC A F T  a r m  LOX l o a d e r s  have the wrong 
configuration, 

( 3 )  Sheet 4, S-I1 A F T  does  not show the S-I1 INTER- 
MEDIATE se rv i ce  pla t form,  a r m  length i nco r r ec t  
a l so ,  

(4) Sheet 5, shows i nco r r ec t  LH2 withdrawal mechan-  
i s m  and i nco r r ec t  extension p la t fo rm,  

(5 )  Sheet 7,  configuration and cen t e r s  of g rav i ty  changed. 

(6 )  Sheet  8, c en t e r s  of g rav i ty  changed, 
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APPENDIX C 

Preface 

Appendix C contains electr ical  schematics for  ground network firing 
equipment, se rv ice  a r m  monitor cabinet configurationland a family t r e e  of 
e lec t r ica l  drawings for  service a r m s .  A general  equipment layout and a r m  
lighting layout i s  a lso included. 
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/fOt?N F HEAD 1 L I G H T  

MOUNTING ASS'YS 
FOR L I G H T S  

CABLE SUBASS'YS CABLE INSTALL CABLE ASS'YS CABLE 5UE4SS'YS 
L I G H T S  

RECEPTACLES 
A S S ' Y  

CABLE INSTL. C A B L E  ASS'YS CABLE SUBASS'YS 
RECEPTACLES 

CABLE INSTL. KICK- CABLE ASS1Y5 CABLE SUBASS'YS 
OFF SWS. * I 6 2  

CABLE IN5TL. 
Pi71 KICK-OFF b CABLE ASS'YS CABLE SUSASS'YS 

PNEU. PRI SUPPLY VIL. 

CABLE INSTALL 
- HORN @ L I G H T  CABLE ASS'YS CABLE 5UBA5S1YZ 

T -  H E A D  

MOVMnNG INS TALL 
s w I r c n  FOR HORN 
l LIGHT 7-HEAD 

CABLE INS TALL SW. 
FOR HORN B LIGHT 

CABLE CABLE SUBASS'YS 

F H E A D  



ASS'Y O F  RELAY 

R E L A Y  DISTR. MONITOR PANELS 

CABLE INSTALL C A B L E  ASS'Y CABLE SUBASS'V 
OF RECORDERS 

INSTALL OF 3-h AFT 
MONITOR PANELS 

CABLE I N S 7 2  OF CABLE ASS'Y CABLE SUEASS'Y 
RELAY DISTR.  

CAELE SU&SSy 
S-IC AFT MON. PANfLS 

UIBLLINSTALL FOR CABLE ASS'V CABLE SUBA5S'V 
5-IC AFT MON. PANEL 

MONITOR PANELS 

CABLE INSTALL OF CABLE A55'V CABLE 5UEASS'Y 
SIPBAFT MON. PNL. 

MONITOR PANEL5 

CABLE I N S n U  FOR CABLE ASS'V CABLE SUBASS1Y 
SIPB FWD. MIW FNL. 

MONITOR PANEL 

CABLE INSTALL FDR CABLE A45'V CABLE 5U8ASStY 
S M  MONI IVR PNL. 

CABLE W S ' Y  
SUAFT MON. PANELS 

CABLE SUBAS'Y 
5-.T/N7CE MOW- PNL. 

CABLE I N S ~ L L  CABLE ASS'Y CABLE SU~ASS'Y 
5-R F WO. MON. PNL. 

INSTALL O f  POWfR el 
CABLE ASS'Y CABLE s u ~ . 4 5 5 ' Y  



APPENDIX D 

Preface 

Appendix D contains drawings which show the Umbilical Arm-Tower 
Interfaces.  The following changes, which affect the drawings, a r e  i n  
progress :  

(1) LOX line elevation shown a s  station 648. 000 on sheet 2 
will be lowered. 

( 2 )  Umbilical distributor will be relocated to provide a 48-inch 
clearance between distributor and column centerlines.  
Clearance i s  required for  installation and maintenance of 
umbilical and serv ice  l ines .  This change will affect sheets  
where distributor i s  shown. 

( 3 )  Umbilical distributor a t  the 140-foot level, shown on sheet 4, 
will be removed. 

(4) All umbilical distributors will be l imited to maximum height 
of 7 2 inches.  

(5) S-I1 INTEAMEDIATE a r m  accessway, shown on sheet  11, 
may be changed f rom vert ical  ladder to s t a i r s  entering into 
the 140-foot level deck space. 



WEST ELEVATION SOUTH ELEVATION EAST ELEVATION 
ARMS SHOWN IN EXTENDED WSITION 

NORTH ELEVATION 

NOTES 

3 B a T  HOLES ON ALL GAGE LINES TO BE IN SAME ELEVATION 
PLANE AND SPACED VERTICALLY ( 5 )  INCHES ON CENTERS 
UNLESS OTHERWISE NOTED 

4 MAXIMUM MISALIGNMENT OF BOLT M L E S  IN THE SAME 
HORIZONTAL PLANE BETWEEN ANY TWO MOUNTING BEAMS 
TO BE f 25 IN VERTICAL DIRECTION 

5 VERTICAL BOLT M L E  CENTERS ON ANY MOUNTING BEAM TO 

HAVE A MAXIMUM TOLERANCE OF 2 0 0 6  IN ANY I 2  FOOT 
LENGTH 

6 A L L  DIMENSIONS ARE IN INCHES UNLESS OTHERWISE SHOWN 
7 FOR SERVICE ARM ACCESS DETAILS SEE SHEETS 11,12,13,L 14 
a ARMS ARE S W N  IN RETRACTED POSITION EXCEPT A S  NOTED 
9 SEE SHEET 2 FOR SERVICE ARM HINGE BOLT HOLE GAGE 



I-750 GA LINE 

VALVE AND DlSTRlBUTOU CONSOLE 

BOLT HOLE GAGE Fa) 1.25 O BOLTS 
SCALE = 1 /20  

OWER INTERFACE FOR 
WATER QUENCH SYSTEM 

FLOOR PLAN AT ELEVATION 60) 
ARM SHOWN IN EXTENDED POSITION 

WEST ELEVATION SOUTH ELEVATION EAST FLEVATION 

WATER QUENCH SYSTEM NOT SHOWN 



D 

VALVE CONSOLE 
AND DISTRIBUTOR 

C 

T STA 116000 
TOWER INTERFACE FOR 
WATER QUENCH SYSTEM --ARM PIVOT 

UMBILICAL DISTRIBUTOR - 

FLOOR PLAN AT ELEVATION 120' 
ARM SHQWN IN EXTENDED POSITION 

B 

LHz T ST* 6MIM 
LOX T STA 1 6 0 8 W  - 

- 

A 
SOUTH ELEVATION 

.WATER QUENCH SYSTEM NOT SHOWN 

WEST ELEVATION 



I 

TOWER INTERFACE FOR 
WATER QUENCH SYSTEM 

g PIPE \T STA 1535.00 

SECTION D-D 

\-CONTROL CONSOLE 2 
FLOOR PLAN AT ELEVATION 140' 
ARM SHOWN IN EXTENDED POSITION Sil lNTEFWENATEl 

HINGE MOUNTING BEAM 

WEST ELEVATION SOUTH ELEVATION 
WATER WENCH ,%STEM NOT SHOWN 

EAST ELEVATION I A 





,-CONTROL CONSOLE 2 

WEST ELEVATION SOVTH ELEVATION 
WATER QUENCH SYSTEM W T  SHOWN 





T STA 312500 

SECTIOWJ-J as 

-TOWER INTERFACE FOR 
WATER QUENCH SYSTEM 

aLVE CONStlE 
6 DISTRIBUTOR 

SECTION K-K 

FLOOR PLAN AT ELEVATION 260 '  
ARM SHOWN IN EXTENDED W51TION 

I 

TAW HINGE WUNTING eEN4 I 

' I !  
I 

e% VEW T STA 304aoo-- 
I 

I I 
EAST ELEVATION I A 

WEST ELEVATION SOUTH ELEVATION 
WATER QUENCH SYSTEM NOT S H W N  



T STATMN 3 6 0 5  

SECTION L-L 5 

VALVE CONSOLE 
AN0 DISTRIBUTOR 

h ARM PIVOT 

FLOOR PLAN AT ELEVATION 3 0 0 '  
ARM SHOWN IN EXTENDED POSITION 

CONTROL CONSOLE 2 

WEST ELEVATION SOUTH ELEVATION 
WATER QUENCH SYSTEM NOT SHWN 

EAST ELEVATION I A 



f TOWER COL 

T STA 3835.00 

TOWER INTERFACE J 
FOR WATER QUENCH I 
SYSTEM 

SECTION M-M B~~ 

ACCESS ARM 

\- - - Yciu~u~nrons 
-ARM HINGE MOUNTING BEAM \~OOO'WET I 

SOUTH ELEVATION 
A EAST ELEVATION 

WEST ELEVATION 
A 



PLAN- STANDARD PLATFORM 
SCALE: 1/20 

G I 3  IRUM s IO1.Y) REF -4 
ELEVATION-S-II AFT m,, 

5,,S'l 

ELEVATION- S-ll INTERM H,, 

EST*. %00.00 m SEIVICE MOOULE 
1.17A.  1110.00 PC.? I - I V  B FWD - 107.60 REF -1 l?d 

T.ST1. 2CX1.25 FOP S W  6 AFT. 

b\ 1.ITA. 13.a.15 FOR L-ll FWD. 

ELEVATION-S-IV B AFT 
M.," 

.= 
ELEVATION-5-1 I FWD " .-.---- --- y~:;~;JuLYY63 COMPLEX 39 r roaot  r. r a n r m b ~ k  

.%-.. =,=em . '.,. ". 11.1~ ,,,6"T 111T1. - -- -,.- ...... 
ucvwl 

.-.... .... " - ........ ,..... . ..i UMBILICAL ARMS A ~ ~ ~ ~ : ~ w = ~ -  

.",.,...* TOWER INTERFACES .m M"m""u'YU' - 
-Y Larrsr INFO o m  --- I-- 1- J 175~05249~ 
5JVLYs&? ..-- 1" 1 / 2 0  I-."- -11 -14 

A 

I 3 I 2 
.-~,.*.... .--. ... 

4 I 



I 
SECTION WN m,, 

SECTION I?'(? SHOWN w,, 
SECTION s's NOTED 

. - 

SECTION THR(XKjH SERVICE ARM 

HEX BQT 
k- 

SECTION\\' - \\I B,, 
SCALE 1/6 

V I E W \ J ~ J  NI, 
WALE f l O  





SECTION b\(i -b\(i m,, 

Lwi 
S.1C INTERTANK ACCESS PLATFORM A 

- 16 W A5 

SOUTH ELEVATION 

I P1- -." - "- -- - . -.. ..,. -. .. - 2%-- 7.a.- 

"..'-. ..,- CoMPLEX 39 En:.?::::: - GT :p -'. UMBILICAL ARMS $= smZ,, ,... - - 

I -,,- -.- 
COMREX59 .... ..-.. - TOWER INTERFPEES . ""'-'""'" . 

.., ..,, ".co 
-mILIMINA I 
--...a. I-. 1.- . 3 1 7 5 ~ 0 5 2 8 ~  . .. 



APPENDIX E 

P r e f a c e  

Appendix E contains drawings which show the VAT3 and Arming  
Tower Interface locations of the Service  and Access  A r m s ,  The fol- 
lowing changes ,  which will affect  the drawings,  a r e  in p r o g r e s s :  

(1 )  Extendable s e rv i ce  p l a t fo rm being added to  the S-I1 
A F T  a r m .  P l a t fo rm will provide a c c e s s  to S-I1 
INTERMEDIATE umbilical  c a r r i e r .  This  change 
affects shee t s  2 ,  4, 5 and 6, 

( 2 )  Extension p la t fo rm configuration on S-I1 INTER - 
MEDIATE a r m  will b e  changed,  This  change will 
affect  shee t s  2,  4 ,  5 and 6 ,  

( 3 )  Genera l  revisioiis  to a l l  withdrawal mechanisms  for  
configuration changes which affect  the c lea rance  
envelopes.  



RETRACTED WSlTlON 

m .- /uMBILmL ARMS 

 RETRACTED POSITION 
CM ACCESS ARM 

~ E W  13-13 ElI 
CRANE REMOVED FOR CLARITY 

NORTH 

-- .W'-- - 
SIC INTERTANK - 40' - I 

FLIGHT DIRECTION ( COLUMN 

88.000 CLEARANCE 

1776' d 
VIEW 11-13 ml 

.... ...... 
MAX DEFLECTION AT VEHICLE END OF ARM. 

b ARMING TOWER DIMENSIONS AND CONFIGURATIONS 
SCALED FROM OWGS NO I - 6 . 1 - 7 . 1 - 0 . L ~ ~ ~ ~ ~ ~  FOR 
ARMING TOWER COWLEX 39-NASA-LOC DATED 
28-MAR-63 

VAB ENTRANCE DIME?SIONS OBTAINED FROM 
URSAM DESIGN HOLD 5K-LVO-75 FUR % I  MTED INTERMEDIATE 4-MAR-63. 

GROUND RULES FOR VAB OPERATIONS 
I . LUT EMERS WIB WITH WITHDRAWAL MECHANISMS WITH- 

DRAWN. SERVICE ARMS RETRACTED AGAINST TOWER FACE. 
AND CM ACCESS ARM IN EXTENED POSITION. 

2. CM ACCESS ARM IS ROTATED TO THE SIDE OF THE VAB 
INTEROR TO PERMIT STAGE ASSY. 

3. AS STAGES ARE ASSEMBLED (STACKED). THE R E S P E W  
SERVCE ARMS ARE EXTENDED (WITHDRAWAL kECWM5MS 
IN WITHDRAWN POSITON1 VAB WORK PLATFORMS FOR 
STAGES ARE THEN POSITIONEO. 

4 EXTENSION OF WITHDRAWL MECHANBMS AND CONNECTON 
OFLM%K4LS!S ACCOMPLISHEO FROM VAB WORK RATFDRMS. 

5 SERVICE ARM EXTEESKJN PLATFORMS WlLL NOT BE USED 
IN VAB EXCEPT FOR ALIGNMENT 

6 UMBILICAL DISCONNECT, WITHDRAWAL, AND ARM RETRPCTlON 
WlLL HAVE COMPLETE FUNCTIONAL TESTS PERFORMED 
WITHIN VAB 

7. IF  CM ACCESS ARM IS TO BE TESTED IN VAB, ITS 
ROTATION WlLL BE LIMITED TO SPACE AVAILABLE. 

B CM ACCESS ARM WlLL BE ROTATED TO THE RETRACTED 
WSITKJN AFTER REMOVAL FROM THE VAB AND PRIOR 
TO TRANSPORTING TO THE FIRING SITE. 

GROUND RULES FOR AFmaNS TOWER OPERATIONS 
WHEN THE LUT IS PREPARED FOR THE ARMING TOWER 
THE FOLLOWING CONDITIONS ARE APPLICABLE: 

I. SERYKE ARMS A m  EXTENDED AND LOCKEQ CM ACCES 
ARM 5 RETRACTED AN0 LOCWD. 

2. E X T E W N  PLATFORMS ARE RETRACTEDAND LOCKED. 
3. WITHDRAWL MECHANIUC, ARE EXTENDED AND A L L  

UMBILICALS ARE CONNECTED TO THE VEHICLE. 

NOTES: 
I. % (TOWE* STATUW S-DW FOR ARMS ARE THE 

ELEVATIONS AT THE OUTSlDE OF THE LOYER C K n m  
FLOORS OF STANDARD T - H E M  ACCESS AREAS ARE 
17.750 ABOVE THESE ELEVATCUS. 

THESE ARE OUTSIDE UMBILICAL ARM DIMENSIONS 
A L L  SECTKJNS SHOWN ON SHEET4 ARE W T E D  0 7 ' ~ ~  
INWPLETE-DESIGN FOR P R E L I M W  C0NFIWMTI)N 
IS IN PROCIRESZ 

~ V A B  FLOOR 
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SECT IS-ITB~ 
SECT L-LE2 

SCALE 1/20 

.- W".. .- 4 I 3 I 2 

SECT H-H 
SCALE 1/20 B2 
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I C ARM 
I 

, 

RECOMMENDED UNIVERSAL CLEARANCE 
ENVELOPE TO PROVIDE STANDAROIZED 
CUTOUT IN VAB WALL FOR SERVICE ARMS. 



SD A F T  ARM L - U  

S-IC FWD ARM 
I J  

\ I \ ;  \, RETRACTION 

S-IC INTERTANK A4M 1-WJ 

S-E!B FWD ARM 

S.U INTER.AFN 





APPENDIX F 

Preface  

Appendix F contains information which has  been received f rom the 
various stage contractors .  The design of a l l  service a r m s  up until July 
10, 1963, has  been based upon the information provided on drawings 
presented on pages F - 1  through F-63.  Future design will be based upon 
drawings received af ter  that date. Pages F -64  through F -69  indicate 
such drawings that have been received after July 10, 1963, and up until 
publication closing time July 22 ,  1963. The recently received drawings 
a r e  recognized to contain information that dictates changes that must  be 
made to designs displayed in this pre l iminary  engineering report .  
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iXEPARED FOR NASA-MSFC -- 
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ODD DASH NUMBERS 

USAGE DATA 
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SANTA MONICA, C A L l  FORlVlA 
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AIRCRAFT COMPANY, INC 





Standards -- 
1P00041 

1. SCOPE - 
This Specif icat ion Control drawing defines t he  design, t en t ,  and data 
requirementrs fo r  the dee im and procuremelat of a aioconncct, which 
v l l l  be used i n  a liquid oxygen fill l i n e  i n  a space vehicle. 

2. AYPLICABLE DOmm 

The follarillg specif icat ions and standards (including subsidiar ies  there-  
of), drawings, and publjcations of the i ssue  i n  e f f ec t  on 7 Scpttenlber 
1961, except as otherwise noted o r  controlled on an i n d i v i d u l  basis ,  form 
a part of t h i s  drawing t o  t he  extent  epecified herein. 

Douglas Prepared Documents 

Drawlnp and Otter  Publications - 
Materials, Compatible, Liquid Oxygen Searvice 

Oeneral Procurement Speclf i c a t  ion 

Cleanliness, Components, Oxidi zer-Fuel-I'rteumatic 
System 
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Radiographic Irapect ion; Soundness Iiequirements 
for Pusion Wc,hls on Aluminum nnd Piagnesiw 
Missile Canlponents 

Radiograpllic Illspection l'roceduree and A1 ceptance 
Standards for  E'usion Veeldeed Joints  i n  S ta in less  
S tee l  and Heat Resistant S tee l s ,  Yrocedure f o r  

ABMA-PD-W-40 Welding, Carbon, Lm Alloy, and S ta in less  Steel ,  
(,kz-1-58) Manual o r  Autanatic, f o r  Chided Missile Use 

M I L - A - ~ ~ ~ ~ A  

MIL-C-5541 
(3-28-50) 
Amend. 1 

MIL-I-6865~ 
Amend. 1 

MIL-N-60U ' 

(3-14-50) 

MIL-P-25508C 

MIb~-11468 
(9-24-51) 

MIL-S- 5002 
(10-23-56) 
Amend. 2 

MIL-T-152B 

Welding, I'usion Siiielded Arc, M I  o s i l e  Coniponcnts, 
Aluminum rind Magnesium b l a r ~ u a l  or A~~tcmat ic  

Anodic Coatings, for Aluminum and Aluminum Alloys 

Chemical Films fo r  Aluruinum and Aluuti~~m A l l o y  

Inspection, Radiopaphic 

Nitrogen, Liquid and Oes 

grope l l a n t  , Oxygen 

Ftad io~aphic  Inspection, Soundness Requirements 
fo r  Arc and Gas Welds in  S t ee l  

Surfnce l'reatuients ( ~ x c e p t  PI-irning and paint ing)  
for  Metal and Metal Parts  in  Alrcraf t  

Tl'estment, Moisture and Fungus Resietant, of 
Communications, Electronic, and Associated Elec- 
t r i c a l  Equipnent 
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Standards -- 
MIL-STD-BB 



3 1 -- General 

Unless otherwise specified, tho contents of 7869555 a r e  applicable. 

3.2 Design 

3.2.1 Configuration 

3.2.1.1 Dimensions 

T1:e overa l l  dimensions of t he  disconnect s h a l l  be within t h e  llmits specif ied 
i n  f igures  1, 2, and 3. 

3.2.1.2 Components 

The assembly shall consis t  of two mating un i t s  ( grour~d  (-501) and airborne 
.(-I) ), which connect together with applicat ion of an a x i a l  mechanical 
force. The d e s i m  s h a l l  a l s o  incorporate a self-al igning reature, e f fec t ive  

'during engagement of t he  mating halves, t o  assure proper mating. The d i s -  
connect s h a l l  allow angulation and ax i a l  motion of the  ground half with re-  
spect t o  t he  airborne half when the  two halves a r e  connected together.  % 
half  a h a l l  be generally conical i n  shape, the other  h a l f  spherical .  A 

ni-connected and sealed. 
T ~ ~ = 1 ~ m a m k " ~ ~ i ~ m ~ ~ ~ ~ j , - ~ T ^ d ~ ~ % E Z I 6 e ~ ~ a t ~ - b n  the  airborne 
ha l f .  The mating s ea l  shall be preloaded t o  provide a leakproof s e a l  when 
one half is o f f s e t  l a tega l ly  1/8 inch from the assembly center l ine,  and/or 
one half is angulated 2 from the other half .  

3.2.1.3 Disassembly and Assembly f o r  Cleaning 

The design and construction of t he  disconnect slmL1 a L l m  f o r  complete d i s -  
assembly, cleaning for  oxygen service,  and assembly without impairing t h e  
operat ional  performance parameters a s  epecified herein, o r  causing replace- 
ment of non-standard parts .  No spec ia l  toole  s h a l l  be required f o r  assembly 
o r  disassembly. 

3.2.1.4 S c c u r i n ~  Devices 

The dlsconnect shall be designed and cons'cructed so t h a t  no pa r t s  shall work 
loose during i n s t a l l n t i on  o r  operation. A 1 1  adjustments which may be pro- 
vided oha l l  be capable of being securely locked f o r  a l l  operation and t e s t  
conditions specif ied herein. 

BOUELRS 
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3.2.2 Flow MQ d i ~  

The flow medium s k a l l  be liquid oxygen i n  accordance with MIL-P-25508. 

3.2.3. Olerat i ~ g  Temperatures 

3.2.3.1 External 

T2ie disconnect shall operate i n  an external environment of' -65 t o  -+160F. 

3.2.3.2 Ir,ternal -- 
Tile disconnect s h a l l  operate a t  an in terna l  temperature of -323 t o  t160~'. 

3.2.4 ---- Actuating Forces 

3.2.4.1 Connection 

Tlle t o t a l  applied force required t o  cotrnect t h e  two halves and t o  preloarl 
the  mating s e a l  shall not exceed 35 lbs . 

Tlre axial force required t o  discclnnect t h e  two halves shall. not exceed 
50 lbs .  

3.2.5 Proof Pressur- 

The disconnect e.8sw.bI.y s h a l l  withstand 175 22 ps i& in terna l  proof presmwe 
without leakage, d is tor t ion  or  f a i lu re  with t h e  two halves external ly held 
i n  a fixed position. 
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3.2.6 Leakage 

Leakaye past the mating sea l  s h a l l  not exceed 100 scan of oxygen w, with 
the disconnect connected together, 0 t o  1M psig i n t e r n a l  oxygen pressure, 
the  uound half r o t a t d  2' in  any dircctlorl and moved axia l ly  1/4 inch i n  
e i ther  direct ion frm t h e  airborne half, a ~ ~ d  the tcn~pernttwe ai:, +lo0 t o  
-300 +20F. 

The disconnect shall connect when one ha l f  is offse t  Laterally 1/6 inch from 
the aeeernbly centerline, one half is  an ted 2' i n  any direct ion frun the  
other half, one h a l f  is moved axia l ly  1 from the other half and 35 lbs  
maximum force i s  applied. 

3.2.7.2 Disconnection 

The disconnect s h a l l  uncouple when a force of 50 lbs  mexinrm i s  applied 
along t h e  axis .  

3.2.7.3 Flow RHte 

Flow through t h e  disconnect aneanbly s h a l l  be a minimum of 1000 gpn of l iqu id  
oxygen wi th  an i n l e t  pressure of 36 p i g .  

Pressure drop across the disconnect assembly shall not exceed 1.5 pel  with 
36 p i g  i n l e t  pressure and 1000 gpn l iquid oxygen flow. 

DOUBLIPS 
CODE IDENT NO. SIZE 

AIRCRAFT COMPANY, I N C  
18355 A 1 A49970 
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3.2.8 s t ruc tu ra l  

3.2.0.1 Outlet Flange 

The w t l e t  flange on the airborne l m l f  s1d.l withstand an a x i a l  compressive 
force of 1000 lbs  mid a t ene i l e  force of 500 U s ,  applied i n  arv di rec t ion  
around the  centerlil ie a t  a 5O angle. 

* 
3.2.6.2 I n l e t  F l a n ~ e  

The i n l e t  flange on the  ~ o u n d  half s h a l l  withstand 150 lbs  8hea.r force 
applied along t he  flange face, and 1000 In-lbs moment a l~pl ied  any plane 
perpendicuhr  t o  the flange face. 

The disconnect shall have a minimum service l i f e  of 200 cycles. One cycle 
. sha l l  consis t  of a corrplete connection and a disconnection, 

AIRCRAFT COMPANY, lEQC 



3 - 3  Material 

Castings s h e l l  be i n  accordance with MSFC-STD-100, Grade I IF  and be of 
high quality, clean, sound, and f r ee  frorm blowholes, porosity, cracks, 
or any other  defects.  

3.302 Me tals 

All metals s h a l l  be of the  corrosion r e s i s t an t  type unless sui tably pro- 
tected t o  prevent corrosion during the specifled service Life and storage 
l i f e .  

3.3.2.1 Non-Ferrous 

Non-ferrous materials  shall be used fo r  a l l  metal l ic  parts of t he  disconnect 
' except where ferrous mi te r ia l s  a r e  essent ia l .  

Non-magnetic metala s h a l l  be used f o r  a l l  metal l ic  parts of t h e  disconnect 
except where ma~pletic metals arc essent ia l .  

Non-metallic parts s h a l l  not have a corrosive e f f ec t  on other materials  
when expoaed t o  condition6 normally encountered i n  service. Fungus 
nut r ien t  materials when wed, shall be t rea ted  in accordance with ML-T- 
152, 

3.3.4 Lubricant a 

Lubricants shall be oxygen-oafe, d ~ j  film type i n  accordance with 'tf5PG938. 

Weight Control 

Tiie weight of the  disconnect shall be t h e  minimum weief$rt a t ta inable  d t h -  
out degradation of performnnce o r  r e l i a b i l i t y ,  and s h a l l  not exceed 3 

ds, fo r  the  airborne half  ( -1)  and 10 pounds f o r  the  tp~und half 
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3.5 Environmental 

The disconnect s h a l l  function in aecor&ance Kith all the requirermente of 
t h i s  specification when subjected t o  t h e  environmental conditions i n  the  
following paragraphs, 

The disconnect s h a l l  withatand a temperature drop frm +160 t o  -3XIF a t  
a r a t e  of l5F per second, without f a i lu re  o r  degrdection of gerfozrmance. 

!!?he disconnect s h a l l  wlthstma shocks of sawtoot21 pule@ tilta~4e, 35 g's magnl- 
tude fo r  10 +1 millisecor.de w-ithout f a i lu re  o r  degradation of  performance. 
The shocks s h a l l  be applied three t b e a  Ln both direction&, a.bng each of  
t h e  three  mutually perpendicuhr axes, 

The disconneet i n  the  ehlpping cont,ainer, shall withstend 6 5  g's shoch 
of sawboth Porn for  15 22 milliseconds, applied tblree time8 i n  each dlrec- 
t i on  on each of the slar aides o f  the shlppLng container. 

3.5-2 Yibratio> 

3.5.2.1 Operational 

The disconnect s h a l l  withatanil a sirmeoidal vibration, with rs logwatkmic 
octave sweep r a t e  of 3.5 minutea par oct;ava aver n fkc.?.qu@nc;)r mnw aolf 5 
t o  2000 t o  5 cps, a t  the  foll&ne, levelst  

5 to 20 CJM tit , e . . v , 0.35 Fnch 
20 t o  96 cps ert; . . . . . . . . 7.0 g's (0 t o  peak o r  vect~r) 
96 t o  1&3 e p n  at . . . . . . , . 0,015 inch UA 

180 t~ 2Q00 cps ad; . . . . . . * . 25,O g ' s  (vector) 

The vibsat ion shall be applied for 1 brow irr each o f  the  three orthogcrtla.l 
akes . 

The disconnect and nhipping container shel.lwfthstcpnd w e h w o i d e l  loga~i thmic  
octave sweep r a t e  vibration fYom 5 %c h t o  5 cps, at 2 mLnuterer per octave 
fo r  a period of 3 hours Sn each of t he  truee? principal  axes the "ready for  
shipnent" condition, a t  the following levels : 

5 t o  lr( q s  a.t . . . . . . . . 0.4 inch DA 
17 t o  ljOO cpn at . , , . . a . . 6,0 g'e (O t o  keak or vector) 

POUBLRS 
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I 3.5.3 Acoun t i c s  

T1.c disconnect a h a l l  wJt11~ta .1~  a random nolse rnvirormcnt w l t l i  a r l  overal l  
sound pressure level  ( sp l )  of l5L decibel6 (db)  ( re .  0.0002 n~icrobar*) fo r  
8 mir\l~tcs. 'I' e z-atlltml noifie st411 tmve an ~ p ~ w o x l r ~ ~ t e  thtiesinn ar7plitude 
d is t r ibu t ion  nrid n peak-to-nlo r t ~ t f n  ol' three or. mre. 1' i 6  uvt:l-rill spl 
s h a l l  have a ~ p e c t n u l ~  bhape, as ~ ~ ~ e a s u r e d  w i t h  octave band f i l t e r s ,  over 

' t1.e f'requerlcy range i'rom ? ,  . 5 t o  9500 cps as fo l lo~rs :  

Octnve mnd 1 2 3 4 5 6 7 8  
Center Frequency (cps ) 53 l o i  212 424 848 15% 3392 0784 
Sound P r e s ~ u r e  k v e l  (db) 144 1119 1.50 151 150 149 148 147 

The di8connect s h a l l  be capable of withstanding an application of a n  equal 
mixture. of se  m a t e  spore ousperision (act ive sporulatirlg cul tures  between 
7 -21  days old\ with e r e l a t i ve  hunidity of per cent and temperature of 
86F. The mixture of spore suspension s h a l l  contain equal parts of the 
fo l la r ing  f'ungl: 

1. Chaetaanium Globosum or  S/N 6205 
Myrothecium Verrucaria ' 9095 

2. MmononieU Echinate o r  9597 
Aspergillus Niger 6275 

3. Aspergillus Flavus o r  ' 10836 
Aspergillus Terreus l@3o  

4. P e n i c i l l i m  Citrinum or 9@+9 
Penicillium Ochrochloron Ull? 

The disconnect s h a l l  withstand a r e l a t i ve  humidity of 95 per cent for  a 
period of 10 temperature cycles. A temperature cycle ~)egine a t  +84F 
+I~F,  gradually increases t o  +lS5F during a 2-hour period, I s  held a t  
i l 5 5 ~  fo r  4 hours ar~d is  gradually decreased t o  +"ltF $ 1 6 ~ ; ~  during Q. 16- I 
hqur period . 

A l  RCRAFT COY PAMY, I #C 
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T I I ~  disconnect sllull  f'unction wi t i~ in  the roandatory y e r f ~ ~ m n c e  require- 
ments foLLowinp, expsu re  i o r  k 4  I~ocrs to  e finely tfivided, wet, dense 
fog cpntaininp. a , I i e r  cerlt salt nolut 'on, by weldit, hoving a Ph value 
of 6.5 t o  7.2 a t  pk' t o  'j'jY. 

3.5.7 - Sand md Wist 

Tlte disconnect s h l l  be c a p h l a  of' withstanding n ssnd arid dhist density 
of 0.1 t o  0.5 vanis per cubic foot,, at, a veloci ty of 2jrN f ee t  per 
minute, l o r  6 hours a t  +77F and 6 hours at +155F, with a re l a t i ve  hwnic1 . i  ty 
not t o  exceed 30 per cent. 

Sand a11 dust  ehnll b e  of angular s t ructure,  and have cl&mcterlsticn as 
f o l l m  : 

a. 1CX) par cent of the smd and dust sl10ll pass througki a 
100-mesh screen, U . A .  Btnrlclnrd :jieve Schrics. 

b. 98 +2 per cent of t h e  ctlrid and dust s h a l l  .pass through 
a lr@-mesh screen, l1.S :;tnndard Sieve bf.ries. 

c. 90 +:) per cent of t l ~ e  t;sn~l anti dust  s h l l  ptrnr t h o u &  
a 260-mesh screen, U.S. CtaruIertl S eve Series. 

d .  75 1-2 per cent of Lhe eand and durat a ~ ~ l  PET, t h o u &  
a 325-meah ecreen, U . T .  2tandexd S?.eve ijcrtes, 

3.508 Storage, Environment 

A l l  specified performance requiraientu for  the dtsconnect a k d . 1  be m e t  
a f t e r  a min.imm etorage life of '(30 days a t  t a ~ p e k ~ t u s t t s  between - 6 5 ~  
and t255F with a r e l a t i ve  humidity up t o  100 per cent, including condi- 
t i o m  wherein condemation takes place i n  f0nr.s of alther m t c r  and/or 
f ro s t .  All openings 01% the unite  s h a l l  be fl~aletl. 'Biis rcquk~renenl 
s h a l l  be met in the "a8 received" condition. 
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'i'he disconnect s!-all be so constxucted tilat no parts s h a l l  work loose during 
installation o r  service, A l l  ruljufitnents which may be provided s h a l l  be 
capable of being cecurely locked under all service and test conditions, I 
1 . 1  Qrrosion ricsistant Steels  ---- 
Corrosic,n r e s i s t an t  s t ee l s  shal l  he iner t  pas shield a r c  welded In accordance 
,with AEWB-PD-W-40, Class I, and radlogrej~hically inspected 100 per cent 
accordi~;g t o  WL-1-6865, A&Ih-Er)-R-$27, cind/or EIXL.i3-11468, 

Alumimmi alloys shall be iner t  gas shielrl a r c  welded In acccrda.nce with 
PB~A-PD-W-~~, and rediopyaphically i~~spected 100 per cent according t o  
kIIL-1-t.;[!65 and  AfPiA-PD-H-r(. 

3.6.2.1 Corrosion Resistant S tee l  ----.----..." 

Corronion r e s i s t an t  s t e e b  s l m U  be passivated In accordance with MIL-S-5002. 

Aluminum 8nlloy parts  s k U  be anodically t reated i n  accordance with KLL-A- 
8625. The aluminum oxide fib fomerl by t n i s  treatment s h a l l  be removed 
jPrm l o d L  areas under scram, nuts, etc., used for assembly or  t ~ o ~ n t F n g  
purposes, to  provide adccluate bondblg connections. Mhnnan eea l  areas shall 
be nlasked t o  l imi t  anodic treatment t o  specif ic  areas as specifled in fi&yures 
1, 2, and 3. Unanodizea s e a l  areas aha13 be chemically t reated Ln accordRnce 
with MIL (:-5541. 

Cadmium OI* zinc plat ing shn l l  not be used on any ccmponents. I 
3.6.1+ Protective ~ ~ e e t r n e n t  

W ~ t e r i a l s  subject t o  rfeteriomtian wlien exposed to the  climatic and environ- 
mental co:lditions occuring in  servlce sfl~lll be protected i n  a manner t ha t  will 
not preve!lt compliance Kith the performance requirmenta of t h i s  specif icat ion 
Protective coatings that ahip, creck, or ecale w i t h  age, or under the extreme 
climatic nnd envlxonmental conditions syec4fied herein, ahaU be avoided. 

Process aUL m f a e e o  in contact w i t h  the workdng media a t  a ce r t i f i ed  source 
and package in Lnccordnnce with LFCOOtl. 
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3.7 Approval of Vendor P a r t  

Final  approval of the  vendor p.rt ( t o  be accomplished pr ior  t o  f i r s t  ship- 
ment) shall be contingent upon oubmission, by the vendor t o  Douglas, of 
de t a i l+  out l ine and ssseuibly drawings ('including cross sect ional  View's) 
and a l i s t  of rnnterl.als, for  review by, on4 approval of, the Doughs 
Missile & Space System Engineering Department. Thin requirement also 
applies  t o  vendor cbnges.  

3.8 - Ident if icat ion 

The disconnect shall be permanently ident if ied in aaccordance with M.'SL-STD- 
130, with the following minirmm infornlation: 

Vendor name o r  trademark: 
Vendor .pa% number: 
Specification control  number: 1~43fl0-1 and U.49370-591 
Elanufacturer a se r  l a 1  mmiber : 

3.9 Preparation of Vend.or Waving 

Vendor drawins shall be prepzed  in accordance with '7869555, p m ~ r a p h  
3.8 with dicassernbly, adjuotment, and assembly instmtctlons f o r  t h e  
a r t i c l e  Included i n  t he  top msembly drawlng. 

The des im ,  construction, anfi quali ty control of the disconnect assmbly  
covered by t h i s  specif icat ion sklall exkibl t  a probable r e l i f i b i l i t y  which 
w i l l  lnsllrr tkaat t h e  highest  confidence l t v e l  of f i e l d  r e l i a b i l i t y  i s  in- 
herent i n  t h e  dieconnect assa,ibly during i t s  use i n  n 6pnCe vehlcle. 
S t a t i s t i c a l  dcmonntmtion of r e l i a b i l i t y  by t e s t  sh~ll. not bc remlired of 
the  vendor. ??'a probable re l iob i l i ' ty  of t he  f i r s t ' a r t i c l e  of t h e  proallc- 
t i o n  configuration wi l l  be estimated by Douglas A4rcraft Company Engineering. 



4.1.1 Definition ---- 
Design evaluation t e s t ~  ~&all d e t e n ~ ~ l n e  !f t he  disco~mect  assembly is  i n  
coxnpliunce with design requirwelents. 

4.1.2 Requirements 

The following desi* evaluation t e s t a  shaU be conducted by DougLas Aircraf t  
Ccmpany. Tests s h a l l  be performed in sequence t o  a t t a i n  the  maximuPn u t l l i z a -  
t i on  a s  well a s  the  mc~in,um evaluation of the disconnect. The l e a s t  destruc- 
t i v e  t e s t  shall be perfomed f i r s t .  Tile combining of  t e s t a  i e  reccamnended 
where j u s t i f  Ub le  arul pract ical .  

Disassembly, cleaning, and assembly of the  disconnect shall take phCe be- 
fore tes t ing ,  unless t h e  diaconnect has been previuusly cleaned and pack- 
aged i n  accordance with 1P00041, a t  a ce r t i f i ed  aource. 

4.1.2.2 Test Medl5 

Nitrogen, l iqu id  and gas, i n  acporilance with MIL-N-&Ill. 

4 1 . 2  3 Atmospheric Conditions 

Teats aha l l  be made a t  an atmospheric pressure of 29 +2 lnchea of mercury, 
a temperature of 70 +10F and a re l a t i ve  h m i d i t y  of t10 per cent, except . 
f o r  those environmenbl t e s t s  which specify extreme conaitions t o  demonstrate 
canpliance with design r equ i r en~n t s ,  Tolerances on envFFOtnaontal conditions 
shall be as follows, unlene otherwise ~ p e c i f i e d :  

. . . . . . . . . .  a. Tennperat;ure + 4F 
b. Vibration amplitude . . . . . .  7lD$ 
c ,  Vibration frequency . . . . . .  246 
a. ~umlidity. . . . . . . . . . . .  5% 
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Teat kecript ion 4.1.3 - 

Couple the  dieconyct together and cap one end, Al~ply 175 z2 paig niksogen 
gag preeeure at the open QXU¶ for 2 minutes. These e W h  be au, wideace of 
ertructural m l u r e  or dietartion. 

Couple the dieconnect together and cap the outlet.  C h i l l  the a~lsambly t o  
-300 +zol Apply nitrogen @16 preeswe a t  the Fnkt varying the presmu'e 
%om 8 to 110 psig. While varying the p r e e w e ,  anguhte the g r m d  halt' 
2 i n  any direction Fmn the alrbome half, md also move t h e  paud half 
back and for th axiaUy h/4 inch P'rcmn the airborne half. Leekage p n t  the 
mating sea l  &ti my pressure shell not exceed 100 eccm during and afier 
temperature reduction. Reduce the internal preaeure  XI 5 ppig, The leak- 
age a t  5 p i g  shall not exceed 100 sccm. 

4.1b,3,3+b Connection 

Place the two halves close to engagement, but M i t h  one half offeet hterslly 
118 inch from the  aeseab&y centerline, m d  w i t h  one half axialby iflieplaced 
114 inch and aagdated 2 frm t h e  other I~a1i. Apyby 35 bb8 taxiaa mckrund- 
-1 foroe. The twg halve5 e h l l  connect togekher ma the vvirnud inclicatw 
ehalX indicate a connection, 

Apply 58 Ibe axia l  mechataid force t o  the goupled dhsreolulect. The d p i ~ ~ c ~ n m ~ f i  
e W  uncouple. 

b.B.3.3.3 Plow Rate a d  Pressure Drop 

W p l e  the dieconnect halves together. Apply 36 p i g  kigu%d ni'kwmn pres- 
w e  st the inlet .  The flow rate shall be 1000 ~ p n  m i n i m u m .  T1.s pre~rsluse 
&og ehall not exceed X.5 psiI 
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4.1.3.4 SIloclc 

Stabi l ize  the disconnect assembly a t  + ~ G o F  then reduce t h e  disconnect 
temperature t o  -3X)F at; a q i t e  of l5F per second. Tcst according t o  
4.1.3.2 through 4.1.3.3.3, a f t e r  applying the the& shock. 

4.1.3.4.2 Operational 

4.1.3.5 Ylbration 

4.1.3.5.1 O p r u t S o w ~  

Lkbject t he  disconnect assembly t o  aksinamoida;i vibration, Kith a l o ~ i t b l c  
octave rate of 3.5 minutes pep octave over a PTequinzcy range tlwu fi to 2000 
t o  5 cpe for  l how in each of the three orthogonal axes. 2?ie frequency 
range and levels shall be as %oUows : 

5 t o  20 cpe a t  . . . . . . . 0.35 inch DA 
20 t o  96 cps a t  . . , . . . , . 7.Q $ ' a  (0 to peak or vector) 
96 t o  180 cpe piti . . , . . , , , 0.015 inch IlA 

180 t o  2900 cps at  . . . . . , , . 25.0 g's (vactor) 

Test according to 4.1.3.2 tkrwugll b.1..3.3.3, befme and a f t e r  the vibrat ion 
in a11 dLxectiona. 

4.1.3.5.2 ~a .nep r t a .&ion  

Subject the  eM1ppbg container and disconnect assenibly t o  sr slnusoidal 
bepri thmic oatfive sweep rate of 5 ko 600 $0 5 CPR at 2 minutes per octave 
for  a period of 3 howe along each sf the three principal   axe^ 3n the 
"ready for sh lpcnt  " condj t Lon, at the) foUnving levels 

5 t o  17 cpsat, , . , , . . . 0.4 inchIlA 
17 t o  GO~J cpa at  . , . , * . . . 6.4 gis (0 t o  peak or vector)  

These shall  be no stmctura t fai2twe w i  the shipping conh%ner. Test the  
dieconnect aesmbly i n  acco :dance wt th  pnragmph 4.1.3.2 t w u g h  4.1.3.3.3 
aPter applying the vibz'atio? In a11 clirections. 

I 
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4.1.3.6 &ice Life 

C;.rcle the disconnect aacembly 200 times at  a temperatwe of' -300 +20F. 
Or~e cycle a h a l l  consis t  of n cmplete connection a discollrrection. 
Af'ter t he  last cycle, t e s t  according t o  4.1.3.2 thraugh 4.1.3.3.3. 

Subject t h e  dioconnect ~ssembly  t o  exposure in a relative huziiidlty of 
' 95 per cent f o r  10 temperature cycles. A t m p r a t u r e  cycle s i ia l l  becin 

at +84 _tldF, be 6.;radully inereaced t o  +155P ovcr a 2 hour period, be 
held at +155F for b burn then be @rmLly reduced t o  +&4 216~ over 
a 16 haur period. Teest according t o  4.1.3.2 through 4.1.3.3.3 at the 
end of t he  10 cycles. 



Produ~t ion  t e s t a  sftall be thoso t e s t ~  which determine i f  production technl- 
ques adversely a f f ec t  des lgn . 

]Every item submitted t o  h u b  f o r  acceptance s l la l l  be proven by oat isfactory 
demonstration of i ts  capabil i ty  t o  meet perfoxaance ra t ing  requirements by 
the following t e s t s .  In add:ltlon t o  the production t e s t  requirements l l e t ed  
herein, par t s  may be tested a t  t h e  discret ion of the  Douglas Aircraft  Company, 
Itic., t o  veri* any or a l l  p:cPonnance requirements l i s t e d  i n  t h i s  clrawlng, 

4.2.2.1 Test tilcdium 

NLtrogen gas i n  accordance wi th  MILN-60U. 

4.2.3 - Test Bescript ion 

4.2.3.1 Roof -- 

Cauple the disconnect assembly and cap one end. Amly 175 b.2 p i g  nitrogen 
@s preomre a.t tho open end fclr 2 minutes. These shall be no evidence 
of s t ruc tu ra l  failure or  dis tor t ion.  

Ccmple t he  disconnect together rlnd cap the out le t .  Chil l  the assembly t o  
-300 ?OF. Apply nitrob~en gas pressure a t  the  i n l e t  varylng the  pressure 
$cm 0 to  110 pig. M,iLe vary-lng the pressure, angulate the  ground hR1f 
2 i n  any direot ion Rcm the ai.l:borne half,  end d s o  move t h e  ground half 
back and for th  ax i a l l y  l/4 inch from the  a.irborne l a l f .  Leakage -past 
the  mating seal  at any pressxire shall. not exceed 100 scan during and &er 
temperatuse reduction, Reduce -;he In te rna l  pressure t o  5 p8lg. The leak- 
age a t  5 psig shall no* exceed 100 socm, 



Place, t he  two halves close t o  et115agement, but Kith one llalf o f f s e t  
l a t e r a l l y  1/8 inch f r c m n  t h e  assembly centcgline, a d  with one half 
axl*llly displaced 1/4 inch and anljulated 2 fYcm t he  other ha l f .  
A p p l y  35 l b s  force. T!.e two halves shall connect together and the 
v i s u a l  indicator  s h a l l  indicate  a connection, 

4.2.3.3.2 Disconnectio~i 

Apply 50 Ibs axial mechanical force t o  t he  coupled disconnect. The 
dieconnect shall uncouple. 



5 .  PREPARATION FOR 3)- 

The disconnect s h a l l  be prepwed f o r  dellvery i n  accordance with 7869555, 
paramph  5 .  

$ * I  Cleaning, l'rocerssin~, and 1.hckne;ing 

Chaning, recessing, and yaclmgjng procedures allall  be in accordance 
W t h  lPOOOt1 . Art ic lof i  s l m l l b e  individually pacbped, und marked f o r  
iden t i f ica t ion  in accoriiance Ki th  .':IL-STD-l29. I ' h s t i c  bags, when re -  
quired, s h a l l  be c lear ly  marked wi th  ident i fying put m b e r ,  i n  ac- 
cordance KLth ML-STD-130. 

.= Cyclec per second 

DA - Double amplitude 

F .  - Degrees FAhrenheit 

& Tr~e acceleration due t o  gravity 

a?!! Ga.llons per minute 

E& Pounda per square inch absolute 

E!& Pounds per fiquare inch wuge 

s c m  - Standard cubic centinletera per minute 

ocm - Standard cubic feet per minute  

32 Sound presswe level ,  measured in decibels 
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