
gram since the early days of the Shuttle Program. The contents of the 

program are constantly being updated to assure timely and complete data 

to support all levels of the program at all affected NASA Centers and 

contractors. Some of the requirements documents that apply directly 

to this work are: 

Level I (NASA Headquarters), NHB8060.1A, "Flammability, 

Odor, and Offgassing Requirements and Test Procedures for Materials 

in Environments that Support Combustion." 

to those payloads that are placed in the Orbiter habitable areas. 

This is also applicable 

Level I1 (JSC) SE-R-O006A, "NASA- JSC Requirements For 

Materials and Processes . ' I  

Level 111 (MSFC) MSFC-STD-506 "MSFC-NASA Standard Materials 

and Process Control." 

Level 111 (KSC) - Document is not known by the Panel. 
Rockwell Internat ionahSD72-SH-0172,  "Space Shuttle Orbiter 

Materials Control and Verification Plan." 

Rockwell International, MC999-0096DY "Materials and Processes 

Control and Verification System for Space Shuttle Program." 

The Panel has reviewed some of the MATCO program and it will con- 

tinue to review this area to assure that the methods f o r  implementation 

are adequate to the program needs. In using MATCO information to 

evaluate materials actually used on the Shuttle, the program must have 
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an effective configuration control system to assure that the materials 

evaluated in the design phase or in fact used on the flight vehicle 

and any materials subsequently introduced into the program are also 

carefully evaluated. Thus the periodic configuration control board 

activities examine the materials problem for every change made to 

the hardware and design reviews. 

As part of NASA's continuing effort to establish uniform and 

complete policy and responsibilities on areas that affect safety and 

mission success Headquarter's has issued a Management Instruction on 

N M I  1710.3, dated April 8, 1976, "Design, Inspection, and Certification 

of Pressure Vessels and Pressurized Systems." 

Attachment 4-2 is a letter covering the potential problems asso- 

ciated with nuclear detonations. It is indicative of some of the 

areas of safety examined by the Panel to assure program attention to 

as many details as possible. 

Much of the material that follows is also a part of the work 

done in the safety, reliability and quality assurance efforts dis- 

cussed above. However, it is discussed separately because of the 

Panel's interests. 

4 . 3 . 3 . 3  Flight Termination System 

The Flight and Ground System Specification (Volume X of JSC 07700) 

was revised April 12, 1976 (Change No. 30) so that the requirements for 
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range safety now reads as f o l l o w s :  

"The Flight Termination System shall comply with the 

range safety Flight Termination System requirements of AFETRM 127-1 

and SAMTECM 127-1. The flight vehicle shall comply with the range 

safety requirements of SAMTECM 127.1. In those instances where 

adherence is judged to be inappropriate from either an operational 

or technical standpoint, such instances shall be brought to the 

attention of  the DOD/NASA for resolution. 

This guidance is developed in greater detail for those sections 

of the document that deal with the specifics of mission abort oper- 

ations functions, flight system design on the SRB and ET including 

destruct safing. The current effort is to baseline mutually acceptable 

concept for NASA/DOD Space Shuttle Qnge Safety and define the mode 

of resolution for problems that subsequently develop. The current 

hardware safety system is called a "Triplex" system in that each SRB 

and the ET have destruct systems on-board. There is sufficient re- 

dundancy to assure proper operation in either the armed mode or  the 

safe mode. Items of interest that will be examined by the Panel in 

the near future include the following: the agreed-to baseline concept; 

current open problems regarding the design, installation, and utili- 

zation of such a system; any schedule and procurement constraints; 

current design options and their advantages and disadvantages; and 
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constraints on operational and DDT&E missions. 

6 . 3 . 3 . 4  SRB Fracture Control Board 

Recognizing the importance of fracture control of SRB reuseable 

components, MSFC established an SRB Fracture Control Board which 

held its first formal meeting on October 8, 1975. The Board is set 

up as shown in Figure 6 - 2 .  This board has undertaken a number of con- 

current activities to assure both that every aspect of fracture con- 

trol for the SRB is properly accounted for and not information re- 

sulting from this effort is furnished to other Shuttle activities 

for their use. Each of the major contractors on the SRB have developed 

fracture control plans which are either being implemented or in pro-  

cess of being implemented at this time. These plans provide for the 

following functions: 

a. Development of fracture control technical guidelines 

and directions. 

b. Establishment of a contractor Fracture Control Board. 

The Board reviews and approves all fracture analyses, fracture con- 

trol test data, and component control plans. Finally it monitors com- 

pliance, 

It reports to the NASA SRB Fracture Control Board and is also a 

major support for the Material Review Board. 

and establishes necessary corrective actions and reports. 

The MSFC board, in addition to working with the contractor units, 
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does its own independent analysia and testing and maintains a de- 

tailed list of "technical concerns and action items" and assures 

their resolution. 

6.3.3.5 Abort PlanninP for Shuttle Flights 

Based on the material provided to the Panel during its reviews 

of the abort area some concerns have surfaced. These are in regard 

to the timeliness and depth o f  studies to define abort capabilities, 

and supporting the assessment of aggregate risk for any given mission. 

The Level I, I1 and 111 documentation sets forth requirements in the 

general area of aborts as well as specifics relating to intact abort, 

contingency aborts, and appropriate loss  of critical functions. Such 

abort analyses are directed primarily at the DDT&E and operational 

orbital missions, although such analyses apply to the ALT missions as 

well. Abort planning and activities associated with ALT are covered 

in Section 8, "Flight Test Program." 

In addition to the many efforts going on at both NASA Centers 

and the contractors a number of  Level I1 panels and review teams have 

been examining this area in some detail. Some of these are the Crew 

Safety Panel, the Systems Integration Review Teams, Flight Operations 

Pane, SR&QA Panel, Ascent Flight Systems Integration Group, and the 

Abort Panel. 

The Level I1 specifications have specified the requirements for 
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intact abort and the intact abort modes. These same specifications 

have specified the requirements for contingency abort and the con- 

tingency abort criteria. However, the contingency abort modes have 

as yet not been defined. Attachment 6-1 is the Shuttle Program 

Office response to the Panel's previous Annual Report covering this 

particular area of concern. An area of concern to the Panel has been 

the abort capability during the early stages of ascent when the Solid 

Rocket Motors and the Orbiter Main Engines are all burning. 

The Level I requirement (JSC 07700, Volume X) is that potential 

failures in a system that could cause loss of critical functions will 

be eliminated by including appropriate safety margins or redundancy 

levels in the design. In addition crew ejection seats will be pro- 

vided for the initial series of Shuttle OFT launches until the flight 

worthiness of the launch system has been demonstrated. These ejection 

seats as baselined for the orbital flight test program provide crew 

escape capability up to approximately 80,000 feet. The SRB thrust 

termination capability and the use of abort rockets were included in 

the early Shuttle baseline. However, they have been deleted by Level I1 

action. The PCIn SO0015 deleting the abort solid rocket motors was 

approved in 1972. The PCIN SO0040 eliminated SRB thrust termination 

in 1973. 

6.3.4. Special Topics 
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6 .3 .4 .1  Lessons Learned 

The Panel reviewed the management system to assure the approp- 

riate application of lessons learned from prior programs. 

The task team met with personnel at every level of JSC, KSC, 

MSFC, Rockwell, and Rocketdyne. They were supported by the efforts 

of the others who also focused on the application of  lessons in areas 

under their review. The Panel as a whole then discussed the system 

as they found it with Shuttle management. 

Assurance that lessons are in fact being implemented is accom- 

plished through : 

a. Lessons are incorporated into such documents as design 

manuals, process specifications, etc. 

b. SR&QA conduct audits to assure lessons are being imple- 

mented where proper to do so. 

c.  Contractors' reports on their implementation of lessons 

at quarterly reviews and other in-house meetings. 

d. The Aerospace Safety Advisory Panel reviews this area 

on a periodic basis at various NASA and contractor sites. 

The Panel is also interested i n  assuring that lessons learned 

on the current Shuttle program are examined and applied as appropriate 

here and now. Here is an example of how experience is captured, 

passed on, and finally utilized. This comes from the External Tank 
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data reviewed and discussed at MSFC in early Fall 1975. The Martin- 

Marietta team working with JSC reported, at that time, the data as 

presented on Table 6-2. In addition to the many NASA documents they 

found 67 other lessons from MMC and Airforce documents as well. Based 

on the material discussed at that time the MSFC area showed the follow- 

ing brief statistics: 

Total Number 
o f Le s sons 

Element Applicable 

External Tank 54 6 

ssm 160 

Solid Rocket Booster 81 

Applying Meeting the 
Directly Intent 

520 26 

14 8 12 

80 1 

6.3.4.2 Wire Usage and Implementation on Shuttle Elements 

As the result of his Apollo experience the Deputy Administrator 

requested the Panel to review the use of 26 AWG wire and the use of 

teflon on Shuttle. 

The lesson learned is cited in NAA Technical Note, D-7598, dated 

March 1974, "Apollo Experience Report - Development Flight Instru- 
mentation. I' 

"In LM-1, the scarcity of available space and the consequent 

miniaturization of certain DFI components led to the design of a 

central signal-conditioning unit that had a density of 1600 connector 

pins over a 45-square-inch faceplate. ..... and the mating cable 
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harness consisted primarily of No. 26 AWG wire. After a series of 

requirements changes and trouble-shooting procedures that involved 

moving and opening the signal conditioning unit, some of the wires 

in the harness became fatigued and broken. This problem was also 

manifested in the harness in other areas where cable movement was 

excessive. The situation deteriorated to the point at which attempts 

to rectify certain cable breakages precipitated further breakages 

in adjacent areas. ..... From the cabling problems cited, three con- 
clusions can be drawn. First, high-density wiring configuration 

should be avoided. Second, signal conditioning should be decentralized 

or made remote so that low-density connector configuration can be 

achieved to permit easy access and repair and result in inflexible 

bundles of cables. Third, the DFI system involved frequent equip- 

ment changes; therefore, it should use a heavier gauge wire than 

the more permanently situate, operational-type equipment." 

Based on data received to date the use of this guaging on 

Shuttle in wiring and connections is controlled as follows: 

a. O f  the approximately 910,000 feet of wire in the Orbiter, 

most of it consists of 22-AWG and 24-AWG. For DFI, signal wiring 

the Orbiter 101 contains about 30,000 feet of the new 26-AWG and 

Orbiter 102 about 70,000 feet of it. 

b. The 26AWG, when used on Shuttle elements, is made of 
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an alloy of copper having a considerably higher tensile strength 

than the copper wire referred to in the above Apollo usage. Thus the 

new 26-gauge wire is closer in strength to the old 24-gauge wire. In 

general the 24 and 26 gauge wire is now stranded nickel coated high- 

strength copper alloy. For 22-AWG and larger the conductor is copper 

as be fore. 

c. Wherever possible high-density wire configurations are 

being avoided. Signal-conditioning is decentralized in a manner which 

supports the use of lowbdensity connector configurations so as to 

permit easy access and reduced chance of wire fatiguing or bending. 

d. Pin-socket connectors have posed many problems in the 

past due to the need for near-perfect alignment, proper final seating, 

and the correct electrical circuitry between the lines to the pin 

and socket. A somewhat different design is being used by the G F C  

elements in that the fixed-portion of the connector now has the pins 

and the mating portion is the socket. This appears to provide for 

easier installation and better mating of the connectors. 

e. Certain sensing devices, such as strain gauges, use 

pig-tails of wire in a gauge size required to meet the size of the 

sensor and the connection to he main wire-run. These are 25-AWG in 

many cases, but are not more than 8 to 12 inches in length and are 

rigidly fastened to the associated structureat more than one point 
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a long  the  l eng th  of  t h e  wi re .  

f .  A l l  wir ing  on the  Ex te rna l  Tank i s  22-AWG o r  l a r g e r  

except  t he  DFI data-bus wire  which i s  24-AWG and the  one foo t  long 

p i g t a i l s  on about  70 s t r a i n  gauges which are 26-AWG. 

g. The So l id  Rocket Booster  u ses  26-AWG o n l y  as r e q u i r e d  

f o r  sensor  p i g t a i l s .  Non-shielded wires a r e  22-AWG o r  l a r g e r .  Shielded 

wires are 24-AWG o r  l a r g e r .  The data-bus w i r e  i.s 24-AWG. 

h. The Space S h u t t l e  Main Engine uses  22 AWG o r  l a r g e r  

except  where t h e r e  are  s h o r t  p i g t a i l s  

There i s  c o n t r o l l e d  use  of Teflon i n s u l a t e d  w i r e  on the  SSME 

and the  SRB. The use of  Teflon i n s i d e  the  ET tanks  i s  s t i l l  being 

s t u d i e d .  Kapton covered w i r e  i s  used on both the  Ex te rna l  Tank and 

the O r b i t e r  wherever p o s s i b l e .  It i s  a much s t i f f e r  and ab ras ion  

r e s i s t a n t  material. Cable o r  ha rnesses  use the  Kapton covered w i r e  

t o  a c t  as a s o r t  of  "back-bone" f o r  the  w i r e  bundles because of 

i t s  tougher c h a r a c t e r i s t i c s .  

6.3.4.3 Qual i ty  Control  of Screw Threads 

The Panel dur ing  i t s  f a c t - f i n d i n g  se s s ions  reviewed t h e  q u a l i t y  

c o n t r o l  system on f a s t e n e r s  and t h e i r  a p p l i c a t i o n .  I t  w a s  d e t e r -  

mined t h a t  c o n t r a c t o r s  on the  Main Propuls ion  System survey t h e i r  

manufacturers  of f l i g h t  hardware f a s t e n e r s  and sample incoming 

l o t s  o f  f a s t e n e r s  dur ing  r ece iv ing  i n s p e c t i o n .  They are us ing  e i t h e r  
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plug and ring gauges or single element gauging to assure that re- 

quirements of the screw thread specifications are being met. It 

appears that all contractors working with MSFC are using the same con- 

trols now as they ‘have in past programs with NASA. 

A s  an example, Thiokol, which manufactures the Solid Rocket Motors, 

audits or surveys fastener manufacturers each six-month period to assure 

that inspection records are maintained. The single element gauging of 

threads meets the requirements of MIL-S-7742 and MIL-S-8879. Thiokol 

then samples incoming lots during receiving inspection per MIL-S-105 

using plug and ring gauges. 

On the other hand the External Tank manufacturer, Martin Marietta 

Corporation at Michoud, does not ordinarily survey their fastener 

suppliers. They perform receiving inspection per MMC Quality Re- 

ceiving acceptance plans that specify either 100% inspection or an 

adequate sampling plan. The single element gauging system is used 

both in this receiving inspection as well as in laboratory shear 

and tensile tests. 

The contractor for the Main Engine, Rocketdyne, surveys their 

suppliers yearly and samples each manufacturing lot. The MIL-S-7742A 

and MIL-S-8879 requirements are on contract. There is thread snap 

gauge inspection on external threads, as well as visual inspection for 

uniformity, damage, and so on. This is done on a random basis with 
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major d iameters  measured by micrometers .  MIL-S-8879 t h r e a d s  are  

in spec t& on a n  o p t i c a l  comparator f o r  r o o t  r a d i u s .  I n t e r n a l  t h r e a d s  

a r e  checked f o r  s i z e  us ing  th read  p l u g  gages and a re  v i s u a l l y  

inspec ted  f o r  un i formi ty ,  damage, e t c .  M a t e r i a l  t e s t s  are  performed 

i n  t h e  l a b o r a t o r y  as w e l l .  

No f a i l u r e s  a t t r i b u t a b l e  t o  nonconforming screw t h r e a d s  has  

been found i n  t h e s e  o r  a s s o c i a t e d  c o n t r a c t o r s  as a r e s u l t  of a 

d e t a i l e d  s e a r c h  of back r eco rds .  

With r ega rd  t o  t h e  O r b i t e r  i t  is  understood t h a t  a lmost  a l l  

o f  t h e  s u p p l i e r s  of th readed  f a s t e n e r s  u s e  a s i n g l e  element type  

gage t o  c o n t r o l  t h e i r  manufactur ing p rocess .  The two s u p p l i e r s  t h a t  

do no t  use t h e  s i n g l e  element type gage a r e  s u p p l i e r s  of l ock  n u t s  

which are  purpose ly  d i s t o r t e d  t o  provide  a lock ing  c a p a b i l i t y .  

Threaded f a s t e n e r s  which have material s t r e n g t h  l e v e l s  above 160,000 p s i  

a re  r equ i r ed  t o  m e e t  m i l i t a r y  and c o n t r a c t o r  s p e c i f i c a t i o n s  which 

c o n t a i n  bo th  f u n c t i o n a l  and macrosect ion c r i t e r i a ,  Cr i te r ia  inc lude  

s i n g l e  element as w e l l  as f u n c t i o n a l  and s p e c i a l  measurements o r  

i n s p e c t i o n s .  Laboratory tests a re  conducted on s e c t i o n s  as w e l l .  

F a s t e n e r s  w i t h  s t r e n g t h  l e v e l s  below 160,000 p s i  a r e  r equ i r ed  t o  m e e t  

m i l i t a r y  s p e c i f i c a t i o n s  on th read  gaging t o  a s s u r e  proper  f i t  and 

f u n c t i o n  and t o  a s s u r e  t h a t  t h e  p i t c h  d i ame te r s ,  r o o t  d i ame te r s ,  minor 

d i ame te r s ,  e t c .  are w i t h i n  s p e c i f i c a t i o n s .  O p t i c a l  p r o j e c t i o n  i s  

employed f o r  r o o t  r a d i u s  and minor dianreter v e r i f i c a t i o n .  S ince  a l l  
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O r b i t e r  th readed  f a s t e n e r s  are l i s t e d  i n  t h e  O r b i t e r  p r o j e c t  p a r t s  

l i s t ,  o t h e r  p a r t s  can only  be procured by t h e  prime c o n t r a c t o r  o r  

i t s  s u b c o n t r a c t o r s  a f t e r  s p e c i f i c  eng inee r ing  approva l .  

6.3.5 Addendum 

A s  a r e s u l t  o f  t hese  rev iews ,  sugges t ions  f o r  f u t u r e  examination 

have been pu t  f o r t h ,  t h e s e  inc lude :  

a.  Is t h e r e  v a l u e  i n  c o - l o c a t i n g  a d d i t i o n a l  S,R&QA per sonne l  

w i t h i n  t h e  S h u t t l e  Program O f f i c e  area r e p o r t i n g  d i r e c t l y  t o  t h e  

S,R&QA o f f i c e  a t  Level  11. 

day-to-day suppor t  t o  t h e  S,R&QA Panel  and o t h e r  r e l a t e d  a c t i v i t i e s .  

I n  t h i s  way they  might provide  b e t t e r  

b. The degree  of p a r t i c i p a t i o n  by NASA Centers and a l l  NASA 

prime c o n t r a c t o r s  i n  t h e  a c t i v i t i e s  of t h e  S,R&QA Pane l  work. 

c .  The expe r i ence  gained from t h e  landing  gea r  d e s i g n  problem 

which w a s  exposed du r ing  t h e  O r b i t e r  101 tes t  and checkout work a t  

Palmdale should be provided t o  a l l  elements of S h u t t l e .  

d.  Determine t h e  background of t h e  landing  g e a r  uplock hook 

f a i l u r e  from t h e  viewpoint of S,R&OA a c t i v i t i e s  a t  both  t h e  c o n t r a c t o r  

and a t  NASA. 

e. The degree  of p a r t i c i p a t i o n  by t h e  S,R&QA pe r sonne l  i n  

t h e  e s t ab l i shmen t  of tes t  p l a n s  and t h e i r  implementation. 

6 . 4  Addi t iona l  Mission S a f e t y  Assessments 

The fo l lowing  m a t e r i a l  f u r t h e r  c l a r i f i e s  material i n  t h r e e  

areas: (1) ALT miss ion  s a f e t y ,  ( 2 )  Requirements Reviews, and 

( 3 )  Abort and Contingency Plans .  
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6.4.1 ALT Mission Sa fe ty  Assessment 

The miss ion  s a f e t y  assessment  document is i n  review a t  t h i s  t i m e .  

The p r i n c i p a l  open and c losed  s a f e t y  concerns have been d i scussed  f o r  

t h e  S h u t t l e  Carrier A i r c r a f t ,  t h e  O r b i t e r  and t h e  o p e r a t i o n s  phase.  

The accepted  r i s k s  f o r  t he  c a r r i e r  a i r c r a f t ,  t h e  o r b i t e r ,  GFE and 

o p e r a t i o n s  a re  a l s o  shown. Th i s  document, JSC 10888, w i l l  be updated 

as  r equ i r ed .  A s  an  example, t h e  l i s t  of concerns and r i s k s  f o r  t h e  

"Operations" phase are:  

1. Open Sa fe ty  Concerns (Implementation of c o r r e c t i v e  measures 

has n o t  been accomplished) 

a .  Lack of hazardous gases  ven t  c a p a b i l i t i e s  i n  t h e  O r b i t e r  hanger 

b. S h u t t l e  Carrier A i r c r a f t  empennagelaft  fu se l age  b u f f e t  w i t h  

t a i l c o n e  o f f .  

c .  O r b i t e r  landing  gear  deployment d u r i n g  c a p t i v e  f l i g h t .  

d .  I n c o m p a t i b i l i t y  of  t h e  c a r r i e r  a i r c r a f t  w i t h  hydraz ine  f u e l .  

2.  Closed Sa fe ty  Concerns 

a .  Hazardous environment around t h e  c a r r i e r  a i r c r a f t .  

b. Excessive O r b i t e r  wing loads  du r ing  mated f l i g h t s .  

3 .  Opera t ions  Accepted Risks 

Incompa t ib i l i t y  of t h e  c a r r i e r  a i r c r a f t  w i t h  ammonia, and p o s s i b l e  

damage t o  t h e  v e r t i c a l  s t a b i l i z e r  by e j e c t i o n  sea t  system o u t e r  O r b i t e r  

pane l s  wh i l e  mated. 

6 . 4 . 2  Risk Assessment To Support  Requirements Reviews 

A s  i n  those  manned programs preceeding  i t ,  t h e  S h u t t l e  program 
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p e r i o d i c a l l y  t a k e s  t h e  t i m e  t o  review and c l a r i f y  t h e  program 

requirements  i n  l i g h t  of  t h e  most c u r r e n t  s t a t u s  and performance 

estimates f o r  t h e  hardware and so f tware  and t h e  c o n s t r a i n t s  of t h e  

r e sources  a v a i l a b l e  t o  m e e t  program o b j e c t i v e s .  A p a r a l l e l  and 

independent S,Fi&QA review i s  made w i t h  r e s p e c t  t o  every change i n  

requirements  pu t  f o r t h  f o r  c o n s i d e r a t i o n .  The degree  of t h i s  review 

is  no t  f u l l y  known. These s a f e t y  o r i e n t e d  reviews and assessments  

are provided so t h a t  t e c h n i c a l  personnel- and s e n i o r  management can 

consc ious ly  cons ide r  t h e  impact of  such changes be fo re  making t h e i r  

d e c i s i o n s .  As an  example, t h e  f l i g h t  s a f e t y  and S,R&QA o r g a n i z a t i o n s  

examined some 340 cand ida te  changes du r ing  a r e c e n t  requirements  

review cover ing  a per iod  of s e v e r a l  months. They determined t h a t  

about  185 of t h e  cand ida te s  had no s a f e t y  impact,  wh i l e  t h e  impact 

of t h e  o t h e r  155 w a s  i d e n t i f i e d  f o r  management c o n s i d e r a t i o n .  

6 . 4 . 3  Abort And Contingency Planning  

To understand t h e  current :  s t a t u s  of  a b o r t  and cont ingency p lanning  

e f f o r t s  and hardware/sof tware implementation t h e  Panel  examined t h e  

h i s t o r y  of  t h i s  work. Th i s  included a review of t h e  d e c i s i o n  process  

t o  e l i m i n a t e  bo th  t h e  SRB t h r u s t  t e rmina t ion  and t h e  use of Abort Solid 

Rocket Motors. Bas i ca l ly  t h e s e  s t e p s  were taken  because (1) t h e  Abort 

S o l i d  Rocket Motors added a d d i t i o n a l  mechanical f a i l u r e  modes and l a r g e  

weight  p e n a l t i e s ,  and (2)  t h e r e  were no c r e d i b l e  S R B  f a i l u r e s  du r ing  

t h e  SRB burn per iod  because of t h c  r e l i a b i l i t y  of  such r o c k e t  motors.  
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F u r t h e r ,  t h e  O r b i t e r  i s  t o  be equipped w i t h  two SR-71  a i r c r a f t  

e j e c t i o n  seats  f o r  t h e  f i r s t  f o u r  o r b i t a l  f l i g h t s  (OFT). These 

have been q u a l i f i e d  f o r  and used under c o n d i t i o n s  exceeding t h e  

S h u t t l e  a s c e n t  t r a j e c t o r y  i n  terms of mach number, v e l o c i t y  and 

dynamic p res su re .  The e j e c t i o n  seats provide  an  escape  c a p a b i l i t y  

from t h e  pad t o  approximately 80,000 f e e t  w i t h  t h e s e  l i m i t a t i o n s :  

1. The seats probably could not  be used f o r  an  escape o f f - t h e -  

pad w i t h  engines  running o r  i n  t h e  even t  of  an  e x t e r n a l  tank  blowup 

and r e s u l t a n t  f i r e b a l l .  

2.  They probably would n o t  s u r v i v e  a very  r a p i d  breakup of 

t h e  v e h i c l e  i n  t h e  event  o f  a n  explos ion .  

3 .  They a l s o  cannot  be used d u r i n g  t h e  l a s t  30 seconds of t h e  

120 seconds o f  S R B  burn o r  between 80,000 f e e t  and 140,000 f e e t .  
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ATTACHMENT 6-1 

It i s  impor tan t  that s e n i o r  program management 
review bo th  t h e  scope and r e s u l t s  of s a f e t y  a n a l y s e s  
t o  r e i n f o r c e  e a r l y  r e s o l u t i o n  of r i s k s .  
a t t e n t i o n  should a l s o  be given t o  t h e  scope and 
r e s u l t s  of t e c h n i c a l  management a u d i t s  t o  a s s u r e  t h a t  
such systems as desc r ibed  t o  t h e  Panel  are be ing  
a p p l i e d  p rope r ly .  
Management and M a t e r i a l  Con t ro l .  

S i m i l a r l y ,  

Two examples are Conf igu ra t ion  

Response: S a f e t y  Analyses are be ing  conducted a t  t h e  p r o j e c t  and 
program l e v e l .  S i g n i f i c a n t  “ s a f e t y  concerns” a r e  publ i shed  s e p a r a t e l y  
w i t h  r a t i o n a l e  f o r  s e n i o r  program management v i s i b i l i t y  and review. 
C r i t i c a l  Items L i s t s ,  which inc lude  s i n g l e  f a i l u r e  p o i n t s  that: 
could  cause  loss of v e h i c l e ,  crew, o r  mis s ion  are  t o  be base l ined  
a t  t h e  program l e v e l ,  w i t h  changes t o  t h e  b a s e l i n e  approved a t  
program l e v e l .  In a d d i t i o n ,  a Mission Assessment Report  w i l l  
be  prepared  f o r  s e n i o r  program management v i s i b i l i t y  and review 
a t  t h e  program CDR t i m e  pe r iod .  

Technica l  surveys  and a u d i t s  are  conducted acco rd ing  t o  schedules  
e s t a b l i s h e d  by p r o j e c t  and program elements which may cover  
s e v e r a l  t e c h n i c a l  d i s c i p l i n e s  o r  a s p e c i f i c  area, e .g . ,  con f igu ra -  
t i o n  management and material c o n t r o l s .  Conf igu ra t ion  management i s  
u s  ua 1 l y  covered i n  con j unc t ion  w i t h  t h e  annua 1 S , R&QA surveys .  
P r e s e n t l y ,  t h e  materials c o n t r o l  area i s  r e c e i v i n g  s p e c i a l  a t t e n t i o n .  
A survey  was conducted i n  m a t e r i a l s  i n  June 1975 of t h e  O r b i t e r  
c o n t r a c t o r  (Rockwell/Space D i v i s i o n ) .  Another survey  i s  planned 
f o r  t h e  e x t e r n a l  tank  c o n t r a c t o r  i n  September 1975, and one f o r  t h e  
S o l i d  Rocket Booster c o n t r a c t o r  (Thiokol) i n  October 1975. 
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ATTACHMENT 6-1  (Continued) 

A b o r t s  

1. 1,oss o f  t h r u s t  € t o r i  two or three S S W ' s  

2. 1,oss of 1'VC f o r  1 v;o or tfircc SSME 's 
3 .  1,oss of 'i'VC f o r  t,so o r  1n0i-t' axcs  of SFlr 

4 .  P r e m a t u r e  O r b i t e r  separation 
5.  Yaj l u r c  t o  s c p a r ' i t e  SFU3 f r o m  O r b i t e r / E T  

For cc-1- ta in  s i t u a t i o n s ,  i t  i s  n o t  p r a c t i c a l  t o  prqvicie  fo;- f i ' o r t  

sol u t  i oils. I'or t h e s e  cases ,  a p : ) r o p r i a t e  sai c t y  71 lrc~ i n s  a 16 '1 i c j n  
f a c t  0 1  s of r c > l  i a b i l i t y  h a v e  been included j n the SpCicc F h  ' c :  

dcsicin t o  prc.clude t h e i r  o c c u r r e n c e .  Thc.se cas-s incl  uclc + ! I C  fo' - 
l o w i i i c l  : 

1. blajor s t - r u c t u r a l  f a i l u r e  

2 .  Complete l o s s  of g u i d a n c e  a n d / o r  c o n t r o l  

3 .  F a i l u r e  t o  i g n i t e  one  S R B  

4 .  SSME or SRB hardover  
5 .  F a i l u r e  t o  separate O r b i t e r  from ET 

6 .  P r e m a t u r e  SRB s e p a r a t i o n  
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(Continued) 

cmnductcd ( 1  I 1 ,;111(1 I '; i 1 . ' i 

Land ing  A c c i d e n t s  
-._-- 

(c) An;il.ysis i s  being c o n d u c t c d  by JSC a n d  LK(: cJn t h e  ( ' I I - ) . '  -. . .J -\' 
irhsorpt i n n  capability of t h e  O r b i t e r  d u r i n q  lani i i  n c j  ace i.d,,:i~l:.r 
I'hc? p u r p o s c  of t h e  analysis is t o  d e t e r m i n e  t h e  a l > i l i t y  z:? 1hl2 
c r e w  cdmpar tment  a f t  bulkhead t o  absorb p a y l o p d $  :Loads r c - : i - i l t : i  !)';! 
f rom l a n d i  119 a c c i d e n t s .  

r- 
\ 

- Range Safety 

((1) Thc! Il;iirc!c: S a f e t y  Sys t em P D R  i s  s c h c d u i e d  F o r  October :!.5 
L l i i - o u ~ j h  Novcwhi.r  7, 19-75. T h i s  system, bnselillcd o v e r  ij 

h i i s  not- ycbt ) w e n  a p p r o v e d  by  the? A i r  Force East.ibl 1 1  Y'es.1: .: 
( A F 1 3 1 1 )  . 111 order t o  resolve t h e  i s s u e s  r a i s e d  coiiccrni.;: 
s : i f c t y  rcqtlj r m i c n t s ,  a j o i n t  NASA-USAF A d  Hoc C o i i i i n i t t e c  i.s bi._..it,cj 
formed t o  c o n d u c t  a t e c h n i c a l  a n a l y s i s  of the haz; l rds  of Syz-:!  
S h u t t l e  f l i . q h t s ,  b o t h  deve1ol)rnental  a n d  o p e r a t i  onitl., and  ;-.o ! , .rz<jc 
off haza rds  'illsinst r e l a t e d  l a u n c h  a z i m u t h  c o n s t r a i n t s  anT1 veh?-cle  
r c l j . i i b i l i t y  i n  order t o  d e t e r m i n e  a log ica l  approach t o  atbc?,~::l.ng 
p u b l i c  s a f e t y .  A l t e r n a t i v e s  w i l l  be recommended t o  NASA rwr!age- 

. iiicnt. a n d  t h e  Commanderl AFETR, for d e c i s i o n .  
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ATTACHMENT 6 - 2  

NATIONAL AERONAUl iCS AND SPACE ADMINISTRATION 
WASHINGTON, D C 20546 

U 

- REPLY TO 
ATTN OF 

Mr. Howard K. Nason 
President, Monsanto Research Corporation 
8 0 0  N. Lindbergh Boulevard 
St. Louis, Missouri 63166 

J A N  1 1376 

Dear Howard: 

This is in reply to your letter of December 2 3 ,  1975, 
concerning potential dangers to Space Shuttle missions 
from nuclear detonations. 

The Space Shuttle Program has taken the potential hazards 
of nuclear activity into account as part of the ongoing 
program effort. 
is responsible for defining and assessing all potential 
(pre-flight) and actual (real time) radiation environments 
which may be encountered on Space Shuttle missions, This 
effort, as part of the JSC/Rockwell contract NAS-14000, 
includes a subcontract with Radiation Research Corporation, 
Ft. Worth, TX, and is being administered by the JSC Radia- 
tion Constraints Panel. For Space Shuttle, as in previous 
programs (Skylab and ASTP), part of this responsibility is 
the assessment of potential hazards from atmospheric and 
exoatmospheric nuclear detonations. 

At JSC a Space Radiation Analysis Group 

The assessment of both immediate and long term hazards to 
Space Shuttle from nuclear detonations includes: 

1. Prompt effect computation (flash blindness, 
neutrons, x-rays, etc.) 

2. Enhanced radiation environment definitions with 
respect tg time, altitude, position, yield, etc. 

3 .  Crew and equipment exposure projections with 
respect to time and radiation type. 

4. Biological effects/crew health evaluation. 
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ATTACHMENT 6-2 (Continued) 

2 

The most important aspect of this effort is the refinement 
of real-time support procedures which will allow for timely 
data acquisitions, hazard assessment and implementation o f  
related mission rules to insure minimum impact to Space 
Shuttle crews and mission objectives. For example, if 
there is advance warning, the line-of-sight situation is 
avoided, or, if an excessive radiation environment is 
encountered, the niission will be terminated'and re-entry 
and landing accomplished as soon as possible. 

The liaison necessary to support this effort has been 
established through the Office of DOD and Interagency 
Affairs. The Office of International Affairs also plays 
a part in advising appropriate countries of NASA flight 
plans f o r  manned missions to help minimize the likelihood 
of an inadvertant encounter with a nuclear event, 

As you can understand, there are many aspects to this kind 
of an effort. In connection with the planned Aerospace 
Safety Advisory Panel meeting at JSC next month, you might 
wish to talk to Rod Rose who could give you further details, 

Sincerely, 
n 

d o h  F. Yardxdy / /Associate Administrator ', for Space Flight 

cc : 
AD/Dr. George Low 
APA/Carl Praktish 
Gen. Warren D. Johnson, USAF 
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TARL6 6-1 

IMPLEMENTATION STATUS - LESSONS LEARNED AS 
APPLIED TO THE EXTERNAL TANK 

(Mid-1975) 

DOCUMENTS 

JSC -0 9096 

MSFC-SAT -SL- 2- 7 4 

L e s s o n s  L e a r n e d  - KS( 

NASA HO-SL-3-74 

S-I1 S t a g e  
w 2 S k y l a b  

NASA TM X-64574 

MSC-00134 

MSCM- 8080 

TOTALS 

TOTAL NO. 
LESSONS 
APPLICABLE 

20 

14 

1 3  

14 

1 5 4  

37 

29 

127 

68 

47 6 

I PRODUCT f PRODUCTION 1 

ENGINEERING* ASSURANCE 
APLID* IMPL. I APPL'D TMPL 

18 7 

14 11 

10 5 

1 2  11 

144 117 

31 3 

2 1 

8 7  26 

5 9  20 

3 7 8  201 

4 4 

3 3 

3 3 

6 6 

7 7 

0 P ERAT IONS MATERIAL 
APPL'D IMPL APPJ.,'D IMPL I 

O K  1 

0 0 

22 9 ' 9  

I 
1 6  16 37 17  

I i 
7 E  

I 
I 1 2  1 2  10 
I 
I 

j 7 8  6 5  7 8  4 6  

2 

1 

1 

0 

2 

1 

0 

0 

2 

9 

CONTRACTS 
APPL'D IMPL 

1 1 

1 1 

0 0 

0 0 

1 1 

1 1 

0 0 

2 2 

0 0 

6 6 

TOTAL 
IMPLEMENTED 

9 

11 

7 

10 

1 2 9  

10 

1 2  

39 

27 

254 

NOTES-In a d d i t i o n  t o  t h e  above t h e  f o l l o w i n g  a d d i t i o n a l  i t e m s  h a v e  b e e n  i d e n t i f i e d  f o r  f u r t h e r  review: 
MSCM 8080 7 l e s s o n s  
A l l  o t h e r  d o c u m e n t s  67 l e s s o n s  

'APPL'D = A p p l i e d  
IMPL. - Implemented  



TABLE 6-2 

SELECTED OPEN SAFETY CONCERNS 

1. 
2. 
3. 
4 .  
5. 
6. 
7 .  
8.  

1. 
2. 
3 .  
4 .  
5.  
6. 
7 .  
8. 
9. 

10. 
11. 
1 2 .  
13. 
14. 
15. 
16. 

1. 
2. 
3. 
4 .  
5. 
6. 
7 .  

SSME Heat Exchanger Leakage 
I c e  From ET, Impact On O r b i t e r  TPS 
P o s t  Sepa ra t ion  Impact of O r b i t e r  By ET 
U s e  of SRB Nozzle Extens ion  S e p a r a t i o n  Ordnance During OFT 
SRB I g n i t i o n  Overpressure  On Space S h u t t l e  During L i f t - o f f  
S h u t t l e  P o t e n t i a l  C o l l i s i o n  With The Tower On L i f t - o f f  
F i r e p o t e n t i a l  I n  O r b i t e r  Af t  Fuse lage  On Launch Pad 
Pre-Entry Thermal Condi t ion ing  Requirement For On-Orbit Contingency Aborts 

CLOSED SAFETY CONCERNS 

Access To SRB A t  Pad For Ordnance Checks 
Impingment Of SRB S e p a r a t i o n  Rocket Motor P lume  On O r b i t e r  
S h u t t l e  Vehic le  POGO Suppress ion  
P r o p e l l a n t  Mixing A t  ET/Orbiter Umbilical  During S e p a r a t i o n  
ET Venting Of Gaseous Hydrogen I n - F l i g h t  
Jamming Of Payload Bay Doors I n  The Open P o s i t i o n  
De le t ion  Of Drag Chute Subsystem 
Smoke Sensor P r o v i s i o n s  I n  The O r b i t e r  C r e w  Cabin 
V e r i f i c a t i o n  O f  C r e w  Module S i d e  And Ai r lock  Hatch P r e s s u r e  I n t e g r i t y  
OMS Pod And Wing Vent Mechanisms 
P o s s i b l e  Forward Fuse lage  And C r e w  Module Col lapse  
Secondary Emergency Escape P r o v i s i o n  
O r b i t e r  Nose And Main Landing Gear Deployment 
Venting Of LOX Tank I n t o  ET Nose Cap 
SRB Sepa ra t ion  System Timing 
S h u t t l e  Carrier A i r c r a f t / O r b i t e r  Release C a p a b i l i t y  d u r i n g  ALT 

ACCEPTED RISKS 

On-Orbit Rescue During Ea r ly  O r b i t a l  F l i g h t s  
Manual Guidance C a p a b i l i t y  During Ascent 
Emergency Dra in  System P r o v i s i o n s  For ET 
Smoke Sensor P r o v i s i o n s  I n  The O r b i t e r  C r e w  Cabin f o r  ALT 
S i n g l e  Elevon Hydraulic Ac tua to r  
Bird Impact With O r b i t e r  Windshield 
Thermal Windshield Panes 
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TABLE 6-3 

LEVEL I1 S, R&QA PRODUCTS (SELECTED) 

1. 
2. 
3. 
4 .  
5.  
6. 
7 .  
8. 
9 .  

10.  
11. 
1 2 .  
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20 .  

ALT Miss ion  S a f e t y  Assessment 
Space S h u t t l e  S a f e t y  Concerns 
Space T r a n s p o r t a t i o n  System Payload S a f e t y  Gu ide l ines  
Vehicle/Ground Systems I n t e g r a t e d  Hazard Ana lys i s  
Main P ropu l s ion  T e s t  S a f e t y  P l a n  
Main P ropu l s ion  T e s t  I n t e g r a t e d  Hazard Ana lys i s  
FMFA/CIL S t a t u s  
Cr i te r ia  And Standards  Implementation P l a n s  
SSME Heat Exchanger Ped ig ree  P l a n  
Acceptance Data Package 
J o i n t  Surveys o f  NASA/Contractor Opera t ions  
Non-Destructive Eva lua t ion  
NSTL Q u a l i t y  Assurance P l a n  
Space S h u t t l e  Pe r sonne l  Mot iva t ion  
S h u t t l e  Orbi te r  Carrier A i r c r a f t  S e r v i c e  B u l l e t i n s  
Shu t t l e /Space lab  I n t e r f a c e :  Hazard Ana lys i s  and Payload Bay F i r e  De tec t ion  

and Suppress ion  
Space S h u t t l e  SR&QA P l a n  
I n t e r f a c e  Assurance P l a n s  
ALT S a f e t y  P l a n  
OFT S a f e t y  P l a n  
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FIGURE 6-1 

SOLID ROCKET BOOSTER 
FRACTURE CONTROL BOARD ORGANIZATION 

ADVISORS /CONSULTANTS I 

MATERIALS & PROCESSES I 

+ AD T e s t  Hoc MEMBERS L a b  
D a t a  S y s t e m s  Lab 
E&C Lab I 

I 

L 1 
QUALITY ASSURANCE 



FIGURE 6-2 

R I S K  ASSESSMENT PROCESS 
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7.0 GROUND TEST PROGRAM/GROUND SUPPORT EQUIPMENT 

7 . 1  I n t r o d u c t i o n  

While t h i s  s e c t i o n  of  t h e  r e p o r t  covers  bo th  t h e  S h u t t l e  major 

ground test rpogram and S h u t t l e  ground suppor t  equipment t h e  t a s k  

team gave p r i o r i t y  t o  t h e  tes t  program. The major elements and 

major in te r -e lement  systems have reached t h a t  m a t u r i t y  of des ign  

and f a b r i c a t i o n  where major ground tes t  programs are  be ing  i n i t i a t e d .  

These major ground tes t  programs are conducted t o  prove t h e  des igns  

do m e e t  performance requi rements  p r i o r  t o  t h e i r  u s e  i n  actual  f l i g h t  

tests. 

These ground tes t  programs suppor t  bo th  t h e  upcoming Approach 

and Landing T e s t s  (ALT) and t h e  l a t e r  O r b i t a l  F l5gh t  Tests (OFT). 

The re fo re ,  t h e  P a n e l ' s  o b j e c t i v e s  are  t o  assess t h e  degree  o f  

conf idence  one can have i n  t h e  program meeting those  goa l s  which 

a r e  dependent upon ground test resul ts ,  and d e f i n e  those  areas of con- 

c e r n  and proposed a c t i o n s  t o  r e s o l v e  them. 

A s  f o r  ground suppor t  equipment t h e  Panel  has been reviewing t h e  

p l a n s  f o r  a c q u i s i t i o n ,  t e s t i n g  and use of such equipment, i n  o r d e r  t o  

d e f i n e  those  ALT areas which should  r e c e i v e  p r i o r i t y  a t t e n t i o n .  

The S h u t t l e  Program O f f i c e  response  t o  t h e  P a n e l ' s  p rev ious  

Annual Report  i s  included as Attachment 7-1. T h i s  covers  two i t e m s :  

(1) assu rance  t h a t  t h e  system f o r  d e f i n i n g  and implementing r e q u i r e -  

ments w i l l  g i v e  a p p r o p r i a t e  a t t e n t i o n  t o  s a f e t y  and (2)  a s su rance  
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t h a t  p lanning  i s  s u f f i c i e n t  f o r  ground t e s t i n g  t o  maximize conf idence  

i n  s a f e  development f l i g h t s .  

7 . 2  S h u t t l e  Master V e r i f i c a t i o n  P lan  (MVPl 

The S h u t t l e  MVP e s t a b l i s h e s  t h e  requirements  and p l ans  f o r  

v e r i f i c a t i o n  o f  t h e  S h u t t l e  system f o r  o p e r a t i o n a l  u s e ,  and provides  

t h e  mechanism f o r  program v i s i b i l i t y  and c o n t r o l .  Th i s  p l a n  c o n s i s t s  

of  e l even  volumes cover ing  t h e  fo l lowing  areas: 

Volume I 

Volume I1 

Volume I11 t h r u  
V I  

Volume V I 1  

Volume V I 1 1  

Volume I X  

Volume X 

Volume X I  

General  Approach and Guide l ines  

Combined Element V e r i f i c a t i o n  P lan  

Element V e r i f i c a t i o n  P lans  ( O r b i t e r ,  SRB, ET, SSME) 

Payload and Payload Carrier V e r i f i c a t i o n  (This 

i s  conta ined  i n  Volume XIV, JSC 07700) 

Launch and Landing S i t e  V e r i f i c a t i o n  P lan  

Computer Systems and Software V e r i f i c a t i o n  P lan  

Master F l i g h t  Tes t  Assignments Document 

S h u t t l e  O r b i t a l  F l i g h t  T e s t  Requirements 

The d e t a i l  of t h i s  documentation and t h e  p lanning  t h a t  i t  r e p r e s e n t s  

i s  t o  assure t h e  most e f f e c t i v e  u t i l i z a t i o n  of  program resources .  The 

methods of v e r i f i c a t i o n  inc lude  a n a l y s i s  and! o r  t e s t .  Thus d e c i s i o n s  

on t h e  amount of  hardware i n  a t e s t  program, t h e  depth  of  t he  t e s t  

program, t h e  degree  o f  element assembly a t  which t e s t s  are conducted 

a re  based on such f a c t o r s  as  t h e  s o p h i s t i c a t i o n  of  t he  des ign  ana lys i s ,  
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t h e  d e s i g n  m a t u r i t y  a t  t h e  t i m e  of t e s t s  o r  a n a l y s e s ,  t h e  r i s k  

a s s o c i a t e d  w i t h  degree  of knowledge, t h e  complexity of t h e  tes t  

a r t i c l e s  and t h e  t e s t  program. 

Phases of t h e  v e r i f i c a t i o n  program have been d iv ided  i n t o  (1) 

development, ( 2 )  c e r t i f i c a t i o n ,  ( 3 )  e lement j sys tem v e r i f i c a t i o n ,  

( 4 )  accep tance  and checkout,  and (5) ground system v e r i f i c a t i o n .  T h i s  

is then  followed by t h e  "proof of t h e  pudding" i n  f l i g h t  demonst ra t ion  

tes ts  of t h e  mature systems. The f l i g h t  demonst ra t ion  tests a re  i n  two 

phases:  (1) 

O r b i t e r  and ( 2 )  t h e  o r b i t a l  f l i g h t  t es t  program us ing  t h e  e n t i r e  S h u t t l e  

system of ground and f l i g h t  equipments. 

S h u t t l e  system i s  a v a i l a b l e  f o r  o p e r a t i o n s .  

t h e  approach and l and ing  t e s t  p r o j e c t  d e a l i n g  w i t h  t h e  

A f t e r  t h e s e  phases  t h e  t o t a l  

The fo l lowing  d e f i n i t i o n s  a r e  taken  from t h e  Master V e r i f i c a t i o n  

P l a n  because they  are  ve ry  h e l p f u l  i n  unders tanding  t h e  test  p l ans .  

a .  Development t e s t i n g  is t h e  program which v e r i f i e s  t h e  d e s i g n  

approach. 

b. C e r t i f i c a t i o n  t e s t i n g  is t h e  program of q u a l i f i c a t i o n  tes ts ,  

major ground tests,  and similar t e s t s  and ana lyses  r e q u i r e d  t o  de te rmine  

t h a t  t h e  des ign  meets t h e  s p e c i f i e d  requi rements .  Major ground tests 

invo lve  a combination of system e lements ,  complex f a c i l i t i e s ,  and l a r g e  

o r  expens ive  hardware segments. 

a re  conducted on components and assembl ies  w i t h i n  a s i n g l e  element,  such 

a s  t h e  e x t e r n a l  t ank  o r  t h e  O r b i t e r .  

O u a l i f i c a t i o n  tes ts  can and u s u a l l y  
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c .  is  t h e  program t o  prove t h a t  t h e  S h u t t l e  

system meets a l l  des igns ,  performance, and s a f e t y  requirements .  

d .  Acceptance t e s t i n g  i s  t h e  program t h a t  demonstrates  t h a t  t h e  

a c t u a l  p a r t ,  component, subsystem, o r  system used i n  a S h u t t l e  v e h i c l e  

is capable  of meet ing performance requirements  i n  such documents a s  

t h e  Cont rac t  End I t e m  S p e c i f i c a t i o n s  and so on. 

e .  Checkout t e s t i n g  i s  t h e  program t h a t  v e r i f i e s  t h a t  t h e  

hardware/sof tware f o r  a s p e c i f i c  miss ion  w i l l  f u w t i o n  w i t h i n  t h e  

p re sc r ibed  f l i g h t  l i m i t s  bo th  a t  subsystem and i n t e g r a t e d  v e h i c l e  l e v e l s .  

f .  F l i g h t  demonstrat ion i s  t h e  program t h a t  v e r i f i e s  t h e  performance 

of  t h e  f l i g h t  v e h i c l e s  under predetermined f l i g h t  cond i t ions .  

7 . 3  Review of t he  T e s t  Program 

The Panel  i n  a s s e s s i n g  t h e  conf idence  l e v e l  provided by t h e  

S h u t t l e  t e s t  program focused on two areas: (1) the  c e r t i f i c a t i o n  program 

f o r  t h e  f i r s t  c a p t i v e  f l i g h t  of O r b i t e r  101  mated w i t h  t h e  747 c a r r i e r  

a i r c r a f t  and t h e  c e r t i f i c a t i o n  program f o r  t h e  f i r s t  f r e e  f l i g h t  of  

O r b i t e r  101 i n  t h e  ALT p r o j e c t ,  and ( 2 )  t he  c e r t i f i c a t i o n  program f o r  

t he  f i r s t  manned o r b i t a l  f l i g h t  w i t h  an  "al l -up" S h u t t l e  system. 

Although t h e  Space S h u t t l e  ground t e s t s  are based t o  some e x t e n t  

on exper ience  gained from such programs as  Apollo,  Skylab and ASTP and 

t h e  unmanned programs, t h e  uniqueness and r e source  c o n s t r a i n t s  of t h i s  

program levy d i f f e r e n t  requirements  and expec ta t ions .  The re fo re ,  areas 

of  i n t e r e s t  reviewed by t h e  Panel  inc luded  t h e  fol lowing:  
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a .  The tes t  o r g a n i z a t i o n s  a t  NASA Cente r s  and t h e i r  c o n t r a c t o r s  

w i t h  r ega rd  t o  r e s p o n s i b i l i t y  and a u t h o r i t y  i n  t h e  S h u t t l e  program 

o r g a n i z a t i o n ,  t h e i r  personnel  numbers and s k i l l s ,  and t h e  modes of 

management and communication. 

b. Those tests cons idered  mandatory p r i o r  t o  f i r s t  f l i g h t s  and 

t h e  r a t i o n a l e  f o r  t h i s  de t e rmina t ion .  

c .  The l o g i c  behind dec i s ionson  a d d i t i o n s ,  d e l e t i o n s ,  d e f e r r a l s  

of t he  tes t  requi rements  and t h e  impact on hazards  and r i s k  acceptance .  

d .  The contingency p l a n s  to cope w i t h  " s u r p r i s c , s "  which u s u a l l y  

occur  du r ing  any t e s t  program. 

e .  S p e c i f i c  a t t e n t i o n  be ing  pa id  by t h e  program t o  c r i t i c a l  i t e m s  

i n c l u d i n g  those  t h a t  have no redundancy, e . g . ,  wing e levon a c t u a t o r s ,  

t h r u s t  v e c t o r  c o n t r o l  a c t u a t o r s .  

f .  The system f o r  a s s u r i n g  t h a t  t h e  t es t  requi rements  and procedures 

as w e l l  as hardware c o n f i g u r a t i o n  c o n t r o l  f o r  a s p e c i f i c  p i e c e  of hardware 

o r  so f tware  demonst ra te  t h e  f l i g h t  wor th iness  of t h a t  hardware o r  so f tware .  

g. The degree  t o  which t h e  t es t  program and i n d i v i d u a l  tes ts  add 

up t o  a n  i n t e g r a t e d  tes t  program and a r easonab le  b a s i s  f o r  conf idence  

i n  d e c i s i o n s  on t h e  f l i g h t  wor th iness  of t h e  S h u t t l e .  

h. Retest p l ans  t h a t  assure adequate  deomonstration of v e h i c l e  i n t e g r i t y  

a f t e r  rep lacements ,  m o d i f i c a t i o n s ,  r e p a i r ,  e t c .  

i. The system t o  a s s e s s  t h e  degree  t o  which model t e s t i n g ,  such as 

1 /4 - sca l e  model v i b r a t i o n  and wind t u n n e l  t e s t i n g ,  w i l l  p a r a l l e l  t h e  a c t u a l  

f l i g h t  expe r i ence  and t h e r e f o r e  t h e  d i f f e r e n c e  t h a t  w i l l  have t o  be 
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cons idered  i n  d e f i n i n g  a s a f e  f l i g h t  t e s t  program. 

j .  S p e c i f i c  t es t  s i t u a t i o n s  such as:  

(1) The ground r u l e s  f o r  t e s t i n g  hardware so t h a t  i t  w i l l  

see t h e  f u l l  miss ion  c y c l e  environment r a t h e r  t han  j u s t  i t s  o p e r a t i n g  

c y c l e  environment.  

( 2 )  The r a t i o n a l e  f o r  us ing  t h e  s t r u c t u r a l  ground tes t  program 

as  the  b a s i s  f o r  c e r t i f y i n g  t h e  O r b i t e r  101 f l i g h t  v e h i c l e .  

( 3 )  The r i g o r  of t h e  t e s t i n g  tc, assure  payload doors  can be 

c losed  i n  o r b i t .  

( 4 )  The ground t e s t  program t o  de te rmine  c o n t r o l  c a p a b i l i t i e s  

i f  a cont ingency s i t u a t i o n  develops where one o r  more N U ' S  f a i l  t o  

o p e r a t e .  

(5) The program t o  accomplish some form of  v e r i f i c a t i o n  program 

f o r  c r i t i c a l  mechanisms t o  be s u r e  t h a t  they can  meet t h e  cond i t ions  

presented  i n  long space soaks ,  long pe r iods  between checkout and u s e ,  

and long pe r iods  of  i n a c t i v i t y  on t h e  ground. Such c r i t i c a l  mechanisms 

inc lude  the  many door -con t ro l  u n i t s  on t h e  O r b i t e r ,  and t h e  f l i g h t  c o n t r o l  

hardware. 

( 6 )  The r i g o r  of t h e  landing  gea r  deployment t e s t  program t o  

a s s u r e  deployment du r ing  a c t u a l  f l i g h t s .  

(7)  Planned u s e  of  tes t  teams and ground suppor t  equipment a t  

f a c t o r y ,  NASA Cente r ,  and s p e c i f i c a l l y  a t  KSC t o  assure t h a t  t h e r e  is  a 

maximum accumulat ion of  exper ience  and s a f e  t e s t  ope ra t ion .  
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7.4  S t r u c t u r a l  Proof Tests ,  O r b i t e r  101 

O r b i t e r  proof tests a re  t o  provide  conf idence  i n  e a r l y  phases  of 

t h e  f l i g h t  test program by v e r i f y i n g  i n t e g r i t y  and r i g g i n g  of  c o n t r o l  

systems and s e l e c t e d  doors .  These tests a s s u r e  t h a t  (1) c o n t r o l  s u r f a c e  

and door mechanisms and t h e  a s s o c i a t e d  s t r u c t u r e  have t h e  s t r e n g t h  

and s t i f f n e s s  t o  wi ths t and  l i m i t  l oads  ( i .e . ,  maximum load expected 

du r ing  miss ion  o p e r a t i o n )  w i thou t  loss of  o p e r a t i o n a l  c a p a b i l i t y ,  and 

(2)  t h e  hydrau l i c  subsystem w i l l  p rovide  t h e  necessary  s t i f f n e s s  t o  

t h e s e  s u r f a c e s  t o  wi ths t and  aerodynamic f l u t t e r .  The loads  a r e  those  

expected on t h e  O r b i t e r  102 d u r i n g  an o r b i t a l  miss ion .  The tes t  a r t i c l e  

is a f l i g h t  v e h i c l e  except  f o r  t h e  fo l lowing  i t e m s  which would n o t  be 

i n s t a l l e d  a t  t h a t  t i m e :  t a i l c o n e ;  thermal  seals on t h e  landing  g e a r  

doors  and rudder  speed brake ;  e levon s u r f a c e  seals and TPS; crew seats 

and r a i 1 s ; ' p y r o t e c h n i c  d e v i c e s ;  and t h e  u s e  of  s imula ted  SSME'S. 

The t e s t i n g  w i l l  be performed a f t e r  manufacturing checkout and 

b e f o r e  t h e  ground v i b r a t i o n  tests a t  t h e  RI Palmdale assembly f a c i l i t y .  

The O r b i t e r  101 w i l l  be c e r t i f i e d  by a n a l y s i s ,  and t h e  v e h i c l e  w i l l  be  

p lacarded  t o  75% of  l i m i t  load f o r  a l l  c r i t i c a l  h o r i z o n t a l  f l i g h t  

c o n d i t i o n s .  Th i s  does n o t  i nc lude  t h e  thermal  stress loads  of O r b i t e r  

102. The f l i g h t  p l a c a r d s  a r e  be ing  developed us ing  ALT weights  and con- 

f i g u r a t i o n s  t o  d e r i v e  ALT e x t e r n a l  l oad ing  and i n t e r n a l  l oad ing  i n d i c a t o r s  

t o  compare w i t h  t h e  O r b i t e r  101 d e t a i l  des ign  and a n a l y s i s .  Because of 

t h e  complexity and i n h e r e n t  c o s t s  r e q u i r e d  t o  s e p a r a t e  thermal e f f e c t s  
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f r o m  O r b i t e r  101 stress a n a l y s i s  t h e  c e r t i f i c a t i o n  ana lys i s  will assume 

t h a t  thermal e f f e c t s  are  p r e s e n t  t hus  r e s u l t i n g  i n  an  a d d i t i o n a l  s t r u c t u r a l  

margin. 

The proof tests on t h e  c o n t r o l  s u r f a c e s  of t h e  101 w i l l  develop 
\ ,  

des ign  l i m i t  hinge moments w i t h  t h e  a c t u a t i o n  systems o p e r a t i n g  and 

t h e  s u r f a c e s  pos i t i oned  a t  ang le s  of d e f l e c t i o n  a t  which l i m i t  loads  

w i l l  occur .  The landing  gea r  doors w i l l  be proof loaded. The l and ing  

gea r  i t s e l f  w i l l  be c e r t i f i e d  by component t e s t i n g .  

be p r e s s u r e  proof loaded t o  17.7 p s i g  which i s  110% of  des ign  l i m i t  

p r e s s u r e .  Modal surveys  a t  f r equenc ie s  of body bending and t o r s i o n ,  

i nc lud ing  t o r s i o n  modes of t h e  wing and f i n ,  w i l l  be conducted on t h e  

O r b i t e r  101 a f t e r  f a c t o r y  checkout t o  s u b s t a n t i a t e  and update the  

dynamic math model by c o r r e l a t i n g  a n a l y t i c a l  p r e d i c t i o n s  w i t h  t h e  measured 

tes t  d a t a .  I n  a d d i t i o n  t h e r e  w i l l  be a c a l i b r a t i o n  of  t h e  wind r o o t  

s t r a i n  gages du r ing  f r e e  f l i g h t  t o  f u r t h e r  s u b s t a n t i a t e  t h e  a n a l y s e s .  

Th i s  w i l l  be done by comparing p r e d i c t e d  cond i t ions  w i t h  f l i g h t  d a t a  so 

t h a t  i n f l i g h t  loads  w i l l  be v e r i f i e d  be fo re  f u r t h e r  e x p l o r a t i o n s  of t he  

O r b i t e r  f l i g h t  boundar ies .  

The crew module w i l l  

To provide  a b a s e l i n e  f o r  e v a l u a t i n g  t h e  adequacy of t h i s  t es t  

approach , the  r e l a t e d  informat ion  from m i l i t a r y  and commercial wide-body 

tes t  programs is summarized here :  

a .  The L-1011 underwent a tes t  program t h a t  inc luded  development 

component t e s t i n g ,  p r o o f b a d i n g  t o  t h e  l i m i t  load of c o n t r o l  s u r f a c e s  
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and l and ing  gear components, p r e s s u r e  proof t e s t i n g  of  c a b i n  t o  60% 

of l i m i t  p r e s s u r e .  

p r i o r  t o  f l i g h t  test .  

test a r t i c l e  loading  was cons idered  necessa ry .  The v e h i c l e  w a s  

p lacarded  t o  80% of t h e  l i m i t  load .  

f u l l  a i r f r a m e  s t a t i c  and f a t i g u e  t e s t .  

The completed stress ana lyses  was accomplished 

No  primary s t r u c t u r e  proof load ing  o r  s t a t i c  

Subsequent t e s t i n g  inc luded  a 

b. The DC-10 des igns  underwent proof load ing  t o  l i m i t  load  and 

t h i s  d a t a  w a s  e x t r a p o l a t e d  t o  v e r i f y  t h e  ana lyses  p r i o r  t o  f i r s t  

f l i g h t .  

proof loaded and ground v i b r a t i o n  tests were conducted p r i o r  to  

f l i g h t  tests. No p l a c a r d s  were imposed on t h e  f l i g h t  t e s t .  

In  a d d i t i o n ,  t h e  c o n t r o l s  of t h e  f l i g h t  tes t  a i r c r a f t  were 

c .  The Boeing 747 expe r i ence  p r i o r  t o  f i r s t  f l i g h t  i s  c o n s i s t e n t  

w i t h  t h e  DC-10. F u l l - s c a l e  s t a t i c  and f a t i g u e  a r t i c l e s  were 

subsequent ly  performed . 

The primary s t r u c t u r e  w i l l  be f u l l y  c e r t i f i e d  p r i o r  t o  f i r s t  v e r t i c a l  

f l i g h t  (OFT). The program c a l l s  f o r  con t inu ing  t e s t i n g  i n  con junc t ion  

w i t h  a n a l y s e s  of t h e  governing f l i g h t  c o n d i t i o n s .  Thus, t h e  s t a t i c  

test  a r t i c l e  w i l l  be sub jec t ed  t o  u l t i m a t e  l oads .  V ib roacous t i c  tests 

w i l l  be  completed on t h e  a f t  f u s e l a g e  test  a r t i c l e .  Vertical  v i b r a t i o n  

tests and s t a t i c  f i r i n g  of  t h e  main p ropu l s ion  tes t  a r t i c l e  a l s o  remain 

t o  be done a l o n g  w i t h  wind t u n n e l  model t e s t i n g .  Component tests on 

such  i t e m s  as t h e  window, s i d e  h a t c h ,  a i r l o c k  seals and s t a t i c  and 

dynamic seals con t inues  a t  t h i s  t ime. 

f o r  ve r t i ca l  f l i g h t ,  bu t  t r a j e c t o r y  t a i l o r i n g  and a d a p t i v e  f l i g h t  c o n t r o l  

The O r b i t e r  w i l l  n o t  be p lacarded  
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vi11 keep t h e  loads  w e l l  w i t h i n  p r e s c r i b e d  l i m i t s .  

7 .!I S t r u c t u r a l  Tes t  Ar t ic le  (Orb i t e r )  

The S t r u c t u r a l  T e s t  A r t i c l e  (STA) i s  of  a product ion- tyne  O r b i t e r  

i n  two s e c t i o n s ,  t h e  a i r f r a m e  assembly and t h e  crew module s e c t i o n ,  which 

w i l l  be  sub jec t ed  t o  s t a t i c  load t e s t i n g  i n  a s p e c i a l  tes t  serieci condcicrf 

bv the  Lockheed Company. During t h i s  major s t r u c t u r a l  t e s t ,  211 major 

p a r t s  of t h e  v e h i c l e  w i l l  be  sub jec t ed  t o  l i m i t ,  f a t i g u e ,  and u l t i m a t e  

l oads  t o  induce des ign  l e v e l  stresses and prove t h a t  a l l  p a r t s  a re  

capable  of  t a k i n g  t h e  expected loads  s a f e l y .  The a i r f r a m e  f o r  STA u s e s  

s u b s t i t u t e  hardware f o r  t h e  nose and main landing  g e a r ,  c o n t r o l  s u r f a c e  

a c t u a t o r s ,  crew module, OMS/RCS pods,  and thermal  panes.  The crew 

module f o r  STA uses  s u b s t i t u t e  hardware f o r  t h e  windows and oFr lock  

tunne l .  

Mi l e s tones  f o r  t h e  STA program are  a s  fol lows:  

a .  Del ivery  of t h e  a i r f r a m e  t o  Palmdale test  s i t e  du r ing  t h e  first 

quar t e r  of  1977. 

b .  Del ivery  of t h e  crew module d u r i n g  t h e  t h i r d  q u a r t c a r  o f  1977 

L c) xiI/Space Div i s ion .  

c .  Completion of t h e  crew module t e s t s  i n  t h e  F a l l  of 1578. 

d .  Completion of  t h e  a i r f r a m e  tests w i t h  a s imula ted  crew modulo 

i n  t h e  f i r s t  q u a r t e r  of  1979. 

The fou r  series o f  t e s t s  on t h e  STA w i l l  cover  i n f luence  c o e f f i c i e n t s  

such as modulus of e l a s t i c i t y ,  t h e  l i m i t  l o a d s ,  t h e  f a t i g u e  loads  and 

the  u l t i m a t e  load.  
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7 . 6  Payload Bay Doors 

The fo l lowing  q u e s t i o n s  were asked d u r i n g  t h e  P a n e l ' s  examination 

of t h e  payload bay door system: What t e s t i n g  i s  planned t o  assure 

payload bay doors  can be c losed  i n  f l i g h t ?  

the  b a s e l i n e  f o r  Ext ra  Vehicular  A c t i v i t y  (EVA) c a p a b i l i t y  t o  overcome 

What requi rements  a r e  i n  

a problem which p reven t s  door c l o s u r e ?  What i s  the s t a t u s  of t h e  

development of  t h i s  EVA c a p a b i l i t y ?  Responses t o  t h e s e  q u e s t i o n s  

a re  summarized below: 

a. The planned test program p rov ides  f o r  subsystem tests on 

l a t c h e s  and d r i v e  mechanisms; development tests on s t r u c t u r a l  materials, 

l u b r i c a t i o n ,  and mechanism l a t c h e s ;  q u a l i f i c a t i o n  tests s i m u l a t i n g  

ze ro  ''g'l and one "g" o p e r a t i o n s  as w e l l  as o n - o r b i t  d i s t o r t h n s  w i t h  a 

15- foot  s e c t i o n  of  payload bay door and mating f i x t u r e .  

t h i s  t e s t  are s t i l l  be ing  worked o u t o  

Details f o r  

b. The Payload bay door system is being  designed so t h a t  f o r  

manual o p e r a t i o n  by a crewman i n  EVA i n  c a s e  t h e r e  is an  o n - o r b i t  

problem w i t h  t h e  door.  C e r t a i n  payload c o n f i g u r a t i o n s  and p o s t u l a t e d  

f a i l u r e  modes w i l l  p r ec lude  a c c e s s  t o  t h e  mechanisms. Thus JSC and 

RI/Space Div i s ion  are  c u r r e n t l y  a s s e s s i n g  such c h a l l e n g e s  as t h e  methods 

of e n s u r i n g  t h a t  t h e  doors  can always be d r i v e n  to an  "open" p o s i t i o n  

and t h e  a l lowab le  number of l a t c h e s  "out" and s t i l l  have a s a f e  r e t u r n .  

EVA r o u t e s  and working envelopes r e q u i r e d  for a manual o p e r a t i o n  of t h e  

doors  are under e v a l u a t i o n .  
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c .  A i r lock ,  EVA hardware, and EVA hardware s e r v i c i n g  and r echa rge  

a r e  now b a s e l i n e d ,  EVA p r o v i s i o n s ,  such as  t r a n s l a t i o n  a ids ,  work 

s t a t i o n s ,  e t c . ,  have been developed and w i l l  be implemented i n  t h e  nea r  

f u t u r e .  Handra i l s  a l r e a d y  designed f o r  t h e  remote manipula tor  system w i l l  

p rovide  a d d i t i o n a l  EVA f l e x i b i l i t y .  The a i r l o c k  l o c a t i o n s  and conf igu r -  

a t i o n s  t h a t  form a p a r t  of the  t o t a l  system have a l s o  been b a s e l i n e d  a t  

t h i s  t i m e .  

7 .7  Ground V i b r a t i o n  T e s t s  (GVT) 

There are  a number of ground v i b r a t i o n  tests t h a t  have been 

d i scussed  by t h e  Panel :  (1) O r b i t e r  GVT, ( 2 )  Mated Orb i t e r /747 ,  

( 3 )  Mated Vertical GVT inc lud ing  a l l  f l i g h t  elements of t h e  S h u t t l e  

system. The o v e r a l l  ground v i b r a t i o n  tes t  program u s e s  t h e  b u i l d i n g -  

b lock  approach w i t h  t e s t s  p rog res s ing  from one - fou r th - sca l e  models 

t o  t h e  f u l l - s c a l e  S h u t t l e  system. Thus t h e  i n i t i a l  v e r i f i c a t i o n  t e s t i n g  

of math models and a n a l y t i c a l  t echniques  w i l l  u se  t h e  1 / 4  models cons t ruc t ed  

of t h e  s a m e  materials as t h e  f l i g h t  a r t i c l e s  and made t o  t h e  product ion  

drawings. These 1 /4 - sca l e  models of t h e  O r b i t e r ,  ET, SRB'S should be 

ready b e f o r e  t h e  end of 1976. A f t e r  completion of t h e  development 

t e s t i n g  phase a t  Rockwell they w i l l  be t r a n s f e r r e d  t o  JSC f o r  payload 

i n t e g r a t i o n  s t u d i e s  and o p e r a t i o n a l  suppor t  of t h e  program. 

7 . 7 . 1  O r b i t e r  Hor i zon ta l  Ground V i b r a t i o n  T e s t  (HGVT) 

The o b j e c t i v e s  of t h i s  tes t  program are t o  de te rmine  t h e  O r b i t e r  

modal c h a r a c t e r i s t i c s  f o r  two suppor t  cond i t ions :  (1) O r b i t e r  f r e e  
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f l i g h t  c a l l e d  a " so f t "  v i b  a t i o n  tes t  (F igure  7 - l ) ,  and (2 )  O r b i t e r  

mated-type c a l l e d  a " r i g i d "  v i b r a t i o n  test  (Figure 7-2).  The s o f t  

o r  f r e e - f l i g h t  v i b r a t i o n  test w i l l  also d e f i n e  t h e  f l i g h t  c o n t r o l  

frequency response  c h a r a c t e r i s t i c s  r e l a t i n g  t o  t h e  d e f l e c t i o n  and 

s l o p e  a t  c o n t r o l  system s e n s o r s  f o r  known inpu t  a t  t h e  aerodynamic 

c o n t r o l  s u r f a c e s .  These tests are conducted on t h e  O r b i t e r  101  

o r  ALT Vehicle .  These v i b r a t i o n  tests are conducted fo l lowing  t h e  

s t r u c t u r a l  mechanical proof load tests and are a l l  conducted a t  t h e  

Palmdale f a c i l i t y .  Rigid mount tests are t o  begin i n  la te  J u l y  1976 

and t h e  s o f t  mount tests are t o  begin i n  mid-August a f t e r  complet ion 

of  t h e  r i g i d  tests. F igu re  7-3 shows t h e  Palmdale checkout flow which 

inc ludes  t h e s e  v i b r a t i o n  tests. 

i / 

7.7.2 Mated Orbi te r /747  Ground V i b r a t i o n  Tests 

The purpose of t h i s  type of  t e s t  would be  t o  assess and v e r i f y  

t h e  adequacy o f  s t r u c t u r a l  dynamic modeling and checkout s t r u c t u r a l  

response  in s t rumen ta t ion .  The need f o r  such  a test  program i s  being 

examined by Rockwell and then  recommendations w i l l  b e  brought  t o  t h e  

O r b i t e r  and S h u t t l e  management f o r  a dec i s ion .  

7.7.3 Mated V e r t i c a l  Ground V i b r a t i o n  T e s t  Program (MGVTl 

T h i s  test a t  MSFC i s  t h e  cu lmina t ion  of  t he  i n d i v i d u a l  and scale 

model t e s t i n g .  

managers t h e r e  w i l l  be two major i n t e g r a t e d  v i b r a t i o n  test phases:  

(1) 

A s  desc r ibed  t o  t h e  Panel  by t h e  ground test subsystem 

a model test  of  t h e  Orbi ter /ET assembly on a s o f t  suspension system 

196 



and (2)  a modal test inc lud ing  t h e  O r b i t e r ,  ET, SRB'S t o  i n v e s t i g a t e  

cond i t ions  a t  l i f t - o f f ,  high-Q, and burnout .  I n i t i a l l y ,  r igid-body 

modes w i l l k  determined t o  i n s u r e  t h a t  t h e  na tu ra l  f r equenc ie s  of t h e  

" s o f t "  suspension system can be adequate ly  accomodated. During these  tes ts  

s p e c i a l  p recau t ions  w i l l  be taken  t o  prevent  damage of any k ind  t o  t h e  

O r b i t e r  and t h e  ET s i n c e  they w i l l  be  r e fu rb i shed  and used f o r  f l i g h t  

hardware. The SRB'S w i l l  n o t  be used as f l i g h t  hardware. 

7 .8  F l i g h t  Cont ro l  Hydraul ic  Laboratory (FCHL) 

The o b j e c t i v e s  of  tests conducted on the  FCHL inc lude :  (1) v e r i -  

f i c a t i o n  of t he  hydrau l i c  system, (2)  i n t e g r a t e d  tests w i t h  t h e  a v i o n i c s  

development l abora to ry  and hybrid computer f o r  v e r i f i c a t i o n  of end-to-end 

f l i g h t  c o n t r o l  system, (3) v e r i f i c a t i o n  of t h e  s t r u c t u r a l  adequacy of 

t h e  va r ious  c o n t r o l  s u r f a c e  a c t u a t o r  mountings,  ( 4 )  v e r i f i c a t i o n  of 

t h e  f l i g h t  c o n t r o l s  o p e r a t i o n s  du r ing  real-time s imula ted  miss ion  

segments, and (5) development of  o p e r a t i o n a l  procedures  t o  ma in ta in  

a working hydrau l i c  systemo The t e s t  a r t ic le  a s  used i n  t h e  FCHL i s  

r e f e r r e d  t o  as t h e  O r b i t e r  " i r o n  b i rd" ,  see F igure  7-4. It uses  a 

q u a l i f i a b l e  hydrau l i c  system w i t h  s imula ted  main engines ,  s imulated 

a e r s u r f a c e s  and a c t u a t o r  mounts, bu t  wi thout  landing  gea r s .  Th i s  

program has been i n  p rogres s  s i n c e  l a te  i n  1975 and w i l l  cont inue  

through e a r l y  1978. Curren t  work w i l l  suppor t  t h e  ALT p r o j e c t  and 

la te r  t e s t  work w i l l  suppor t  t he  f i r s t  o r b i t a l  manned test  f l i g h t s .  

197 



7 . 9  C r e w  Escape System Sled  Test 

The o b j e c t i v e s  of t h i s  t e s t  are t o  v e r i f y  t h e  c a p a b i l i t y  and l i m i t s  

of t h e  crew escape  system f o r  ALT and OFT i n c l u d i n g  f l a r e ,  l and ing ,  high-Q and 

High-G c o n d i t i o n s .  Curren t  p l a n s  i n c l u d e  one s t a t i c  and t h r e e  dynamic 

tests t o  be conducted a t  t h e  Holloman A i r  Force Base t e s t  t r a c k .  P a r t  

of t h e  work w i l l  v a l i d a t e  t h e  6-degree-of-freedom computer a n a l y s i s  

f o r  adve r se  c o n d i t i o n s  which cannot  be  t e s t e d .  An idea  of  t h e  test 

i t s e l f  and t h e  i t e m s  t o  be examined are shown i n  F i g u r e  7-5. 

7.10 Other  Major Tests 

A number of tests are covered under more s p e c i f i c  c h a p t e r  of t h i s  

r e p o r t ,  e .g . ,  t h e  Main P ropu l s ion  T e s t  program. Others  have no t  been 

examined to  any degree  by t h e  Pane l ,  e . g . ,  v i b r o a c o u s t i c  t e s t i n g  on t h e  

O r b i t e r  a f t  f u s e l a g e .  I n  a d d i t i o n  t o  t h e  s o - c a l l e d  "major tests" t h e  

Panel  e x p e c t s  t o  review t h e  development and t e s t i n g  a p p l i e d  t o  some 

of t h e  more c r i t i c a l  hardware such  as t h e  A u x i l i a r y  Power U n i t s ,  t h e  

f u e l  ce l l s ,  t h r u s t  v e c t o r  c o n t r o l  and e levon a c t u a t o r s  and o t h e r s  as 

deemed necessary .  

7 .11  Ground Support  Equipment (GSE) 

GSE is c l a s s i f i e d  on t h e  S h u t t l e  program i n  accordance w i t h  t h e  

fo l lowing  f u n c t i o n a l  groupings: 

a .  The s e r v i c i n g  suppor t  equipment which s u p p l i e s  f l u i d s  and 

power t o  t h e  f l i g h t  hardware and a s s o c i a t e d  GSE. 

equipment f o r  supply ing  p r e s s u r i z a t i o n ,  purg ing ,  t r a n s f e r r i n g  f l u i d s ,  e t c .  

Th i s  c l a s s  i nc ludes  
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b. Checkout and Test equipment which is  used i n  a l l  t es t  and checkout 

o p e r a t i o n s .  T h i s  class inc ludes  equipment t h a t  moni tors ,  evaluates and 

s t i m u l a t e s  hardware. 

c .  Handling and T r a n s p o r t a t i o n  equipment which is  r e q u i r e d  f o r  

t h e  movement and suppor t  of  f l i g h t  hardware, inc luding  s l i n g s ,  s t a n d s ,  e t c .  

d .  A u x i l i a r y  equipment which a l i g n s ,  p r o t e c t s  and c a l i b r a t e s  f l i g h t  

hardware. 

e.  Umbil icals  which a r e  t h o s e  i t e m s  i n t e r f a c i n g  d i r e c t l y  w i t h  t h e  

S h u t t l e  e lements  t o  t r a n s f e r  e l e c t r i c a l  power, e l e c t r o n i c  s i g n a l s ,  and 

f l u i d s  t o  and from t h e  f l i g h t  v e h i c l e  systems. 

T h i s  area has  been given lower p r i o r i t y  by t h e  Panel  only because 

o f  t h e  p r e s s  of o t h e r  Panel  e f f o r t s .  To some degree t h e  Panel  i s  i n  t h e  

process  of scoping t h e  t a s k  and d e f i n i n g  t h e  most e f f e c t i v e  approach 

t o  a c o n t i n u i n g  review of  t h i s  area. The Panel  began by reviewing 

t h e  adequacy of management e f f o r t s  t o  a s s u r e  s a f e ,  c o s t - e f f e c t i v e  means 

of process ing  t h e  S h u t t l e  d u r i n g  a l l  of  i t s  tes t  and o p e r a t i o n a l  miss ions .  

The Panel  has  a l s o  reviewed t h e  requirements  and c o n s t r a i n t s  placed on 

meet ing t h e  turnaround t i m e  and maintenance requi rements ,  as  w e l l  as t h e  

arrangements f o r  a l t e r n a t e - f i e l d  landings  by t h e  O r b i t e r .  

I n d i c a t i v e  of t h e  examination t h e  Panel  expec ts  t o  fo l low are  

t h e  fol lowing:  

a .  How does KSC monitor t h e  c o n t r a c t o r s  f o r  d e s i g n  and a c q u i s i t i o n  

of  ground suppor t  equipment t h a t  i s  t o  b e  used a t  KSC? What p a r t  does 
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JSC and MSFC p lay  i n  t h e  des ign ,  a c q u i s i t i o n  and use of GSE? 

b. What are t h e  c r i t i c a l  e lements  w i t h i n  t h e  GSE system? 

c .  What a r e  t h e  c o n s t r a i n t s  on GSE development and procurement 

from t h e  p o i n t  of view of r e sources  and schedule ,  and what are  t h e i r  

impacts on t h e  GSE program? 

d .  What are t h e  p l ans  f o r  GSE t o  suppor t  t h e  ALT p r o j e c t  

beginning w i t h  t h e  p r e p a r a t i o n  f o r  t h e  f i r s t  f l i g h t  i n  e a r l y  1977? 

7 .11 .2  GSE Design Review Board 

The group w a s  e s t a b l i s h e d  i n  e a r l y  1974 a f t e r  t h e  O r b i t e r  101  

Pre l iminary  Design Review conducted i n  February 1974. Th i s  Board i s  

cha i r ed  by JSC personnel  from t h e  O r b i t e r  Manufactur ing and Test O f f i c e  

and from t h e  T e s t  D iv i s ion  of t h e  Program Opera t ions  O f f i c e .  Other  

members of t he  GSE Board are  from R I /  pace Div i s ion ,  t h e  O r b i t e r  

c o n t r a c t o r s ,  KSC, MSFC w i t h  o t h e r  members added as r equ i r ed  from t h e  

t h r e e  NASA Centers .  Meetings of t h i s  Board are conducted monthly to a s s u r e  t h a t  

t h e  des igns  are eva lua ted  through a system of reviews similar t o  t h a t  f o r  

major e lements  of  t h e  S h u t t l e  system (PRR's, PDR's,  CDR'S) be fo re  approval  

and a u t h o r i t y  t o  proceed a r e  given.  

GSE BOard Review of A p r i l  7 ,  1976 i n  which 37 models of  GSE were reviewed. 

The r e s u l t s  were t h a t  28 models were approved ( 7 f o r  PRR, 1 f o r  PRR/PDR, 

9 f o r  PDR, and 1 f o r  PDR/CDR, and 10 f o r  CDR), and two models were d e l e t e d  

o r  disapproved.  

Board f o r  d i s p o s i t i o n .  

handled f o u r t e e n  (14) a c t i o n  i t e m s  from previous  meet ings.  I n  t h e s e  

S 

An example of  t h i s  a c t i v i t y  i s  t h e  

The remaining models of GSE w e r e  d e f e r r e d  t o  t h e  May 

I n  a d d i t i o n ,  d u r i n g  t h i s  Apr i l  meet ing t h e  Board 
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a c t i v i t i e s  a l l  personnel  have an oppor tun i ty  t o  w r i t e  Review I t e m  D i s -  

p o s i t i o n s  ( R I D )  where they f e e l  t h e r e  i s  a n  inadequacy. Th i s  i s  t h e  

same as t h e  system used on t h e  v a r i o u s  elements  of  t h e  S h u t t l e  system. 

7.11.2 GSE Design Review S t a t u s  

Program s t u d i e s  are  underway t o  assure: (1) common hypergol ic  

s e r v i c i n g  equipment t o  t h e  optimum e x t e n t ,  ( 2 )  a p p r o p r i a t e  hydrau l i c  

s e r v i c i n g  and tes t  c a p a b i l i t y  a t  KSC, (3)  s a f e  S o l i d  Rocket Motor 

handl ing  o p e r a t i o n s .  The g r e a t e s t  numbers of GSE des ign  reviews w i l l  

occur  i n  1976. A s  expec ted ,  t h e  evolv ing  m a t u r i t y  of  requi rements  has  

r e s u l t e d  i n  a s l i g h t  i n c r e a s e  of GSE models s i n c e  J u l y  1975. The 

p lanning  f o r  o n - l i n e  maintenance and turnaround equipment and f a c i l i t i e s  

f o r  KSC i s  p rogres s ing  s a t i s f a c t o r i l y .  Maintenance p lanning  f o r  o f f - l i n e  

Line  Replaceable  Uni t s  (LRU) has  been postponed f o r  t h e  p r e s e n t .  

7 . 1 2  Addendum 

An updated summary showing t h e  t e s t ,  c o n f i g u r a t i o n ,  purpose and 

expected d a t e  of t h e  t e s t  i s  shown i n  Table  7-1 

20 1 



ATTACHMENT 7 - 1  

The program i n  a s s u r i n g  t h e  c o s t  e f f e c t i v e n e s s  of  i ts  
requi rements  f o r  ground suppor t  equipment needs t o  assure 
s a f e t y  r e c e i v e s  a p p r o p r i a t e  a t t e n t i o n .  

Response: One method of minimizing GSE program c o s t  has been t o  
i n s t i t u t e  a n  a g r e s s i v e  e f f o r t  t o  assure t h a t  t h e  maximum number of  
GSE end items is common t o  development tes t  programs, t h e  ALT 
program, e tc . ,  p r i o r  t o  OFT useage. Hazard a n a l y s e s  are  be ing  
conducted on t h i s  equipment t o  a s s u r e  adequate  a t t e n t i o n  i s  be ing  
g iven  t o  s a f e t y .  A d d i t i o n a l l y ,  t h e  Space S h u t t l e  GSE des ign  
requi rements  have been reduced from t h e  r e l i a b i l i t y  l e v e l  r equ i r ed  
to meet launch windows (Apollo) t o  a " f a i l - s a f c "  requi rement .  T h i s  
p rov ides  GSE which can s u s t a i n  f a i l u r e  without  loss of v e h i c l e  
systems o r  loss  of personnel  c a p b a b i l i t y .  
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ATTACHMENT 7-1  (Continued) 

The program i s  i n  t h e  pe r iod  of  d e f i n i n g  t h e  d e t a i l e d  
requi rements  and p l ans  f o r  major development and f l i g h t  
t e s t i n g .  P l ans  f o r  ground t e s t i n g  a r p e a r  adequate .  S a f e t y -  
r e l a t e d  t e s t i n g  should be  monitored t o  i n s u r e  i t  i s  c a r r i e d  
through as planned. The i n t e r a c t i o n s  between t h e  O r b i t e r ,  
Ex te rna l  Tank, and S o l i d  Rocket Boos ter ,  i n c l u d i n g  s e p a r a t i o n  
dynamics, a r e  complex. Analyses based on ground t e s t i n g  should 
be thorough enough t o  maximize conf idence  i n  s a f e  development 
f l i g h t s .  

Response: A s  noted by t h e  ASAP, s e p a r a t i o n  dyna r i c s  i s  a s u b j e c t  
of continuous a n a l y s i s  backed up by ground tes t  program. Wind 
tunne l  t e s t s  of t h e  ALT c o n f i g u r a t i o n  (Orbi te r /747)  and t h e  o r b i t a l  
c o n f i g u r a t i o n  ( O r b i t e r ,  ET, SRB) a re  be ing  conducted t o  de te rmine  
s e p a r a t i o n  load dynamics. Actua l  ground tests of t h e  s e p a r a t i o n  
hardware under v a r i o u s  load  c o n d i t i o n s  a r e  planned. For ALT, s a f e  
s e p a r a t i o n  loads  us ing  load c e l l s  i n  t h e  a c t u a l  f l i g h t  s e p a r a t i o n  
system are  be ing  developed. T r a j e c t o r y  a n a l y s i s  of t h e  ALT f l y  
away and t h e  SRB'S and EX s e p a r a t i o n s  are be ing  c o n t i n u a l l y  up- 
da ted  t o  i n v e s t i g a t e  no r e c o n t a c t  and s a f e  s e p a r a t i o n .  For ALT, 
approximately 4,000 computer runs  of d i f f e r e n t  t es t  c o n d i t i o n s  
were i n v e s t i g a t e d  i n  s p e c i a l  McDonnell Douglas s t u d i e s  t o  assure 
s a f e  o p e r a t i o n a l  s e p a r a t i o n  margins.  These types  of a n a l y s i s  and 
t e s t i n g  w i l l  con t inue  wi th  t h e  s p e c i f i c  o b j e c t i v e  of a s s e s s i n g  
conf idence  i n  s a f e  development f l i g h t s .  
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TABLE 7-1 

TEST - 
0 GROUND V IBRATION TEST 

- HORIZONTAL SOFT MOUNT 

- HORIZONTAL HARD MOUNT 

- 1/4 SCALE MODEL 

N 
0 
E. - F U L L  SCALE MATED 

0 ECLSS 

0 STRUCTURAL STATIC/FATIGUE 
(ORBITER) 

0 STRUCTURAL TEST ARTICLE 
(ET)  

SPACE SHUTTLE PROGRAM 

GROUND TEST (1 OF 2) 

CONFIGURATION 

OV-101 I N  THE PRE-ALT CONFIGURATION 

OV-101 I N  THE PRE-ALT CONFIGURATION 

1/4 SCALE REPLICA MODEL FOR ORB/ET/ 
AND SRB 

ET/SRB/OV-101 

BOILERPLATE TEST ARTICLE,  COMPLETE 
ECCSS, PnqRTIAL AVIONICS,  CREW 
EQUIPYENT 

AIRFRArdE STRUCTURE INCLUDING A L L  
PRIMARY AND SELECTED SECONDARY 
STRUCTURE , GENERALLY, NO SYSTEMS 

LO2 TANK, L H 2  TANK AND INTER TANK 

PURPOSE 

LG 
MAY 76 

TEST 
START - 

DETERMINE THE ORBITER FREE-FREE 
MODAL FREQ, MODE SHAPES AND 
OAMPING CHARACTERISTICS 

AUG 76 

DETERMINE THE ORBITER MODAL FREQ, AUG 76 
MODE SHAPES AND DAMPING CHARAC- 
T E R I S T I C S  - MOUNTED ON E T  STRUTS 

MEASURE TRANSFER FUNCTIONSs A M P L I -  NOV 76 
TUDE - FREQ, MODAL DAMPING 
CHARACTER.ISTICS AND R I G I D  BODY 
MODES 

VERIFY THE COUPLED DYNAMIC MATH 
MODEL OF THE MATED SHUTTLE 
COiJF IGURAT I ON 

rqAR 78 

VERIFY ECLSS INTEGRATED OPS & MAR 7,' 
PERFORM MARRATING OF ECLSS FOR 
FVF 

VERIFY STRUCTURAL INTEGRITY FOR: AUG 77 
L I M I T  & ULTIMATE LOADS AND 100 
M I S S I O N  L I F E  X SCATTER FACTOR 
OF 4 

VERIFY THE STRENGTH INTEGRITY OF OCT 77 
THE PRIMARY LOAD CARRYING 
STRUCTURE 



TABLE 7- I (CONCLUDED) 

TEST 

0 MPTA 

SPACE SHUTTLE PROGRAM LG 
MAY 76 

GROUND TEST 4 2 0 ~ 2 )  
TESTS 

CONFIGURATION PURPOSE START 

3 M A I N  ENGINES i- F L I G H T  WEIGHT VERIFY MPS PERFORMANCE AND DEC 77 
EXTERNAL TANK + F L I G H T  WEIGHT 
AFT FUSELAGE, INTERFACE SECTION 
AND A BOILERPLATE MID/FWD FUSELAGE 
TRUSS STRUCTURE 

COMPATIBIL ITY WITH INTERFACING 
ELEMENTS 81 SUBSYSTEM 

S T A T I C  STRUCTURAL TEST (SRB) SRB SHORT STACK CONFIGURATION, . 

STRUCTURALLY F L I G H T  TYPE 
VEHICLE WITH FOUR CENTER MOTOR 
SEGMENTS ELIMINATED SERVICE L I F E  

VERIFY STRUCTURAL INTEGRITY FOR 
C R I T I C A L  DESIGN L I M I T  & 
ULTIMATE LOADS AND THE NORMAL 

NOV 77 

h, 
0 cn 0 F!40 RCS STATIC F I R I N G S  SHALL CONSIST OF STRUCTURE AND DEMONSTRATE THE RCS PERFORPANCE riov 7 7  

COMPONENTS FUNCTIONALLY CON- AND COMPATIBIL ITY WITH INTER-  
FIGURED TO REPRESENT THE F L I G H T  
ART I CLE 

FACING ELEMENTS AND SUBSYSTEMS 

0 OMS/RCS STATIC F I R I N G S  SHALL CONSIST OF FLIGHT DENONSTRATE OMS/RCS PERFJKMANCE JAR 78 
WEIGHT PRIMARY & SECONDARY AND COMPATIBIL ITY WITH INTER-  
STRUCTURE, F L I G H T  WEIGHT 
Q U A L I F I A B L E  COMPONENTS 
FUNCTIONALLY CONFIGURED 
TO REPRESENT THE F L I G H T  
ARTICLE 

FACING ELEMENTS AND SUBSYSTEMS 

COMPLETE AFT FUSELAGE STRUCTURE, PROVIDE DATA: SEP 78 

CLOSEOUT BULKHEAD, 100% I N -  INTEGRITY PLAN ) 
STALLATION OF TPS & TCS 

0 VIBRO ACOUSTIC AFT FUS, 

I PARTIAL MIDBODY FUSELAGE AND A 0 TO ESTIMATE THE STRUCTURAL (ORIGINAL 

* TO VERIFY VIBRATION ENVIRON- 
MENTAL CRITERIA DATA WILL BE 

TO VERIFY INTERNAL ACOUSTIC 
CRITERIA 
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0 
Q\ 

FIGURE 7-1 

HORIZONTAL GROUND VIBRATION TEST 
TEST ARTICLE DESCRIPTION 

ORBITER 101 - SOFT VIBRATION 



FIGURE 7-2 
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