
c o n t r o l  system. 

C.  Mission S a f e t y  Assessment 

JSC's S a f e t y  O f f i c e  t r a d i t i o n a l l y  p repa res  a miss ion  assess- 

ment t o  suppor t  the f l i g h t  r e a d i n e s s  review p rocess .  Such an  assess- 

ment i s  be ing  prepared by ASTP. Their review cons ide r s  prev ious  

A p o l l o  s p a c e c r a f t  anomalies ,  mod i f i ca t ions  to t he  s p a c e c r a f t ,  Docking 

Module and o t h e r  new systems and experiments ,  Soyuz hardware and 

o p e r a t i o n s ,  o p e r a t i o n a l  procedures ,  and s p e c i a l  ana lyses  and t e s t  

anomalies .  The r e p o r t  w i l l  be updated as the  program p rogres ses .  

This summary of  what was presented  t o  the Panel  i s  l i m i t e d  t o  t h e  

Soyuz s p a c e c r a f t .  Where the hazard  ana lyses  cons ide r  p o s s i b l e  f a i l -  

u r e s  i n  a s p a c e c r a f t ,  t h e  f a u l t  t ree  approach used h e r e  p o s t u l a t e s  

major even t s  a f f e c t i n g  c r e w  s a f e t y  and looks f o r  c r e d i b l e  causes .  

This technique  w a s  used on the  Apollo and Skylab programs t o  ensu re  

t h a t  no s e r i o u s  hazards  were overlooked and i s  used h e r e  f o r  the  

same purpose.  

1. F a i l u r e  t o  Separa te .  

F a i l u r e  o f  t he  Soyuz v e h i c l e  t o  s e p a r a t e  from the  

Docking Module fo l lowing  docked o p e r a t i o n s  could prevent  Soyuz 's  

r e e n t r y  and would r e s u l t  i n  an off-nominal  r e e n t r y  c o n f i g u r a t i o n  

f o r  Apo l lo .  This even t  could be caused by e l e c t r i c a l  mal func t ion  

of the Docking System c i r c u i t r y  and mechanical mal func t ion  o f  t h e  

docking l a t c h e s .  The S a f e t y  O f f i c e ' s  conclus ion  i s  that  t h e r e  i s  

no d i r e c t  hazard t o  the  Apollo crew. The primary s e p a r a t i o n  system 

69 



is redundant. Apollo hardware alone can accomplish all separations. 

The backup Soyuz pyrotechnic separation system is available. 

2. Attitude Control Loss. 

Loss of Soyuz attitude control would prevent Soyuz 

from providing .contingency attitude control and docked x-axis trans- 

lation, and would require Soyuz crewmen to transfer to Apollo for 

reentry. This event could be caused by electrical malfunctions in 

the propulsion command system, failure of sensors and manual command 

devices, or mechanical failure causing l o s s  of propellant. Their 

conclusion is that there is no direct hazard to the Apollo crew. 

The Soyuz attitude control system is passive during docking operations. 

Multiple failures would be necessary before there would be loss of 

Soyuz control. 

3 .  Uncontrolled Thrusting. 

Uncontrolled firing of the engines could result in un- 

desired attitude or rotation and prevent the crew from performing 

critical functions. This even could be caused by electrical failures 

that turn on the thrusters or by mechanical failures that turn on 

the valves. The Soyuz propulsion system is passive during docked 

operations. Multiple failures would have to occur for undesired 

thrusting. The Apollo spacecraft is prime for control of the docked 

attitude. Control authority from the Apollo reaction control system 

will override any Soyuz uncontrolled thrusting. 

4 .  Decompression. 
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Uncontrolled or rapid loss of pressure in the Soyuz 

could result in loss  of Apollo crew. This event could be caused by 

pressure seal leakage, inadvertent actuation of Soyuz cabin pene- 

trations, pressure hull failure or premature vehicle separation. 

Their assessment is that the Soyuz contains equipment to detect cabin 

pressure reduction. Significant seal leakage would be detected in 

prelaunch checks or during mission phase prior to docking. Docking 

seals are extensively tested and their integrity is verified in 

flight. All lines exposed to vacuum contain redundant isolation. 

Multiple failures or inadvertent operations are required for actuation 

of cabin penetrations. The OM and DV pressure hull are proof tested 

to 1.65 and 1.8 atmospheres, respectively, and inspected for flaws. 

System malfunctions could not increase internal pressure beyond 

structural limits. Separation system design and operation is ade- 

quate to prevent premature module separations. The only additional 

information needed are the results of Soyuz testing to verify that 

the module separation system pyrotechnics are not overly sensitive 

to RF energy. 

5. Electrical Shock. 

Electrical shock could cause injury or loss of crew- 

men. This could be caused by contact with exposed or faulty elec- 

trical equipment. However, as noted before, Soyuz utilizes a float- 

ing dual wire DC power distribution system. Non-conductive covering 

over a large percentage of Soyuz Orbital Module interior decreases 
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chances of exposure to shock. Most electronics equipment is located 

outside the inhabited areas. Soyuz electrical circuits and com- 

ponents are verified prior to launch. Additional information is 

required on component grounding tests before the analysis can be 

completed. 

6. Explosion. 

Explosion of Soyuz pressure vessels, batteries or pyro- 

technics could cause crew injury or decompression of the inhabited 

area. Their assessment concludes that the relief and safety factors 

on the pressure vessels are adequate. Batteries are vented to pre- 

vent internal pressure buildup. Soviet analyses indicate no exces- 

sive buildup of explosive gases from batteries. Pyrotechnic design 

and operations are adequate to prevent inadvertent firings. Mission 

plans do not call for firing of any Soyuz pyrotechnics during joint 

activities. Pyrotechnics are reported to be self-contained. In 

order to complete this assessment the results of the Soviet tests 

on the sensitivity of the pyros to the Apollo RF energy have been 

formally requested. Additional information is required to determine 

the capability of battery vent system to accommodate off-nominal con- 

ditions. Finally, additional information on tank safety factors has 

been requested. 

7. Debris from Explosion on Inadvertent Pyro-Firin&. 

A p o l l o  contact with Soyuz generated debris could re- 

sult in vehicle damage. This debris could come from Soyuz separation 
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from the launch vehicle, from the pyros fired during separation, and 

from explosion of a pressure vessel. Their assessment is that con- 

tact with Soyuz separation debris is remote due to relative orbital 

positions. The use of pyros f o r  undocking is a contingency operation. 

It would release no high energy debris. Relief and safety factors 

for the pressure vessels are adequate. A s  noted above, additional 

data is needed on tank safety factors to conclude the analysis. 

8 .  Collision or Structural Contact. 

Undesired structural contact could result in space- 

craft damage or depressurization. This event could be caused by 

uncontrolled thrusting at docking or by loss of visual contact. Their 

assessment notes the following as a basis for confidence that the 

risk is minimal. The vehicles hold a narrow attitude dead-band for 

docking. Soyuz systems contain sufficient safeguards for undesired 

thrusting. Both Apollo and Soyuz monitor closing rate. Abort cri- 

teria have been developed for contingencies during docking. Dock- 

ing guides will automatically align vehicles. The slow closing rate 

minimizes possibility of high energy contact. Apollo controls the 

closing rate and alignment during active and passive docking. 

9. Radiated Energy Effects. 

Radiated energy from one spacecraft or its ground 

stations could affect the other spacecraft systems or pyrotechnic 

devices. Analyses and testing on Apollo systems do not indicate any 

adverse effects from Soyuz generated RF energy. Soviet analyses and 
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component testing indicate Soyuz pyros are not overly sensitive to 

RF energy. Information needed to complete the analysis is the re- 

sults of specific system tests. These tests will verify that the 

pyros have acceptable safety margins and the Soyuz receivers are not 

overly sensitive to RF energy. 

10. Toxicity. 

Toxic contaminants could cause illness or loss  of 

crew. Such an event could be caused by malfunction of the Soyuz con- 

taminant control system or by off-gassing of materials. Their assess- 

ment concludes that the testing and control program for exposed ma- 

terial is adequate to establish the safety of these materials. The 

contaminant control system is adequate. A warning system is provided 

to indicate any leakage from coolant loop or out-of-tolerance concen- 

tration of 02 or C 0 2 .  The cosmonauts are exposed to the Soyuz atmos- 

phere for fifty-two hours before astronaut exposure. 

11. Fire. 

Fire, regardless of origin, is a critical crew hazard 

requiring immediate and correct response. Fire in the Soyuz vehicle, 

as in the Apollo, could result in l o s s  of critical equipment, cabin 

pressure integrity, and injury or loss of crew. Based on experience, 

maximum effort has been focused on the essential ingredients for fire: 

electrical ignition sources, non-metallic materials, Soyuz atmosphere, 

and internal configuration. Detailed analyses of available data in- 

dicate that: 
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(a )  Soyuz atmosphere i s  less conducive t o  the  s t a r t  

and cont inuance of  a f i r e .  

(b) F loa t ing  ground (two-wire e l e c t r i c a l  system) re- 

duces the  chance of  i g n i t i o n  from s h o r t  c i r c u i t .  

(c) E s s e n t i a l  e l e c t r i c a l  c i r c u i t  p r o t e c t i o n  i s  pro- 

vided f o r  a l l  systems except  t he  a b o r t  and r e e n t r y  systems. These 

systems are no t  covered by b reake r s  o r  fu ses  because of  t h e i r  c r i t -  

i c a l  n a t u r e .  Therefore ,  they use  c u r r e n t  l i m i t i n g  r e s i s t o r s  and 

series swi tch ing  redundancy. 

(d) Main b a t t e r i e s  and most e l e c t r i c a l  equipment a r e  

loca t ed  o u t s i d e  of t h e  crew areas. 

(e) Sovie t  a n a l y s i s  shows t h a t  b a t t e r y  hydrogen 

l e v e l s  are  maintained below hazardous l e v e l s .  

I n  a d d i t i o n  t o  ana lyz ing  the  c a u s a t i v e  f a c t o r s  and the a b i l i t y  t o  

c o n t r o l  them, NASA i s  a l s o  developing " f i re  procedures ."  NASA's in -  

t e n t  i s  t o  t r a i n  the  crew t o  r e a c t  i n s t i n c t i v e l y  t o  f i r e  by being 

thoroughly fami l ia r  with the  f i r e  s e n s i n g / a l e r t  system, the  charac-  

t e r i s t i c s  of f i r e  i n  the  Soyuz, as we l l  as Apollo,  and the  f i r e  

suppress ion  and evacuat ion  procedures .  Severa l  a d d i t i o n a l  p o i n t s  

are noteworthy. The Soyuz does not  c o n t a i n  f i r e  suppress ion  equip- 

ment as such.  I n  case  of f i r e  o r  smoke i n  the  OM the  crew w i l l  

evacuate  t o  e i t h e r  DM o r  DV and suppress  the f i r e  by dumping the OM 

atmosphere.  T h e r e a f t e r ,  the  OM could be r ep res su r i zed  i f  i t  were 

s a f e  t o  do so. The Sov ie t s  do not cons ide r  the  i n i t i a t i o n  of f i r e  
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in the DV a credible failure. 

NASA, as a part of its continuing examination of the fire 

hazard in Soyuz has requested additional information on character- 

istics and control of Soyuz flammable material to assure a complete 

analysis. In addition, JSC is continuing its studies of hydrogen 

gas generation from Soyuz silver-zinc batteries and the control of 

hydrogen peroxide from any leakage in the fuel line. 

D. Contingency Planning 

The basic principal of contingency planning is to maximize 

crew safety and then, secondly, achieve mission objectives. Planning 

for contingencies is an integral part of the mission planning process. 

The first step is to develop the basic plan which meets the specified 

requirements of a nominal mission. The second step is to identify 

the events which are critical to the success of the plan and identify 

potential contingency situations related to these events. 

Several fundamental categories of problems are considered: 

problems related to limited consumables, problems of events not occur- 

ring or occurring in the wrong time and place, and system malfunctions. 

In the third step, these situations are evaluated. Some situations 

can be eliminated with modifications to the basic plan and hardware. 

Some situations can be corrected with procedures. Some situations 

have trivial consequences or a low probability of occurrence. Some 

situations have to be worked until the hard core problems are re- 

duced to a minimum or acceptable level. 
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As a consequence of the iterative contingency planning 

process, nominal plans will provide for adequate margins of critical 

consumables. The maximum allowable usage for each consumable as a 

function of time will be established. 

provide consumables status in terms of these limits so that corrective 

action can be taken if the usage rate is excessive. As for problems 

with the non-occurrence of  events or occurrence at the wrong time, 

the nominal plan is written to provide adequate margins. Alternate 

plans are provided as appropriate. A s  for system problems, backup 

and malfunction procedures are written for each system as required. 

This requirement is based on the impact of the l o s s ,  design o f  the 

system plus precious experience, redundancy, and the ability to take 

corrective action. 

Thus real time monitoring will 

Used in this work are such documents as ASTP 50500 "Con- 

tingency Plan," IED 5 0 7 2 4  "Analysis of Non-nominal Situations In- 

volving the Soyuz Life Support Systems and Apollo Environmental Con- 

trol Systems," ASTP 40301, ASTP 40401, ASTP 40600, and WG4-353. 

As an example of the work being done, backup procedures are 

being developed for situations involving Apollo active and passive 

docking, rapid loss  of pressure, and crew transfer. 

Planning and operations personnel participate in the prep- 

aration and review of  the hazard analyses and unilateral safety re- 

ports. Items which result from these activities will be integrated 

into the mainstream planning and training as they are identified. 
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In response to a request by the Panel, a briefing was pro- 

vided on studies on the possible use of EVA during the ASTP mission. 

The material covered included: (a) crew transfer sequences, (b) 

toxicity and fire considerations, (c) seal and structural reliability, 

(d) environmental control and life support systems, and (e) system 

redundancy and reliability. 

The studies showed that crew safety considerations are 

satisfied without EVA capability, and EVA capability would, in fact, 

complicate the joint operations without an attendant improvement in 

crew safety. For example, if loss of Docking Module pressure is 

caused by a valve failing open and the valves cannot be closed, the 

emergency DM oxygen pressure regulator will maintain the cabin above 

3 . 5  psia for a minimum of fifteen minutes. This should be sufficient 

time for the crew to equalize pressure between the DM and the CM, 

transfer to the CM, and isolate the CM from the DM. Also, there are 

no single failure points in the hatches which would require an EVA. 

E. Training. 

The Panel reviewed the approach to training mission control 

personnel and flight crews in both nominal and contingency situations. 

1. Training of Flight Controllers. 

NASA flight controllers trained in Moscow in September 

1974. The twenty member group included a full team of flight con- 

troller, communication specialists, technical specialists and in- 

terpreters. Training for Soviet controllers at the NASA mission con- 
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trol center also began this year. 

and simulations are scheduled for March, May, and June/July. There 

will most likely be NASA observers at Soviet sites and vice versa 

during these tests. These observers will be technical specialists 

who will support the flight control team as well as the on-going 

working group efforts. 

Additional control center tests 

2. Training of Flight Crew. 

Joint training will provide the crews an opportunity 

to: (a) familiarize themselves with Soyuz and Apollo spacecraft 

systems supporting the flight, (b) study the joint crew documents, 

(c) review contingency planning, and (d) develop working relation- 

ships. 

Joint flight crew training hours will approximate 

640 hours during the period July 1974 to April 1975 period. Total 

training for the astronauts in both Apollo and joint phases will be 

in the neighborhood of 2187 hours per crewman. This compares with 

some 1285 hours for each member of the Apollo 7 crew. Language 

training has been intensified to assure complete understanding of 

phrases and acronyms as well as normal conversation and reading 

materials. A good number of Soviet personnel have a working command 

of the English language. 

Each crew has flown in the others trainers. The NASA 

trainer has a mockup of both the Apollo and Docking Module cabins 

while the Soyuz trainer has a mockup of the descent vehicle and 



Orbital Module. In each case flight effects are created by visual 

aids. These trainers are used for both training and simulation. 

Training assures knowledge of hardware and its operation but does 

not necessarily duplicate mission conditions. 

the actual mission and includes both nominal and non-nominal conditions. 

Simulation recreates 

Simulations to date are using the nominal flight pro- 

cedures. Procedures for non-nominal situations will then be introduced. 
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Attachment No. 1 

AEROSPACE SAFETY ADVISORY PANEL 

QUESTIONS OF DECEMBER 1974 

Question: 1. 

Answer: 

Question : 2. 

Answer: 

Quest ion : 3 .  

Answer: 

What is the written ground-rule for mission 
management in the event of the loss  of all nine 
long lines between Moscow and Houston during 
miss ion ? 

We currently plan to continue the joint mission 
as planned while troubleshooting progresses. 

What is the situation where a fire in the Orbital 
Module results in retreat to the Descent Vehicle 
and depressurization of the Orbital Module? 
Would NASA want to repressurize the Orbital 
Module and transfer our crewman back to the 
Command Module? Could there be an toxic material 
remaining in the Orbital Module? What if fire 
was to destroy wiring to repressurize system, etc.? 

The question of repressurizing the Orbital Module 
to complete a return transfer is still under con- 
sideration and must be discussed further with 
the USSR. The alternative is to return in the 
Soyuz Descent Vehicle. This course of action 
would also be required if the fire precluded 
repressurization. 

What is the status on taking a fire extinguisher 
into the Orbital Module? Early meetings indica- 
ted that we would not take or use a fire extin- 
guisher into the Orbital Mdule. Current ground- 
rules indicate we would. 

Under nominal conditions, we currently do not plan 
to take a fire extinguisher into the Soyuz. How- 
ever, we do have contingency procedures by which 
a member of the Apollo crew would stand by with 
the DM fire extinguisher in event of a fire in 
the Orbital Module. This subject including the 
potential use of the DM extinguisher in the DM 
will be discussed with the USSR in January. 
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Quest ion:  4 .  What i s  the  adequacy of  t h e  d a t a  base f o r  t he  
conclus ion  t h a t  t h e r e  are no hazards  a s soc ia t ed  
wi th  the  Soyuz e l e c t r i c a l  system? 

Answer: The d a t a  base i s  as provided i n  the  u n i l a t e r a l  
system s a f e t y  r e p o r t  f o r  Soyuz e l e c t r i c a l  power 
system f o r  t h e  ASTP. Some a d d i t i o n a l  ques t ions  
have been de f ined  as a r e s u l t  of  t he  review of  
t h i s  r e p o r t  and t h e s e  w i l l  be d i scussed  with the  
USSR i n  January.  I n  a d d i t i o n ,  one hazard ,  t h e  
p o t e n t i a l  f o r  an exp los ive  mixture  e x i s t i n g  i n  
t h e  descent  b a t t e r i e s  i f  a s h o r t  occu r s ,  w i l l  be 
f u r t h e r  explored  i n  January.  

Quest ion : 5. How does the  s a f e t y  of  ASTP compare with the  s a f e t y  
of t he  Skylab CSM? What i s  the  b a s i s  f o r  t h i s  
conclus ion?  

Answer: The s a f e t y  program f o r  t he  US ASTP hardware i s  
the  same as t h a t  f o r  t h e  Skylab CSM. Based upon 
o u r  o v e r a l l  approach t o  j o i n t  miss ion ,  i . e . ,  
planning t o  ensure  a s t a t i c  and benign environ-  
ment, and assuming s a t i s f a c t o r y  r e s o l u t i o n  of 
c u r r e n t  open Soyuz s a f e t y  ques t ions ,  w e  f e e l  t h e  
s a f e t y  of  t he  o v e r a l l  miss ion  i s  comparable t o  
t h a t  of che Skylab miss ions .  

Quest i o n  : 6 .  To what e x t e n t  and i n  what areas are  the  mission 
r u l e s  s i g n i f i c a n t l y  d i f f e r e n t  than those  f o r  
p r i o r  Skylab f l i g h t s ?  What are the  a s s o c i a t e d  
haza rds ,  i f  any? 

Answer: Major a r e a s  of d i f f e r e n c e  are as fo l lows:  

a .  Some r u l e s  r e l a t e d  t o  j o i n t  miss ion  pro- 
v ide  f o r  coord ina t ion  between US & USSR 
c o n t r o l  c e n t e r s  p r i o r  t o  implementation, 

b. There i s  no o v e r a l l  s p a c e c r a f t  commander - 
the  Soyuz commander i s  r e s p o n s i b l e  f o r  
Soyuz and Apollo commander i s  r e spons ib l e  

f o r  Apollo. 

c .  New miss ion  r u l e s  developed f o r  Docking 
Module/Docking System ope ra t ions .  

d .  Mission r u l e s  t o  cover  t r a n s p o s i t i o n ,  
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docking and e x t r a c t i o n  of DM. 

e .  Experiment unique miss ion  r u l e s .  

Quest i o n  : 7 .  What i s  the  c u r r e n t  p l a n  f o r  t r a n s l a t i n g  t h e  re- 
s u l t s  of  t he  hazard tree ana lyses ,  e t c .  i n t o  con- 
t ingency p lanning  and j o i n t  crew t r a i n i n g  i n  con- 
t ingency procedures?  

Answer: Planning and o p e r a t i o n s  personnel  are an i n t e g r a l  
p a r t  of t h e  p r e p a r a t i o n  and review of the  hazard 
a n a l y s i s  and u n i l a t e r a l  s a f e t y  r e p o r t s .  Items 
which r e s u l t  from these  a c t i v i t i e s  w i l l  be i n t e -  
g ra t ed  i n t o  t h e  mainstream planning and t r a i n i n g  
as they are i d e n t i f i e d .  

Que s t i o n  : 8. What p rov i s ion  h a s  been made f o r  e v a l u a t i n g  the  
a g e - l i f e  e f f e c t s  and r e l i a b i l i t y  of t h e  launch 
escape system on t h e  CSM? 

Answer: The a g e - l i f e  a n a l y s i s  f o r  t he  launch escape system 
and the  CSM have been completed and a11 components 
are w i t h i n  a g e - l i f e  l i m i t s .  

Quest ion  : 9. What were the  r e s u l t s  of Soyuz 16?  Were t h e r e  con- 
f i g u r a t i o n  d i f f e r e n c e s  t h a t  would q u a l i f y  the  
r e s u l t s  ? 

Answer: Based upon pre l iminary  te lephone r e p o r t s  from t h e  
USSR, t h e  Soyuz 16 s p a c e c r a f t  achieved the  ASTP 
t a r g e t  o r b i t ,  dep res su r i zed  t o  10 p s i ,  and exer -  
c i s e d  the  Docking System s u c c e s s f u l l y .  Based up- 
on previous  d i s c u s s i o n s ,  we do no t  b e l i e v e  t h a t  
t h e r e  were any c o n f i g u r a t i o n  d i f f e r e n c e s  which 
would negate  the  r e s u l t s  of  t h e  f l i g h t .  A more 
d e t a i l e d  e v a l u a t i o n  cannot be made u n t i l  a f t e r  
t he  January meeting. 

Quest ion  : 10. What i s  the  su i t -donning  time and the  a b i l i t y  of 
the  crew t o  t r a n s f e r  t o  t h e i r  s p a c e c r a f t ?  

The nominal 4 t h  t r a n s f e r  t i m e  i s  110 minutes .  
W e  have def ined  a quick  r e t u r n  4 t h  t r a n s f e r  pro- 
cedure which r e q u i r e s  approximately 28 minutes .  
Once i n  the  CSM, 15 t o  30 minutes are es t imated  
t o  don and p r e s s u r i z e  the  s u i t s .  
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Quest ion : 11. What assessment has been made of sharp projections 
in Apollo, DM and Soyuz? Is there a hazard to the 
crew? 

Answer: Based upon our mock-up familiarization and train- 
ing activities we have.found no crew hazards due 
to sharp projections in Apollo, DM or Soyuz, 

Question: 1 2 .  What were the results and problems, if any, of 
this December's "ground personnel procedures 
checkout," including the adequacy of the comuni- 
cation systems? 

Answer: The test results were considered satisfactory. 
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TABLE I 

DOCKING SYSTEM DEVELOPMENT PROBLEMS 

Problem Resolution 

1. Capture l a t ches  f a i l e d  t o  capture  a t  -10O0F. 
( f l i g h t  predicted -58OF.). l a t ches  a t  -10O0F. 

Grease i n  bear ings changed t o  F-50 o i l .  Screen 

2.  S t ruc tu ra l  l a t c h  f a i l e d  t o  r e s e t  a t  -31°F. Def in i t i ve  cause not es tab l i shed .  Reset cab le  
(not a normal f l i g h t  condi t ion) .  r igg ing  rev ised  and low temperature system 

screen implemented. 

3. Attenuator  leakage de tec ted .  Contamitiation i n  seals.  Refurbished a t tenu-  
a t o r s  s t i l l  show some leakage i n q u e l i t y  test .  
Monitor leakage and rep lace  i f  required.  

4 ,  Indica tor  switch movement during qua l i ty  
and acceptance v ib ra t ion  t e s t .  

Redesigned switch mounting and conducted d e l t a  
qua l i t y  test t o  a s su re  adequacy. 

5. Capture l a t c h  assembly s h i f t e d  during qua l i t y  Redesigned l a t c h  mounting f o r  pos i t i ve  pos i t ion-  
v ib ra t ion  t e s t .  i ng  (not dependent on f r i c t i o n )  and incorpo- 

r a t ed  i n  q u a l i f i c a t i o n  t e s t  e 

6. DS-1 r e t r a c t  cab le  frayed following i n i t i a l  Completed q u a l i f i c a t i o n  tes t  wi th  frayed cable .  
thermal/vacuum tes t .  Probable cause i d e n t i f i e d  as r igg ing  e r r o r  

which damaged cable .  Inspected f l i g h t  system. 

7 .  I n t e rmi t t en t  cap ture  i d e n t i f i c a t i o n .  Design permits i n t e rmi t  t e n t  opera t  ion; i nd ica to r  
is  used as cue t o  terminate  t h r u s t  f o r  capture .  
Understand and accept .  

8 .  Tunnel i n su la t ion  debonded during thermal/vac- 
uum tes t .  Velcro and mechanical fas teners .  Completed 

Redesigned using be ta  c l o t h  blanket  and r e t a ined  

v e r i f i c a t i o n ,  

9 .  Screws backed out  during DS-5 v i b r a t i o n  t e s t .  Analysis of a l l  screw i n s t a l l a t i o n s .  Reveri- 
f i c a t i o n  of c r i t i c a l  appl ica t ions .  Disas- 
sembled gear  boxes retorqued.  

10. Retract  cab le  s l ack  during acceptance t e s t .  Redesigned t o  reduce s e n s i t i v i t y  t o  cable  s l ack .  



TABLE I1 

CONTRACTOR ANALYSIS OF HAWWARE 
FOR ASTP DOCKING SYSTEM (TYPICAL) 

P a r t :  Spring-motor, gear-box, cab le - r e t r ac t - sys t em 

App l i ca t ion :  To p rov ide  t e n s i o n  on c a b l e  d u r i n g  i n i t i a l  c a p t u r e  

Material: PH15-7 Mo Cond A CRES Sheet - RH1075 Temper 

S t r e s s :  Residual stress a r i s e s  from load ing  i n  t h e  wound p o s i t i o n  a t  a c a l c u l a t e d  
69.5 i n .  l b .  to rque  

Ca lcu la t ed  stress = 108,000 p s i  

S t r e s s  c o r r o s i o n  th re sho ld  = 85,000 p s i  

85,000 3 1.5  s a f e t y  f a c t o r  = 56.67 KSI ( t h re sho ld )  

Eva l u a  t i o n  : Stress Level:  g r e a t e r  t han  t h r e s h o l d  
Consequence of F a i l u r e :  c r i t i c a l i t y  3 - no t  adverse  
Environment: atmospheric a i r  - adve r se  
Sur face  P r o t e c t i o n :  pas s iva t ed  - no t  adve r se  
Category: AC (one f a c t o r  adverse  - stress c o r r o s i o n  remote ) 

R a t  i o  na 1 e : Funct ion  i s  s t r i c t l y  convenience - miss ion  n o t  impaired by f a i l u r e .  
c o r r e c t i v e  a c t i o n  warranted. 

No 



TABLE 111 

USSR AND UNITED STATES EXPERIMENTS 

Astronomy 

MA-048 S o f t  x-Ray 
MA-083 Extreme W Survey 
MA-088 H e l i u m  Glow 
MA- 148 A r t i f i c i a l  S o l a r  E c l i p s e  
MA-151 C r y s t a l  A c t i v a t i o n  

E a r t h ' s  Environment 

MA-059 W Absorp t ion  
MA-007 S t r a t o s p h e r i c  Aerosol  Measurement 
MA-136 Ear th  Observa t ions  and Photography 
MA-089 Doppler Tracking  
MA- 128 Geodynamic s 

Radia t ion  E f f e c t s  

MA- 10 6 Ligh t  F l a s h  
MA-107 Bios t a c k  
MA- 147 Zone Forming Fungi 

Immune System 

AR-00 2 Mic rob ia l  Exchange 
MA-0 3 1 C e l l u l a r  Immune Response 
MA-032 Polymorphonuclear Leuko Cyte Response 

Medical App l i ca t ions  

MA-011 E l e c t r o p h o r e s i s  Technology 
MA-041 E l e c t r o p h o r e s i s  

Material App l i ca t ions  

MA-010 Multi-purpose Furnace 
MA-0 28 C r y s t a l  Growth 



TABLE IV 

USSR ASTP GROUND TEST PROGRAM 

Orbital Module structure static test. 

Dynamic tests of Orbital Module structure. 

Final development layout of compatible equipment in living compart- 
ments and of the exterior elements (target, etc.) in mockup. 

Development of the Life Support System incorporating new and modi- 
fied equipment. 

Orbital Module thermal conditions development. 

Spacecraft antenna mockup. 

Docking dynamics development. 

Docking system development and interface pressure integrity 
control check in the thermal/pressure chamber. 

Bench set for docking system structure components development 
and verification. 

USSR/USA nominal docking system fit check. 



TABLE V 

SOYUZ FACTORY CHECKOUT SEQUENCE 

MODULE AND HYDROPNEUMATIC LINE PRESSURE I N T E G R I T Y  CHECK A F T E R  INSTALLATION ONBOARD THE SPACECRAFT 

PYROS C I R C U I T  CHECK 

DOCKING SYSTEM AUTONOMOUS CHECK OF OPERATION 

CHECK OF R F  COMMUNICATION L I N K S  AND ANTENNAS 

CHECK O F  EXTERNAL DEVICE DEPLOYMENT MECHANISM AND ACCURACY OF INSTALLATION,  INCLUDING DOCKING 
TARGET ALIGNMENT 

SENSORS AND MEASUREMENT SYSTEMS EQUIPMENT CHECK 

AUTONOMOUS E L E C T R I C A L  V E R I F I C A T I O N  TESTS O F  SPACECRAFT SYSTEMS 

T E S T  A C T I V A T I O N  O F  RADIO TELEMETRY SYSTEMS 

T E S T  A C T I V A T I O N  OF L I F E  SUPPORT SYSTEM, EVERYDAY USAGE EQUIPMENT,  MOVIE AND PHOTO EQUIPMENT,  
O R I E N T A T I O N  LIGHTS AND FLASHING BEACONS 

INTEGRATED TESTS (ELECTRICAL) 

PREPARATION F O R  TRANSPORTATION 

TRANSPORTATION T O  TECHNICAL SITE O F  THE LAUNCH COMPLEX 



TABLE V I  

a .  

b. 

C .  

d .  

e .  

f .  

g. 

h .  

i. 

j. 

PERMISSIBLE CONCENTRATIONS OF CONTAMINANTS 
I N  THE SPACECRAFT ATMOSPHERE 

Carbon monoxide 

Ammonia (and amines) 

Acetone 

Aldehydes 

Acet ic  a c i d  

Hydrogen s u l f i d e  (and mercaptans) 

To ta l  organic  ox id i zab le  impur i t i e s  

He 1 ium 

Hydrogen 

0.01 mg/l 

0.002 mg/l 

0.04 mg/l 

0.001 mg/l 

0.001 mg/l 

0.0015 mg/l 

0.150 mg/l 

not  more than 0.5% 
of the  volume 

not  more than 1% 
of the  volume 

The fol lowing c leaning  agent  s o l v e n t s ,  o r  chemicals must not  be 
used i n  o r  around the  spacec ra f t  o r  dur ing  manufacture of i t s  
components: 

Mercury 

Materials conta in ing  organic-phosphorus compounds and o t h e r  
substances which may prove t o  be a l l e r g e n i c  o r  carc inogenic ,  

Carbon t e t r a c h l o r i d e  

Chloroform 

Tr ich loroe thylene  



TABLE VI1 

THE SOYUZ PYROTECHNICS 

No. 

1. 
2 .  
3 .  
4 .  
5 .  

6 .  
7. 
8. 
9 .  

10. 
11. 
1 2 .  
13. 
14. 

15. 

16. 
1 7 .  
18. 
19.  
20. 
21.  

- Function 

APDS passive hooks' jettison 
APDS active hooks' jettison 
APDS latches' jettison 
OE-ODE lines backup control 
Service prop. backup pressuri- 
za t ion 
Unblocking of pressure unit 
Control Unit of DV Control System 
Sight jet tison 
OM-IAM cable path separation 
DV-OM separation 
DV-OM separation 
Feed-through jettison 
DV-IAM separation 
Cover jettison, primary parachute 
container 
Cover jettison, backup parachute 
container 
Breathing vent unblocking 
Front Shield separation 
Arming of couch shock absorbers 
Firing of soft landing engines 
Cooling System line control 
Antenna Control 

Type 

EXplOSiVe Bolt 
Explosive Bolt 
Explosive Bolt 
Pyrocartridge 

Pyrocartridge 
Pyrocartridge 
Pyro car t ridge 
Pyrocartridge 
Pyrocartridge 
Explosive Bolt 
Pyrocartridge 
Pyrocartridge 
Pyrocar tr idge 

Pyrocartridge 

Pyrocartr idge 
Pyrocartridge 
Pyrocar tridge 
Pyrocartridge 
Pyrocartridge 
Pyrocartridge 
Pyrocartr idge 

(No pyro devices to open solar panels, antenna and 
docking target are listed in the above table) 

Quantity 

8 
8 
3 

11 

2 
1 

11 
2 
8 
6 
6 
4 
6 

24 

18 
4 

12 
4 
4 
4 
4 

(APDS = Androgynous Peripheral Docking System) 



TABLE V I 1 1  

I GHARACTERISTIC SOYUZ 

COMPARISON O F  APOLLO AND SOYUZ PYROTECHNIC I N I T I A T O R S  

APOLLO I 
USE TWO T Y P E S  O F  I N I T I A T O R S  

1. Dual b r i d g e w i r e  
c a r t r idges  

2 .  Pyrotechnic b o l t s  

UNKNOWN 

s 1 . 5  M I L L I W A T T S / 5 0  M I L L I A M P S  

I N I T I A T O R  T Y P E S  U S E S  STANDARD S I N G L E  BRIDGE- 
W I R E  I N I T I A T O R  FOR A L L  FUNC- 
T I O N S  ( S B A S I )  

Z I R C O N I U M  AND POTASSIUM 
PERCHLORATE 

%1 WATT/lAMP FOR 5 MINUTES 

PYROTECHNIC MATERIALS rn 
DC F I R E  LEVEL 

R F  F I R I N G  LEVELS 

I 

C: 400 MILLIWATTS 3.5 WATTS 

SAME A S  FOR DC: P I N - T O - P I N  V A R I E S  WITH FREQUENCY: P I N -  
MODE ONLY T O - P I N  AND PIN-TO-CASE MODES 

DC S A F E  POWER LEVEL I (NO-FIRE LEVEL)  

CONTINUOUS FROM F I R I N G  RELAYS 
T O  I N I T I A T O R .  360° CONNECTION 
A T  I N I T I A T O R  BACKSHELL 

S H I E L D I N G  HAS D I S C O N T I N U I T I E S  
A T  BULKHEAD CONNECTORS. 360° 
CONNECTION AT I N I T I A T O R  BACK- 
S H E L L  

TWISTED P A I R  W I R I N G  

C I R C U I T  S H I E L D I N G  

YES Y E S  

C I R C U I T  GROUNDING FLOATING F I R I N G  C I R C U I T S  GROUNDED/ SHORTED FIRING 
C I R C U I T S  WHEN SAFED 

L # .- A I 



ATS-6  EQUIPMENT ADDED TO CSM 111 

USBE COAX SWITCHES 

M O D I F I E D  PMP TRANSFER SWITCH 

PWR AMP (2 )  D I P L E X E R  

PROCESS AMP H I G H  G A I N  ANTENNA 

ASTP/ATS-6 R E L A Y  

ATS-6  R E L A Y  
RANGE: 22,000 MILES 

ATS - 
TERM I NAL 

Figure 1 



DM ON TRUSS IN SLA 

Figure 2 



DM/TRUSS SUPPORT F I T T I N G  AND TRUSS RELEASE MECHANISM 

DM SHELL 

* SLA TIE-DOWN 
ADJUSTMENT & 
COMPRESSION 
CELL \ 

* SLA ORDNANCE SHIELD 
TIE-DOWN & RELEASE 

DM F I T T I N G  STUB 

---- 

F I T T I N G  STUB 

* SLA SPRING THRUSTER 

* SLA SPRING THRUSTER 

* SLA INDICATES PARTS USED FOR LM/SLA TIE-DOWN ON APOLLO MISSIONS 

Figure 3 
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ASTP DM E L E C T R I C A L  POWER SYSTEM 
CM/DM POWER D I S T R I B U T I O N  AND CONTROL SCHEMATIC 

MNA CM 
PNL 274 

p-6- 

MNB 
PNL 274 

B-6- 

DM - 
7.5A 
b L 

CSM 111 ONLY 
DOPPLER WARMUP 

DMA 

Figure 8 



ASTP/DM ELECTRICAL POWER SYSTEM 
S I M P L I F I E D  DM HARNESS DIAGRAM 

DM SOYUZ 

BACKUP CABLE 

1 

, ECLSS, COMM, INSTR 

Figure 9 
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ASTP EXPERIMENT LOCATION 

HG A 

MA-1 51 CRYSTAL 
ACTIVATION (STOW R I )  

MULTIPURPOSE 
FURNACE 

MA-089 
MA-o1 O \ /DOPPLER 

CM STOWAGE 

MA-106 LIGHT FLASH (RETURN) 
MA-010 FURNACE CARTRIDGE 

X-RAY MA-089 DOPPLER RECORDER 

MA-028 (U4)  
MA-048 

\ \ 
CRYSTAL GROWTH \ He GLOW 

MA-088 , 

ELECTROPHORESI 

DOPPLER RECEIVER 
ANTENNA 

\ LIGHT FLASH \ / XMTR 

' CM STOWAGE 
MA-007 - STRATOSPHERIC AEROSOL 
AR-002 - MICROBIAL EXC 

Figure 14 



SOYUZ LAUNCH SITE CHECKOUT FLOW 
I INSPECTION & PREP FOR ASSEMBLY 

2 CHECKOUT POWER SUPPLY CIRCUITS 

3 MODULE & L INE INTEGRITY CHECKS 

4 DS VERIFICATION TESTS 

5 SPACECRAFT ASSEMBLY 

6 SPACECRAFT WEIGHT/PROPULSION SYST INSTALL  

7 

0 GROUND TESTING CABLE CONNECTION 

9 PYROCIRCUIT CHECKOUT 

10 TEST SWITCHING OF RADIOITELEMETRY SYSTEMS 

I I T E S T O F  MOVIE & PHOTO EWIP.aCRXWEWIP.  

I 2  T E S T  OF ORIENTATION LIGHTS 

CHECK OF ANTENNAS & DOCKING TARGEf OEPLOYMENl 

FLASH1 NG BEACONS 

13 SPACECRAFT INTEGRATED TESTS (ELECTRICAL) 

14 SPACECRAFT PRESSURE INTEGRITY CHECK 
I N  THE ALTITUDE CHAMBER 

15 PRESSURE INTEGRITY CHECK - 
THERMAL CONTROL SYSTEM 

16 SPACECRAFT EOUl PMENT I N S T A L U T I O N  

17 TEST OF L I F E  SUPPORT & POWER SUPPLY 

I O  MANNED TESTS OF SYSTEM OPERATION 

19 SPACECRAFT PYROS CIRCUIT CHECKOUT 

2 0  SPACECRAFT PROPULSION SYSTEMS LOADING 

21 SOLAR PANEL INTEGRATION AND CHECKOUT 

22 HATCH PRESSURE INTEGRITY CHECK 

2 3  MATING WITH THE VEHICLE SHROUD 

24  MATING WITH THE LAUNCH VEHICLE MOVE TO PAD 

CHECKS ON THE LAUNCHING PAD 
25 RADIO SYSTEM VERIFICATION 
aS PYROS CIRCUIT CHECKOUT 
27 HATCHES INTEGRITY CHECK 
28 EMERGENCY ESCAPE SYSTEM PYROS 

E )  ENVIRONMENT AND THERMAL CONTROL SYSTEM 
30 CREW INGRESS 
31 HATCHES PRESSURE INTEGRITY CHECKS 
32 ONBOARD SYSTEM STATUS MONITORING 

33 CREW GROUND COYYUNICATION VERIFICATION 
34 MEDICAL MONITORING 
35 LAUNCH READINESS CONFlRMATlON & LAUNCH 

CONNECTION AND CHECK 

USING COSMONAUT PANEL 

1 

L 

A PR 

C 

1 
MAY 
I 

JUN 

D 
25-35c 

JU L 

Figure 15 



SOYUZ SPACECRAFT 
U O C M M r E C R M f i  K O P l b A b  . . E O t O 3 "  

Q 

Figure 16 



OPTICAL ALIIJEME~ T A  DS FOR DOCKING 
CONTINGENCY 
OCKING TARGET LM TYPE DOCKING 

TARGET AND BOOM 

Figure 17 



APOLLO/SOYUZ - MISSION RADIO COMMUNICATIONS LINKS 

259*7 MHz -- 
296.8 MHz - - - -  

-/ 121.75 MHz - 
RANGING & VOICE 

296.8 MHz - 
121.75 MHz 7 

. PRIMARY VOICE 
2077.4 - 121.75 MHz- 0 SOY uz 
/ \ 296.8 MHz A 

A SECONDARY VOICE 

ATS-6 " b  
12 c 

USA FREQUENCIES 

:Y - 
- 296.8 MHz 
- 259.7 F"'- 

/ 
USSR FREQUEN( IHZ / 

I 

rl 
121.75 MHz 

TELEPHONE 
TELEGRAPH 

USSR \>. NETWORK 

Figure 18 
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SOYUZ ECS SCHEMATIC 

GAS h 

EXPANSION BLADDER 
PRESSURIZATION SYSTEM 

IXT - l e - -  ,--'-'-"----"--" - 
I -.- - 

TUNNEL2 PRESSURE I I + + +  

I ; CHECK SYSTEM L 
I 

I TUNNEL 2 
\ 
I 
I 
1 
I 
1 HHATCH I' INTEGRITY L. 

GAS ANALYZER 

IRE SI - - -  PPLY S Y S T E M 7  
-1 ------- 

II GAS ANALYZER 

I 7 EQUALIZATION VALVE 4 I 

fo) 
CHECK UNIT -\-- A - - - - 4 
OM PRESSURE 
RELIEF VALVE R 7% L,,,,, xcr - - -  - ------ 

MODULES 

SYSTEM 
RE PR E S SU R IZAT ION ORBITAL MODULE 

CO, ABSORBER I I  
I I  

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DESCENT VEHICLE 

Figure 21 



GAS MIXTURE SUPPLY SYSTEM 

A I 

I - - - - - - - - - - - - - - - -. - - ---J 
SUIT CIRCUIT GAS SUPPLY SYSTEM I EQUALIZATION VALVES U 

I 
I I 

Figure 22 



SOYUZ THERMAL CONTROL SCHEMATIC 

EXTERNAL RADIATOR CIRCUIT 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' t  BRACKET L _ _ _ _ _ _ _  L _ - - - _ - _ -  - 
ORBITAL MODULE DESCENT VEHICLE 

T 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

HEAT 
EXCHANGER 

- -1 
- -  

I 
I 
I 
I 

4 E AT1 N G 
CIRCUIT 

I 
I 
I 
i 
I 
I 
I 
I 
I 
I 

- J  

____) INSTRUMENT J 1 ASSEMBLY MODULE 

L- % J 
HABITABLE MODULE CIRCUIT 

Figure 23 



USA/USSR CABLE COMMUNICATIONS 

USA PROVIDES 

e-----n- - 
D 

USSR SYSTEMS CIRCUITS 
USSR SYSTEMS CIRCUITS 

USSR PROVIDES 

).I-In - 
m 

Figure 24 
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SOYUZ CIRCUIT BREAKER ACCEPTANCE CRITERIA 

MUST TRIP 

NO TRIP 

I 1 I 1 I 1 
10 20 30 

TIME - MILLISECOND 
Figure 26 
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