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SECTION 2 

SUBSECTION 2 .9  

SEQUENTIAL SYSTEMS 

INTRODUCTION. 

The sequential sys t ems  cons is t  of control  and detection sys t ems  
which function during a scen t  and en t ry  port ions of a miss ion  o r  in p r e -  
orb i ta l  abor t s .  The control  functions a r e  sensing L /V s ta tus ,  displaying 
L /V s ta tus  to the c rew,  automatical ly  initiating LES abor t s  in an e m e r -  
gency during ea r ly  ascent ,  and automatical ly  sequencing the ELS during 
descent .  
events .  
emergency  detection sys t em (EDS), launch escape  s y s t e m  (LES) ,  and 
e a r t h  landing sys t em (ELS). The sys t ems  in te r face  with the react ion 
control  sys t em (RCS), guidance and navigation (C&N),  s e rv i ce  propulsion 
s y s t e m  (SPS), stabilization and control  s y s t e m  (SCS), e l ec t r i ca l  power 
s y s t e m  (EPS) ,  telecommunications ( T / C ) ,  and controls  and displays (C&D).  

Backup controls  a r e  provided for  c r i t i ca l  functions and n o r m a l  
The sys tems a r e  the sequent ia l  events control  sys t em (SECS), 

FUNCTIONAL DESCRIPTION 

The purpose of the sequential sys t ems  is to provide safety for  the 
c rew during the a scen t  and descent  phases  of a miss ion ,  and to pe r fo rm 
norma l  separa t ion  functions. 
will ini'tiate an automatic  abor t  in an  emergency .  
for  use  during an emergency  a r i s ing  f r o m  malfunction of the L / V  o r  
other  sys t ems  affecting c r e w  safety. 
the miss ion  in an  emergency  by separa t ing  the C / M  f r o m  the L / V  and 
S/M.  
escape  tower i s  jettisoned. Following second s tage  booster  ignition, the 
LES tower i s  jettisoned f r o m  the CSM-L/V combination. 
provided to stabilize and dece lera te  the C / M  following a n  en t ry  into the 
ea r th  a tmosphere  o r  following an abor t .  
the C / M  a t  a suitable velocity and attitude until t ime of touchdown. 
functional descr ipt ion of the sequential sys t ems  i s  contained in the 
following pa rag raphs .  

The EDS moni tors  operat ion of the L / V  and 
The LES i s  provided 

The LES will be utilized to abor t  

The LES can be operat ional  f r o m  the launch pad until the launch 

The ELS i s  

The ELS parachutes  will lower 
A 

2 . 9 . 2 .  1 Sequential Events Control Sys tem (SECS) 

The SECS consis ts  of cont ro l le rs  (figure 2 .  9 -1 )  that provide auto-. 
ma t i c ,  semiautomatic ,  and manual  control  for  initiation o r  terminat ion 
of functional events during var ious phases  of the Apollo miss ion .  
controIIers  a r e  the m a s t e r  events sequence cont ro l le r  (MESC),  ea r th  
landing sequence cont ro l le r  (ELSC), C /M react ion control  s y s t e m  con-  
t ro l l e r  (C/M RCSC), s e rv i ce  module je t t ison control ler  (SMJC). Each  

The 

SEQUENTIAL SYSTEMS 
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cont ro l le r  cons is t s  of redundant r e l ays ,  t i m e r s ,  and other  devices  to 
control  s y s t e m s  operat ion and automatic  timing of events .  
a r e  provided in a l l  c a s e s  for  dual redundancy. The SECS will control  the 
automatical ly  sequenced events during a miss ion  abor t ,  no rma l  CSM-SLA 
separa t ion ,  no rma l  C /M-S /M separa t ion ,  and events during the ea r th  
landing phase.  
equipment through the data dis t r ibut ion box s o  that vital information may  
be te lemetered  to MSFN. 

Two cont ro l le rs  

The SECS provides  conditioned signals to te lemet ry  

The SECS will control  the launch escape  s y s t e m  (LES) during an  
The SPS 

Normal  separa t ion  of the SLA is per formed 

abor t  up to the t ime of no rma l  launch escape  tower je t t ison.  
engine i s  utilized during an a b o r t  a f t e r  LES tower je t t ison to propel  the 
CSM away f r o m  the L / V .  
by the SECS following manual  initiation a f t e r  ea r th  orb i t  i s  a t ta ined.  
Emergency  separa t ion  of the SLA i s  per formed automatical ly  1. 7 seconds 
a f t e r  an  SPS abor t  is manually initiated. 
fo rmed  by the SECS, and i s  manually initiated during the en t ry  phase o r  
subsequent to an SPS abor t .  During a LES abor t ,  the C/M-S/M s e p a r a -  
tion i s  pe r fo rmed  automatical ly  by the SECS. 
ea r th  landing s y s t e m  a r e  automatical ly  control led by the SECS during 
no rma l  descent .  Switches a r e  provided for  manual  backup of c r i t i ca l  
events .  

C/M-S/M separa t ion  i s  p e r -  

Events per formed by the 

The bas ic  functions pe r fo rmed  by the SECS a r e  a s  follows: 

Event 

Auto abor t  enable 

L E  and P C  
moto r s  f i r e  

P i t ch  motor  
inhibit 

Auto RCS oxidizer  
dump inhibit 

LES tower 
je t t ison 

CSM -S LA 
separa t ion  

Originates  

MESC 

MESC 

C/M RCSC 

C / M  RCSC 

MESC 

MESC 

Function /Input 

Lift-off signal 

C/M-S/M s e p a r a -  
tion re lays  

Lift-off t 61 
seconds 

Lift-off t 61 
seconds 

ELS a r m e d  and 
24K f t  baroswitch 
c losure  o n  
LES a b o r t s ,  
manual  3 minutes  
a f te r  lift-off 

Translat ion con-  
t ro l  t 1 . 7  seconds 

Manual Control 

EDS AUTO switch 
(MDC - 16) 

LES MOTOR FIRE 
switch (MDC-5) 

ABORT SYSTEM- 
OX DUMP switch 
(MDC-16) 

ABORT SYSTEM- 
OX DUMP switch 
(MDC - 16) 

ABORT SYSTEM- 
MODE switches 
A and B (MDC- 16) 

ADAP S E P  switch 
(MDC - 5 )  --- 

SEQUENTIAL SYSTEMS 
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Event  

RCS/SCS enable  

LES a b o r t  
ini t ia t ion 

C /M-S /M 
separa t ion  

C a n a r d  deploy 

S P S  a b o r t  
ini t ia t ion 

RCS/SCS d i s a b l e  

Apex c o v e r  
je t t i son  

Drogue parachutes  
deploy 

Drogue p a r a c h u t e s  
r e l e a s e  and m a i n  
p a r a c h u t e s  deploy 

R CS propel lan ts  
burn  

RCS p u r g e  

Or ig ina te  s 

MESC 

MESC 

MESC 

MESC 

MESC 

MESC 

MESC 

ELSC 

ELSC 

C / M  RCSC 

C / M  RCSC 

~~ 

Funct ion  /Input 
~ ~~ 

Adapter  s e p a r a -  
t ion t 2 .  5 seconds  
o r  C / M - S / M  
deadface  t 1 second 

EDS a b o r t  s ignal  
f r o m  L / V - I U  

C / M - S / M  dead-  
face  r e l a y s  
to. 1 second 

LES a b o r t  lockup 
r e l a y s  t 1 1 
seconds  

Manual 

ELS a r m e d  and  
24K f t  baroswi tch  
c l o s u r e  

E L S  a r m e d  and  
24K f t  baroswi tch  
c l o s u r e  
to. 4 second 

ELS a r m e d  and  
24K f t  b a r o s w i t c h  
c l o s u r e  
+ 2  seconds  

ELS a r m e d  a n d  
24K f t  baroswi tch  
c l o s u r e  
t 14 seconds  t 
10K f t  baroswi tch  
c l o s u r e  

Manual  

Manual  

Manual  Control  

REACTION CONTROL 
SYSTEM -CMD 
switch (MDC- 16) 

T r a n s l a t i o n  cont ro l  

C / M - S / M  S E P  
swi tches  A a n d  B 
(MDC-15) 

CANARD DEPLOY 
switch (MDC - 5)  

T r a n s  la tion cont ro l  

REACTION CONTROL 
SYS-CMD switch 
(MDC-16) 

APEX COVER 
J E T T  switch 
(MDC-5) 

DROGUE DEPLOY 
switch (MDC-5) 

MAIN DEPLOY 
switch (MDC-5) 

C / M  P R O P  J E T T  
DUMP switch 
(MDC-8) 

C / M  P R O P  J E T T  
PURGE switch 
(MDC-8) 

SEQUENTIAL SYSTEMS 
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Manual Control  Event  

Main parachutes ,  
r e l e a s e  

Post landing 
antenna deploy 

Or ig ina tes  

ELSC 

MESC 

2 . 9 .  2 . 2  E m e r e e n c v  Detection Svs tem.  

Manual  

Manua 1 

MAIN CHUTE 
r e l e a s e  switch 
(MDC - 16) 

POST LANDING- 
ANTENNA -DEPLOY 
swi tches  A and B 
(MDC-25) 

The EDS is designed to de tec t  and  d isp lay  s ta tus  and emergency  
conditions of the launch vehic le -spacecraf t  combination to the a s t ronau t .  
The EDS a l s o  provides  au tomat ic  a b o r t  ini t ia t ion,  under  ce r t a in  condi- 
t ions ,  after lift-off up to the n o r m a l  t ime of LES tower je t t ison.  

The EDS display c i r c u i t r y  i s  enabled when the EDS POWER switch 
(MDC-24) i s  in the O N  posi t ion and  wil l  i l luminate  l ights on MDC-5 to 
indicate  L / V  s ta tus .  
L / V  r a t e s  a r e  in e x c e s s  of 20 d e g r e e s  per second in ro l l  and 5 d e g r e e s  
p e r  second in pi tch and yaw. The r a t e s  a r e  sensed  by t h r e e  r a t e  gy ros  
mounted on each  L / V  ax is  in the ins t rumenta t ion  unit ( IU) .  
L / V  GUID light (MDC-5) i l lumina tes  to indicate  fa i lure  of the guidance 
unit which i s  a l s o  located in the ins t rumenta t ion  unit. The yellow L / V  
ENGINES l ights  (MDC-5)  i l luminate  when a respec t ive  S-I boos te r  engine 
i s  developing l e s s  than 90 pe rcen t  of to ta l  t h rus t  output.  
ENGINES lights a r e  moni tored  fo r  engine s ta tus  dur ing  thrus t ing  per iods  
During s taging,  the L / V  ENGINES l ights  a r e  moni tored  for  i l luminat ion 
to indicate  BECO and ext inguish to indicate  s t age  separa t ion .  
s taging,  the number  1 L / V  ENGINE light ind ica tes  the s ta tus  of the 
S-IVB Stage engine,  i t  will  be extinguished when the engine i s  producing 
65 pe rcen t  r a t ed  th rus t .  The ABORT light (MDC-3) i s  a r ed  l amp  
a s s e m b l y  containing 4 bulbs .  Two bulbs a r e  in s y s t e m  A and two bulbs 
a r e  in s y s t e m  B for  redundancy. The ABORT light is  i l luminated i f  
an  a b o r t  i s  reques ted  by launch cont ro l  cen te r  fo r  a pad a b o r t  o r  an  
a b o r t  dur ing  lift-off via radio.  The ABORT light can be i l luminated 
a f t e r  lift-off by the Range Safety Off icer  t ransmi t t ing  a d e s t r u c t  a r m  
command.  The des t ruc t  a r m  command will  a l s o  ini t ia te  BECO. An 

, a b o r t  may a l s o  be reques ted  via radio f r o m  the MSFN after lift-off 
+10 seconds .  

The r ed  L / V  RATE l ight  will  i l luminate  when 

The r e d  

The L / V  

Af ter  

-.- 

The EDS automat ic  abor t  c i r c u i t r y  is enabled a t  lift -off providing 
the  EDS AUTO switch (MDC-16) is in the AUTO posi t ion.  
f igure  2 .  9-2 .  ) A c i r cu i t  i s  completed through the lift-off enable  and 
first motion r e l ays  a t  l if t  off. 

(See 

T h e  lift-off enable  r e l ays  a r e  la tching 
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MENTATION 

u rd t i  

LIFT-OFF SIGNAL - 

L/V GUID, 
L/V RATE 

AND 
LV ENGINES 

STATUS 

L 

- 
4 

SPS AB0 I 

- 

LES A B 0  I 
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- 
LIFT-OFF SIGNAL 

T 

MANUAL INITIATED 
EVENTS - 

I ENABLE EDS , 
-ER ENGl NE CUTOFF (BECO) 

LES ABORT SIGNAL 

r 4  

S-IVB STAGE 
i STATUS 

I 5-IB STAGE 
JE STATUS 

I SPS ABORT SIGNAL I 

I LES ABORT SIGNAL t--. 

MASTER 
EVENT 

SEQUENCE 
CONTROLLER 

(MESC) 

LAUNCH 
ESCAPE 
SYSTEM EXP NUTS FIRE 

INHIBIT P/C MOTOR FIRE (LIFT OFF + 61 SECONDS) 
- 

LES ABORT SIGNAL 

CSM-I& SEPARATION SIGNAL 
START S/M JETTISON SEQUENCE . CSM-L/V SEPARATION 

SIGNAL TO AGC 

FIRE DIRECT ULLAGE JETS (4) 

APEX COVER JETTISON 

1 
RCS/SCS DEACTIVATE + I  CONTROL 

SYSTEM (RCS) 

I 

TOWER JETTISON 

ELS ACTIVATE (LES ABORT) 

- 
C/M RCS PRESSURE 
d 

APEX COVER JETT - 
UM-S/M DEADFACE 

w 

UMBILICAL GUILLOTINE 
d 

ADAPTER SEP PYRO + 

EARTH 
LANDING 

SYSTEM 
IOMROLLER 

W C )  

T 

1 DEPLOY DRO - 





SYSTEMS DATA 

PYRO ARM + 
START 61 SEC TD * 

- 
LES ABORT SIGNAL+ 

MODULE 
+ REACTION 

COMROL 
OX DUMP 

SYSTEM 
CONTROLLER 

4 (C/M RCSC) 
H DUMP 

I 

DEPLOY MAINS - RELEASE DROGUES 

U N D l  NG 
SYSTEM 

- 

PY RO 
COMlNUlTY 
/EM FICATION 
BOX (PCVB) 

C/M-S/M SEPARATION 

REACTION 
CONTROL 

SYSTEM 
fRCSl 

1 
TRANSFER 
ENTRY 
BATTERIES 
TO A W N  
BUSES 

ELECTRICAL 
POWER SYSTEM 

BURN RCS PROPELLANTS 

I NlTlATED 

SCS-RCS ENABLE 

1 

S~GNAL TO AGC 
:LOSE N/O OX 6FUEL 

FUEL 6 OX 

DRIVERS 

1 
I 
I 
I 
L 

SELECTION 
LOGIC 

ELECTRONICS 

I INHIBIT PITCH 6 YAW ECA 

G I N  AND ROTATION CONTROL INPUTS 

-& NOT PART OF SECS (INTERFACE). 

SM-2A-821C 

Figure 2 . 9 - 1 .  SECS Controllers Interface Block Diagram 
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SIGNAL A 
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To: ZZK2-8 (SYSTEM B) 

I 
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- 
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LOGIC 
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EDS ABORT 
LOGIC IN 
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MESC-A L o C l C  B- 
B A T  A (MDC-22) 

1- 
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3 .  1 

E 

Z3Kl-A 

I Z3K2-A 

Z4Kl-A Z4K2-A 
Ll L l  LIFI-OFF LIGHT '1 T - f  - 4 H  

SIGNAL A 
OFF/ON 

= 

EDS CHANGE 
OVER BUS ENABLE 

a 
(MDC-5) 
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l0OSTER CUTOFF 
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Z4KI-A I Z4KZ-A 

CD0315X 

ENABLE A 
OFF ON 
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OR7 SWITCH 

EVENT 
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MESC-A ARM 0- 
BAT B (MDC-22) 

BATTERY BUS A 

MESC-A LOGIC B- 
MESC-A ARM 0- p T B A T  A (MDC-22) 1 BAT A (MDC-22) 

MESC LOGIC BUS A 1 
Z4K2-A 

LES ABORT MODE 

H+ 

!DER'S 
;ION 

VlTCH 

a. I 

(MDC -2 5) 

TO SYSTEM B 
0 I FROM 

SWITCH I) + 
RANGE U F E T Y  

DESTRUCT ARMED 
FROM S-IVB OR 

ZSKl-A CHANGEOVER BUS 

OFF 

* v -  + PAD ABORT REQUEST 
P . ?  ," A .I - FROM GSE 

Z 3 K W  Z6K2A 

Z 3 K l A  Z 6 K l A  POWER FROM 

EDS POWER 
SWlTCH 
(MDC-24 

UP-DATA RADIO + LINK SIGNAL - 
( 1  TO SWITCH 2 1 41 

o- )TO LESTOWER 1 
- LES MODE TWR J E l T  JETTISON RELAY 

sps - - )TO SYSTEM 8 e 
-) FROM SWITCH 2 - TO LES TOWER JElllSON 

1 )  

I 
- 
1 B r '  

RELAY 

- Z3Kl-A 

I Z3K2-A 

: 26K1 -A 

Z6K2-A 

(MDC-16) e Q I -.m 

T EDS AM)RT 
REOUEST A 
OFF ON 

NOTE: System A s b n ,  
system B similar. 

F i g u r e  2 . 9 - 2 .  EDS Funct iona l  S c h e m a t i c  
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type and a r e  latched closed by CSE just  p r io r  to lift-off. The normal ly  
closed f i r s t  motion re lays  remain  energized by CSE until ac tua l  lift-off 
occu r s .  
switch upon lift-off. 
the r ed  NO AUTO ABORT light (MDC-5) should remain  extinguished. 
The as t ronaut  p r e s s e s  the NO AUTO ABORT switch-light i f  i t  i l luminates .  
The NO AUTO ABORT switch-light should a l so  be p re s sed  i f  the LIFT 
O F F  light does not illuminate a t  lift-off. 
c i rcu i t  was not completed for  illuminating the LIFT O F F  light and e n e r -  
gizing the auto abor t  enabling re lays .  
switch-light will energ ize  the auto abor t  enabling re lays  through c i r cu i t ry  
in the MESC. 
c i rcu i t .  
to Malfunction P rocedures  in section 9. ) 
guished by c i r cu i t ry  in the L / V  IU a t  approximately 5 seconds a f t e r  
illumination a t  lift-off. 
when two L / V  engines fail o r  L / V  excess ive  r a t e s  a r e  sensed  i f  these  
two functions a r e  enabled. The two functions a r e  enabled with the 
ABORT SYSTEM - 2 ENG OUT switch (MDC-16) and ABORT SYSTEM - 
RATES switch (MDC-16). The two switches a r e  se t  to off to inhibit the 
two functions p r i o r  to S-IB staging. 
an automatic  abor t .  The c rew will contact MSFN and a decis ion made  
on the action to be taken. If a des t ruc t  a r m  command i s  t ransmi t ted  
p r io r  to inhibiting the two-engine out auto abor t  capability, the EDS w i l l  
detect  BECO and initiate an  automatic  abor t .  
i s  t ransmit ted a f te r  the two-engine out auto abor t  capability i s  inhibited, 
a manual  abor t  m u s t  be initiated immediately when the ABORT light 
i l luminates .  S t ruc tura l  breakup o r  separat ion of. the s t ruc tu re  between 
the IU and C / M  will a l so  be detected by the EDS and an automatic  abor t  
initiate'd. 
s e t  to O F F  p r i o r  to launch escape  tower jettison. 
auto abor t  capability ensu res  that an  automatic  abor t  can not be initiated 
a t  the same  t ime that the launch escape  tower i s  being jettisoned. 
abor t  m a y  be initiated manual ly  by rotating the commander ' s  t ranslat ion 

A c i r cu i t  i s  completed through the re lays  and the EDS AUTO 
The white L IFT-OFF light (MDC-5) i l luminates  and 

This would indicate that the 

P r e s s i n g  the NO AUTO ABORT 

The EDS AUTO switch m u s t  be a t  AUTO to complete the 
(Refer  

The LIFT O F F  light is extin- 
The LIFT O F F  light would not illuminate in this ca se .  

The EDS will automatical ly  initiate an abor t  

L / V  guidance fai lure  will not initiate 

If a des t ruc t  a r m  command 

During a scen t  on a no rma l  miss ion ,  the EDS AUTO swi t chmus tbe  
Inhibiting of the 

An 

control  to the counterclockwise detent position (20 degrees ) .  

The p a r a m e t e r s  being sensed  by the EDS a r e  ex t r eme ly  t ime-  
c r i t i ca l  a t  var ious per iods during the boost phase.  When these p a r a m -  
e t e r s  a r e  exceeded, an  LES abor t  is automatical ly  initiated to propel  
the escapii g vehicle (C/M and LES) safely away f r o m  the launch vehicle 
p r io r  to a catastrophic  condition. Concurrent ly  with abor t  initiation, 
e i ther  automatical ly  o r  manually, logic c i r cu i t ry  will shut down engines 
in the L / V  act ivate  s tage.  The engine shutdown signal is inhibited by 
c i rcu i t ry  in the I U  for  the f i r s t  40 seconds of launch because of range 
safety res t r ic t ions .  

A Q-ball (figure 2.9-3)  mounted above the LES moto r s ,  provides 
an e lec t r ica l  s ignal  input to the L / V  AOA/SPS Pc indicator  on MDC-3 
and an e lec t r ica l  signal input to ground control  via te lemet ry .  
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CANARD 
SWFACES 
(DEPLOYED) 

PITCH 2 
CMRa/ 
MOTOR 

U U N C H i  ESCAPE MOTOR MOTOR 

\ h U U S T  COMPARTMENT 

JETTISON 

STRUCTURAL SKIRT 

LAUNCH BCAE T W E R  
EXPLOSIVE SEPARATION NUTS 

-Y +z * Is 
Figure 2. 9-3. Launch Escape System 

SM-2A-7470 

The Q-ball has four static ports for measuring A P  which is a 
function of angle of attack. 
electronically analyzed and displayed on the L/V AOA SPS Pc indicator 
on MDC-3. 
transients of the SPS. 
function f rom 40 seconds af ter  lift-off until approximately one minute 
and 40 seconds. 

The A P  i s  related to pitch and yaw, and is  

The indicator is  graduated to 150 percent because of s t a r t  
The indicator is  monitored for the L/V AOA 

Position of the red line i s  based on vehicle s t ructural  l imits and 
launch vehicle capabilities. 
be made when the indicator pointer reaches the red line and a movement 
is  a lso observed on the FDAI. 

A decision fo r  manual abort  initiation will 

2 . 9 . 2 . 3  Launch Es caDe Svs tern 

Purpose of the LES (figure 2 .  9-3) is  to provide immediate abort  
capabilities f rom the launch pad to the normal  time of LES tower jettison. 
The ABORT SYSTEM - MODE switches 1 and 2 (MDC-16) a r e  in the 
LES MODE position p r io r  to LES tower jettison, and an abort  will be 
accomplished by utilizing the launch escape system. A manual or 

~ ~~~~ 
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2 .9 .  2 . 4  

au tomat ic  init iated abor t  s ignal  will  ac t iva te  a m a s t e r  event  sequence 
cont ro l le r  (MESC).  The MESC will  ini t ia te  C / M - S / h I  s epa ra t ion ,  and 
ignite the launch e scape  and pitch cont ro l  m o t o r s .  F i r ing  of the pitch 
cont ro l  m o t o r  i s  automatical ly  inhibited 61 seconds a f t e r  lift-off by a 
t ime-de lay  re lay .  The LES moto r s  provide sufficient t h rus t  for  the l if t  
and l a t e r a l  t rans la t ion  of the C / M  away f r o m  the launch pad, o r  t r a j e c -  
t o ry  of the launch vehicle .  
deployed 11 seconds a f t e r  a b o r t  init iation to or ien t  the C / M  to a blunt- 
end-forward a t t i tude .  

Two cana rd  su r faces  (figure 2 .  9-3)  a r e  

(Refer  to Abor t  P r o c e d u r e s  in sect ion 9.  ) 

During a n o r m a l  m i s s i o n ,  the LES tower i s  je t t isoned shor t ly  a f t e r  
second s tage  boos te r  (S-IVB) engine ignit ion.  
manual ly  ini t ia ted approximate ly  3 minu tes  a f t e r  lift-off by se t t ing  the 
ABORT SYSTEM - MODE switches 1 and 2 (MDC-16) to the TWR J E T T  
SPS MODE posi t ion.  E i the r  switch will  enable  s y s t e m s  A and B of the 
redundant  c i r cu i t ry .  Both switches should be s e t  a t  the s a m e  t ime .  
Any a b o r t ,  a f t e r  LES tower  je t t i son ,  m u s t  be accompl ished  in  the SPS 
mode  by uti l izing the SPS engine.  
sec t ion  9.  ) 

LES tower je t t ison i s  

(Refer  to Abor t  P r o c e d u r e s  in 

A boost  pro tec t ive  cover  (BPC)  comple te ly  cove r s  the conica l  
sec t ion  of  the command module.  
module and  windows f r o m  heating dur ing  the a s c e n t  phase ,  and soot  a t  
launch e scape  tower je t t ison in  the event  of an  a b o r t .  
a t tached  to and is je t t isoned with the LES tower .  A removable  sec t ion  
al lows a c c e s s  to the C /M c r e w  compar tmen t .  The cove r  has  one window 
fabricate ,9  of fused s i l ica  g l a s s  and i s  located ove r  the fo rward  viewing 
window. 

The cover  p ro tec t s  the command 

The cover  i s  

E a r t h  Landing Svs tem.  

The ELS provides  for safe  r e tu rn  of the command module and 
c r e w  following a n  e a r t h  o rb i t a l  mi s s ion ,  a lunar  m i s s i o n ,  o r  mi s s ion  
abor t .  
and pa rachu tes .  
a n  a b o r t  in the LES mode ,  and is a r m e d  manual ly  with the ELS  LOGIC 
switch on MDC-8 during a SPS a b o r t  o r  n o r m a l  en t ry .  The ELSC con-  
ta ins  b a r 0  swi tches  and t ime-de lay  r e l ays .  Af te r  the logic c i r c u i t r y  i s  
a r m e d ,  the ELSC automat ica l ly  s e n s e s  a l t i tude and in i t ia tes  deployment  
of the pa rachu tes  a t  the p r o p e r  t ime .  The t ime-de lay  re lays  cont ro l  
init iation of au tomat ic  events  a f t e r  the 24, 000 feet  b a r o  switch c loses .  
The pa rachu tes  ( f igure 2 .  9-4)  a r e  located in the forward  compar tmen t  o!  
the C / M ,  under  the apex  cover .  During a n o r m a l  en t ry  o r  descen t  f r o m  
an  a b o r t  ini t ia ted above 3 0 ,  000 fee t ,  the 24,  000 feet  ba r0  switch c loses  
and comple tes  a c i r cu i t  to the MESC which je t t i sons  the launch e scape  
tower.  The MESC ini t ia tes  apex  cove r  je t t i son  0. 4 seconds a f t e r  launch 
e scape  tower je t t ison.  Closing of the 24, 000 fee t  ba r0  switch comple tes  
a c i r cu i t  to a 2-second t ime de lay  and a 14-second t ime de lay  to je t t ison 
the drogue pa rachu tes  in  2 seconds .  
a c i r cu i t  to the 10, 000  f ee t  ba r0  switch.  

The ELS cons i s t s  of two e a r t h  landing s y s t e m  con t ro l l e r s  (ELSC)  
The ELS logic c i r c u i t r y  i s  a r m e d  au tomat ica l ly  during 

The 14-second t ime de lay  comple tes  
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DROGUE 
PARACHUTI 

APEX COVER 

M A I N  PARACHUTES 
(3 PLACES) 

DROGUE PARACHUrES 
AND MORTARS 

PILOT PARACHUTES 
AND MORTARS 
(3 PLACES) 

is (2) 

PARACHUTES (3) 

M A I N  PAPACHUTES IN 
DEPLOYMENT BAGS (3) 

S M - U - ~ Q ~ ~  

F i g u r e  2. 9-4. ELS P a r a c h u t e  Equipment  
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The drogue parachutes  a r e  held in a reefed condition f o r  8 seconds 
by two reefing l ines .  A 
pyrotechnic t ime-de lay  t r a i n  in each reefing line cu t te r  i s  ignited at the 
t i m e  of drogue parachute  l ine s t r e t ch ,  causing automatic disreef ing a f te r  
8 seconds. 
module until descent  to  approximately 10,000 f ee t  where  the 10,000 fee t  
ba r0  switch c loses  to  initiate drogue parachute  disconnect. 
ously with drogue parachute  disconnect ,  t h r e e  pilot parachutes  are  
independently m o r t a r  deployed, which r emoves  the main parachute  packs 
f r o m  the C / M  and ex t r ac t s  the ma in  parachutes  f r o m  the i r  deployment 
bags.  Disreef ing then 
occur s ,  and the parachutes  fully inflate to  lower the C / M  safely to  
landing. 
reefing l i nes  fo r  the ma in  parachutes .  

Each reefing line h a s  two reefing l ine cu t te rs .  

The drogue parachutes  r ema in  attached to  the command 

Simultane- 

The ma in  parachutes  a r e  reefed  f o r  8 seconds. 

Three  reefing line cu t t e r s  are  employed on each  of the two 

A 27-1/Z-d,egree hang-angle of the C / M  i s  maintained by means  of 
the ma in  parachutes  a t tachment .  
to le rance  impact by ensuring that  impact  occur s  at the specifically 
designed C / M  s t ruc tu ra l  attenuation point. 
+Z-axis .  

The hang-angle contr ibutes  to the c rew 

This  attenuation point is on the 

Special note should be made  that the apex cover  je t t ison and deploy- 
ment  of the drogue parachutes  m a y  be manually initiated at  45, 000  feet  
during a no rma l  en t ry  if the flight cha rac t e r i s t i c s  of the command 
module become unstable. 
res t r ic t ions .  ) 

(Refer  to operational l imitat ions and 

An ELS - AUTO/MAN switch (MDC-16) i s  provided for  the c r e w  to 
inhibit automatic  deployment of the ma in  parachutes  during a low-altitude 
abor t  iAitiated p r i o r  to 61 seconds a f te r  lift-off. The switch i s  s e t  to the 
AUTO position p r io r  to  launch. 
a f t e r  lift-off, the  c r e w  will set the switch to MAN af te r  drogue parachute  
deployment if the C / M  is  above an altitude of 3300 feet. 
ma in  parachutes  will be manual ly  initiated by p res s ing  the MAIN DEPLOY 
switch on MDC-5, when the a l t ime te r  pointer r eaches  the adjustable m a r k e r  
setting (3300 feet)  on the a l t ime te r  face.  
possibility of the command module drifting back on a land a rea .  
switch should be  returned to  AUTO af te r  the main  parachutes  a r e  deployed. 
This  will allow a 14-second t ime delay to  t ime  out and pe rmi t  r e l e a s e  of 
the main parachutes  when the MAIN CHUTE RELEASE switch i s  actuated 
a f te r  touchdown. 

In the event of an abor t  p r io r  to 61 seconds 

Deployment of the 

This  action will preclude the 
The ELS 
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The  postlanding r e c o v e r y  a ids  cons is t  of a sea dye m a r k e r ,  
s w i m m e r s  umbil ical ,  C / M  vent fan ,  C / M  uprighting s y s t e m ,  H F  
r e c o v e r y  antenna,  and a f lashing beacon light.  
s w i m m e r s  umbi l ica l  a r e  deployed automatical ly  when the  r ecove ry  
antenna i s  deployed. 
to the C / M  forward  compar tmen t  deck.  
approximate ly  12 hour s .  
a f t e r  landing to vent the C / M  to the outs ide a tmosphe re .  
upright ing s y s t e m  i s  ac t iva ted  only if the C /M i s  in a s tab le  inver ted  
at t i tude.  

The s e a  dye m a r k e r  and 

The  m a r k e r  and s w i m m e r s  umbil ical  a re  te thered  
The s e a  dye m a r k e r  wil l  l a s t  

The C / M  vent fan ( p a r t o f t h e  ECS) i s  turned on 
The C /M 

(Refer  to Command Module Uprighting Sys t em in sect ion 2 .  ) 

The f lashing beacon light and two VHF antennas located on the 
f o r w a r d  compar tmen t  deck  on the C / M  a r e  au tomat ica l ly  deployed to 
an  upr ight  posit ion a f t e r  ma in  parachute  deployment.  The r i s e r s  of 
the ma in  pa rachu tes  ac tua te  reef ing l ine c u t t e r s ,  which cut  re tent ion 
t i e s  and al lows the beacon l ight  and V H F  antennas to  be  ex tended in8  seconds.  
The beacon light has  a self-contained power supply capable of opera t ing  
the l ight for  t h ree  8-hour  duty cyc les .  
a t  an  in tens i ty  of 1 . 2  candle-seconds  p e r  f lash .  

The f lash  r a t e  i s  15  p e r  minute  

The postlanding cont ro l  swi tches  a r e  located on MDC-25. A 
r e c o v e r y  pickup cable  i s  provided on the command module f o r  r e t r i eva l  
by r e c o v e r y  fo rces .  

2 . 9 . 3  MAJOR COMPONENT/SUBSYSTEM DESCRIPTION 

Each  of t he  sequent ia l  s y s t e m s  employ redundant c i r cu i t s  f o r  
re l iabi l i ty .  
e l ec t r i ca l  power  for  the  spacec ra f t  port ion of the  s y s t e m s  during o p e r a -  
t ion.  E n t r y  b a t t e r i e s  A, B, and C, and two pyro  b a t t e r i e s  a r e  located 
in the  command module,  and two S/M je t t i son  ba t t e r i e s  a r e  located i n  the 
s e r v i c e  module.  En t ry  b a t t e r i e s  A, B,  and C a r e  the  only ba t t e r i e s  tha t  
a r e  r echa rgeab le  dur ing  the  mission. 

Seven b a t t e r i e s  a r e  provided in the  spacec ra f t  t o  fu rn i sh  

E n t r y  b a t t e r i e s  A and B fu rn i sh  power fo r  t he  EDS d isp lays  and 
MESC logic  c i r cu i t ry .  
of pyrotechnic  dev ices  during abor t s ,  separa t ion  funct ions,  and p a r a -  
chute  opera t ion  dur ing  the no rma l  landing sequence.  
f o r  a C / M  ba t t e ry  bus  t i e - in  s c h e m a t i c . )  A descr ip t ion  of each  of the  
sequent ia l  s y s t e m s  i s  contained in the  following pa rag raphs .  

The pyro ba t t e r i e s  furn ish  power f o r  detonation 

(See f igu re  2 .  9-5 

2 . 9 . 3 .  1 Sequential  Events  Control  Sys tem.  

The SECS cons i s t s  of two m a s t e r  events  sequence  con t ro l l e r s  
(MESC) ,  two e a r t h  landing sequence  con t ro l l e r s  (ELSC) ,  two command 
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I 
MESC- 
LOGIC 
A-BAT 
(MDC- 

I! 
22) 

ENTRY 
BATTERY A BATTERY C BATTERY B 

B A T C  
IOOA )I PWR (LEB-150) 

(MDC-25) 

BATTERY BUS A 

V E D S  5A ) I B A T A  1 

7 (MDC-25) 

MASTER EVENT 
SEQ C O N T - I  SEQ CONT- 2 

MESC PYRO BUS B 

LOGIC BUS B LOGIC BUS A 

MESC- 
LOGIC 
B- BAT B 
[MDC- 
22) 

b 

SM-2A-75iE 

F i g u r e  2 .  9-5. C / M  Bat te ry  Bus T i e - I n  S c h e m a t i c  
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module r eac t ion  cont ro l  sys t em con t ro l l e r s  ( C / M  RCSC), and two s e r v i c e  
module je t t i son  con t ro l l e r s  (SMJC). 
module.  All  o the r  con t ro l l e r s  a r e  located in  the command module.  Each  
con t ro l l e r  cons i s t s  of r e l a y s ,  t i m e r s ,  and  o ther  devices  to  provide au to-  
m a t i c  and  semiau tomat i c  cont ro l  of the s y s t e m s .  

The SMJC is located i n  the s e r v i c e  

Many opera t ions  in  the SECS a re  accompl ished  by pyrotechnic  
dev ices  of var ious  types.  Apollo s t anda rd  in i t i a to r s  (ASI) a re  used 
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Funct ion and  
P y r o  Device 

b. C / M - R C S  p r e s -  
su r i z ing  va lves  

c.  C i r cu i t  i n t e r r u p t e r s  

d .  C /M-S /M umbil ical  
guil lotine 

e .  LE and P c  m o t o r s  
ign i te r  c a r t r i d g e s  

LE tower (TWR) je t t i son  

a .  TWR to C / M  a t t ach -  
ing nuts  (explosive)  

b. TWR je t t i son  m o t o r  
ign i te r  c a r t r i d g e s  

Pos t landing  antenna 
deploy 

N o r m a l  Actuating 
Contr  01 

Automatic  s ignal  f r o m  
MESC o r  manual  cont ro l  
f r o m  ABORT SYSTEM - 
MODE swi tches  1 and  2 

Manual actuat ion of 

DEPLOY switches 1 
and 2 (MDC-25) 

POS TLANDING - 

u 

Backup Control  

ABORT SYSTEM - MODE 
swi tches  1 and 2 (MDC-16) 

2 .  9. 3 .  1. 1 M a s t e r  Events  Sequence Cont ro l le rs  (MESC). 

The MESC (f igure 2.  9 -6)  provides  the logic and t iming to ini t ia te  and 
t e r m i n a t e  events  assoc ia ted  with the  a scen t  and abor t  modes .  Cont ro l le r  
A i s  in s y s t e m  A and con t ro l l e r  B i s  in sys t em B of the redundant s y s t e m s .  
C r o s s o v e r  c i r c u i t r y  between con t ro l l e r s  A and B e n s u r e s  c o r r e c t  outputs 
fo r  detonating pyrotechnic  dev ices  even if one redundant c i r cu i t  i s  inopera-  
t ive.  The  logic  c i r c u i t r y  is a r m e d  with the  two MESC-LOGIC ARM 
swi tches  1 and 2 on MDC-25. 
MASTER EVENT SEQ CONT-PYRO ARM swi tches  1 and 2 on MDC-24. 
Backup cont ro ls  a r e  provided f o r  m o s t  of t he  events  control led by the  

The py ro  c i r c u i t r y  i s  a r m e d  with the  two 

X A l 7 C P  
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Figure 2 . 9 - 6 .  Master Events Sequence Controller Block Diagram 
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CWTENO. 1 CWTE NO. 2 W T E  NO. 3 CWTE 

DEPLOY DEPLOY DEPLOY DISCONNECT 
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r 

MAIN DEPLOY 
(SWITCH) 

DROCUE 
?TAR MORTAR 

4 
-71 N0.2 I 
1 

J t 
4 

L --------------- 
! 

MAIN CHUTE 
RELEASE 

T 
MI\ IN 

-t 
PILOT PILOT PILOT 

DEPLOY DEPLOY DEPLOY , DISCONNECT 
CWTE NO. I CWTE NO. 2 CWTE NO. 3 CHJTE DROGUE 

RELEASE - 
4 t t 4 4 

- 

~ 

1 )  PCVB "I' 

1 I --------------------------- 
I 

- 
BARO BARO 

WITCH 3 --& SWITCH 4 

v I 
M I N  DEPLOY 

1 I 

.i 1 
t EARTH LANDING SEQUENCE CONTROLLER B I 

1 
MAIN CHUTE 

J 

- 
(SWITCH) 

18,ooO F l  (MU) 
10,OOO n (MIN) 

RELEASE 
(SWITCH) - 

i I  I 
13 (4 PDT) LEGEND : U CROSSOVER LOGIC POWER a CROSSOVER PYRO POWER I K4 (4 PDT) 

PCVB PYRO CONTINUITY 
VERIFICATION M3X 

- '  ! I  

1 J 

SMU-742D 

Figure 2.  9-7.  Earth Landing S y s t e m  Controller Block Diagram 
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the bar0  switch setting. 
a f t e r  the bar0  switches close. 

Other  events  are controlled by t ime-delay r e l ays  
Refer  to functional descr ip t ion  of the ELS. 

2. 9. 3. 1. 3 Command Module Reaction Control System Cont ro l le rs  ( C / M  RCSC). 

The  C / M  RCSC (f igure 2. 9-8) provide automatic  and manual  control 
of events  that occur  in  the  reac t ion  control  sys tem.  
cont ro l le rs  a r e  provided for  dual redundancy. During a n  a b o r t  initiated 
p r i o r  t o  6 1  seconds a f te r  lift-off, the  C / M  RCS oxidizer and helium a r e  
automatical ly  dumped. When the abor t  signal is received,  the  following 
pyro  valves a r e  f i r ed  by in i t ia tors  to  p r e s s u r i z e  and dump the RCS 
oxidizer  : 

Two redundant 

a. Two hel ium isolat ion valves  
b. Helium interconnect  valve 
c. Oxidizer interconnect  valve 
d .  Two oxidizer overboard dump valves 

The  oxidizer overboard dump valves route  the oxidizer to  a blow-out plug 
in the aft heat  shield of the C/M. 
r e l e a s e s  the blowout plug and dumps  the oxidizer  overboard.  

P r e s s u r e  buildup s h e a r s  a pin which 

The  hel ium p r e s s u r e  is dumped into the aft compar tment  18 seconds 
after abor t  initiation when the following pyro  valves a re  f i red  by ini t ia tors :  

a. Helium interconnect  valve 
b. 
c. Helium overboard dump valve 

Two oxidizer tanks bypass  valves  

The three  en t ry  ba t te r ies  a r e  automatical ly  connected to d -c  main  

(See f igure 2 .  9-9 for  RCS cont ro l  
buses  A and B during an LES abor t  o r  no rma l  C /M-S /M separa t ion ,  RCS 
control  is  t r ans fe r r ed  (S/M to C /M) .  
schemat ic ,  ) The cont ro l le rs  inhibit automatic  oxidizer  dump,  hel ium 
dump,  and LES pitch control  motor  firing automatical ly  a t  61 seconds - 
a f t e r  lift-off. RCS propel lant  burn and purge m u s t  be manually selected.  

The pyro buses  a r e  a r m e d  when the MASTER EVENT SEQ CONT - 
PYRO ARM switches 1 and 2 a r e  se t  to the PYRO ARM position. Backup 
controls  a r e  provided for  mos t  of the functions per formed by the RCSC. 

2 .  9. 3. 1. 4 Service  Module Jet t ison Control lers  (SMJC). 

The SMJC (figure 2 .  9-10) p r o g r a m  the operat ion to impar t  a 
des i r ed  motion to the se rv ice  module a f t e r  C/M-S/M separa t ion .  
S / M  react ion control  sys tem will be control led by the SMJC and command 
continuous f i r ing of the -X je t s .  
thrust ing will be offset f rom the S / M  X-axis ;  therefore ,  the S / M  RCS 
t rol l  j e t s  a r e  act ivated for  a 5 .5-second in te rva l ,  2 seconds a f te r  
separat ion.  
ing will be in a direct ion that was para l le l  to the CSM ( - X )  axis  a t  

The 

It is possible  that the resul tant  - X  

This  ensu res  that a ma jo r  component of the je t t ison th rus t -  
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seve rance .  
ba t t e r i e s  loca ted  in  the  SIM. 
during the  mis s ion .  

The dual con t ro l l e r s  a r e  powered by dual  separa t ion  
The ba t t e r i e s  a r e  not rechargeable  

2.  9. 3 .  1. 5 C / M - S / M  Separa t ion  Mechanism.  

The CIM-S/M separa t ion  m e c h a n i s m  (f igure 2 .  9- 11) cons is t s  of 
e l e c t r i c a l  c i r cu i t  i n t e r r u p t e r s ,  s h e a r  compress ion  pads ,  tension t i e s ,  
l i nea r  -shaped c h a r g e s ,  and a dual-blade guillotine (umbi l ica l  s eve rance  
device) .  Redundant s y s t e m s  (A and B) in the MESC provide dua l  redun-  
dant  commands  to f i r e  dual  in i t ia tors  and cha rges  to ensu re  sudden 
comple te  tension and umbi l ica l  s eve rance  with adequate  re l iab i l i ty .  
P r i o r  to umbil ical  s eve rance ,  sens i t ive  c i r cu i t s  in the umbil ical  a r e  
deadfaced by c i r cu i t  i n t e r r u p t e r s .  The s h e a r  compress ion  pads a r e  
designed for  i n t e r f e rence - f r ee  separa t ion  a f t e r  the tension t ies  a r e  
seve red .  A separa t ion  s ignal  i s  sen t  to dual  redundant  s e r v i c e  module 
je t t i son  con t ro l l e r s  which cont ro l  the S / M  a f t e r  i t  s e p a r a t e s  f r o m  the 
C / M .  

2 .  9. 3. 1 . 6  Spacec ra f t  LEM Adapter  (SLA) Separa t ion  Mechanism.  

2 . 9 . 3 . 2  

A command for  CSM-SLA separa t ion  i s  au tomat ica l ly  sen t  to the 
A n  A D A P T  S E P  switch MESC when a SPS a b o r t  i s  manual ly  ini t ia ted.  

on MDC-5 m a y  be used  a s  a backup and for  n o r m a l  CSM-SLA separa t ion  
dur ing  a n o r m a l  m i s s i o n .  
( f igure 2 .  9-12) i s  accompl ished  by a n  explosive t r a in .  
t r a in  cons i s t s  of 28 cha rge  h o l d e r s ,  2 in i t ia tors  and sh ie lds ,  8 panel  
t h r u s t e r s ,  8 in i t ia tor  p r e s s u r e  c a r t r i d g e s ,  and a n  umbil ical  separa t ion  
s y s t e m .  
nating fuse  (MDF)  instal led between the adap te r  pane l s ,  top and  bot tom, 
and between each  panel .  
the four  pane ls  and around both ends .  C r o s s o v e r  boos te rs  a r e  used in 
the cha rge  holder  joints  to e n s u r e  that  both l ines  a r e  f i r ing s imul tane-  
ous ly  for comple te  re l iab i l i ty .  
shea ths  sur rounding  an explosive c o r e  which i s  virgin R D X ,  c l a s s  G .  
The mi ld  detonating fuse s e p a r a t e s  the adap te r  panels  and f i r e s  c a r -  
t r idges  for  the pane l  t h r u s t e r s  which open the four  pane ls .  S imul tane-  
ously with this  opera t ion ,  umbil ical  disconnect  takes  p lace .  F o u r  
spr ing- loaded  r e e l s  hold the pane ls  in a 45-degree open posit ion.  The 
panels  a r e .  stopped in the open posit ion by eight a t tenuators  that  have 
honeycomb c o r e s .  

Separa t ion  of the adapter  into four panels  
The explosive 

Redundant detonator  a s s e m b l i e s  f i r e  dual  l ines  of mild de to-  

E i the r  l ine will  s e v e r  the spl ice  p la tes  between 

The detonating l ines  a r e  continuous lead 

E m e r e e n c v  Detection Svs t em.  

The  EDS c o n s i s t s  of s e n s o r s ,  logic  c i r cu i t ry  and s ignal  condi- 
t i o n e r s  located in the launch vehic le ,  d i sp lays  and cont ro ls  located in 
the C I M ,  and Q-bal l  which i s  located on the  forward  t i p  of the  LES  tower  
above the  cana rd .  The d isp lays  and cont ro ls  cons is t  of L / V  r a t e s ,  L / V  
guidance,  abor t ,  and engines  l igh ts ,  along with an  angle-of-at tack 

-- 
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2. 9. 3. 3 

indicator  and  cont ro l  swi tches .  
Q-bal l  a r e  powered by eight L / V  ba t t e r i e s .  
by two en t ry  ba t t e r i e s  A and  B. 

The L / V  port ion of the  EDS and the 
The d isp lays  a r e  powered 

Launch Escape  Sys tem.  

The LES cons i s t s  of two m a j o r  a s s e m b l i e s  ( f igure 2 . 9 - 3 )  tha t  a r e  
ins ta l led  on top of the command module p r i o r  to launch.  
s t r u c t u r e  i s  a four- legged,  welded tubular  t i tanium tower.  The tower 
i s  a t tached  to the command module with four  f rangib le  nuts  on s tuds .  
TWO detonator  a s s e m b l i e s  a r e  ins ta l led  in each  nut  to b r e a k  i t  when 
LES tower  je t t i son  i s  commanded.  
in shape  topped by the Q-ba l l ,  and houses  the launch e s c a p e ,  tower je t t i -  
son ,  and  pi tch cont ro l  m o t o r s .  A cana rd  subsys t em i s  instal led n e a r  the 
fo rward  end below the Q-bal l .  

The f i r s t  

The second s t r u c t u r e  i s  cy l indr ica l  

2 .  9 .  3. 3. 1 LES Moto r s .  

Each  of the t h r e e  m o t o r s  in the LES ( f igure  2 .  9 -3)  a r e  f i r ed  by two 
igni te r  a s s e m b l i e s .  
tower  je t t i son  m o t o r ,  and pi tch cont ro l  mo to r .  
works  in conjunction with the launch e scape  moto r  during a LES a b o r t  
ini t ia ted p r i o r  to 61 seconds a f t e r  l if t-off.  
f ixed z e r o - d e g r e e ,  s ing le-exhaus t  nozzle  and  i s  mounted below the ba l l a s t  
enc losu re  in a hor izonta l  posi t ion.  The  moto r  produces  approximate ly  
2500 pounds of t h r u s t  fo r  about  0. 5 second to fo rce  the nose  of the LES 
tower in the - Z  di rec t ion .  
61 seconds a f t e r  lift-off by a s igna l  f r o m  the C /M RCSC. 
e scape  m o t o r  has  four  nozz les  that  have a center l ine  cant  angle  of 
35 d e g r e e s .  The resu l tan t  t h rus t  vec tor  deflection i s  obtained by offsizing 
the  nozzle  th roa t  d i a m e t e r s  and producing a th rus t  vec tor  in the -Z d i r e c -  
tion. 
in approximate ly  4 seconds .  
a ided by the t h r u s t  vec to r  a l ignment  offset  during an LES abor t .  
tower  je t t i son  m o t o r  h a s  two nozz les  in which the  th rus t  vec tor  a l ignment  
is offset  approximate ly  4 d e g r e e s  to  produce a th rus t  component in  the 
+2 di rec t ion .  

The t h r e e  m o t o r s  a r e  the launch e scape  m o t o r ,  
The pitch cont ro l  mo to r  

The pitch cont ro l  motor  has  a 

F i r ing  of the pi tch cont ro l  m o t o r  i s  inhibited 
The  launch 

Thrus t  output is approximate ly  150,000 pounds which s t a r t s  dropping 
Lateral t r ans l a t ion  of the e scape  vehicle  i s  

The 

T h r u s t  output i s  approximate ly  33,000 pounds. 

2 . 9 . 3 . 3 . 2  C a n a r d  Subsys tem.  

The c a n a r d  subsys t em (f igure 2 .9-3)  cons i s t s  of two deployable 
s u r f a c e s  f a i r ed  into the ou te r  sk in  of the LES below the Q-bal l  in te r face .  
E a c h  su r face  i s  mounted on two hinges and is ope ra t ed  open by a py ro -  
technic  t h r u s t e r  with redundant gas  c a r t r i d g e s .  
approximate ly  47 inches  long, c l am -she l l  shaped,  and  cons t ruc ted  of 
double - sk in  r ibbed  inconel .  
opened during a LES abor t  and  aerodynamic  f o r c e s  act ing on the s u r -  
f aces  cont ro l  a turnaround maneuver  of the C / M .  
P r o c e d u r e s  in  sec t ion  9. ) 

The su r faces  a r e  

The c a n a r d  s u r f a c e s  a r e  automatical ly  

(Refer  to Abort  
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2 . 9 .  3 . 4  E a r t h  Landing Subsystem. 

The ELS consis ts  of the parachute  subsys tem (figure 2 .  9-4) ,  two 
e a r t h  landing sequence cont ro l le rs  (figure 2 .  9 - 7 ) ,  and the apex cover  
jettison mechanism.  / 

The parachute  subsys tem is compr ised  of two f is t - r ibbon-type 
nylon drogue parachutes ,  13.7 fee t  in d iameter ;  t h ree  r ing-slot- type 
nylon pilot parachutes ,  7 .2  feet in d iameter ;  t h ree  r ing-sai l - type nylon 
main  parachutes ,  83. 5 feet  in d iameter ;  deployment bags; br id les ;  s u s -  
pension l ines ;  m o r t a r s ;  and the n e c e s s a r y  ha rdware  for  a t tachment  to 
the C/M.  
ment  under the apex cover  of the C/M.  

The  parachute  subsys tem is housed in  the forward  compar t -  

The ea r th  landing sequence cont ro l le rs  a r e  located in the right 
equipment bay of the C / M  and cont ro ls  automatic operat ion of the ELS. 
Crossove r  c i r cu i t ry  between the cont ro l le rs  e n s u r e s  c o r r e c t  output 
s ignals .  Backup emergency  switches a r e  provided on MDC-5 for  apex 
cover  je t t i son  and parachute  deployment. The apex cover  i s  je t t isoned 
by four gas-operated th rus t e r s .  
for  redundancy and opera te  two t h r u s t e r s  each. 
will je t t ison the apex cover .  
in the forward end of the apex cover .  
the s a m e  time a s  the apex cover  th rus t e r s  to deploy the parachute .  
parachute  will pull the apex cover  f r o m  the negative p r e s s u r e  a r e a  
iollowing the C / M .  

Two gas- type ca r t r idges  a r e  employed 

A pilot parachute  and m o r t a r  a r e  installed 

The 

Ei ther  pa i r  of t h r u s t e r s  

The m o r t a r  i s  f i red a t  exact ly  

2. 9 .  4 PERFORMANCE AND DESIGN DATA. 

Eh t ry  descent  veloci t ies ,  altitude, and time a r e  contained in the 
The f igures  a r e  based on a command module following tabulated data. 

r ecove ry  weight of 11,000 pounds and a s tandard day ba romet r i c  
p r e s  s u r  e. 

The tabulated data  s ta tes  the automatic  events  that  normally 
occur  in the ELS during descent .  
apex cover  m a y  be manually je t t isoned,  and the drogue parachutes  
manual ly  deployed at  45, 000 feet. Re fe r  to  operat ional  l imitat ions and 
r e s t r i c t ions  that follow the tabulated data.  

Under cer ta in  en t ry  conditions, the 
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Occur rence  

TWO DROGUE PARACHUTES 

24, 000 f ee t  ba r0  switch c loses  

Apex cove r  je t t ison 

Drogue parachutes  ( 2 )  deploy 

10, 000 fee t  b a r o  switch 
c loses  

Drogue parachutes  (2)  r e l e a s e  
and ma in  parachutes  deploy 

Main pa rachu tes  open ( r ee fed )  
a f t e r  two drogue parachutes  
r e l e a s e  

Main parachutes  d i s r e e f  

O N E  DROGUE PARACHUTE 

Drogue parachute  (1) r e l e a s e s  
and main  chutes  deploy 

Main parachutes  open 
( reefed)  a f t e r  one drogue 
parachute  r e l e a s e s  

Main parachutes  d i s r e e f  

Touchdown (3  ma in  
parachutes  . 

Touchdown (2  ma in  
pa rachu tes )  

SYSTEMS DATA 

Altitude 

24, 900 to 2 1 ,  500 feel 

24, 000 feet  ba r0  
switch c losu re  t 0. 4 
seconds 

24,000 fee t  b a r 0  
switch c losu re  t 2 .  0 
seconds 

10, 950 to 9 ,  100 f ee t  

10, 000 fee t  bar0 
switch c losu re  

8400 * S O 0  feet  

1 0 , 0 0 0  fee t  ba r0  
switch c losu re  

8200 * 5 0 0  feet  

Time on 
P a  r a c  hu te s 

15 to 46 second 

3 seconds a f t e r  
line s t r e t ch  

40 seconds 

8 seconds  a f t e r  
l ine s t r e t ch  

5 minutes  

4. 2 minutes  

SEQUENTIAL SYSTEMS 

~~ ~~ 

Descent  
Velocity 

425 f t J s e c  

410 f t / s e c  

225 f t J s e c  

2 3 5  f t / s e c  

110 f t / s e c  

275 f t J s e c  

290 f t / s e c  

120 f t / s e c  

28  f t / s e c  

33. 5 f t / s ec  
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2.9.  4. 1 Power  Requi rements .  

The SECS requ i r e s  power only during the launch and a s c e n t  phase ,  fo r  
CSM-SLA sepa ra t ion  i n  o rb i t ,  f o r  C /M-S /M sepa ra t ion  dur ing  the p r e  -en t ry  
phase ,  and dur ing  the parachute  descen t  phase.  
by the SECS o c c u r  instantaneously,  and not on a continuous duty cycle .  
accordance  with the Miss ion  Modular  Data  Book (SID 66-1177), dated 
1 September  1966, t h e r e  a re  no power r equ i r emen t s  f o r  the SECS. 

Most all events  pe r fo rmed  
In 

2.9.  5 OPERATIONAL LIMITATIONS AND RESTRICTIONS. 

Under c e r t a i n  en t ry  conditions,  the spacec ra f t  m a y  become unstable .  
Because  of the e r r a t i c  aerodynamic  damping coeff ic ients ,  wind gus ts ,  and 
s h e a r s ,  the as t ronaut  m a y  not be able  to damp the osc i l la t ions  with s ingle  
RCS. If this  should occur ,  the  apex  cove r  and drogue  pa rachu tes  m a y  be 
manual ly  deployed a t  4 5 , 0 0 0  feet .  This  will s tab i l ize  and keep the C / M  i n  
a heat  shield forward  descending at t i tude.  F igu re  2 .9 -13  po r t r ays  the 
drogue  development  des ign  envelope. The following precaut ions  should be 
ob se rve  d. 

Manual ini t ia t ion of apex cover  je t t i son  and drogue parachute  
deployment  should neve r  be accomplished above 45,000 feet  
dur ing  en t ry .  

The C / M  RCS mus t  be turned off p r i o r  to apex cover  je t t ison.  

The LES tower  and apex  cove r  should neve r  be manual ly  je t t isoned 
above the automatic  mode  of 24, 000 f ee t  dur ing  LES abor t s .  
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Figure  2 . 9 -  13. Drogue Pa rachu te  Deployment  Design Envelope 
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M e a s u r e m e n t  
Number  

CD 0136 X 

CD 01-40 X 

CD 0141 X 

CD 0170 X 

CD 0171 X 

CD 0173 X 

CD 0174 X 

*CD 0200 V 

*CD 0201 V 

CD 0230 X 

CD 0231 X 

CD 0315 X 

CD 0316 X 

CD 1006 X 

CD 1007 X 

C E  0001 X 

C E  0002 X 

C E  0003 X 

SYSTEMS DATA 

bit  rate ope ration. 

Senso r  Crew 
Descr ip t ion  Range Display 

EDS a b o r t  logic  out B Event  None 

Di rec t  ul lage on A Event  None 

Di rec t  ul lage on B Event  None 

RCS ac t iva te  s igna l  A Event  None 

RCS ac t iva te  s igna l  B Event  None 

CM-RCS p r e s s u r i z e  s igna l  A Event  None 

CM-RCS p r e s s u r i z e  s igna l  B Event  None 

DC vol tage logic  bus A t o .  1.37 vdc None 

DC vol tage logic  bus B +O/+37 vdc None 

F o r w a r d  hea t  sh ie ld  je t t i son  A Event  None 

F o r w a r d  hea t  shield je t t i son  B Event  None 

EDS enable  A Event  None 

EDS enable  B Event  None 

LES m o t o r  f i r e  ini t ia te  A Event 

LES m o t o r  f i r e  ini t ia te  B Event  

Drogue deploy r e l ay  c lose  A Event  

Drogue deploy r e l ay  c lose  B 

Main parachute  deploy-drogue r e l e a s e  r e l ay  A 

I 

Event  

Event 

2 .9 .6  TELEMETRY MEASUREMENTS. 

The following is a comple te  list of all sequent ia l  s y s t e m s  t e l eme t ry  
da ta  that  is mon i to red  by fl ight con t ro l l e r s  and ground suppor t  personnel .  
The l a s t  co lumn contains  the name  and type of S / C  c r e w  display.  
d i sp lay  u t i l i zes  the s a m e  pickoff o r  s igna l  s o u r c e s  a s  t e l eme t ry ,  un less  a 
s e p a r a t e  m e a s u r e m e n t  number  is included in  the d isp lay  column.  

The 

None 

None 

None 

None 

None 
L 
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Measuremen t  
Number  

CE 0004 X 

C E  0007 X 

C E  0008 X 

*CE 0035 P 

CE 0321 X 

C E  0322 X 

'kLS 0001 v 

BS 0016 X 

BS 0020 X 

BS 0 0 3 0  X 

BS 0032 X 

BS 0034 X 

BS 0036 X 

BS 0 0 3 8  X 

BS 0040 X 

BS 00.42 X 

BS 0044 X 

BS 0061 X 

Descr ip t ion  

Main parachute  deploy-drogue r e l e a s e  r e l ay  B 

Baroswi tch  lock- in  r e l ay  c lose  A 

Baroswi tch  lock- in  r e l ay  c lose  B 

B a r o m e t r i c  p r e s s u r e  static r e fe rence  

Main chute  disconnect  r e l ay  A 

Main  chute d isconnec t  r e l a y  B 

Q-bal l  vec to r  s u m  output 

Launch vehicle  guidance fai l  A 

Launch vehicle  r a t e  excess ive  A 

Engine No. 1 out A 

Engine No. 2 out  A 

Eng ine  No. 3 out  A 

Engine No. 4 out  A 

Engine No. 5 out A 

Engine No. 6 out A 

Engine No. 7 out  A 

Engine No. 8 out  A 

Lift-off s ignal  B 

Senso r  
Range 

~ 

Event  

Event  

Event  

t O / t 1 5  psia  

Event  

Event  

+ 0 / + 5  vdc 

Event 

Event  

Event  

Event  

Event  

Event  

Event  

Event  

Event  

Event  

Event  

Crew 
Di s play 

None 

None 

None 

Indicator  

None 

None 

Indi c a to  r 

L / V  GUID 
light 

L / V  RATE 
light 

ENGINES 1 
l ight 

ENGINES 2 
l ight 

ENGINES 3 
l ight  

ENGINES 4 
l ight 

ENGINES 6 
l ight 

ENGINES 7 
l ight 

ENGINES 8 
light 

L I F T  O F F  
light 
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Number  

cs  0080 x 

*LS 0090 X 

hkLS 0091 X 

cs 0100 x 
cs 0101 x 

ss 0120 x 

ss 0121 x 
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Descr ip t ion  

EDS a b o r t  r e q u e s t  A 

Tower  physical  s epa ra t ion  moni tor  A 

Tower  physical  s epa ra t ion  mon i to r  B 

CM-SM physical  s epa ra t ion  moni tor  A 

CM-SM phys ica l  s epa ra t ion  moni tor  B 

SM/adap te r  physical  s epa ra t ion  mon i to r  A 

SM/adap te r  physical  s epa ra t ion  moni tor  B 

Senso r  
Range 

Event  

Event  

Event  

Event  

Event  

Event 

Event  

Crew 
Display 

ABORT 
light 

None 

None 

None 

None 

None 

None 
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SECTION 2 

SUBSECTION 2.10 

CAUTION AND WARNING SYSTEM (C&WS) 

2.10.1 

2.10.2 

2.10.3 

INTRODUCTION. 

The C&WS moni tors  c r i t i ca l  p a r a m e t e r s  of m o s t  SIC sys t ems  in the 
C / M  and S/M. 
any of these sys t ems ,  the c rew is immediately a l e r t ed  in o r d e r  that c o r -  
rec t ive  action m a y  be taken. 

FUNCTIONAL DESCRIPTION. 

When a malfunction o r  out-of- tolerance condition occur s  in 

Upon receipt  of malfunction o r  out-of- tolerance s ignals ,  the C&WS 
simultaneously identifies the abnormal  condition and a l e r t s  the c r e w  to i t s  
existence. Each  signal will act ivate  a n  appropr ia te  sys t ems  s ta tus  indica- 
t o r  and a m a s t e r  a l a r m  circui t .  
aura l ly  a t t r ac t s  the c r e w ' s  attention by alarm indicators  on the MDC and an 
a l a r m  tone in the headsets .  
cons is t s  of reset t ing the m a s t e r  a l a r m  circui t ,  but retaining the par t icu lar  
s y s t e m s  s ta tus  malfunction indication. 
s e l ec t  s e v e r a l  modes  of observing sys t ems  s ta tus  and m a s t e r  a l a r m  indi- 
ca to r s ,  and of monitor ing C / M  o r  S / M  sys tems.  

MAJOR COMPONENT /SUBSYSTEM DESCRIPTION. 

The  m a s t e r  a l a r m  c i rcu i t  visually and 

Crew acknowledgement of an abnormal  condition 

The capability ex is t s  for  the c r e w  to 

The C&WS cons is t s  of one m a j o r  component, the detection unit, It is 
located behind iMDC-13 and, therefore ,  is nei ther  vis ible  no r  access ib le  to 
the c r e w  during the miss ion .  
v i sua l  indicators ,  a u r a l  a le r t ing  and assoc ia ted  c i r cu i t s ,  and those switches 
requi red  to control  the var ious sys tem functions, 
the five upper -most  e lectromechanical  event devices  on MDC-18, a s  well 
as a l l  sys t ems  s ta tus  and m a s t e r  a l a r m  lights. 

de t ec to r s ,  l amp d r i v e r s ,  and a m a s t e r  a l a r m  and tone genera tor .  Also 
incorpora ted  a r e  two redundant power supplies that furnish regulated t12 
and -12 d-c  voltages for  the electronics .  
s i s t  of both analog and event-type s ignals .  

The balance of the sys t em i s  made  up of 

Visual  indicators  include 

The  detection unit c i r cu i t s  cons is t  of compara to r s ,  logic, level  

Inputs to the detection unit con- 

The analog s ignals ,  totaling 51 inputs, a r e  in the 0 -  to 5-volt d-c 
range ,  A l a r m  l imi t s  for  these s ignals  t r igger  voltage compara to r s ,  which, 
in  turn,  act ivate  logic and l amp-dr ive r  c i rcu i t s .  
the m a s t e r  alarm ci rcu i t  and tone genera tor ,  illumination of application 
sys t ems  s ta tus  lights on MDC-10 and -11, a n d / o r  activation of applicable 
e lec t romechanica l  event ind ica tors  on 1MDC-18. 
a r e  fed to the C&WS detection unit. 
s ta te  and mechanical  switch c losu res  in malfunction sens ing  devices .  Of 
this number,  19 signals  will d i rec t ly  illuminate appl icable  sys tem s ta tus  
l ights ,  and through logic c i rcu i t ry ,  act ivate  the m a s t e r  a l a r m  c i rcu i t  (and 
tone genera tor ) .  Two o ther  event s ignals  d i rec t ly  i l luminate  the sys tem 

This  causes  activation of 

A total of 25 event inputs 
These  s ignals  or iginate  f r o m  solid 
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s t a tus  l ights ,  but r equ i r e  leve l  de t ec to r s  to  ac t iva te  the m a s t e r  a l a r m  c i r -  
cuit .  Each  of the fou r  remain ing  event  s igna ls  to s e t  to a n  OR gate ,  which 
i s  a l s o  fed  by two analog s igna ls .  
d r i v e r s  and the m a s t e r  a l a r m  c i rcu i t .  One o the r  event s ignal ,  or iginat ing 
within the detect ion unit d i rec t ly ,  i l lumina tes  the CAUT/WARN FAIL light,  
out  ac t iva t e s  only the MASTER ALARM lights  of the MASTER ALARLM 
ci rcu i t .  

The resu l t ing  output will  ac t iva te  l amp  

T h e  m a s t e r  alarm c i r cu i t  a l e r t s  c r e w m e m b e r s  whenever  abnorma l  
conditions a r e  detected.  
of r e m o t e  iMASTER ALARM switch-l ights  on MDC-3 and -18, and the 
iMASTER ALARM light on LEB-103.  
h e a d s e t s ,  au ra l ly  a l e r t s  the c rew,  r e g a r d l e s s  of whether  the te lecom sys t em 
is act ivated.  
i s  a l t e rna te ly  750 cps  and 2000 c p s ,  changing at a frequency of 2. 5 cps .  
Although the tone i s  audible  above the conversa t ion  leve l ,  it does  not r ende r  
n o r m a l  conversa t ion  indis t inct  o r  garbled.  
a b n o r m a l  condition, the t h r e e  a l a r m  l ights  and the tone gene ra to r  a r e  
deac t iva ted  and  r e s e t  by p res s ing  e i the r  MASTER !iLARlM switch-l ight ,  both 
of which inco rpora t e  a push-switch.  
l ights  i l luminated,  and r e s e t s  the m a s t e r  a l a r m  c i r cu i t  f o r  a l e r t i ng  the cre\v 
to  the next abnorma l  condition. T h e  individual s y s t e m  s ta tus  l ights  will  
remain i l lumina ted  unt i l  the malfunct ion o r  ou t -of - to le rance  condition i s  
co r rec t ed .  

Th i s  i s  accompl ished  visual ly  by the i l lumination 

An audio a l a r m  tone, sen t  to the t h r e e  

The output s igna l  of the tone gene ra to r  i s  a s q u a r e  wave that 

When the c r e w  h a s  noted the 

This  act ion l eaves  the s y s t e m s  s ta tus  

T h e  C & W S  power suppl ies  include sens ing  and switching c i r cu i t ry  that  
a s s u r e  unit se l f -pro tec t ion  should high-input c u r r e n t ,  o r  high- o r  low- 
output voltage occur .  
the  m a s t e r  alarm l ights  and  the CAUT-WARN F A I L  s y s t e m s  s ta tus  l ight,  
The  tone gene ra to r ,  however ,  wil l  not be  ac t iva ted  due to  requi r ing  the 
12-vol t  output f r o m  the malfunct ioned power  supply fo r  i t s  operat ion.  
c r e w  m u s t  t h e n m a n u a l l y  se l ec t  the redundant  power supply to r e t u r n  the 
C&WS to operat ion.  
ext inguished, ,  but the m a s t e r  alarm c i r cu i t  is act ivated,  thus requi r ing  i t  to 
be r e se t .  

Any of these  conditions will  cause  the i l luminat ion of 

The 

In so  doing, the CAUT/WARN FAIL s ta tus  light i s  

Inco rpora t ed  into the  C & W S  i s  the capabili ty to t e s t  the  l amps  of s y s -  
Pos i t ion  1 of the LAMP TEST sw4tch t e m s  s t a tus  and  m a s t e r  alarm l ights ,  

(.MDC-23) cont ro ls  the i l luminat ion of s t a tus  l ights  on MDC-10 and the 
MASTER ALARM switch-l ights  on IMDC-3 and  IMDC-18. Pos i t ion  2 t e s t s  
only the s ta tus  l ights  on iMDC-11. The  remain ing  iMASTER ALARM light 
i s  on LEB-103,  and  is t e s t ed  along with the nine G&N condition l ights on 
that  panel  by p r e s s i n g  the CHECK CONDITION LAMPS push-switch on 
LEB-105.  Although these  nine l ights  a r e  not p a r t  of the C&WS, all but t h ree  
of them (PGNS, ZERO ENCODER, and  IiMU DISPLAY) a r e  dupl icated on 
Ll DC - 1 0. 

Switches on the .MDC enable  the c r e w  to se l ec t  CSrlVS opera t iona l  
modes .  
s y s t e m s  to be moni tored .  Before  sepa ra t ion  and en t ry ,  s y s t e m s  in both the 
C / M  and  S / M  a r e  mon i to red  f o r  malfunct ion or out -of - to le rance  conditions.  
Af te r  CSlM separa t ion ,  however ,  only those  s y s t e m s  in the C/.M a r e  moni -  
to red .  
and  event  i nd ica to r s  f r o m  remain ing  ac t iva ted  a f t e r  separa t ion .  

The Tosit ion of the  MODE switch (MDC-11) es tab l i shes  the S / C  

Reposi t ioning the switch a l s o  p reven t s  S / M  s y s t e m s  s ta tus  l ights 

T h e  C /W switch (MDC-13) p e r m i t s  t h r e e  modes  of s t a tus  and a l a r m  
light i l lumination. 
NORMAL posi t ion to give n o r m a l  C&WS l ight  opera t ion ;  that  i s ,  upon rece ip t  
of a b n o r m a l  condition s igna ls ,  all s y s t e m s  s t a tus  l ights and m a s t e r  a l a r m  

F o r  m o s t  of the mis s ion  the switch i s  s e t  to the 
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l ights  a re  capable  of i l lumination. During the  a scen t  phase  the  switch i s  s e t  
t o  the  BOOST posi t ion,  so tha t  although all o ther  C&WS lights ope ra t e  n o r -  
mal ly ,  t he  MASTER ALARM switch-l ight  on MDC-3 will  not i l luminate .  
Th i s  p reven t s  poss ib le  confusion on MDC-3 between the  r e d  MASTER 
ALARM light and  the  adjacent  r e d  ABORT light. The  ACK switch posi t ion 
i s  s e l ec t ed  when the  c r e w  d e s i r e s  t o  adapt  t he i r  eyes  t o  orb i ta l  d a r k n e s s ,  o r  
i f  a continuously i l luminated s y s t e m s  s t a tus  light is undes i rab le .  While in 
th i s  mode ,  incoming s igna ls  will  ac t iva te  only the  m a s t e r  a l a r m  l ights  and  
the  tone genera tor .  
p r e s s  e i the r  MASTER ALARM switch-light.  T h i s  i l lumina tes  the  appl icable  
s y s t e m s  s ta tus  l ight ,  and deac t iva tes  and r e s e t s  t he  master a l a r m  c i rcu i t .  
T h e  s y s t e m s  s t a tus  l ight wil l  r e m a i n  i l luminated only as long as the  swi tch-  
l ight is p r e s s e d .  
condition ex i s t s  by aga in  p r e s s i n g  e i the r  switch-light.  

T o  de te rmine  the  abnorma l  condition, the c r e w  mus t  

However ,  i t  may  be r eca l l ed  as long as the  abnorma l  

2. 10.3.  1 E l e c t r i c a l  Power  Distribution. 

The  C&WS only r ece ives  power f r o m  28-volt d -c  s o u r c e s .  (See 
f igure2 .10-1 . )  Be fo reCSM separa t ion ,  the  power s o u r c e  i s  f r o m  the  fuel 
ce l l s  i n  the  S / M ,  and  following sepa ra t ion ,  f r o m  ba t t e r i e s  located in the  
C/M. 

2. 10.4 PERFORMANCE AND DESIGN DATA. 

2. 10.4 1 C&WS P o w e r  Consumption Data. 

To ta l  power consumed by the  C&WS amounts  t o  7.5 wa t t s ,  which is the  
Very  s m a l l  amounts  max imum quiescent  power f o r  detect ion unit operat ion.  

of power a r e  a l s o  r equ i r ed  to i l luminate  s e v e r a l  l amps  whenever  the C&WS 
is ac t iva ted  by malfunction input s ignals .  
a re  not cpns idered  in  the ove ra l l  C&WS power r equ i r emen t s .  

T h e s e  s m a l l  amounts ,  however ,  

2. 10.5 OPERATIONAL LIMITATIONS AND RESTRICT IONS. 

2. 10.5.  1 C&WS Genera l  Data. 

With the  C /W switch in  the BOOST posi t ion during a scen t ,  the 
MASTER ALARM switch-l ight  on MDC-3 wil l  not i l luminate  should a m a l -  
function occur .  
a l s o  d isab led  during th i s  t ime .  
l ight on MDC-18 t o  be used  exclusively fo r  monitor ing and  rese t t ing  
functions.  

The  m a s t e r  a l a r m  c i r cu i t  r e s e t  capabi l i ty  of the  light i s  
This  r equ i r e s  the  MASTER ALARM swi tch-  

Seve ra l  pecul ia r i t i es  should be noted i n  r e g a r d  t o  the CAUT /WARN- 
POWER switch.  Whenever th i s  switch i s  moved f r o m ,  o r  through,  the  O F F  
posi t ion t o  e i t h e r  power supply posi t ion,  the m a s t e r  a l a r m  c i r cu i t  i s  a c t i -  
vated,  which then  r equ i r e s  it be  r e se t .  Also ,  switching f r o m  one power 
supply t o  ano the r  (when t h e r e  is not power supply f a i lu re )  will  cause  the 
CAUTiWARN FAIL  s ta tus  light t o  i l luminate  at the  O F F  posi t ion,  and then 
be extinguished when the  o the r  power  supply posi t ion is reached.  

- 
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F i g u r e  2. 10-1. C&WS Power Distr ibut ion Diag ram 
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Should the redundant  power  supply also fa i l ,  t h e  C&WS is d e g r a d e d  to  
t h e  following extent.  
c i r c u i t ,  as wel l  as  t h o s e  s t a t u s  l igh ts  tha t  i l lumina te  as t h e  r e s u l t  of ana log-  
type  input s igna ls .  
r e q u i r e  event- type input s ignals .  
l igh ts :  CDU FAIL,  G&N A C C E L  FAIL,  IMU FAIL,  G&N ERROR, IMU 
T E M P ,  GMBL LOCK, AGAP T E M P ,  S P S  ROUGH ECO, H z P  ACCUM 
F A I L ,  PITCH GMBL DR FAIL,  YAW GMBL DR FAIL,  S P S  P U  SNSR 

OVERLOAD, AC 2 BUS FAIL,  AC BUS 2 OVERLOAD, MN BUS A 
UNDERVOLT, MN BUS B UNDERVOLT, a n d  CAUTIWARN FAIL. 

R e n d e r e d  inopera t ive  i s  the  comple te  m a s t e r  a larm 

T h i s  l e a v e s  only t h o s e  s t a t u s  l ights  opera t ive  t h a t  
Included a r e  t h e  following S / M  a n d  C / M  

FAIL,  0 2  FLOW HI, F / C  BUS DISCONNECT, AC 1 BUS FAIL,  AC BUS 1 

T h e  CAUTIWARN-MODE switch m u s t  be  in  the  CSM pos i t ion  i n  
o r d e r  t o  conduct a l a m p  t e s t  of t h o s e  s t a t u s  l ights  a s s o c i a t e d  with S / M  s y s -  
t e m s .  
swi tch  i n  e i t h e r  posit ion.  Ci rcu i t  d e s i g n  a l s o  p e r m i t s  a comple te  l a m p  t e s t  
t o  be conducted with the  C / W  switch in t h e  ACK posit ion.  

T h e  s t a t u s  l ights  of C / M  s y s t e m s  m a y  be  t e s t e d  with t h e  MODE 

Normal ly ,  e a c h  a b n o r m a l  condition s igna l  wil l  a c t i v a t e  t h e  C&WS 

T h e  one except ion t o  t h i s  concept  is when the  C&WS 

T h i s  i s  due to the tone 

master a l a r m  c i r c u i t  and  tone g e n e r a t o r ,  a n d  i l lumina te  a n  appl icable  s y s  - 
t e m s  s t a t u s  light. 
power  supply fa i l s .  
g e n e r a t o r  por t ion  of the m a s t e r  alarm ci rcu i t .  
g e n e r a t o r  r e q u i r i n g  the t l 2  a n d  -12 d - c  vol tage output of the fa i led  power  
supply f o r  its operat ion.  

T h e  v i s u a l  i n d i c a t o r s  wil l  function, but not t h e  tone 

T h e  MASTER ALARM light on L E B  - 103 is p a r t  of t h e  m a s t e r  a l a r m  
c i r c u i t  of the  C&WS. A s  s u c h ,  it is i l lumina ted  whenever  the  m a s t e r  
a l a r m  c i r c u i t  i s  ac t iva ted  by a n  incoming a b n o r m a l  condi t ion s ignal .  
l a m p  c h e c k  of th i s  l igh t ,  however ,  it not a c c o m p l i s h e d  by  t h e  C&WS. 
Ins tead ,  the  light is checked  by p r e s s i n g  the  CHECK CONDITION LAMPS 
push-swi tch  on LEB-105. T h e  p r i m a r y  function of t h i s  switch i s  t o  check  
the  l a m p s  of the nine G & N  condition l ights  on LEB-103,  none of which a r e  
p a r t  of the  C&WS. 

A 

2. 10. 5. 2 S y s t e m  Sta tus  Light  Data.  

The following l i s t  p rovides  the l a m p  t r i g g e r  va lues  and a s s o c i a t e d  
information f o r  all s y s t e m  s t a t u s  l igh ts  on MDC-10 and -11. 
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~~~ 

Status Light  

CDU FAIL  

IMU FAIL 

IMU T E M P  

A G A P  T E M P  

G&N ACCEL 
FAIL  

G&N ERROR 

GMBL LOCK 

H2 PRESS 

C I M  RCS A 

C I M  RCS B 

AGC PWR 
FAIL  

L a m p  T r i g g e r  Value 

1. LOSS (-50%) 25.6KC supply 
2. L o s s  ( - 5 0 % )  m o t o r  exc i t a -  

3 .  ICDU e r r o r  7 1 . 2  mr for 

4.  

5 .  

t ion 

5 seconds  
MCDU e r r o r  > 1 . 2  mr f o r  
5 seconds  
OCDU e r r o r  > l .  2 m r  for  
5 seconds  

I .  LOSS (-50%) 3200 c p s  
2. 

3 .  

4. 

5. 

L o s s  ( - 5 0 % )  800 c p s  wheel  
power 
1G s e r v o  a i r > 2 . 9  mr  fo r  
2 seconds  
MG s e r v o  a i r > 2 . 9  m r  f o r  
2 seconds  
OG s e r v o  a i r  > 2 . 9  m r  f o r  
2 seconds  

1.  IRIG t e m p C 1 3 2 " F  
2. IRIG t e m p > 1 3 8 " F  
3. P I P A  t e m p C 1 3 2 ' F  
4. P I P A  t e m p > l 3 8 " F  

1. Any B M A G ( 1 6 0 " F  
2. Any B M A G 7 1 7 1 ' F  

1. X P I P A  e r r o r > 2 7  m r  for 

2 .  Y PIPA e r r o r  >27  m r  for 

3. Z PIPA e r r o r  >27  m r  fo r  

5 seconds  

5 seconds  

5 seconds  

1. Down T L M  word  r a t e  too 
high o r  low 

2. Up T L M  b i t  r a t e  too high 
3 .  Up-l ink da ta  in e r r o r  

MG angle  > *60 ' 

1. Tank 1 (220  p s i a  
2 .  Tank  1 2 2 7 0  p s i a  
1 .  T a n k  2 <220 p s i a  
+, Tank 2 >270 p s i a  

1. Fuel  tk He p r e s s  ( 2 6 5  p s i a  
?. Fuel  tk He p r e s s  >325  ps i a  
3 .  Ox tk H e  p r e s s  <265  p s i a  
&. Ox tk He p r e s s  >325  p s i a  

I .  Fuel  tk H e  p r e s s  <265 ps i a  
2 .  Fue l  t k  He p r e s s  >325 p s i a  
3 .  Ox tk He p r e s s < 2 6 5  ps i a  
1. Ox tk He p r e s s  >325 p s i a  

L .  L o s s  0 1  -28  vdc supply 
2 .  Loss 0 1  -13 vdc supply 
1. L o s s  of - 3  vdc supply 

T L M  
Code N o .  

CG5002X 

CG5001X 

CG5006X 

CHZ030V 

CC5OOOX 

CC5005X 

CG5003X 

SF0039 P 

S F O O I O P  

C ROO0 5 P 

CROOllP 

CROOO6P 

CROOlLP 

Z C i 0 3 0 X  

S I  c 
Othe r  Indicat ion 'Mode 

PGNS l ight  i l luminated 
( L E B -  103) .  

PGNS l ight  i l luminated 
( L E B -  103). 

None 

None 

PGNS l ight  i l luminated 
(LEB-103) .  

DSKY - T M  F A I L  
(LEB-106)  and PGNS 
l igh t s  (LEB-103)  
i l luminated.  

FDA1 at t i tude bal l  red 
zone  unde r  new axis 
indicator .  

TANK PRESSURE-H2-1 
indicator  
TANK PRESSURE-H2-1 
ind ica to r  

C / M  RCS P R E S S - F  
indicator  
C I M  RCS PRESS-OX 
indicator  

C I M  RCS P R E S S - F  
indicator  
C I M  RCS PRESS-OX 
indicator  

PGNS l ight  i l luminated 
[LEB-103) .  

C / M  

C I M  

C I M  

C I M  

c / M 

C / M  

C / M  

S I A M  

c / .\I 

C l h l  

C / M  

R e m a r k s  

Light  enabled in f ine  
al ign m o d e  only.  

Inhibited (by AGC 
p r o g r a m )  in c o a r s e  align 
mode.  

IRIG t emp  (135°F)  is 
i n t e rna l  and not end c a p  
temp.  

. 

Light  funct ional  only 
when CAUTI WARN- 
MODE switch in CIW 

Light functional only 
when CAUTI WARN- 
MODE switch in C I M  

CAUTION AND WARNING SYSTEM 
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S t a t u s  Light  

O2 P R E S S  

S / M  RCS A 

S I M  RCS B 

S I M  RCS C 

S I M  RCS D 

S P S  ROUGH 
ECO 

H2O ACCUM 
F A I L  

F I C  BUS 
DISCONNECT 

F I C  I 

I S Y  1 
T E h l P  HI 

G L Y C O L  
T E M P  LOW 

~~ 

L a m p  T r i g g e r  Value  

1. T a n k  1 < 8 0 0  p s i a  
2 .  T a n k  1 >950 p s i a  
3. T a n k  2 < 8 0 0  p s i a  
4. T a n k  2 >950 p s i a  

I .  P k g  t e m p ~ 6 3 " F  
2. P k g  t e m p  >175 'F  
3 .  Reg  H e  p r e s s < l 5 5  p s i a  
4. Reg H e  p r e s s  >215 p s i a  

1 .  P k g  t e m p < 6 3 " F  
2 .  P k g  t e m p  > 1 7 5 " F  
3 .  
4. 

I .  Pkg  t e m p  <63 F 
2. P k g  t e m p  > 1 7 5 " F  
3 .  Reg He p r e s s ( 1 5 5  p s i a  
4. Reg He p r e s s  > 2 1 5  p s i a  

1. Pkg t e m p < 6 3 " F  
2.  P k g  t e m p  > 1 7 5 " F  
3 .  Reg He p r e s s < 1 5 5  p s i a  
4 .  Reg He p r e s s  >215 p s i a  

1. 18OG's f o r  70 m s e c o n d s  
2.  3 6 0 6 ' s  f o r  30 m s e c o n d s  

Reg He p r e s s  < I 5 5  p s i a  
Reg He p r e s s  > 2 1 5  p s i a  

T h r e e  O2 b u b b l e s  ( m i n )  in  
o u t l e t  w a t e r  l ine  

I .  Fwd c u r r e n t  a t  7 5  a m p s  
fo r  15  m i n ,  o r  a t  112 a m p s  
for 25 to 300 s e c o n d s  
R e v e r s e  c u r r e n t  a t  4 a m p s  
f o r  IO s e c ,  o r  20 a m p s  f o r  
I s e c .  , 

2. 

I .  H2 f l o w <  0 . 0 1 8  I b l h r  
2. H2 flow > O .  16 l b l h r  
3 .  O2 f l o w < O .  14  I b l h r  
4. O2 f low > I .  27 I b l h r  
5. At pH f a c t o r  of 9 
6.  Skin t e m p < 3 6 0 ' F  
7 .  Skin t e m p > 5 0 0 " F  
8 .  Cond e x h  ( 1 5 5 ° F  
9 .  Cond exh  > 1 7 5 " F  
0. Rad out t e m p e r a t u r e  

be low -30 F 
1 .  H2 r e g  p r e s s  >75 p s i a  

2. 0 2  r e g  p r e s s > 7 5  p s i a  

3 .  N 2  r e g  p r e s s  >70 p s i a  

At 2 4 1 ° F  

At - 3 0 ° F  

T L M  
C o d e  No. 

SFOO37P 

S F 0 0 3 8 P  

SR5065T 

S R 5 7 2 9 P  

S R 5 0 6 6 T  

S R 5 7 7 6 P  

SR5067T 

S R 5 8 1 7 P  

SR5068T 

S R 5 8 3 0 P  

None 

None  

s c 2 1 2 o x  
S C 2 1 2 l X  
s c 2  1 2 2 x  
s c 2 1 2 5 x  
SC2126X 
s c 2 1 2 7 x  

SC2139 R 

SC2142R 

SC216OX 
S C 2 0 8 4 T  

S C 2 0 8 1 T  

SC 20 8 7  T 

S C 2 0 6 9 P  

S C 2 0 6 6 P  

SC2060 P 

C C 0 1 7 5 T  

CFOO2OT 

O t h e r  Indica t ion  

TANK P R E S S U R E - 0 2 -  1 
i n d i c a t o r  
TANK P R E S S U R E - 0 2 - 2  
i n d i c a t o r  

S / M  RCS T E M P - P K G  
i n d i c a t o r  
S / M  RCS P R E S S - M A N F  
i n d i c a t o r  

S / M  RCS T E M P - P K G  
i n d i c a t o r  
S / M  RCS P R E S S - M A N F  
i n d i c a t o r  

S / M  RCS T E M P - P K G  
i n d i c a t o r  
S I M  RCS P R E S S - M A N F  
i n d i c a t o r  

S I M  RCS T E M P - P K G  
i n d i c a t o r  
S I M  RCS P R E S S - M A N F  
i n d i c a t o r  

E n g i n e  c u t s  off.  

None 

MN BUS A e v e n t  
i n d i c a t o r  ( 3 )  

MN BUS B e v e n t  
i n d i c a t o r  ( 3 )  

F U E L  C E L L - F L O W -  
H2 i n d i c a t o r  
F U E L  C E L L - F L O W -  
0 2  i n d i c a t o r  
p H  HI e v e n t  ind 
MODULE T E M P - S K I N  
i n d i c a t o r  
M O D U L E  T E M P - C O N D  
EXH i n d i c a t o r  
F / C  RAD T E M P  LOW 
e v e n t  i n d i c a t o r  
R E G  OUT P R E S S  HI  
- H 2  e v e n t  ind 
REG O U T  P R E S S  HI 
- 0 2  e v e n t  ind 
R E G  OUT P R E S S  HI 
-N2 e v e n t  ind 

None 

C L Y  E V A P - O U T L E T  
TE.MP i n d i c a t o r  

S I  c 
Mode - 
S / M  

S / M  

S I  M 

S I  M 

SI M 

S / M  

C I M  

S I  M 

S / M  

C I M  

C I M  

R e m a r k s  

G - l e v e l s  a r e  p e a k - t o -  
p e a k .  

E v e n t  i n d i c a t o r s  pH. 
HI,  F I C  RAD T E M P  
LO. n2 PRESS, o2 
P R E S S ,  and N 2  P R E S S  
a r e  a c t i v a t e d  a t  l a m p  
t r i g g e r  v a l u e s .  

CAUTION AND WARNING S Y S T E M  
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S ta tus  Light  

S P S  PRESS 

F / C  2 

INV 2 
T E M P  HI 

PITCH GMBL 
DR F A I L  

S P S  WALL 
T E M P  HI 

F / C  3 

I N V  3 
T E M P  HI 

YAW GMBL 
DR FAIL 

S P S  PU 
SNSR FAIL 

L a m p  T r i g g e r  Value 

1. 
2 .  
3. 
4. 

I .  H2 f l o w < 0 . 0 1 8  l b / h r  
2.  H2 flow > O .  16 l b / h r  
3. 0 2  flow ( 0 . 1 4  l b / h r  
4. 0 2  f low > I .  27 l b / h r  
5. At pH f a c t o r  of 9 
6 .  Skin t e m p < 3 6 0 ° F  
7. Skin t e m p  > 5 0 0 " F  
8. Cond exh <155'F 
9 .  Cond exh >175"F  

below -30 F 

Fue l  tk He p r e s s  <160 p s t a  
F u e l  tk H e  p r e s s  >ZOO p s i a  
Ox tk  H e  p r e s s  <160 p s i a  
Ox tk  H e  p r e s s  >200 p s i a  

10. Rad out  t e m p  

11. H2 r e g  p r e s s > 7 5  psia  

2. O2 r e g  p r e s s  > 7 5  psia  

3. N2 r e g  p r e s s > 7 O  p s i a  

At 240 F 

1.  Under  6 a m p s  
2. O v e r  40 a m p s  

At 3 7 8 ° F  

I .  
2. 
3. 
4.  
5.  
6 .  
7.  
8. 
9.  
0. 

1. 

H2 f low<0 .018  l b l h r  
H2 flow > O .  16 I b / h r  
0 2  f low <O. 14 l b / h r  
0 2  flow >1.27 l b / h r  
At pH fac to r  of'9 
Skin t e m p < 3 6 0 ' F  
Skin t e m p  >500'F 
Cond exh < 1 5 5 " F  
Cond exh > 1 7 5 " F  
Rad ou t  t e m p  below 
-30 'F  
H2 reg  p r e s s > 7 5  p s i a  

2. Oz r e g  p r e s s  >75 ps i a  

3. N2 r eg  p r e s s > 7 0  p s i a  

At 2 1 1 ' F  

1 .  Under b a m p s  
2. O v e r  40 a m p s  

1. F i O X  ra t io  unbalance o v e r  
300 Ibs ,  o r  90mo of c r i t i c a l  
unbalance.  

1 to  3 4  d i sc repancy .  
2. P r i m a r v  and aux s y s t e m s  

T L M  
Code No. 

~ 

S W 0 0 6 P  

S W 0 0 3 P  

SC2 140 R 

SC2143R 

SCZ 161X 
SC2085T 

SC2082T 

SC 20 88 T 

SC2070P 

SCZO67P 

SCZO6lP 

CC0176T 

SPlOOOX 

SFUO2OT 

5C2141R 

SC2144R 

SCZ162X 
SC2086T 

SCZ083T 

X 2 0 8 9 T  

SC2071P 

jC2068P  

5CZO62P 

ZCO 177 T 

;PI OOlX 

Vone 

~~ ~~ 

O t h e r  Indication 
~ ~ 

PRESSURE- F U E L  
ind ica to r  
PRESSURE-OX 
ind ic a t  o r  

F U E L -  C E L L -  FLOW- 
H2 indicator  
F U E L  C E L L - € L O W -  
0 2  indicator  
pH HI event  ind 
MODULE TEMP-SKIN 
indicator  
MODULE TEMP-COND 
EXH indicator  
F / C  RAD T E M P  LOW 
event  indicator  
REG OUT PRESS HI- 
H2 even t  indicator  
REG OUT PRESS H1- 
0 2  event  indicator  
REG OUT PRESS HI- 
N2 event  indicator  

None 

None 

None 

F U E L  C E L L - F L O W -  
HZ ind ica to r  
F U E L  C E L L - F L O W -  
O2 indicator  
pH HI even t  ind 
MODULE TEMP-SKIN 
indicator  
MODULE TEMP-COND 
EXH indicator  
F I C  RAD T E M P  LOW 
event  indicator  
REG OUT PRESS HI- 
H2 event  indicator  
REG OUT PRESS H l -  
0 2  event  i nd ica to r  
REG OUT PRESS HI- 
N2 event  indicator  

None 

None 

UNBALANCE indica-  
:or ( f o r  o v e r  300 
.bs  only) 

- 
s/c 

Mode 

S I  M 

S/ M 

C I M  

S / M  

S I  .M 

S I M  

C / M  

si  M 

S/  M 

R e m a r k s  

Event  indicator  pH HI, 
€ / C  RAD T E M P  LO. 
H2 PRESS,  0 2  PRESS,  
and N2 PRESS a r e  
act ivated a t  l a m p  
t r i g g e r  va lues .  

O v e r c u r r e n t  condi- 
t ions dependent  upon 
t ime  and t emp .  

Event  i nd ica to r s  pH 
HI,  F / C  RAD T E M P  
LO,  HZ PRESS, 0 2  
PRESS, and N2 PRESS 
a r e  act ivated a t  l a m p  
t r igge r  va lues .  

3 v e r c u r r e n t  condition 
lependent upon t i m e  
tnd temp.  

-ight funct ional  only 
lur ing S P S  f i r ing .  

-- 
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S t a t u s  L i g h t  

MN BUS A 
UNDERVOLT 

MN BUS B 
UNDERVOLT 

C O z  PP HI 

AC BUS I 
F A I L  

AC BUS 2 
F A I L  

C A U T I  WARN 
F A I L  

0 2  F L O W  HI 

AC BUS 1 
OVERLOAD 

AC BUS 2 
OVERLOAD 

SM2A-03-SCO 12 
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S Y S T E M S  DATA 

L a m p  T r i g g e r  Value  

At 26.25*0. 1 vdc  

At 26.25*0. I v d c  

At 7 . 6  mm Hg 

1. At 9 5 i 3  vdc  
2 .  At 130+2 v d c  

1 .  At 95*3 v d c  
2 .  At 130i2 vdc  

1 .  At + 1 1 . 7  v d c  o r  - 1 1 . 7  v d c  
2.  At t 1 3 . 9  v d c  o r  -13 .9  v d c  

At 1 . 0  l b l h r  

1 .  30 a t  9 a m p / 0  f o r  1 5 i 5  s e c  
2 .  10 a t  I 1  a m p  f o r  5 i l  s e c  

I .  30 a t  9 a m p / @  f o r  15+5 s e c  
2 .  I 0  a t  11 a m p  f o r  5 i 1  s e c  

T L M  
Code  No .  

CG0206V 

c GO 207 v 

C F O O O  5 P 

CGOZOOV 
c G o 2 0 1 v  
c G o 2 0 2 v  

CCO203V 
CC0204V 
C C0205V 

None 

None 

None 

None 

O t h e r  Indica t ion  

DC V O L T S  m e t e r  

DC V O L T S  m e t e r  

P A R T  P R E S S  CO2 
i n d i c a t o r  

AC VOLTS m e t e r  

AC VOLTS m e t e r  

M A S T E R  A L A R M  
l i g h t s  ( 3 )  

F L O W  0 2  i n d i c a t o r  

AC VOLTS m e t e r  

AC VOLTS m e t e r  

S I  c 
Mode 

C I M  

C I M  

C I M  

C I M  

C I M  

C I M  

C I M  

C / M  

c 1 M 

R e m a r k s  

A l a r m  tone  i n o p e r a t l v e .  

O v e r l o a d  d i s c o n n e c t s  
i n v e r t e r  f r o m  bus .  

O v e r l o a d  d i s c o n n r c  Is 
i n v e r t e r  f r o m  b u s .  

- 
CAUTION AND WARNING SYSTEM 
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2 .  10.6 TELEMETRY MEASUREMENTS 

The following i s  a complete  l i s t  of a l l  C&WS te l eme t ry  data  that i s  
The l a s t  monitored by  flight con t ro l l e r s  and ground support personnel .  

column contains  the n a m e  and ty-pe of S / C  c r e w  display. 
u t i l i zes  the s a m e  pickoff o r  s ignal  sou rce  a s  t e l eme t ry ,  un less  a s epa ra t e  
m e a s u r e m e n t  number  i s  included in the display column. 

The display 

I Descript ion I Sensor  Range I Crew Display 
Measurement  

Numb e r 

Mas te r  caution-warning on Off/on event MASTER ALARM lights I I c s o 1 5 o x  I 

CAUTION AND WARNING SYSTEM 
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SECTION 2 

SUBSECTION 2.11 

MISCELLANEOUS SYSTEMS DATA 

2 .11 .1  INTRODUCTION. 

Miscellaneous sys t ems  da ta  per ta ins  to i t ems  that  were  not covered in 
a previous sys tem.  These i t e m s  cons is t  of c locks,  t i m e r s ;  acce le romete r s  
(G-mete r ) ,  i n t e r io r  lighting, etc. 

2 .11 .2  CLOCKS. 

Two clocks and two clock-like event t i m e r s ,  all mechanical ,  a r e  
provided f o r  the c r e w  i n  the command module. 
(MDC-12), used in  monitoring mis s ion  elapsed t ime,  is i l luminated by 
floodlights. The GMT 24-hour clock and two 10-hour event t i m e r s  a r e  
located on panel 306 in  the LH forward  equipment bay and lighted by in tegra l  
bulbs control led by the CLOCKS-BRT/OFF/DIM switch on LEB 100. 
fu r the r  information,  refer to sect ion 4. 

The 400-hour clock 

F o r  

2 . 1 1 . 3  DIGITAL EVENT TIMERS. 

The digital event t i m e r s  provide the c r e w  with a means  of monitoring 
and timing events. 
located on MDC- 11. 
occu r s ,  and the t i m e r  located on MDC-5 will be r e s e t  i f  an  abor t  is auto- 
mat ical ly  o r  manually initiated. F o r  fu r the r  information,  r e fe r  to 
sect ion 3. 

One event t i m e r  is located on MDC-5 the o ther  is 
The event t i m e r s  start automatically when lift-off 

2 .  11. 4 ACCELEROMETER (G-ME TER).  

The acce le romete r  o r  G-mete r  (MDC-2), provides  the c r e w  with a 
visual  indication of spacecraf t  positive and negative G-loads. 
is i l luminat-d by floodlights controlled by the LH area control  panel 
(MDC-26). F o r  detai led information on the acce le romete r  (G-mete r ) ,  r e f e r  
to sect ion 4. 

This m e t e r  

2 .11 .5  COMMAND MODULE INTERIOR LIGHTING, 

The in t e r io r  lighting provides  light for  the main display console and 
LEB panels in  the command module. 

MISCELLANEOUS SYSTEMS DATA 
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2. 11.5.  1 Functional Description. 

The in t e r io r  lighting equipment cons is t s  of eight floodlight f ixture  
a s sembl i e s  and t h r e e  control  panels. Each f ixture  a s sembly  contains two 
f luorescent  l amps  (one p r i m a r y  and one secondary)  and a conver te r .  The 
in t e r io r  lighting is powered by 28 volts d c  f r o m  main  buses  A and B for  
redundancy ( f igure  2. 11-1). This  a s s u r e s  a power sou rce  for  l ights  i n  a l l  
a r e a s  in  the event that e i ther  bus fails. 
f ixture  converts  28 volts dc to a - c  power to opera te  the f luorescent  lamps .  
The floodlights a r e  used to light t h ree  a r e a s :  
( lef t  and r ight  a r e a s )  and the LEB a rea .  
on the le f t  and control  panel (MDC-23) is located on the right of the main 
display console ( f igure 2. 11-2). The th i rd  control  panel is located in  the 
lower  equipment bay a r e a  on LEB-100. 
around the in t e r io r  of the command module. 

The conver te r  in  each  floodlight 

the ma in  display console 
Control panel (MDC-26) is located 

The floodlight f ixtures  a r e  located 
(See f igure  2. 11-2.)  

2. 11. 6 

2. 11. 6. 1 

Each  control  panel has  a p r i m a r y  and secondary control  for  the flood- 
l ights  in  its respec t ive  a rea .  
t ro l s  br ightness  of the p r i m a r y  floodlights. 
ON-OFF switch for  the secondary floodlights and is turned to ON when 
additional br ightness  is des i red .  
MDC-25. The operat ional  u se ,  o r  br ightness  level  of the floodlights 
depends on two fac tors :  the g- level  and the t a sk  being per formed.  
floodlights should be turned up bright during ascent  and en t ry .  
l ights  will be adjusted a s  requi red  while i n  e a r t h  orbi t .  The FDAI (MDC-4) 
is lighted by in tegra l  bulbs which a r e  control led by the FDAI LTG switch on 
MDC-25 and FDAI BRIGHTNESS rheos ta t  on MDC-2. A switch is provided 
on the LEB floodlight control  panel to control lighting for  the clocks on 
LHFEB - 30 6. 

The p r i m a r y  control i s  a rheos ta t  that con- 
The secondary control is an 

The floodlight c i rcu i t  b r e a k e r s  a r e  on 

The 
The flood- 

COMMAND MODULE UPRIGHTING SYSTEM. 

The C / M  uprighting s y s t e m  is manually controlled and operated a f te r  
the C / M  h a s  a s sumed  a s table  inverted floating attitude. The s y s t e m  con- 
sists of t h ree  inflatable air bags, two re lays ,  t h ree  solenoid control  valves, 
two air c o m p r e s s o r s ,  control  switches,  and a i r  l ines .  The inflatable bags 
a r e  located in the C / M  forward  compar tment  and the a i r  c o m p r e s s o r s  a r e  
located in  the aft compartment .  The control switches and c i rcu i t  b r e a k e r s  
a r e  located in  the c r e w  compartment .  Switches 1 and 2 a r e  powered by the 
postlanding bus switch 3 and the c o m p r e s s o r s  a r e  powered by bat tery buses  
A and B. (See f igure  2 .  11-3. ) 

Functional Descr ipt ion.  

POSTLANDING - FLOAT BAG switch 1 controls  inflation of the a i r  
bag on + Y  ax is ,  switch 2 cont ro ls  inflation of the a i r  bag on the - Y  axis ,  
and switch 3 cont ro ls  inflation of the air bag on the + Z  axis of  the C/M. 
(See f igure 2.  11-3. ) Each bag is 43 inches in d i ame te r  and has  a capacity 
of approximately 24 cubic feet  when inflated. If the C / M  becomes  inverted 

_- 

MISCELLANEOUS SYSTEMS DATA 

page 2.11-2 Mission Bas ic  Date 12 Nov 1966 Change Date 



SM2A-03-SC012 

APOLLO OPERATIONS HANDBOOK 

SYSTEMS DATA 

I 

t 

Y 0 

x 
k 
3i 

k 
0 

MISCELLANEOUS SYSTEMS DATA 

M i s s i o n  B a s i c  Date  12 Nov 1966 Change  Da te  page 2.11-3  



SMZA- 03 -SCOl2 
A P O L L O  OPERATIONS HANDBOOK 

SYSTEMS DATA 

(LEE AREA CONTROL) 

I-LIGHTING-I 

- F L O O D S 1  

(MDC-26) 

(TYPICAL LH AREA AND RH AREA CONTROLS) 

SM-ZA-820A 

Figure  2 .  11 -2 .  C/M In te r ior  Lighting Configuration 
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POST LANDING-VENT FAN-PL > FLOAT BAG 3 
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CONTROL VALVE N O .  3 
+Z BAG 

BATTERY 
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(RHEB- 205) 

COMPRESSOR = 
NO. 2 

F i g u r e  2. 11 -3 .  C / M  Upr igh t ing  S y s t e m  E l e c t r i c a l  S c h e m a t i c  
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after landing, the  c rewmember  a t  s ta t ion 1 ini t ia tes  filling of the th ree  bags 
by set t ing the POSTLANDING - FLOAT BAG switches 1. 2, and 3 to FILL.  
When the C / M  is uprighted, the th ree  FLOAT BAG switches will be s e t  to 
OFF.  
Backup relief valves  s e t  at 13. 5 ps i  a r e  located i n  the outlet of each  
comp re s so r. 

A 4.25*0. 25 psi re l ie f  valve is  located in  the inlet  of each  bag. 
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SECTION 3 

CONTROLS AND DISPLAYS 

INTR ODU C T ION 

This  sect ion identifies each  control and display in the command module 
and l i s t s  panel location, i t em nomenclature ,  positions and re la ted  
functions, power sou rce ,  ' t e lemet ry  measu remen t  number ,  and assoc ia ted  
explanatory data. Controls  and displays a r e  presented  in a tabulated list 
in numer ica l  o r d e r  by panel number .  Panel  numbers  a r e  those appearing 
on the main  display console drawing and the lower equipment bay drawing 
in f igure 3-1. (The command module itself does  not incorpora te  numbers  
on the panels . )  
data  presented  in the tabulated l i s t .  

The following is a detailed explanation of the co lumnar  

Location 

Name and Position 

Function 

Ci rcu i t  Breake r  

Power  Source 

Te leme t ry  Code No. and 
Identity 

Gives the location of a par t icu lar  control  o r  
display by panel number  o r  o ther  descr ip t ive  
information such a s  "LH couch a r m r e s t ,  
e tc .  ' I  

Gives the exac t  nomenclature  of a par t icu lar  
control  o r  display and the control  positions, 
a s  placarded on the panel. In the absence  of 
a p lacard ,  a functional name is ass igned  and 
the positions a r e  descr ibed  physically ("up, I t  

"down, " etc) .  

Descr ibes  the function of each  control  in each  
position. 

Gives the name and location of the c i rcu i t  
b r e a k e r ( s )  controlling the e l ec t r i ca l  power to 
each  control & display. 

Identifies and gives the rat ing of the immedi-  
a t e  bus o r  source  supplying power to a 
par t icu lar  control o r  display. 

Gives the measu remen t  numbers  for  t e l e -  
m e t r y  s ignals  which are used  to monitor  the 
per formance  of components, sys t ems ,  and 
subsys t ems ;  the s ta tus  of consumable i t ems ;  
and the proper  sequencing of c r i t i ca l  

-_ 
CONTROLS AND DISPLAYS 
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operat ions during a l l  phases  of the spacecraf t  
miss ion .  This  information i s  monitored a t  
MSFN stat ions for  spacecraf t  management  
f r o m  the ground by u s e  of voice o r  command 
links. Measurement  numbers  a r e  en tered  
only fo r  displayed measu remen t s .  
undisplayed measu remen t s  a r e  included in the 
t e l eme t ry  measu remen t s  table for  the 
appropr ia te  sys t em in sect ion 2 of this 
handbook. 

Those for  

The number cons is t s  of seven c h a r a c t e r s ;  
two l e t t e r s  followed by four numbers  and one 
letter. An example is a s  follows: 

9099 S 

Module code letter 

Funct ional  s y s t e m  code l e t t e r  

D i sc re t e  number 

Measuremen t  c lass i f icat ion 

I I 
a. The f i rs t  l e t t e r  designates  the module in which the measu remen t  

or iginates .  Module code l e t t e r s  a r e  a s  follows: 

A Adapter 
B Booster  ' 
C Command module 

L Launch escape  tower 
S Service  module 

b. The second le t te r  denotes  the sys t em inwhich the measu remen t  
or iginates .  Functional sys t em code l e t t e r s  a r e  a s  follows: 

A S t ruc tu res  J Life sys t ems  
C E lec t r i ca l  power K Fl ight  technology 
D Launch e scape  P Propuls ion 
E E a r t h  landing R Reaction control 
F Enviro'nmental control  S Crew safety 
G Guidance and navigation T Telecommunicat ions and 
H Stabilization and control  instrumentat ion 

c. C h a r a c t e r s  t h ree  through s ix  a r e  numera l s  compris ing a number 
which i s  ass igned  to a par t icu lar  measu remen t  point. 
l i s ted  sequentially o r  a r e  grouped for  c l a r i t y  within each  sys tem.  

These numbers  a r e  

CONTROLS AND DISPLAYS 
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d. The seventh l e t t e r  denotes  m e a s u r e m e n t  c lass i f icat ion.  Class i f i -  
cat ion code l e t t e r s  a r e  a s  follows: 

A Acce lera t ion  
B P h a s e  
C C u r r e n t  
D Vibrat ion 
E Power  
F Frequency  
G F o r c e  
H Pos i t ion  
J Biomedical  
K Radiation 
L Velcotiy 
M M a s s  

R e m a r k s  

N C a m e r a  
P P r e s s u r e  
Q Quantity 
R Rate  
S St ra in  
T T e m p e r a t u r e  
V Voltage 
W T ime  
X Disc re t e  event  
Y Acoust ical  
Z pH - acidi ty  

Contains additional da ta  and explanatory r e m a r k s ,  

CONTROLS/DISPLAYS LOCATOR INDEX. 

To aid in finding da ta  within th i s  sec t ion ,  a loca tor  index p recedes  
the tabulated l i s t .  
Under each  s y s t e m  i s  l i s ted ,  in  a lphabet ical  o r d e r ,  a l l  cont ro ls  and d i s -  
plays a s soc ia t ed  with the pa r t i cu la r  s y s t e m  with c r o s s  r e f e r e n c e  to  the 
panel  on  which the cont ro l  or disp lay  i s  located.  Where  items, such  a s  
c i r cu i t  b r e a k e r s ,  are a s soc ia t ed  with m o r e  than one s y s t e m ,  such  i t e m s  
are  repea ted  under  each  appl icable  sys t em.  
preceded  by a n  abbrevia ted  desc r ip to r  to a id  in  quickly de te rmining  the 
gene ra l  locat ion of each  item, as follows: 

The index i s  sub-divided into spacec ra f t  s y s t e m s .  

Each  panel  number  i s  

MDC 
LEB loxrer equipment bay (pane l s  100 t h ru  107, 1 2 0 ,  1 5 0 )  
LHEB 
L H F E B  
RHEB 
R H F E B  

main  display console  (pane l s  1 t h r u  26) 

lef t  hand equipment bay (pane ls  307 th ru  317 and 319) 
lef t  hand forward  equipment  bay (pane ls  300 thru  306 and 318) 
r ight  hand equipment  bay  (pane l s  201 th ru  2 0 6 )  
r ight  hand forward  equipment  bay (pane ls  200  and 207)  

The con t ro l s /d i sp l ays  loca tor  index i s  sub-divided a s  follows: 

Guidance and Navigation 
Stabi l izat ion and Control  
Se rv ice  P ropu l s ion  Sys t em 
React ion Control  
E lec t r i ca l  P o w e r  
Sequential  Sys t ems  (ELS, LES, 
T e le communicat ions 
Environmental  Control  

EDS, SECS) 

Page  
3 -5 
3-7 
3 -9 

3-11 
3-13 
3-17  
3-18 
3-20 
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Caution and Warning 
Mi s c e  llaneou s System s 
Scientific Experiments  

Page 
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Cont ro l /Disp lay  Name 

ACCEL FAIL 
ACTIVITY COMP 
AGC MODE 
AGC PWR FAIL 
A T T  CONT MODE 
ATTITUDE IMPULSE 
ATTITUDE IMPULSE ENABLE 
BRIGHTNESS 
CDU FAIL 
CDU MAN MODE 
CHECK CONDITION LAMPS 
CHECK COOLANT 
CHECKCOOLANT 
CHECK FAIL 
CHECK MODE LAMPS 
CLEAR 
COARS ALIGN MODE 
COMP FAIL 
COMPUTER 
CONDITION LAMP 
COUNTER FAIL 
DOOR LATCH 
DSK Y 
ENTER 
ENTRY MODE 
ERROR RESET 
FINE ALIGN MODE ’ 
GMBL LOCK 
G&N ACCEL FAIL 
G&N ERROR 
G&N VIEWER 
IMU-CDU DIFFERENCE 
IMU 
IMU DELAY 

B 

IMU FAIL 

IMU T E M P  
IMU HTR 

IMU T E M P  MODE GAIN IRIG 
I M U  T E M P  MODE GAIN PIPA 
IMU T E M P  MODE 
IMU T E M P  MODE ZERO 
INNER GIMBAL (PITCH) 
KEY RLSE 
KEY RLSE 
MANUAL ALIGN 
MARK 
MASTER ALARM 

GUDANCE AND NAVIGATION 

SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 

Type Panel Loca to r  

Lt L E B -  103 
Lt MDC14, LEB-106 
s w  LEB-107 
Lt MDC-10, LEB-103 
Lt LEB-  101 
Cont ro l  LEB-  105 
s w  L E B -  105 
Cont ro l  MDC-14, LEB-106 
Lt MDC-10, LEB-103 
Lt LEB-101 
s w  LEB-  105 
s w  L E B -  105 
Windows (2) LEB-105  
Lt L E B -  106 
s w  LEB-105 
s w  MDC- 14, L E B -  106 
Lt LEB-101 
Lt MDC-14 
CB (2) MDC-22 
s w  L E B -  105 
Lt LEB-106 
Control  LEB-105 
Keys  MDC-14, LEB-106 
s w  MDC-14, LEB-106 
Lt LEB-101 
s w  MDC-14, LEB-106 
Lt LEB-101 
Lt MDC-10, LEB-103 
Lt MDC-10 
Lt MDC-10 
s w  MDC - 22 
Ind L E B -  101 
C B  (2) MDC - 22 
Lt LEB-103 
Lt MDC-IO, LEB-103  
C B  (2 )  MDC-22 
Lt MDC-10, LEB-103 
s w  LEB-105 
s w  LEB-105 

LEB-  105 
s w  L E B -  105 
Ind L E B -  102 
Lt MDC- 14, LEB-  106 
s w  MDC- 14, LEB-  106 

LEB- 101 Lt 
s w  LEB-105 
Lt MDC-3, LEB-103  

Mode sw 

SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 
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Control /Display Name 

MIDDLE GIMBAL (YAW) 
-(minus s ign  switch) 
NOUN 
NOUN 
OPTICS 
OPTICS CONTROLLER MODE 
OPTICS CONTROLLER SPEED 
Optics hand cont ro l le r  (no p lacard)  
OPTICS HOLD 
OPTICS 
OPTICS SLAVE TELESCOPE 
OUTER GIMBAL (ROLL) 
PANEL BRIGHTNESS 
PARITY FAIL 
PGNS 
+ (plus s ign switch) 
PROG ALM 
PROGRAM 
REGISTER 1 
REGISTER 2 
REGISTER 3 
R U P T  LOCK 
Sextant (not p lacarded)  
SCALER FAIL 
SHAFT ANGLE 
SHAFT 
Telescope  (not placarded)  , 
T C  TRAP 
TM FAIL 
TRANSFER 
TRUNNION ANGLE 
TRUNNION 
U P T E L A C C E P T B L O C K  
VERB 
VERB 
VIEWER 
ZERO ENCODE MODE 
ZERO ENCODER 
2X TRUNNION 

Ind 
s w  
s w  
End 
CB (2)  
s w  
sw 
Control 
S W  

Mode sw 
s w  
Ind 
C ont r ol 
Lt 
Lt 
s w  
Lt 
Ind 
Ind 
Ind 
Ind 
Lt 
SXT 
Lt 
Ind 
Manual dr ive  
SC T 
Lt 
Lt 
S W  
Ind 
Manual dr ive  
SW 
Ind 
SW 
CB (2 )  
Lt 
Lt 
Ind 

Panel  Loca tor  

LEB-  102 
MDC- 14, LEB-  106 
MDC-14, LEB-106 
MDC-14, LEB-106 
MDC-22 
LEB-105 
LEB-  105 
LEB-105 
LEB-  105 
LEB-105 
LEB-  105 
LEB-102 
LEB-  105 
LEB-106 
LEB-  103 
MDC-14, LEB-106 
LEB- 106 
MDC-14, LEB-106 
MDC-14, LEB-106 
MDC- 14, LEB-  106 
MDC-14, LEB-106 
L E B  - 106 
LEB-  104 
LEB-106 
LEB-102, LEB-104 
LEB- 104 
LEB- 104 
LEB-  106 
LEB-106 
LEB-101 
LEB-104 
LEB- 104 
MDC-14 
MDC-14, LEB-106 
MDC-14, LEB-106 
MDC-22 
LEB-  101 
LEB-103 
LEB-  102 

-_-- 
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Control /Display Name I P a n e l  Loca to r  Type 

AGAP T E M P  
ATTDEADBAND 
A T T  S E T  

ATTLTUDE /MONITOR/ENTRY 
ATTITUDE IMPULSE-ENABLE 

ATTITUDE SET-ROLL, PITCH, YAW 
ATTITUDE SET-ROLL,  PITCH, YAW 
BMAG POWER 
C/W-NORMAL/BOOST/ACK 
CAUT/WARN-MNA, MNB 
CAUTION /WARNING -MODE 
DLRECT RCS 
DIRECT ULLAGE 
FCSM AUTO/OVERRJ.DE 
FCSM ON/RESET 
FDAI 
FDAI ALIGN 
FDAI BRIGHTNESS 
FDAI LTG 
FDAI S E L F  TEST 
.05G ENTRY 
GIMBAL POSITION 
G&N/SCS 
G&N SYNC 
L C L  VERT 
LIMIT CYCLE 
MASTER EVENT SEQ CONT-A LOGIC B- 

BAT A, BAT B 
NORMAL/OFF/DIRECT ON 
PARTIAL SCS POWER 
RATE GYRO POWER 
RATE GYRO-ROLL, PITCH, YAW 
REACTION CONTROL SYS-TRANS 
Rotat ional  Con t ro l l e r s  (not p lacarded)  

ROTATION CONTROL POWER 
SCS CHANNEL-A&C ROLL, B&D ROLL,  

PITCH, YAW 
STABILIZATION & CONTROL SYSTEM- 

A & C  ROLL-MNA, MNB 
B&D ROLL-MNA, MNB 
DIRECT CONT-MNA, MNB 
GROUP 1-AC1, AC2 
GROUP 1-MNA, MNB 
GROUP 2-ACl ,  AC2 
GROUP 2-MNA, MNB 

- 
STABILIZATION AND CONTROL SYSTEM- 

~ 

W a r n  I t  
sw 
s w  
s w  
s w  
Thumbwheel (3) 
k.ld (3) 
s w  
s w  
CB ( 2 )  
s w  
s w  
s w  
s w  
s w  
Ind 
s w  
Contro l  
s w  
sw 
s w  
Ind 
SW' 
s w  
s w  
s w  
CB ( 2 )  

s w  
s w  
s w  
s w  (3)  
s w  
Contro ls  (2) 

s w  

s w  (4) 

CB (18) 

MDC-10 
MDC-8 
MDC - 6 
LEB-105  
MDC-8 
MDC-6 
MDC-6 
MDC-24 
MDC-13 
MDC -2 5 
MDC- 11  
MDC-8 
MDC-7 
MDC-2 
MDC-2 
MDC-4 
MDC-6 
MDC-2 
MDC-25 
MDC-2 
MDC - 8 
MDC-6 
MDC-8 
MDC-25 
MDC-8 
MDC-8 
MDC-22 

MDC-7 
MDC-24 
MDC-24 
MDC-8 
MDC- 16 
LH couch, RH a r m -  
r e s t ,  RH couch, 
LH a r m r e s t  
- 24 
MDC-8 

MDC-25 

;ONTROLS/DISPLAYS LOCATOR INDEX 

Miss ion  Bas i c  Date  12 NOV 1966 Change Date P a g e  3 - 7  
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STABILIZATION AND CONTROL SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 

Control/Display Name 

THRUST ON 
Translational Controllers (not placarded) 

TVC 1 POWER 
TVG 2 POWER 
AV 
AV REMAINING 
AV SET 
YAW, PITCH 

, 

s w  
Control (2)  

s w  
s w  
s w  
Ind 
s w  
Thumbwheel (2)  

.Panel Locator 

MDC-7 
LH couch, 
LH a r m r e s t  
MDC-24 
MDC-24 
MDC-8 
MDC-7 
MDC-7 
MDC-6 

STABILIZATION AND CONTROL SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 

Miss ion B a s i c  Date 12 Nov 1966 Change Date Page 3-8  
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SERVICE PROPULSION SYSTEM- CONTROLS/DISPLAYS LOCATOR INDEX 

Control  /Display Name 

ABORT SYSTEM-TWR J E T T  SPS  MODE-A (B 
two 

CAUT/ WARN-MNA (MNB) 
AV 
AV REMAINING 
AV S E T  
DIRECT ULLAGE 
FCSM-G&N 
FCSM-SCS 
G&N/SCS 
GIMBAL POSITION- PITCH 
GIMBAL POSITION- PITCH 
GIMBAL POSITION- YA W 
GIMBAL POSITION-YAW 
He TANK-PRESS 
He TANK-TEMP 
INSTRUMENTS-ESS-MNA (MNB) 
L / V  AOA/SPS P, 
L / V  AOA/SPS P, 

BAT A (BAT B) 
MASTER EVENT SEQ CONT-A LOGIC B- 

NORMAL/OFF/DIRECT ON (Thrus t )  
OXID FLOW 
OXID FLOW-DECREASE 
OXID FLOW-INCREASE 
2 ITCH GMBL DR FAIL 
PRESSURE-ENG INLET-FUEL 
PRESSURE-ENG INLET-OX 
PRESSURE- F U E L  
PRESSURE- OX 
QUANTITY -FUEL 
QUANTITY -0XID 
SENSOR 
SERVICE PROPULSION SYSTEM- 

GAUGING-AC1 (AC2) 
GAUGING-MNA (MNB) 
GIMBAL MOTOR CONTROL - 1  PITCH 

-BAT A (PITCH 2-BAT B) 
GlMBAL MOTOR CONTROL -1 YAW 

-BAT A (YAW 2-BAT B) 
He VALVE-MNA (MNB) 

SPS ENGINE INJECT VALVE -1 (2, 3, 4) 
SPS GAUGING 
SPS  HELIUM (left  hand and r igh t  hand) 
S P S  HELIUM (left  hand and r igh t  hand) 
SPS-INJECT PRE-VALVES-A (B) 
SPS-GIMBAL MOTORS - 1  PITCH (PITCH 2)  

s w  

CB ( 2 )  
s w  
s w  
s w  
s w  
s w  
s w  
s w  
Ind 
Thumbwheel 
Ind 
Thumbwheel 
Ind 
Ind 
CB ( 2 )  
Ind 
s w  
CB (2 )  

s w  
s w  
Ind 
Ind 
Status  I t s  
Ind 
Ind 
Ind 
Ind 
Display 
Display 
s w  

Pane l  Loca to r  

MDC-16 

MDC-25 
MDC-8 
MDC-7 
MDC-7 
MDC-7 
MDC-2 
MDC-2 
MDC-8 
MDC-6 
MDC-6 
MDC-6 
MDC-6 
MDC-20 
MDC-20 
MDC-22 
MDC-3 
MDC-3 
MDC-22 

MDC- 7 
MDC-20 
MDC-20 
MDC-20 
MDC-11 
MDC-20 
MDC-20 
MDC-20 
MDC-20 
MDC-20 
MDC-20 
MDC-20 

MDC-25 
MDC-25 

MDC-25 

MDC-25 
MDC-25 
MDC-20 
MDC-25 
MDC-20 
MDC-20 
MDC-3 
MDC-3 

SERVICE PROPULSION SYSTEM- CONTROLS/DISPLAYS LOCATOR INDEX 
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APOLLO OPERATIONS HANDBOOK 

SERVICE PROPULSION SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 

Cont ro l /Disp lay  Name 
~ ~ 

SPS-GIMBAL MOTORS -1 YAW (YAW 2) 
SPS LINE HTR 
SPS PRESS 
SPS P U  SNSR FAIL  
SPS ROUGH E C O  
SPS TANK PRESS 
STABILIZATION & CONTROL SYSTEM 

-DIRECT CONT-MNA (MNB) 
- 1  GROUP-AC 1 (GROUP 2-AC 2 )  
- 1 GROUP-MNA (GROUP 2-MNB) 

TELECOMMUNICATIONS-GROUP 5 
TEST/AUTO/TEST (propel lan t  quant i ty)  
THRUST ON 

UNBALANCE 
VALVE 

TK PRESS-N2 

s w  (2) 
s w  
Status I t s  
S ta tus  I t s  
Status I t s  
sw 

Panel Loca to r  
~ ~~ 

MDC-3 
MDC-19 
MDC- 11 
MDC- 11 
MDC-10 
MDC-20 

MDC-25 
MDC -25 
MDC-25 
MDC-22 
MDC-20 
MDC-7 
MDC-20 
MDC-20 
MDC-20 

-- 

SERVICE PROPULSION SYSTEM- CONTROLS/DISPLAYS LOCATOR INDEX 
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APOLLO OPERATIONS HANDBOOK 

I 
~~~ 

Pane l  Loca tor  

REACTION CONTROL SYSTEM- CONTROLS/DISPLAYS LOCATOR INDEX 

Control /  Display Name 

ABORT SYSTEM-OX DUMP 
CM P R O P  JETT-DUMP 
CM P R O P  JETT-LOGIC 

C / M  RCS 
C / M  RCS A 
C / M  RCS B 
C / M  RCS HTRS 
C / M  RCS PRESS F 
C / M  RCS T E M P  He 
C / M  RCS PRESS OX 
C / M  RCS PRPLNT-A 

CM P R O P  JETT-PURGE 

C / M  RCS PRPLNT-A 
C / M  RCS PRPLNT-B 
C / M  RCS PRPLNT-B 
C / M  RCS T E M P  He 
C/M-S/  M-SEP-A ( B )  
DIRECT RCS 

MASTER EVENT SEQ CONT 
INSTRUMENTS- ESS-MNA (MNB) 

-A ARM B-BAT A (BAT B )  
-A LOGIC B-BAT A (BAT B )  

PROPELLANT QUANTITY- F U E L  (bot tom 
window ) 

( top window) 
PROPELLANT QUANTITY - OXIDIZ E R  

PYRO A-RCS F U E L  DUMP 
PYRO B-RCS F U E L  DUMP 
RCS HEATERS-A MNB 

RCS HEATERS-C MNB 
RCS HEATERS-D MNA 
RCS INDICATORS s e l e c t o r  

RCS HEATERS-B MNA 

C / M  sec t ion  
S / M  sec t ion  

REACTION CONTROL SYS-CMD 
REACTION CONTROL SYS-C/M PRESS 
REACTION CONTROL SYS-TRANS 
REACTION CONTROL SYSTEM 

-C/M-S/M TRANSFER-MNA (MNB) 
-GAUGING-MNA (MNB) 
- P R O P  ISOL-MNA (MNB) 

S / M  RCS-A (B ,  Cy D)-HELIUM 1 
S / M  RCS-A (B ,  Cy D)-HELIUM 1 
S / M  RCS-A ( B ,  Cy D)-HELIUM 2 
S / M  RCS-A (B, c, D)-HELIUM 2 
S / M  RCS PRESS He 

s w  
s w  
s w  
s w  
s w  
Status  Its  
Status  I t s  
s w  
Ind 
Ind 
Ind 
s w  
Event ind 
s w  
Event ind 
Ind 
s w  ( 2 )  
s w  
CB (2 )  

Digital  ind 

CB 
CB 
CB 
CB 
CB 
CB 

s w  
s w  
s w  
s w  
s w  

MDC- 16 
MDC-8 
MDC-8 
MDC-8 
MDC-26 
MDC- 10 
MDC- 10 
RHFEB-200 
MDC- 12 
MDC-12 
MDC- 12 
MDC- 15 
MDC- 15 
MDC- 15 
MDC- 15 
MDC-12 
MDC-15 
MDC-8 
MDC-22 

MDC-22 

MDC- 12 
MDC-22 

MDC-12 

LEB-150 
LEB-150 
MDC-21 
MDC-21 
MDC-21 
MDC-21 

MDC-12 
MDC-12 

MDC- 16 
MDC- 16 

MDC- 16 

MDC-25 
MDC- 25 
MDC- 25 
MDC- 15 
MDC-15 
MDC- 15 
MDC-15 
MDC-12 

- 
REACTION c ONT ROL S YST EM- CONTROLS / DISPLA YS LOCATOR INDEX 
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REACTION CONTROL SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 

Control /  Display N a m e  

S / M  RCS PRESS MANF 
S / M  RCS-A (B,  C, D)-PROPELLANT 

S / M  RCS T E M P  PKG 
S / M  RCS A 
S / M  RCS B 
S / M  RCS C 
S / M  RCS D 

S / M  RCS-A (B,  C, D)-PROPELLANT 

Ind 
Event ind ( 4 )  
s w  (4)  
Ind 
Status  Its 
Status Its 
Status  Its 
Status Its 

Panel  Locator  

MDC-12 
MDC- 15 
MDC- 15 
MDC-12 
MDC-10 
MDC- 10 

MDC- 10 
MDC-10 

REACTION CONTROL SYSTEM-CONTROLS/DEPLAYS LOCATOR INDEX 
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SM2A-03 -SC012 
APOLLO OPERATIONS HANDBOOK 

ELECTRICAL POWER SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX - .  

Control /  Display Name 

A C  BUS 1 FAIL 
AC BUS 2 FAIL 
AC BUS 1 OVERLOAD 
AC BUS 2 OVERLOAD 
AC INDICATORS 
AC INVERTER-AC BUS 1-RESET 
AC INVERTER-AC BUS 2-RESET 
AC INVERTER-1 
AC INVERTER- 1 -AC BUS 1 
AC INVERTER-1-AC BUS 2 
AC INVERTER-2 
AC INVERTER-2-AC BUS 1 
AC INVERTER-2-AC BUS 2 
AC INVERTER-3 
AC INVERTER-3-AC BUS 1 
AC INVERTER-3-AC BUS 2 
AC SNSR SIC-AC1 
AC SNSR SIC-AC2 
AC VOLTS 
BAT A PWR-ENTRY 
BAT B PWR-ENTRY 
BAT CHGR 

BAT C PWR-POSTLANDING ENTRY 
B A T C H G R - B A T C  

BAT RLY BUS-BAT A 
BAT R L Y  BUS-BAT B 
BATTERY CHARGER 
BATTERY CHARGER-AC PWR 
BATTERYCHARGER-BATACHGE 

BATTERY CHARGER-MNA 

CRYOGENIC SYSTEM-QTY AMPL-AC 1-PC 

BATTERY CHARGER-BAT B CHGE 

BATTERY CHARGER- MNB 

CRYOGENIC SYSTEM-QTY AMPL-AC 2-0C 
CRYOGENIC SYSTEM-TANK HEATERS-H2 
CRYOGENIC SYSTEM- TANK HEATERS -0 2 
CRYOGENIC TANK FAN MOTORS-AC 1-PA 
CRYOGENIC TANK FAN MOTORS-AC 1-PB 
CRYOGENIC TANK FAN MOTORS-AC 1-PC 
CRYOGENIC TANK FAN MOTORS-AC 2-PA 
CRYOGENIC TANK FAN MOTORS-AC 2-PB 
CRYOGENIC TANK FAN MOTOkS-AC 2-PC 
DC AMPS 
DC INDICATORS 
DC SNSR SIC-MNA 
DC SNSR SIC-MNB 
DC VOLTS 

Lt  
Lt 
Lt 
Lt 
s w  
s w  
s w  
s w  
s w  
s w  
s w  
s w  
sw 
s w  
s w  
s w  
CB 
CB 
Meter  
CB 
CB 
s w  
CB 
CB 
CB 
CB 
s w  
CB 
CB 
CB 
CB 
CB 
CB 
CB 
CB 
CB 
CB 
CB 
CB 
CB 
CB 
CB 
Meter  
s w  
CB 
CB 
Meter  

Pane l  Loca tor  

MDC- 11 
MDC- 11 
MDC- 11 
MDC- 11 
MDC- 18 
MDC- 18 
MDC- 18 
MDC- 18 
MDC- 18 
MDC - 18 

MDC- 18 
MDC- 18 
MDC- 18 

MDC- 18 

MDC- 18 
MDC- 18 
MDC- 25 
MDC - 25 

LEB-150 
LEB-150 
MDC- 22 
LEB-150 

MDC-22 
MDC-22 

MDC- 18 

LEB-  150 

MDC- 18 
MDC- 22 
MDC- 22 
MDC- 22 
MDC-22 
MDC- 22 
MDC-22 
MDC-22 
MDC-22 
MDC-22 

MDC-22 
MDC- 22 
MDC-22 
MDC- 22 
MDC-22 

MDC- 18 
MDC-22 
MDC-22 
MDC- 18 

MDC-22 

MDC- 18 

- 
ELECTRICAL POWER SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 
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ELECTRICAL POWER SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 

Control /Display Name 

DC VOLTS (auxi l iary)  
F /C-BUS DISCONNECT 
F / C  RAD T E M P  LOW 
F / C  VALVES 
F / C  1 
F / G  2 
F / C  3 
FREQUENCY 
FUEL CELL-FLOW -H2 
F U E L C E L L - F L O W - 0 2  
F U E L  C E L L  INDICATORS 
F U E L  CELL-MAIN BUS A-RESET 
F U E L  CELL-MAIN BUS B-RESET 
F U E L  CELL-MODULE TEMP-COND EXH 
F U E L  CELL-MODULE TEMP-SKIN 
F U E L  C E L L  1-BUS CONT 
FUEL C E L L  1-CIR & SEP MOTORS 
F U E L  C E L L  1-H2&02 VALVE 
F U E L  C E L L  1-PURGE 
FUEL CELL-  1-MAIN BUS A 
F U E L  CELL-1-MAIN BUS A 
F U E L  CELL-1-MAIN BUS B 
F U E L  CELL-1-MAIN BUS B 
FUEL CELL-1 purge  
F U E L  CELL-  1-REACTANTS 
F U E L  CELL-  1-REACTANTS 
F U E L  C E L L  2-BUS CONT 
F U E L  C E L L  2-CIR & SEP MOTORS 
F U E L  C E L L  2-H2&02 VAhVE 
F U E L  C E L L  2-PURGE 
F U E L  CELL-2-MAIN BUS A 
F U E L  CELL-2-MAIN BUS A 
FUEL CELL-2-MAIN BUS B 

FUEL CELL-  2 purge  
FUEL CELL-2-MAIN BUS B 

FUEL CELL-  2-REACTANTS 
FUEL CELL-2-REACTANTS 
FUEL C E L L  3-BUS CONT 
F U E L  C E L L  3-CIR & SEP MOTORS 
F U E L  C E L L  3-H2&02 VALVE 
F U E L  C E L L  3-PURGE 
FUEL CELL-3-MAIN BUS A 
FUEL CELL-3-MAIN BUS A 
F U E L  CELL-3-MAIN BUS B 
FUEL CELL-3-MAIN BUS B 
F U E L  CELL-3 purge 
FUEL CELL-  3 -REACTANTS 
F U E L  CELL-3-REACTANTS 

Mete r  
L t  
Ind 
s w  
Lt 
Lt 
Lt 
Meter  
Ind 
Ind 
s w  
s w  
s w  
Ind 
Ind 
CB 
CB 
CB 
CB 
Ind 
s w  
Ind 
s w  
s w  
Ind 
s w  
CB 
CB 
CB 
CB 
Ind 
s w  
Ind 
s w  
s w  
Ind 
sw 
CB 
CB 
CB 
CB 
Ind 
s w  
Ind 
s w  
s w  
Ind 
s w  

Panel  Locator  

RHFEB-200 
MDC- 11 
MDC- 18 
MDC-19 
MDC- 11 

MDC- 11 
MDC- 18 
MDC- 18 
MDC- 18 

MDC- 18 
MDC- 18 

MDC- 18 

MDC-22 

MDC-22 
MDC- 18 

MDC- 11 

MDC- 18 

MDC- 18 

MDC-22 

MDC-22 

MDC- 18 
MDC- 18 
MDC- 18 
MDC- 18 

MDC- 18 
MDC-22 
MDC - 22 

MDC-22 

MDC- 18 

MDC- 18 
MDC-18 

MDC- 18 
MDC-22 
MDC-22 
MDC-22 
MDC - 22 
MDC-18 

MDC- 18 
MDC- 18 
MDC- 18 
MDC- 18 

MDC-18 

MDC - 22 

MDC- 18 

MDC- 18 

MDC- 18 

MDC- 18 

MDC- 18 

ELECTRICAL POWER SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 
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ELECTRICAL POWER SYSTEM- CONTROLS/ DISPLA YS LOCATOR INDEX 

Control /  Dis play Name 

F U E L  C E L L  PUMP-1 
F U E L  C E L L  PUMP-2 
F U E L  C E L L  PUMP-3 
FUNCTION SELECT 
H2 FANS-1 
H2 FANS-2 
H2 HEATERS- 1 
H2 HEATERS-2 
H2 PRESS 
INVERTER CONTROL- 1 
INVERTER CONTROL- 2 
INVERTER CONTROL-3 

INVERTER PWR-NO. 2 MNB 
INVERTER PWR-NO. 1 MNA 

INVERTER PWR-NO. 3 MNA 
INVERTER PWR-NO. 3 MNB 
INV 1 TEMP HI 
INV 2 T E M P  HI 
INV 3 T E M P  HI 

MAIN A-BAT C 
U I N  A-BAT BUS A 

MAIN B-BAT BUS B 
MAIN B-BAT C 
MAIN BUS TIE-BAT A&C 
MAIN BUS TIE-BAT B&C 
MN BUS A UNDERVOLT 
MN BUS B UNDERVOLT 
NON ESS BUS 
0 2  FANS-1 
0 2  FANS-2 
0 2  HEATERS-1 
0 2  HEATERS-2 
0 2  PRESS 
pH HI 

POST LDG-BAT BUS B 
POST LDG-BAT C 
POST LDG-MAIN A 
POST LDG-MAIN B 

POST LDG-BAT BUS A 

REG OUT PRESS HI-H2 
REG OUT PRESS HI-NZ 
REG OUT PRESS HI-02 
SNSR UNIT-AC BUS-1 
SNSR UNIT-AC BUS-2 
SNSR UNIT-DC BUS-A 
SNSR UNIT-DC BUS-B 

s w  
s w  
s w  
s w  
s w  
s w  
s w  
s w  
Lt 
CB 
CB 
CB 
CB 
CB 
CB 
CB 
Lt  
Lt 
L T  
CB 
CB 
CB 
CB 
s w  
s w  
Lt 
Lt 
s w  
s w  
s w  
s w  
sw 
Lt 
Ind 
CB 
CB 
CB 
CB 
CB 
Ind 
Ind 
Ind 
CB 
CB 
CB 
CB 

Panel  Loca tor  

MDC-22 
MDC-22 
MDC-22 
RHFEB-200 
MDC- 13 
MDC- 13 

MDC- 13 

MDC-22 
MDC-22 
MDC-22 

MDC-13 

MDC-10 

RHEB -203 
RHEB- 203 
RHEB -203 
RHEB - 203 
MDC- 11 
MDC- 11 
MDC- 11 
RHEB - 20 3 
RHEB -203 
RHEB -203 
RHEB - 20 3 
MDC-22 
MDC-22 
MDC- 11 
MDC- 11 
MDC - 22 
MDC- 13 
MDC-13 
MDC- 13 
MDC- 13 
MDC- 10 
MDC- 18 
RHEB - 2 0  3 
R HEB - 2 0 3  
RHEB -203 
RHEB -203 
RHEB-203 
MDC- 18 
MDC- 18 
MDC- 18 
MDC-21 
MDC-21 
MDC-21 
MDC-21 

ELECTRICAL POWER SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 
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ELECTRZCAL POWER SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 

C o n t r o l / D i s p l a y  N a m e  

TANK PRESSURE-H2- 1 
TANK PRESSURE-H2-2 
TANK PRESSURE-02-  1 
TANK PRESSURE-02-2  
TANK QUANTITY-H2-1 
TANK QUANTITY-H2-2 
TANK QUANTITY-02-  1 
TANK QUANTITY- 0 2 -  2 
TEST SELECT 
H2 PURGE LINE H T R  
INV. PHASE LOCK 

Ind 
Ind 
Ind 
Ind 
Ind 
Ind 
Ind 
Ind 
s w  
s w  
s w  

P a n e l  L o c a t o r  

MDC- 13 
MDC- 13 
MDC- 13 
MDC-13 
MDC-13 
MDC- 13 
MDC-13 
MDC- 13 
RHFEB-200 
MDC-15 
RHEB 208 

E L E C T R I C A L  P O W E R  SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 
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SEQUENTIAL SYSTEMS- CONTROLS/ DISPLAYS LOCATOR INDEX 

Cont ro l /Disp lay  Name 

ABORT 

ABORT SYSTEiM-L/V RATES 
ABORT SYSTEM- MODE 

ABORT SYSTEIM-OX DUMP 
ABORT SYSTEM-2 ENG OUT 
ADAPT S E P  
ALTIMETER 
APEX COVER J E T T  
CANARD DEPLOY 
C / M - S / M  S E P  
COUCHUNLOCK 
Digital  Event  T i m e r  Indicator  (no  p l a c a r d )  
DIGITAL EVENT TIMER-MIN 
DIGITAL EVENT TIMER-RESET 
DIGITAL E V E N T  TIMER-SEC 
DICIT'AL EVENT TIMER - START 
Digital  Event  T i m e r  Indica tor  (no p l a c a r d )  
DIGITAL E V E N T  TIMER-MIN 
DIGITAL E V E N T  TIIMER-RESET 
DIGITAL E V E N T  TIMER-SEC 
DIGITAL E V E N T  TIIMER-START 
DROGUE DEPLOY 
EDS 
EDS 
EDS POLYER 
E L S  
E L S  LOGIC 
EVENT TIMER 
L E S  iMOTOR FIRE 

LOCK/ UNLOCK 
L / V  AOAISPS Pc 
L / V  ENGINE 
L / V  GUID 
L / V  RATE 
MAIN CHUTE RELEASE 
MAIN DEPLOY 
MAIN DEPLOY -AUTO 

MASTER EVENT SEQ CONT- LOGIC 

MESC-LOGIC ARM 
NO AUTO ABORT 
POST LDG BEACON LIGHTS 
PYRO A-RCS FUEL DUMP 
PYRO'A-SEQ A 
PYRO B-RCS F U E L  DUMP 
PYRO B-SEQ B 

L I F T -  O F F  

L / V  AOA/SPS PC 

M-4STER E V E N T  SEQ CONT-ARM 

MASTER E V E N T  SEQ CONT-PYRO ARM 

... 

Lt 

sw 
sw 
sw 
sw 
Indica tor  
sw 
s w  

s w  
LVindow 
sw 
s w  
sw 
s w  
Window 
sw 
s w  
sw 
sw 
s w  
sw 
CB ( 3 )  
s w  
CB ( 3 )  
s w  
CB ( 2 )  
s w  
Lt 
Control  
Ind 
s w  
Lt ( 8 )  
Lt 
Lt 
sw 
s w  
s w  

sw ( 2 )  

s w  ( 2 )  

CB ( 2 )  
CB ( 2 )  
s w  ( 2 )  
s w  ( 2 )  
Lt 
s w  
CB 
CB 
CB 
C B  

P a n e l  Loca tor  

iMDC - 3 
IMDC-16 
MDC-16 
MDC-16 
MDC-16 
MDC - 5 
MDC-1 
MDC-5 
MDC-5 
MDC-15 
-1MDC - 8 
MDC - 5 
1MDC-8 
MDC-8 
MDC-8 
MDC-8 
iMDC- 11 
MDC- 11 
iMDC-11 

MDC- 11 
iMDC - 5 
MDC - 16 
iMDC-25 
MDC - 24 
MDC-25 
MDC-8 
MDC-25 
MDC-5 
iMDC - 5 
iMDC - 5 
MDC-3 
MDC-3 
MDC-5 
MDC - 5 

MDC-16 
MDC-5 
MDC- 16 
MDC-22 
MDC-22 
MDC-24 
iMD c - 2 5  

MDC-11 

MDC-5 

MDC-5 
1MDC-26 
L E B -  150 
LEB-150 
LEB-150 
LEB-150 

SEQUENTIAL SYSTEMS-CONTROLS/DISPLAYS LOCATOR INDEX 
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TELECOMMUNICATIONS-CONTROLS/DLSPUYS LOCATOR INDEX 

Control /Display Name 

BIO-MED COMM-MNA 
BIO- MED COMM-MNB 
C-BAND 
CENTRAL TIMING SYS-MNA 
CENTRAL TIMING SYS-MNB 
FLIGHT QUAL RCDR 
RCDR/HF 
INST PWR CONT 

ESSENTIAL 1 THRU 4 
NON-ESSENTIAL 5 THRU 10 

INSTRUMENTS- ESS-MNA 
INSTRUMENTS- ESS-MNB 
INSTRUMENTS- NONESS 
INST RUME NTS - NO NESS BUS 
INSTRUMENTS- RCDR NONESS 
INST RUMENTS-SCIEN 
INTERCOM 
INTERCOM BALANCE 
NONESS BUS 
POSTLANDING ANTENNA DEPLOY 
POWER 
POWER-PMP 
P O W  ER-SCE 

RECOVERY -HF-SSB/ BCN/AM 
RECOVERY-HF-ON/OFF 

RECOVERY-VHF BCN 
S-BAND 
S-BAND ANT 
S-BAND ANTENNA 
S - BAND - EMERG 
S - BAND - OSC 
S-BAND-PWR A M P L  
S - BAND - VOICE - RNG / RNG ONLY 
S- BAND- VOICE- T A P E  
S- BAND-VOICE-TV 

T A P E  RECORDER-FWD/REV 
T A P E  RECORDER-PLAY 
T A P E  RECORDER-RECORD/PLAY 
T A P E  RECORDER-SPEED 

TELECOM- NONESS 
TELECOMMUNICATIONS-GROUP 1 A C  

S-BAND-XPONDER/XPONDER PWR AMPL 

TELECOM-ESS 

TELECOMMUMCATIOhS-GROUP 2 A C  
TELECOMMUNICATIONS -GROUP 3 
TELECOMMUNICATIONS-GROUP 4 
T ELECOMMUNICATIONS-GROUP 5 

CB 
CB 
s w  
CB 
CB 
s w  
s w  

CB (4) 
CB (6)  
CB 
CB 
CB 
CB 
CB 
CB 
s w  
s w  
s w  
s w  

s w  
s w  
s w  
s w  
s w  
s w  
Ind 
s w  
s w  
s w  
s w  
s w  
s w  
s w  
s w  
s w  
s w  
s w  
s w  
s w  
s w  
CB 
CB 
CB 
CB 
CB 

Panel  Locator  

MDC - 25 
MDC-25 
MDC-20 
MDC-22 

MDC- 19 
MDC-22 

MDC-13, -23, -26 
RHEB-204 

MDC - 22 
MDC - 22 
MDC - 22 
MDC - 22 
MDC-22 
MDC- 22 
MDC-13, -23, -26 
MDC-13, -23, -26 
MDC-22 
MDC-25 
MDC-13, -23, -26 
MDC - 20 
MDC - 20 
MDC-20 
MDC-20 
MDC - 20 
MDC-13, -23, -26 
MDC- 19 
MDC- 20 
MDC-20 

MDC - 20 
MDC- 20 

MDC - 20 
MDC-20 
MDC-20 
MDC- 20 
MDC- 20 
MDC-20 
MDC - 20 
MDC - 20 
MDC-22 
MDC-22 
MDC- 22 
MDC-22 
MDC-22 
MDC-22 
MDC-22 

TELECOMMUNICATIONS-CONTROLS/DLSPLAYS LOCATOR INDEX 
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TELECOMMUNICATIONS-CONTROLS/DISPLAYS LOCATOR INDEX 

Control /Display N a m e  

TELECOMMUNICATIONS-PCM TLM AC 
TELECOMMUNICATIONS -SIC COND S- BAND 

TLM INPUTS -BIOMED 

UP DATA 
U P  TLM CMD 

P A  AC 

TLM INPUTS-PCM 

VHF-AM 
VHF-AM RCVR 
VHF-AM SQUELCH 
VHF-AM- T /  R /  REC 
VHF-ANTENNA 

VOICE RECORD 
VOLUME 
VOX SENS 

VHF-FM 

CB 
CB 

s w  
s w  
s w  
s w  
sw 
s w  
Control 
s w  
s w  
s w  
Indicator 
Control  
C ont r o l  

Panel  Loca tor  

MDC-22 
MDC-22 

MDC - 20 

MDC - 20 
MDC - 20 

MDC- 19 
MDC-13, -23,  -26 
MDC - 20 
MDC- 20 
MDC- 20 
MDC-20 
MDC-20 
MDC- 19 
MDC-13, - 2 3 ,  -26 
MDC-13, -23, -26 

- 
TELECOMMUNICATIONS-CONTROLS/DISPLAYS LOCATOR INDEX. 
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C o n t r o l / D i s p l a y  N a m e  

B A T T E R Y  V E N T  
Cabin  air c o n t r o l  l o u v e r  
CABIN AIR/AUTO/SUIT AIR 

ENVIRONMENTAL CONTROL SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 

TYPe P a n e l  L o c a t o r  

V a Ive RHEB-203 
C o n t r o l  L H F E B - 3 0 3  
s w  LEB-120 

1 a 

CABIN AIR FAN-1 & 2 
CABIN PRESSURE R E L I E F  
CABIN R E P R E S S  
CABIN T E M P  
CABIN TEMP-AUTO 
CABIN TEMP-AUTO /MAN 
C 0 2 - o d o r  a b s o r b e r  d i v e r t e r  
C 0 2  PP HI 
DIRECT 0 2  
DRINKING WATER S U P P L Y  
A P  SUIT C O M P R  
ECS-CABIN AIR F A N - I  & 2 
ECS-GLYCOL PUMPS-AC 1 & AC 2 
ECS-GLYCOL-PUMP 1 / P U M P  2 
ECS-HzO ACCUM-MNA & MNB 
ECS-POT H 2 0  HTR-MNA & MNB 
ECS-RADIATOR 
E C S  RAD-OUTLET T E M P  
E C S  RAD OUT T E M P - 1  & 2 
ECS-RAD VALVE-AC 1 & AC 2 
ECS STEAM DUCT HTR-MNA & MNB 
ECS-SUIT COMPRESSORS-AC 1 & AC 2 
ECS-TRANSDUCER-PRESS GROUPS 1 & 2 
ECS-TRANSDUCER-TEMP-MNA & MNB 
ECS-TRANSDUCER-WASTE & P O T  H2O- 

MNA & MNB 
EMERGENCY CABIN PRESSURE 
E V A P  H20 
FLOW 0 2  
FOOD PREPARATION WATER-COLD & HOT 
GAS ANAL 

G L Y E V A P W A T E R C O N T R O L B Y P A S S  
GLYCOL ACCUMULATOR 

G L Y  ACCUM-QUANTITY 

GLYCOL EVAP-H2O FLOW 
GLYCOL EVAP-STEAM PRESS-AUTO/MAN 
GLYCOL EVAP-STEAM PRESS-INCR/DECR 
GLYCOL EVAP-STEAM P R E S S - T E M P  IN 
GLYCOL E V A P  T E M P  IN 

GLYCOL RESERVE 
GLYCOL P R E S S  R E L I E F  BYPASS-I  & 2 

GLYCOL RESERVOIR-BYPASS 
GLYCOL RESERVOIR-INLET 
GLYCOL RESERVOIR-OUTLE T 
GLYCOL T E M P  LOW 

Valve  
Valve  
Ind 
Valve (2)  
C B  
Ind 
Valve  
Valve 
s w  
s w  
s w  
S W  
Valve  
Valve ( 2 )  
Valve 
Valve  
Valve  
Valve  
Light  

MDC-21 
L H E B  -307 
L H E B -  3 14 
L H F E B  303 
MDC- 13  
MDC-13 
LHEB-313 
MDC-11 
MDC-24 
L H F E B  - 304 
MDC-13 
MDC - 22 
MDC-22 
MDC-21 
MDC-22 
MDC-22 
MDC-21 
MDC-13 
MDC-19 
MDC-22 
RHEB-206 
MDC-22 

. MDC-22 
iMDC-22 
MDC-22 

L H E B -  3 14 
LHEB-311 
MDC- 13 
L H F E B  - 305 
MDC-22 
MDC-13 
LHEB- 317 
LHEB-312 
MDC- 13  
IMDC-13 
MDC-13 
MDC-13 
LHEB-311 
LHEB-309 
LHEB-311 
L H E B -  307 
L H E B -  307 
LHEB-307 
MDC- 11 

.-I 
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ENVIRONMENTAL CONTROL SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 

C o n t r o l  / Display N a m e  

GLYCOL T O  RAD 

GLY E V A P  STEAM PRESS 

H 2 0  ACCUM F A I L  

GLY EVAP-OUTLET T E M P  

H 2 0  ACCUM-AUTO/MAN 

H 2 0  ACCUM-ON 1 / O N  2 
H 2 0  ACCUMULATOR-1 & 2 
H 2 0  IND 

MAIN REGULATOR 
0 2  FLOW HI 
0 2  PRESS IND 

INST P W R  CONT-ESSENTIAL 2 

OXYGEN-ENTRY 
OXYGEN-S/M S U P P L Y  
OXYGEN-SURGE TANK 
P A R T  PRESS C 0 2  
PGA p r e s s u r e  
PLSS FILL 
P L V C  
POST LANDING-VENT FAN 
POST LANDING-VENT F A N - P L  BUS/FLOAT 

P O T A B L E  TANK I N L E T  
P O T  H 2 0  H E A T E R  

PRESS GLY DISCH 

PRESSURE R E L I E F  ' 

Suit  c i r c u i t  r e t u r n  a i r  
SUIT COMPRESSOR-COMPR 1 / C O M P R  2 
Sui t  demand p r e s s u r e  r e g u l a t o r  s e l e c t o r  
SUIT E V A P  
SUIT E V A P  
SUIT E V A P  GLYCOL 
SUIT FLOW 

BAG 2 

PRESS -CABIN 

PRESS-SUIT 

START /OFF /PREHEAT 

SUIT FLOW R E L I E F  
SUIT H T  EXCH 
SUIT TEST 
SURGE TANK PRESSURE R E L I E F  
TANK PRESSURE-02-  1 
T E M P  -CABIN 
TEMP-SUIT 
WASTE H 2 0  TK R E F I L L  
WASTE MANAGEMENT-OVBD DRAIN 
WASTE MANAGEMENT-SELECTOR 

Valve 
Ind 
Ind 
s w  
Light  
s w  
Valve  (2)  
s w  
C B  
Valve  
Light  
s w  
Valve 
Valve  
Valve  
Ind 
Ind (3)  
Valve  
S W  
s w  
C B  

Valve  
s w  
Ind 
Ind 
Ind 
Valve 
s w  
Valve  
s w  
Valve  
s w  
Valve  
Valve  
Valve  (3) 

Valve  
s w  
Valve  
Valve  
Ind 
Ind 
Ind 
s w  
Valve 
Valve  

P a n e l  L o c a t o r  

L H E B  - 307 
MDC- 13  
MDC-13 
MDC-13 
MDC- 11 
MDC- 1 3  
LHEB-311 
MDC-13 
RHEB-204 
L H E B -  3 14 
MDC- 11 
MDC-13 
L H E B -  307 
L H E B -  307 
LHEB-307 
MDC-13 
PGA s l e e v e  
LHEB - 3 14 
LHEB-316 
MDC-25 
MDC-25 

LHE B - 3 1 5 
MDC-21 
MDC-13 
MDC-13 
MDC- 1 3  
L H E B  - 3 1 5 
L E B -  120 
L H E B  - 3 19 
MDC-21 
L H E B  - 3 10 
MDC-13 
L H E B  - 3 1 1 
LHEB-311 
L H F E B - 3 0 0 ,  -301, 
- 302 
L H E B -  31 1 
L H E B -  310 
LHEB-310 
L H E B -  308 
MDC-13 
MDC-13 
MDC- 13  
MDC-13 
RHEB - 20 1 
RHEB-201 

ENVIRONMENTAL CONTROL SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 
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ENVIRONMENTAL CONTROL SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 

Control/ Display Name 

WASTE TANK INLET 
WASTE TANK SERVICING 
WATER & GLYCOL TANKS PRESSURE- 

WATER & GLYCOL TANKS PRESSURE- 

WATER-QUANTITY 

REGULATOR-SELECTOR INLET 

RELIEF-SELECT OR OUT LET 

~ 

Valve 
Valve 

Valve 

Valve 
Ind 

Panel Locator 
~~ ~ 

LHEB- 31 5 
LHEB 315 

LHEB - 3 14 

LHEB - 314 
MDC-13 

ENVIRONMENTAL CONTROL SYSTEM-CONTROLS/DISPLAYS LOCATOR INDEX 
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I 
~ MDC-11 

MDC- 11 
MDC- 11 
MDC- 11 
MDC-10 

MDC- 1 1  
MDC - 25 

MDC- 11 
MDC-10 
MDC- 10 
MDC- 10 
MDC- 11 
MDC-13 
MDC - 23 
MDC- 11 
MDC- 11 
MDC- 11 
MDC- 11 
MDC- 11 

MDC- 10 
MDC- 10 

MDC- 10 
MDC- 10 
MDC- 10 
MDC- 11 

MDC- 10 

MDC- 11 

MDC- 10 

MDC-11 

CAUTION AND WARNING SYSTEM-LOCATOR INDEX 

INV 2 
INV 3 

. MASTERALARM 
MASTER ALARM 
MASTER ALARM 
MN BUS A UNDERVOLT 
MN BUS B UNDERVOLT 
0 2  FLOW HI 
0 2  PRESS 
PITCH GMBL DR FAIL 
S / M  RCS A 
S / M  RCS B 
S / M  RCS C 
S / M  RCS D 
SPS PRESS 
SPS P U  SNSR FAIL 

SPS WALL T E M P  HI 
YAW GMBL DR FAIL 

SPS ROUGH ECO 

-. 

I Control /  Dis play Name 

Lt MDC- 11 
Lt MDC-11 
Lt  MDC-3 
Lt MDC- 18 
Lt LEB-  103 
Lt MDC- 11 
L t  MDC- 11 
Lt MDC- 11 
Lt MDC- 10 
Lt MDC- 11 
L t  MDC- 10 
Lt MDC- 10 
Lt MDC- 10 
Lt MDC-10 
L t  MDC- 11 
Lt MDC-11 

Lt MDC- 11 
Lt  MDC- 11 

Lt MDC- 10 

TYQe I Panel  Loca tor  

A C B U S  1 FALL 
A C  BUS 2 FAIL 
AC BUS 1 OVERLOAD 
AC BUS 2 OVERLOAD 
AGAP T E M P  
A G C P W R F A I L  ' 

CAUT/WARN-FAIL 
CAUTIWARN-MNA & MNB 

CAUT/ WARN-POWER 
CDU FAIL 
C / M  RCS A 
C / M  RCS B 

CAUT/ WARN-MODE 

C 0 2  PP HI 
c / w  
C / W  LAMP TEST 
F / C  1 
F / C  2 
F / C  3 
F / C  BUS DISCONNECT 
GLYCOL T E M P  LOW 
GMBL LOCK 
G&N ACCEL FAIL 
G&N ERROR 
H 2 0  ACCUM FAIL 
H 2  PRESS 
I M U  FAIL 
IMU TEMP 
INV 1 

Lt 
Lt 
Lt 
Lt 
Lt 
Lt 
Lt 

s w  
sw 
Lt 
Lt  
Lt  
Lt 
s w  
s w  
Lt 
Lt 
Lt 
Lt 
Lt 
Lt 
Lt 
Lt 
Lt 
Lt 
Lt 
Lt 
Lt 

CB ( 2 )  
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MISCELLANEOUS SYSTEMS-CONTROLS/DISPLAYS LOCATOR INDEX 

Controls /Display Name 

COUCH ATTEN- FLOODLIGHTS 
ELS-FLOAT BAG 3 

FLOODLIGHTS-SECONDARY 
FLOODLIGHTS-PRIMARY 

FLOODLIGHTS- PRZMARY 

FLOODLIGHTS-SECONDARY 
LIGHTING - C LOC KS 
LIGHT I NG - FL 00 DS - PRIMARY 
LIGHTING-FLOODS-SEC 
POST LANDING-FLOAT BAG 
POST LANDING-FLOAT BAG 1 PL BUS 
POST LANDING-VENT FAN-PL BUS-FLOAT 

BAG 2 

NO. 2 
UPRIGHTING SYSTEM-COMPR NO. 1 AND 

Type 

CB ( 2 )  
CB 
s w  
s w  
s w  
sw 
sw 
s w  
s w  
s w  (3)  
CB 
CB 

CB 

Panel Locator 

MDC- 25 
MDC-25 

MDC - 23 
MDC - 26 
MDC-26 

MDC- 23 

LEB-100 
LEB- 100 
LEB-100 
MDC-25 
MDC - 25 
MDC - 25 

R HEB - 205 

MISCELLANEOUS SYSTEMS -CONTROLS/DISPLAYS LOCATOR INDEX 
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S C I E N T I F I C  EXPERIMENTS-CONTROLS/DISPLAYS LOCATOR INDEX 

C o n t r o l s / D i s p l a y  N a m e  

S C I E N  E Q U I P  SEB 1 
SCLEN E Q U I P  S E B  2 
INSTRUMENTS -SCIEN (not  used) 
SCLEN E Q U I P  HATCH 

C B  
C B  
C B  
C B  

Panel L o c a t o r  

MDC-22 
MDC-22  
MDC-22  
MDC-22  

S C I E N T I F I C  EXPERIMENTS-CONTROLS/  DISPLAYS LOCATOR INDEX 
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MASTER ALARM L I G M  
MASTER ALARM LIGHT 
F/C VALVES 
S - M N D  ANT., W T l M  CMD, FLIGHT 
QUAL RCDR and VOICE RECORD 
ECS, U D O U l  TEMP 
SPS LINE HTR 
AREA A 

RCS HEATERS p ~ ~ p  
S N S R  UNIT F w p  
ECS RADIATOR weup 
CABIN AIR FAN wow 

AREA n 

POT HS HEATER 
ECS GLYCOL 
SUIT COMPRESSOI 
A l l  controls on top row 

Ecs FOUP 
XlEN E Q U I P  HATCH 
MAIN WS TIE warp 
MT CHGR and NONESS WS 
DC SNSR SIG warp 
C E M M L  TIMING SYS FOUP 
XIEN EQUIP 
M T  RLY WS p u p  
M l l E R Y  CHARGER l a u p  

g EPS 

C6W 
SEQ 
RCS 

MlSC 
C 6W 

E PS 
ECS 
G I N  
RCS 

SEQ 
€6 
SEO 
SEO 
RCS 
EPS 

C6W 
EPS 
T/C 

ECS 
SPS 
TK 
SPS 
SM-RCS 
EPS 
ECS 
ECS 
ECS 
ECS 
ECS 
EPS 
ECS 
EXP 
EPS 
EPS 
EPS 

TK 

G 
EPS 
EPS - 

- 
MDC 

PANE1 
NO. 
22 
22 
22 
22 
22 
22 

22 
22 

22 
22 
22 
22 
22 
22 
23 
23 
23 
24 
24 
24 

25 

- 

25 

25 

25 

25 
25 
25 

25 
25 

25 
25 
25 
25 
25 
25 
25 
25 
25 
26 
26 
26 

I N D M  

CONTRCX OR DISPLAY 

G 6 N  LIGHTING 
TELCOM govp 
TELECOMMUNlCATlONS garp 
MASTER EVENT SEQ C O N 1  grwp 
GUIDANCE 6 NAVIGATION carp 
1 - CRYOGENIC SYS TANK FAN 

MOTORS - 2 
CRYOGENIC SYSTEM group 
ENVIRONMENTAL CONTROL 
SYSTEM W a r p 1  
INSTRUMENTS-ESS ~ o u p  
INSTRUMENTS-NONESS WS 
INSTRUMENTS-NONESS 
INSTRUMENTS-PAM XMTR NONESS 
INSTRUMENTS-SCIEN 
GAS ANAL 
AREA A 
AREA B 
AREA C 
AREA A 
AREA B 
DIRECT 0 2  
POSTUNDING F LOA1 M G  1 PL WS 
b POSTLANDING FLOAT M G  1, 2 6 
3 s w i t c h  
>OSTUNDING VENT FAN PL BUS 
:LOAT BAG 2 
POSTLANDING VENT F A N  HIGH LOW 
OFF 
>OS1 LANDING-VENT F A N  warp 
a S T  LANDING - ANTENNA 
XPLOY coup 
$4EX LOGIC ARM ALB 
:VENT TIMER warp 
:OUCH ATTEN 6 FLOQDLIGHTS 
STABILIUTION & CONTROL SYSTEM 
Povp 
)IO MED C O W  warp 
SRVICE PROPULSION SYSTEM warp 
X N  SYNC 
iPS GAUGING 
\C SNSR SIG p v  
tEACTION CONTROL SYS warp 
SAUT/WARN 
iDS poup 
is FoUp 
4REA A 
UEA B 
UEA C except C M  RCS Ha DUMP 
M RCS H. DUMP 

Figure 3-1. Controls and Displays (Sheet 1 of 3 )  

- 
G6N 
T/C 
T/C 
StO 
G I N  
EPS 

EPS 
ECS 

ECS 
EPS 
T/C 
T/C 
EXP 
ECS 
MIX 
C 6 W  
T/C 
SE 0 
SCS 
ECS 
MI X 

CS, MIS( 

ECS 
ECS 
T/C 

SE 0 
SEQ 
MIX 
xs 
T / C  
S?S 
G6N 
SPS 
€6 
RCS 
C 6 W  
SEO 
PQ 
M I X  
SEO 
rK 
RCS 

- 

: : i  

SM-U-672J 
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CABIN AIR 
CONTROL I 

CREWMbrN 
ELECTRICAL 
UMBl LI CA L 
CONNECTOR - 

/ RH COUCH 
CONTROL 
LEVER 

' 301 

/ CENTER COUCH COMROL 

LH CREWM4N 
ELECTRICAL 
UMBILICAL 
CONNECTOR 

0 
- CONTROL 

LEVER 

LH COUCH 





0 

304 

300,301,302. 

303 

305 

306 

318 

FOOD PREPARATION WATER 

Q 

DRINKING WATER SUPPLY SHb 
(UNDERSIDE OF FWD EQUIPMI 

SUIT CONNECTOR PANEL (3) ( 

CABIN TEMPERATURE CONTROi 

F O O D  PREPARATION WATER SU 

CLOCK AND WENT TIMERS PA 

SCIENTIFIC EQUIPMENT RECEP 
SWITCH (EXP) 

304 

LH UTILITY PLUG 

CMT l l 

I LHFEB I N D M  

PANEL NAME AND 9 PANEL 
No. 

I 

b 

2- t.'OLDOUII: FRAME 





- 

PANEL 
No. 
3M 

300,301,302. 

303 

305 

306 

318 

LH EQUI PMENT BAY 
(LHEB) I LH WD EQUl PMENT BAY 

(LH F EB) 

PANEL NAME AND SYSTEM 

DRINKING WATER SUPPLY SHUTOFF VALVE 
(UNDERSIDE OF FWD EQUPMEM BAY) (ECS) 

SUIT CONNECTOR PANEL (3) (Ea) 

CABIN TEMPERATURE CONTROL PANEL (ECS) 

FOOD PREPARATION WATER SUPPLY UMT (ECS) 

CLOCK AND EVENT TIMERS PANEL (MISC) 

SCIENTIFIC EQUIPMENT RECEPTACLE 
SWITCH (EXP) 

El@ 
308 

- 
PAN 

NO 
305 
5(K 
30; 
315 
310 

31 2 
313 
314 
315 
31 1 
316 - 317 

- 

SUIT C l R C  
SHUT-OFF \ 

- . . . . . - . , 





I PMENT BAY 
FEE) 

L 
PANEL 

N 0. 
309 
XKI 
307 
319 
310 

31 2 
313 
314 
31 5 
31 1 

316 
317 

'I - 
f0 0 

307 

LHEB INDD( 

PANEL NAME AND SYSTEM 

GLYCOL PRESSURE RELIEF BYPASS CONTROL PANEL (ECS) 
SURGE TANK PRESSURE RELIEF SHUTOFF VALVE (ECS) 
GIRTH FRAME SHELF CONTROLS ( E a )  
SUIT CIRCUIT RETURN SHUT-OFF VAL- (EO) 
02 D E W N D  REGUTOR AND SUIT H.UT 
WCHANGER SWITCH (ECS) 
GLYCOL ACCUM SHUTOFF VALVE (MCK OF ATTENUATOR PANEL) (ECS) 
C% - ODOR ABSORBER DIVERTER VALVE (EO) 
OXYGEN CONTROL PANEL (ECS) 
WATER CONTROL PANEL (ECS) 
COOLANT CONTROL PANEL (ECS) 
PLVC CONTROL PANEL (ECS) 
GLY EVAP WATER CONTROL BYPASS PANEL (ECS) 

SUIT  C I R C U I T  RETURN 
SHUT-OFF VALVE * w 

g 
31 0 

1-Gl 

M i s  
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CONTROLS AND DISPLAYS 

31 0 @ I  
S U I  tru  
uvra 

mvra IYU 
IIY N 

A b w  onw 

I 

WATER ccma 
PAIYL 315 

W N  I.Iu 

0 
314 f- 

b 
'CONNECTS TO 

J39 ON PANEL 31 1 

~~ 

EVAPORATOR TEMPERATURE 
SENSOR UNIT fECS) 

fSTOWED UNDER CENTER COUCH) 
F i g u z - 3 - 1 .  Controls and Displays (Sheet 2 of 3)  
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ed behind compartment 

TRACKER sOWER on SC 014' :"1 

- W R K  REJECT 





, 

i 

200 

207 

- 

--,I e 

@ 
10s 

10 

a i  7 

-- I 

- W R K  REJECT on SC 014 - 

LOWER EQUIPMENT BAY 
(LEB) 

PANEL NO, 

101 THRU 10; 
loo 
Is0 
Is0 
Ix) 

LEB INDEX 

CONTROL OR DISPLAY I SYSTEM 
I 

All contmls 6 displop G6N 
LI GHTl NG MlSC 
Top - SEQ 
Bortm mw ER 
All contmlr ECS 

PYRO 6 

S f Q  A MIA SIOB M T B  
TO P Y I D  10 PYRO 

nu5 T l f  BUS 1IE 

MTCHCR M T C  M T B  M I A  
WR WR PWR 

LANDING I 150 E N T I V  

200 

U S 1  YLKl 

eL--d 
iH UTILITY PLUG 

I RHFEB I N D M  

DC VOLTS, FUNCTION 
SELECT, and TEST 
SELECT 

C/M RCS HTRS 

SCIENTIFIC EQUIPMENT 
RECEPTACLE SWITCH 

RH FWC 

Q 

202 

W M  ( 
U T  

1, 
Missior 
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C O N T R O L S  AND D I S P L A Y S  

RH FWD EQUl PMENT BAY 
(RHFEB) 

RH EQUl PMENT BAY 
(RHEBI 

I 
0 0  0 0 0 0  

WASTE MANAGEMENT 
o w  Dum yucla 

Ry VACLLY 

201 

202 

WASTE M N A G E M E N T  
ACCESS 

@ @ Q O  

303 

sco12 
v 

UPRIGHTING ( 
SYSTEM b d  

COMPR COMPR 
NO. 1 NO. 2 

205 ) 
J 104 ESSENTIAL 

NON ESSENTlAL 

INST 3 P W R C O N T  

/ 

205 ) 

I PANEL NO. 

201 THRU?OC 

I E  

RHEB INDEX 

CONTROL OR DISPLAY SYSTEM 
1 

All controls 
A l l  controls 
ESSENTIAL 2 
ESSENTIAL I, 3, 4 
o d  NON ESSENTIAL 
5, 6, 7. 8, 10 
NON ESSENTIAL 9 

E a  
EPS 
ECS Ct T/C 
T/C 

ECS Ct T/C 

I :'dl All controls 

Figure  3 - 1 .  Controls  and Displays (Sheet 3 of 3 )  
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System 

PERFORMANCE 

Color Ope r at ing 
Indicator Scale Marking Range or Limitation 

SECTION 4 

SPS 
( MDc-20 ) 
( fig- 
ure 4 - 1 ) 

PERFORMANCE 

PROP TEMP Red 80'F (upper limit) and -40°F 
(lower limit ) 

PRESSURE-FUEL Green 170 to 195 psia (normal band) 

PRESS-OX Green Same as PRESSURE-FUEL scale. 

INTRODUCTION. 

This section contains information on crew display instrument 
markings, instrument accuracy consumable requirements, thrusting 
data (as available) , and S/C operational constraints and 
limitations. 

4.1 CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA. 

Paragraphs 4.1.1 through 4.1.7.4 include information on 
instrument markings and instrument accuracy. Adjoining tabular 
lists provide accuracy data for each indicator scale and list 
the measurement number of the signal which is monitored on each 
indicator scale. 
more than one signal; in which case, the measurement number of 
all signals monitored by the indicator are listed. 
switch and indicator fbnctions are covered in detail in 
section 2. 

Some indicators can, by selection, monitor 

Selector 

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
Basic Date l2 1966 Revision Date Page 4-1 
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_- 
PERFORMANCE 

System 

, SPS 
(MDC-3 1 
( f ig -  
ure 4-11) 

EPS 
(MDC-13 
( f i g -  
ure 4-3) 

( MDC-18 ) 
( f i g -  
u r e  4-5) 

ECS 
(MDC-13) 
( f i g -  
u r e  4-9) 

I n d i c a t o r  Sca le  

PRESSURE-ENG 
INLET-FUEL 

PRESSURE-ENG 
INLET-OX 

L / V  AOA/SPS Pc 
i n d i c a t o r  

TANK PRESSURE- 
H2-1 

TANK PRESSURE- 
H2-2 

TANK PRESSURE- 
02-1 U 

TANK PRESSUR,E- 
02-2 

FUEL CELL-FLOW- 
H2 

02 

FUEL CELL-FLOW- 

FUEL CELL-MODULE 
TEMP-SKIN 

FUEL CELL-MODULE 
TEMP-COND EXH 

PRESS GLY DISCH 

TEMP-SUIT 

PRESS-SUIT 

Color 
Marking 

Green 

Green 

Green 

Green 

Green 

Green 

Green 

Green 

Green 

Green 

Green 

Green 

Green 

Red 

Operating 
Range o r  Limi ta t ion  

STATIC 170 t o  195 p s i a  (normal 
band ) 

FIRE 135 t o  1-65 psia (normal 
band) 

Same as PRESSURE-ENG INLET- 
FVEL s c a l e .  

SPS FIRE 65 to 125% (normal 
band 

230 t o  265 p s i a  (normal band) 

Same as TANK PRESSURE-H2-1 
s c a l e .  

865 t o  935 p s i a  (normal band) 

Same as TANK PRESSURE-02-1 s c a l e  

0.03 t o  0.15 lb /hr  (normal band) 

0.25 t o  1.20 l b / h r  (normal band) 

385" t o  495°F (normal band) 

157.5" to 172.5"F (normal band) 

35 to 55 p s i a  (normal band) 

45" t o  65°F (normal band) 

3.4 p s i a  ( low l i m i t  l i n e )  

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
Basic Date l2 1966 Revision Date Page 4-2 
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System 

PGA 
(fig- 
ure 4-9) 

4.1.1 

Indicator Scale 

PRESS-CABIN 

PART PRESS-C02 

PGA pressure 
indicator 

PERFORMANCE 

Color 
Marking 

Red 

Red 
Yellow 

Red 
Green 

Operating 
Range or Limitation 

4.7 psia (low limit line) 

15 mm Hg (high limit line) 
7.6 to 15 mm Hg (caution band) 

2.0 to 3.5 psia (emergency band) 
3.5 to 10 psia (normal band) 

SERVICE PROPULSION SYSTEM INDICATORS. 

Instrument markings for the SPS indicators (MDC-20) are 
shown in figure 4-1. The indicators present a visual display of 
SPS temperatures and pressures. Visual displays of SPS fuel and 
oxidizer remaining aboard the S/C are shown in the adjacent 
OXID-FUEL QUANTITY display windows (as selected by the SPS 
quantity SENSOR switch). (Refer to section 3 . )  

PRESSURE -1 
ENG INLET 

PROP TEMP pRHE"ss F&L OX FUEL ox 

N2 
TK PRESS- 

NO TE: Red lines on the propellant tem- 
perature scole show upper l i m i t  of 
80'Fand lower l imi t  of -4O'F. 
Vertical green color bands show 
normal opemting mnges for fuel 
and oxidizer pressure (170 to 195 
psia) and engine inlet pressures 
for STATIC ( I  70 to 195 psia) and 
FIRE (135 to 165 psia). 

SM-2A-689H 

Figure 4- 1. Service Propulsion System Indicators 

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
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S/M RCS-TEMP PKG 

PERFORMANCE 

SR 5065 T (Quad A) 
SR 5066 T (Quad B )  
SR 5067 T (Quad C) 
SR 5068 T (Quad D) 

~~ 

The accuracy for each indicator scale and the measurement 
number of the associated signal is as follows: 

Indicator Scale 

PROP TEMP 

He PRESS 

Tk PRESS-N2 

PRESSURE-FUEL 

PRESSURE-OX 

PRESSURE-ENG 
INLET-FUEL 

PRESSURE-ENG 
INLET-OX 

Measurement Number 

SP 0002 T 

SP 0001 P 

SP 0600 P (Primary) 
SP 0601 P (Secondary) 

SP 0006 P 

SP 0003 P 

SP 0010 P 

SP 0009 P 

Indicator Accuracy 

25°F at 75°F 
210°F at 0" and 150'F 

2100 psia at 75°F 
2150 psia at 0" and 150°F 

2100 psia at 75°F 
2150 psia at 0" and 150°F 

25 psia at 75°F 
210 psia at 0" and 150°F 

25 psia at 75°F 
210 psia at 0" and 150°F 

25 psia at 75°F 
210 psia at 0" and 150'F 

25 psia at 75°F 
210 psia at 0" and 150°F 

-,- 

4.1.2 REACTION CONTROL SYSTEM INDICATORS. 

Instrument markings for the S/M and C/M RCS indicators 
The indicators present a (MDC-12) are shown in figure 4-2. 

visual display of system temperatures and pressures. Visual 
displays of S/M RCS fuel and oxidizer remaining are shown on the 
adjacent PROPELLANT QUANTITY indicator (as selected by the RCS 
INDICATORS switch). (Refer to section 3.) 

The accuracy for each indicator scale and the measurement 
number of the associated signal is as follows: 

I I 
Indicator Accuracy I Indicator Scale 1 Measurement Number 

I f 
I I 

25°F at 75°F 
210°F at 0" and 150°F 

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
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Indicator Scale 

--- 

Measurement Number Indicator Accuracy 

PERFORMANCE 

S/M RCA-PRESS-He 

S/M RCS-PRESS-MANF 

S/M RCS-TEMP He 

C/M RCS-He TEMP 

C/M RCS-PRESS-He 

C /M RCS-PRESS-F 

C/M RCS-PRESS-OX 

SR 5001 P (Quad A) 
SR 5002 P (Quad B )  
SR 5003 P (Quad C) 
SR 5004 P (Quad D) 

SR 5729 P (Quad A )  
SR 5776 P (Quad B) 
SR 5817 P (Quad C) 
SR 5830 P (Quad D) 

SR 5013 T (Quad A) 
SR 5014 T (Quad B )  
SR 5015 T (Quad C) 
ST 5016 T (Quad D) 

CR 0003 T (System A) 
CR 0004 T (System B) 

CR 0001 P (System A) 
CR 0002 P (System B )  

CR 0005 P (System A) 
CR 0006 P (System B )  

CR 0011 P (System A )  
CR 0012 P (System B )  

4.1.3 ELECTRICAL POWER SYSTEM INDICATORS. 

4.1.3.1 

2100 psia at 75°F 
2150 psia at 0" and 150°F 

At 75"F, 25 psia from 140 
to 340 psia and 210 psia 
over balance of scale. At 0" 
and 150"F, 210 psia from 145 
to 340 psia and k15 psia over 
balance of scale. 

Same as S/M RCS-PRESS- 
MANF indicator 

.25"F at 75°F 
210°F at 0" and 150°F 

2100 psia at 75°F 
2150 psia at 0" and 150°F 

Same as S/M RCS-PRESS- 
MANF indicator. 

Same as S/M RCS-PRESS- 
MANF indicator. 

EPS (Cryogenic Storage) Tank Pressure Indicators. 

Instrument markings for the EPS (cryogenic storage) tank 
pressure indicators (MDC-13) are shown in figure 4-3. The. 
accuracy for each indicator scale and the measurement number of 
the associated signal is as follows: 

NOTE 
cryogenic storage tank 1 pressure or ECS surge tank 
pressure as selected by 02 PRESS IND toggle switch 
located immediately below the display. 

TANK PRESSURE-02-1 scale is used to display 

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
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PERFORMANCE 

MANF He 

F ox 
TEMP -PRESS- - C/M RCS - 

SM-2Ad88C 

Figure 4-2. S/hf and C/M Reaction Control System Indicators 

Indicator Scale 

TANK PRESSURE-H2-1 

TANK PRESSURE-H2-1 

TANK PRESSURE-02-1 

TANK PRESSURE-02-2 

~ ~ ~- 

Measurement Number 

SF 0039 P 

SF OObO P 

SF 0037 P (Storage tank) 
CF 0006 P (Surge tank) 

SF 0038 P 

Indicator Accuracy 

+5 psia at 75°F 
210 psia at 0" and 150°F 

Same as TANK PRESSURE- 
H2-1 indicator. 

At 75"F, 25  psia at 850 to 
950 psia and 23% of remain- 
ing scale. 
At 0" and 150"F, +lo psia at 
850 to 950 psia and 4% of 
remaining scale. 

Same as TANK PRESSURE- 
02-2 indicator. 

._., 

.- 

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
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PERFORMANCE 

)-TANK 

1 H2 2 
PRESSURE-] 

1 0 2  2 

NOTE : Vertical green color bands on the indicators 
show normal operating ronga for  hydrogen 
tank pressures (230 to 265 psio) and oxygen 
tank pressures (865 to 935 psia). 

SM- 2A-6900 

Figure 4-3. EPS (Cryogenic Storage) Tank Pressure Indicators 

4 .1 .3 .2  EPS (Cryogenic Storage) Tank Quantity Indicators. 

'Instrument markings for the EPS (cryogenic storage) tank 
quantity indicator (MDC-13) are shown in figure 4-4. 
accuracy for each indicator scale and the measurement nmber of 
the associated signal is as follows: 

The 

Indicator Scale 

TANK QUANTITY-H2-1 

TANK QUANTITY-H2-2 

TANK QUANTITY-02-1 

TANK QUANTITY-02-2 

Measurement Number 

SF 0030 Q 

SF 0031 Q 

SF 0032 Q 

SF 0033 Q 

~ ~~ 

Indicator Accuracy 

k0.5 lb at 75°F 
k1.0 lb at 0" and 150°F 

Same as TANK QUANTITY- 
H2-1 indicator. 

55.0 lb at 75°F 
k10.0 lb at 0" and 150°F 

Same as TANK QUANTITY- 
02-1 indicator. 

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
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Measurement Number 

PERFORMANCE 

Indicator Accuracy 

1-TANK QUANTITY--$ 

1 H2 2 1 0 2  2 

5M-2A-6910 

Figure 4-4. EPS (Cryogenic Storage) Tank Quantity Indicators 

4.1.3.3 EPS Fuel Cell Power Plant Indicators. 

Instrument markings for the EFT3 fuel cell power plant 
Indicators (MDC-18) are shown in figure 4-5. 
each indicator scale and the measurement number of the 
associated signal is as follows: 

The aecuracy for 

Indicator Scale 

FUEL CELL-FLOW-H2 

FUEL CELL-FLOW-02 

rmEL CELL-MODULE 
TEMP-SKIN 

mTEL CELLMODULE 
TEMP-COND MH 

sc 2140 R ~ F / C  2 j  
SC 2141 R (F/C 3) 
SC 2141 R (F/C 1) 
SC 2143 R (F/C 2 )  
SC 2144 R (F/C 3) 

SC 2084 T (F/C 1) 
SC 2085 T (F/C 2)  
SC 2086 T (F/C 3) 

SC 2081 T (F/C 1) 
SC 2082 T (F/C 2 )  
SC 2083 T (F/C 3) 

20.0075 l b / h r  at 0" and 
150" F 
20.05 h r / h r  at 75"F, 
and at 0" and 150°F 

At 75"F, +7"F for 400" to 
550" scale and 3% of remain- 
ing scale. At 0" and 150°F, 
t14"F for 400" to 500" scale 
and 3% of remaining scale. 
23"at 75°F 
25°F at 0" and 150°F 

. 
CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
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I n d i c a t o r  Sca le  

PERFORMANCE 

Measurement Number Ind ica to r  Accuracy 

FUEL CELL- - 
FLOW MODULE TEMP 

0 2  SKIN COND EXH "2 

NOTE: Vertical green color bands on the indicators 
show normal operating ranger for hydrogen 
flow (0.03 tu 0.15 lb/hr), oxygen flow 
(0.25 tu 1.20 Ibhr), module skin tempem- 
ture (385' to 495'F), and the condenser exhaust 
temperature (157.5' to 172.5'F). 

Figure 4-5. EPS Fuel C e l l  I n d i c a t o r s  

DC VOLTS 

DC AMPS 

CC 0206 V (Main Bus A )  
CC 0207 V (Main Bus B )  
CC 0210 V ( B a t  Bus A) 
CC 0211 V ( B a t  Bus B )  
CC 0212 V (Pos t  Ldg B a t )  
CC 0214 V ( B a t  Charger Output) 
CC 0227 V (Pyro B a t  A )  
CC 0228 V (Py-ro B a t  B )  

CC 0222 C ( B a t  Bus A )  
CC 0223 C ( B a t  Bus B )  
CC 0224 C (Pos t  Ldg Bat) 
SC 2113 C (F/C 1 Output) 
SC 2114 C (F/C 2 Output 
SC 2115 C (F/C 3 Output) 

A t  75"F, t0 .25 v o l t s  f o r  25 
t o  37 v o l t s  s c a l e  and 21.0 
v o l t  f o r  balance of s c a l e .  
A t  0" and 150"F, 50.5 v o l t s  
f o r  25 t o  37 v o l t s  s c a l e  and 
21.0 v o l t  f o r  balance of 
s c a l e .  

t1.0% of fldl s c a l e  a t  75°F 
+2.O% of f u l l  s c a l e  a t  0" t o  
150" F 

I 1 

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
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SM -2A-69U 

Figure 4-6. EPS Vol ts ,  Amperes, and Frequency Meters 

I n d i c a t o r  Sca le  

CHGH ( Inne r  Sca le )  

AC VOLTS 

F'REQ CPS 

Measurement Number 

CC 0215 C ( B a t  Charger Output) 

CC 0200 V (Bus 1 @A) 
CC 0201 V (Bus 1 @B) 
CC 0202 V (Bus 1 @C) 
CC 0203 V (Bus 2 @A) 
CC 0204 V (Bus 2 @B) 
CC 0205 V (Bus 2 BC> 

CC 0213 F (Bus 1 @A) 
CC 0181 F (Bus 1 @B) 
CC 0182 F (Bus 1 @C) 
CC 0217 F (Bus 2 @A) 
CC 0183 F (Bus 2 @B) 
CC 0184 F (Bu's 2 @C) 

I n d i c a t o r  Accuracy 

Same as DC AMPS s c a l e  

Between 0" and 150°F, 
21.0 v o l t  f o r  t h e  105 
and 125 v o l t s  s c a l e  
and 22.0 v o l t s  f o r  
balance of s c a l e .  At 
0" and 150"F, t2.0 
v o l t s  for t h e  105 and 
125 v o l t s  s c a l e .  

From 50" t o  l lO"F, fl 
cyc le  at  400 cyc le s .  
From 0' t o  150"F, 22 
cyc le s  a t  400 cyc le s  
and 22.5 cyc le s  f o r  
balance of s c a l e .  

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
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Measurement Number 

PERFORMANCE 

Indicator Accuracy 

4.1.4 ENVIRONMENTAL CONTROL SYSTEM INDICATORS. 

AP SUIT COMPR 

4.1.4.1 ECS Pressure and Slow-Rate Indicators. 

CF 0115 P Same as above. 

Instrument markings for the ECS pressure and rate-of-flow 
indicator (MDC-13) are shown in figure 4-7. 
each indicator scale and the measurement number of the 
associated signal is as follows: 

The accuracy for 

Indicator Scale 

GLY EVAP STEAM 
PRESS 

CF 0034 P 25% of f'ull scale between 0' 
and 150°F 

PRESS GLY DISCH 1 CF 0016 P I Same as above. 

FLOW 02 CF 0035 R Same as above. 

Indicator Scale' 

GLY ACCUM- 
QUANTITY 

WATER QUANTITY 

ECS RAD-OUTLET 
TEMP 

GLY EVAP- OUTLET 
TEMP 

ECS RAD OUT TEMP-1 

ECS RAD OUT TEMP-2 

Measurement Number 

CF 0019 Q 

CF 0010 Q (Potable Water) 
CF 0009 Q (Waste Water) 

CF 0020 T 

CF 0018 T 

SF 0671 T 

SF 0672 T 

Indicator Accuracy 

25% full-scale 0" to 150"~ 

Same as above. 

Same as above. 

Same as above. 

Same as above. 

Same as above. 

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
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PRESS FLOW L I P  GLY E V A P  

NOTE: The gnen  co lor  band on the glycol 
discharge scale indicates a nom1 
opemting mnge of 35 to 55 p ia .  

SM-24-695E 

Figure  4-7. ECS Pressure  and Flow I n d i c a t o r s  

ECS RAD OUT TEMP .. 

Figure 4-8. ECS Q u a n t i t y  and Outlet Temperature I n d i c a t o r s  

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
Basic Date l2 1966 Revision Date Page 4- 12 
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4.1.4.3 ECS Suit and Cabin Temperature/Pressure Indicators. 

Instrument markings for the ECS suit and cabin temperature/ 
pressure indicators are shown in figure 4-9. 
each indicator scale and the measurement number of the 

The accuracy for 

. associated signal is as follows: 

Indicator Scale 

TEMP-SUIT 

TEMP-CABIN 

PRESS-SUIT 

PRESS-CABIN 

PART PRESS-C02 

PGA Pressure Indicator 

Measurement Number 

CF 0008 T 

CF 0002 T 

CF 0012 P 

CF 0001 P 

CF 0005 P 

None 

Indicator Accuracy 

22.5"~ overall at 0" to 
150" F. 

Same as above. 

At 75"F, 20.25 psia between 
0 and 6 psia and 23% for 
remainder of scale. At 0" 
and 150"F, k0.375 psia 
between 0 and 6 psia, and 
24% for remainder of scale. 

Same as PRESS-SUIT scale. 

At 75"F, 20.5 mm between 0 
and 15 m Hg, and 21.0 mm 
for remainder of scale. At 
0" and 150"F, 21.0 mm 
between 0. and 15 mm Hg, 
and 1.5 mm for remainder 
of scale. 

?2 psia overall at normal 
temperature range. 

4.1.5 TELECOMMUNICATION SYSTEM METERS. 

Instrument markings for the telecommunication system 
meters are shown in figure 4-10. 

4.1.5.1 Auxiliary DC VOLTS Meter. 

The auxiliary DC VOLTS meter, located on RHFEB-200 
(figure 4-10), is used to monitor selected measurements for 
which there is either no other crew display or the crew display 
is an event 'indicator capable of displaying only in-tolerance 
and out-of-tolerance conditions. The voltmeter is used in con- 
junction with the adjacent FUNCTION SELECT and TEST SELECT 

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
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PERFORMANCE - lEMP 1 - PRESSI 
SUlT CABIN SUIT CABIN PART PRESS coz 

NOTES: 1 , A verticol green color bond shows the normal opemting 
range for the suit tempemture (45' to 65OF). Red 
horizontol lines show l imih for suit pressure (3.4 pia), 
d i n  preuure (4.7 pia), ond C 0 2  pressure (15 mm He). 
A vertical yellow color bond hws the caution mnge 
for CO2 preuure(7.6 to 15 mm Hg). 

2. The PGA pressure indicator presents on opemting rang. 
from 2 to 10 psi0 and a green and red color band. The 
green bond (3.5 to 10 psia) shows noma1 prewre 
rmquird during space flight. The red band (3.5 to 2 pdo) 

ground opomtions, the indicobr needle w i l l  be pegged 
beyond 10 p i a  because of ohnospheric pressure. 

a 

PGA PRESSURE 
INDICATOR 

(LEFT FOREARM) shows the emergency limitations for craw mfety. During 

SM-2A-697C 

Figure 4-9. ECS Suit and Cabin Temperature/Pressure Indicators 

S-BAND ANT 

Auxiliary DC VOLTS Meter S-BAND ANT Meter 

SM-2A-69X 

Figure 4-10. Telecommunication System Meters 

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
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switches to monitor 13 EPS, 6 RCS, 4 G&N and 1 ECS analog 
measurements. Refer to Controls and Displays (section 3 )  for 
information on. which measurements are selected for monitoring by 
the auxiliary DC VOLTS meter. 

The voltmeter provides a reading between 0 and 5 volts of 
the selected measurement. By use of a voltmeter conversion chart 
an interpolation of the value for the selected measurement can be 
made. (Refer to section 2.) 

NOTE The accuracy of the auxiliary DC VOLTS meter 
(for the f u l l  scale) is t1 percent at 75°F and 22  percent 
at 0" and 150°F. 

4.1.5.2 S-Band ANT Meter. 

The S-Band ANT meter, on MDC-19 (figure 4-10), utilizes the 
automatic gain control (AGC) signal in the S-Band receiver to 
display, in a clockwise direction, the relative magnitude of 
signals received by the unified S-band equipment (USBE). The 
meter is used in determining the correct S-band antenna and S/C 
attitude f o r  optimum S-band performance. 

NOTE The accuracy of the S-BAND ANT meter (for the f u l l  
scale) is ? 5  percent at temperatures between O'and 150°F. 

4.1.6 SEQUENTIAL SYSTEMS INDICATORS. 

Instrument markings for the sequential systems indicators 
are shown in figure 4-11. 
required during launch, in-flight SPS operation, and the earth 
landing sequence of events. 
4.1.6.2.) 

The indicators present visual displays 

(Refer to paragraphs 4.1.6.1 and 

4.1.6.1 Barometric Pressure Indicator (Altimeter). 

The barometric pressure indicator, an altimeter on MDC-1 
(figure 4-11), is used in conjunction with the earth landing 
system (ELS) and indicates the pressure altitude of the S/C 
under low-altitude, low-Mach conditions. This altimeter is 
monitored during the earth landing phase o f  the mission to verify 
that the ELS sequencer is initiating various phases of landing 
system deployment at the proper pressure altitude points. A knob, 
located left of' the altimeter dial face, is used in setting the 
adjacent marker (to display the corrected main parachute deploy 
altitude for low-altitude aborts). The adjustable marker, based 

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY DATA 
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NOTE: 

The green band on the 
L A  AOA/SPS Pc indicator 
shows mnnol operating 
pressures (65 to 125%) for the 
SPS combustion chomber 
during engine operation 
in space flight. 

Barometric Pressure Indicator 
(Altimeter) 

V V  AOA/SPS Pc Indicator 

SM-ZA-700F 

Figure 4-11. Sequential System Indicators 

on barometric pressure, is set prior to launch. 
graph 4.4.2.2 for altimeter error and C/B base pressure effects.) 

(Refer to para- 

NOTE The accuracy of the altimeter is +lo0 feet 
from 0 to 4000 feet and 5 percent of the altimeter 
reading from 4000 to 60,000 feet. 

4.1.6.2 L/V AOA/SPS P, Indicator. 

The L/V AOA/SPS Pc indicator, on MDC-3 (figure 4-11}, is 
used to dispAay the launch vehicle angle of attack (in per- 
centage of pressure from the Q-ball) during launch. After 
launch vehicle separation from the S/C, the gauge is used to 
display SPS combustion chamber pressure during engine operation. 
Inputs to this time-shared gauge are determined by the position 
of the L/V AOA/SPS Pc switch, located on the same panel. 

NOTE The accuracy of the L/V AOA/Pc indicator (for the 
f u l l  scale) is 1 percent at 75°F and 2 percent at 0" and 
150°F. 

4.1.7 MISCELLANEOUS INDICATdRS. 

Instrument markings fo r  mechanically operated indicators 
such as clocks, timers, and an accelerometer are shown in 
figure 4-12 and described in paragraphs 4.1.7.1 through 4.1.7.4. 

NOTE The accuracy of the S/C clocks and timers at 
temperatures between 60" and 90°F (and z e r o  gravity) will 
not exceed 2 5  seconds for 10 consecutive days (the arith- 
metic average of the daily rates). For environmental 
conditions above or below this temperature range, the 
average of daily rates for 5 consecutive days will not 
exceed 30 seconds. 

x 
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100-Hwr Clock GMT Clock 

To: EVENT Timer From: EVENT 1im.r 

SM-U-73ID 

Figure 4-12. Miscellaneous Indicators 

4.1.7.1 Mission-Elapsed Time (400-Hour) Clock. 

The 400-hour clock, on MDC-12 (figure 4-12), has a 10-hour 
dial face with second, minute, and hour hands. A display window 
is a l s o  provided to show mission elapsed time in 10-hour 
increments up to 400 hours (when window display returns to 0.000). 
The hour and minute hands are set by a knob at the bottom left of 
the dial face. 
reset, start, and stop the clock. This clock is illuminated 
when the floodlights switch on MDC-27 is actuated. 

A knob at the top right of the dial is used to 

4.1.7.2 GMT (Greenwich Mean Time) Clock. 

The GMT clock, LHFEB-306 (figure 4-12) , has a 24-hour dial 
face with standard second, minute, and hour hands. A time-set 
screw, at the bottom left of the dial face, is used to 

CREW DISPLAY INSTRUMENT MARKINGS AND ACCURACY D A T ~  
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synchronize t h e  clock wi th  Greenwich mean t i m e .  This c lock 
i l l u m i n a t e s  when t h e  CLOCKS-BRT-OFF-DIM switch (LEB-98) i s  
ac tua ted .  

4.1.7.3 TO EVENT and FROM EVENT T i m e r s .  

The TO EVENT and FROM EVENT timers, on LHFEB-306 ( f ig -  
ure 4-12 ), have 10-hour d i a l  f aces  wi th  second, minute,  hour,  and 
10-hour hands. A knob a t  t h e  bottom l e f t  of each t i m e r  i s  used 
t o  se t  t h e  t i m e r  hands. 
stopped by a pushbutton c o n t r o l  a t  t h e  t o p  r i g h t  of t h e  timer. 
These timers i l l umina te  when t h e  CLOCKS-BRT-OFF-DIM switch 
(LEB-100) i s  ac tua ted .  

Each timer can be r e s e t ,  s t a r t e d ,  or 

4.1.7.4 Accelerometer I n d i c a t o r  (G-Meter) . 

4.2 

The accelerometer  i n d i c a t o r  o r  g meter, on MDC-2 
(figure 4-12),  i s  provided wi th  an i n d i c a t i n g  p o i n t e r  f o r  
showing S / C  p o s i t i v e  and negat ive  g loads. 
i n d i c a t i n g  p o i n t e r ,  t h e r e  are two record ing  p o i n t e r s  (one f o r  
p o s i t i v e  and one f o r  nega t ive  g l o a d s )  which fol low t h e  
i n d i c a t i n g  p o i n t e r  t o  i t s  m a x i m u m  a t t a i n e d  t r a v e l .  The record- 
i n g  p o i n t e r s  w i l l  remain a t  t h e  maximum p o s i t i v e  and negat ive  
p o s i t i o n s  a t t a i n e d  t o  provide a record  of m a x i m u m  g loads  
encountered. 
p o s i t i o n ,  it i s  necessary t o  p re s s  t h e  RESET knob on t h e  lower 
l e f t - s i d e  of ' t he  accelerometer .  

I n  add i t ion  t o  t h e  

To r e t u r n  t h e  record ing  p o i n t e r s  t o  t h e  normal 1-g 

NOTE 
o t o  4 g ' s ,  20.3 g a t  6 g ' s ,  50.4 g from 8 t o  10 g ' s ,  
and k0.75 g a t  1 5  g ' s .  

The accuracy of  t h e  g meter i s  t0 .2  g from 

CONSUMABLE REQUIREMENTS. 

.- 

Information r e l a t i n g  t o  S/C 014 consumable materials f o r  t h e  
RCS, SPS, EPS, and ECS i s  provided i n  t h i s  s e c t i o n .  For d e t a i l e d  
consumable d a t a ,  r e f e r  Mission Modular Data Book (MMDB). 

4.2.1 S/M RCS PROPELLANT CONSUMPTION DATA. 

P rope l l an t  consumables u t i l i z e d  by t h e  1 6  S/M RCS engines 
provide  t h r u s t  f o r  three-axes r o t a t i o n a l  and t r a n s l a t i o n a l  
c o n t r o l  o f  t h e  spacec ra f t  (after S/C sepa ra t ion  from t h e  launch 
veh ic l e  and u n t i l  C/M-S/M sepa ra t ion  p r i o r  t o  e n t r y ) .  The 
o x i d i z e r / f u e l  r a t i o  (by weight)  f o r  each engine i s  2.03+0.075:1 
a t  a p rope l l an t  f low rate  of 0.360 lb / sec .  Nominal values  f o r  

CONSUMABLE REQUIREMENTS 
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Consumables 

Nitrogen tetroxide ( N  0 ) 
(oxidizer) 

50% unsymmetrical 
dimethylhydrazine and 
50% hydrazine (UDMH/ 
N$4) (me11 

2 4  

Helium (He) (pressurant) 

- 
PERFORMANCE 

Weight 
per Tank 

Maximum Rate to 
S t orag e Filled Usable Engine 

. Delivery 

Tank (lb) (lb) (lb/sec ) 

4 138.1 131 * 7 0.241 

4 69.7 65.8 0.119 

4 0.52 0.52 N/A 

the individual S/M RCS consumables (maximum usable tank capacity 
of 790 pounds) are as follows: 

S/M RCS propellant consumption rates for manual attitude 
control maneuvers (proportional and direct control) are presented 
in figure 4-13. 
figure 4-13 are as follows: 

Assumptions applicable to the curves shown in 

0 The dynamic disturbances accounted for are SPS propellant 
slosh, the earth orbit aerodynamics and gravity gradient, 
ECS steam venting, and rotating EPS and ECS equipment. 

0 A nominal maneuver of 50k0.5 degrees per axis. 

0 This data may be ratioed to account for different maneuver 
angles. 
10 percent for a 30-degree maneuver and increased by 
20 percent for a 100-degree maneuver. 

The propellant consumption must be decreased by 

The manual single-axis maneuver propellant consumption is 
the same as the single-axis maneuver in paragraph 4.2.1.2. 

4.2.1.2 Automatic Attitude Control Maneuvers and Attitude Hold. 

S/M RCS propellant consumption rates for G&N control 
maneuvers (attitude control and attitude hold), versus S/C 

CONSUMABLE REQUIREMENTS 
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CURM 

A 

8 

PERFORMANCE 

WEIGHT INERTIA (SLUEFEET S O W E D )  

'xx Iw 'zz (Le) 

15,800 53,500 54,ooO 

22,300 12,600 40,ooO 38,700 

M A N W L  PROPORTIONAL RATE - 3 AXIS 

. , . _ ,  

z 1 ! 
S z o t  I '  I I 

0 0.1 0.2 . 0.3 0.4 0.5 0.6 

MANEUMR RATE (DEGREESAECOND) 

MANWL DIRECT qONTROL - 3 AXIS - 
2 

NOTE: WEIGHTS AND INERTIAS 
~ F O R  CURMS A AND B ARE 

SAME AS SHOWN ON 
UPPER CHART. 

-_ - .--I - 
, '  1 

0.1 0.2 0.3 0.4 0.5 0.6 

MANEUMR RATE (DEGREESAECOND) 

TYPICAL MMDB INFORMATION 

SM-24-1087 

Figure 4-13. S/L RCS Prope,,ant Consumptam During Manual 
Attitude Control Maneuvers 

. 
CONSUMABLE mQUIREMENTS 
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weight,  are presented  i n  f i g u r e  4-14. 
paragraph 4 .2 .1 .1  a l s o  apply t o  f i g u r e  4-14, i n  a d d i t i o n  t o  t h e  
fol lowing:  

The same assumptions i n  

0 Non-maneuvered axes are held w i t h  a narrow deadband of 
20.2 degree while  t h e  o t h e r  axes are moved. 

0 A s p e c i f i c  impulse (Isp) f o r  a s i n g l e  j e t  RCS f i r i n g  pe r  
a x i s  t h a t  equals  180 seconds. 

0 A maneuver rate of 0.5 degree pe r  second. 

The S/M RCS prope l l an t  consumption rates f o r  t h e  a t t i t u d e  
thermal  (barbecue)  c o n t r o l  mode versus  S/C weight are presented  
i n  f i g u r e  4-15. Applicable  a d d i t i o n a l  assumptions are as fo l lows:  

0 A t t i t u d e  hold i n  p i t c h  and yaw are a t  a deadband of 
24.2 degrees.  

0 Roll a x i s  s p i n  i s  0.5 degree pe r  second. 

The S/M RCS prope l l an t  consumption requi red  t o  damp free 
d r i f t  rates (caused by dynamic d i s tu rbances )  versus  t i m e  i n  
free d r i f t  are presented  i n  f i g u r e  4-16. 

4.2.1.3 Trans l a t ion  Maneuvers. 

S/M RCS prope l l an t  consumption r equ i r ed  f o r  s e t t l i n g  SPS 
p r o p e l l a n t s  versus  S/C weight,  f o r  t h r e e  conf igu ra t ions  of RCS 
engine u t i l i z a t i o n ,  i s  presented  i n  t h e  upper c h a r t  o f  
f i g u r e  4-17. 
+X axis d e l t a  v e l o c i t y  maneuvers. Assumptions app l i cab le  t o  
both c h a r t s  i n  f i g u r e  4-17 are c s  fo l lows:  

The lower c h a r t  shows p rope l l an t  r equ i r ed  f o r  RCS 

0 The RCS engine t h r u s t  equals  100 pounds. 

0 

0 

0 Dynamic d is turbances  ( s t a t e d  i n  paragraph 4 .2 .1 .1)  are 

Isp at  a t t i t u d e  c o r r e c t i o n  equals  185 seconds. 

Isp a t  t r a n s l a t i o n  equals  278 seconds.  

neglected.  

0 Roll con t ro l  p rope l l an t  requirements are neglec ted .  

~~ 
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2.5 

2.0 

1.5 

1 .o 

0.5 

0.0 
15,000 20,000 25,oOO 30,OOO 35,000 40,000 

SPACECRAFT WEIGHT (LB) 

3-AXIS ATTITUDE HOLD 

15,000 20,m z,m 30,000 35,000 40,000 

S M- 2A- 1088A 
SPACECRAFT WEIGHT (LB) 

Figure 4-14. S/M RCS Propellant Consumption During Attitude 
Control Maneuvers and Attitude Hold 
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h Z I- 
0 Z 

V " k2 Y 

6 ss w c 
Z 
Y 

Figure 4-1 

2 

1 

0 
20 

.5. 

THERMAL CONTROL MODE (BBQ) 

1,000 22,000 24,000 26,000 28,OOO 30,000 32,000 

SPACECRAFT WEIGHT (LB) 

SM-2A-1089 

S/M RCS Propel lant  Consumption f o r  Thermal Control Modes 

.3 1 10 100 

SM-2A-1000 
FREE DRIFT TIME (HOURS) 

Figure 4-16. S/M RCS Propel lant  Consumption f o r  Damping 
Out Free DrifY Rate 
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CC4lflGURATION AXIS 

PITCH 
YAW 

PITCH 
YAW 

O N E  

TWO 

PERFORMANCE 

S/M RCS ENGINES - 
USED K>R 

DISABLED ATTITUDE CONTlOL nus X 

3 6 4  1 2 2 6  1 
6 6 5  7 8 NONE 
2 6 1  3 4 NONE 
7 a a  5 6 6 6 5  

K)SlTlM NEGATIVE TMNWflON 

I _. 

PITCH I NONE I 3 6 1  1 -  2 6 4  I 2 6  I 
YAW 1 NONE I 7 6 5  I 6 6 8  I 6 6 5  I THREE 

S/M RCS PROPEUANT REQUIRED FOR WAGE 
22 

20 

- 
a 18 

16 

!2 
f 14 

12 

S/M RCS PROPELLANT REQUIRED FOR +X TRANSLATION 

2O:OOO 22,OOO 24,000 26,ooO 28,OOO 30,000 32,000 %,OW 

SPACECRAR MIGHT &E) 

TYt'lCAL MMDB INFORMATION 

NOTE: 

C u m  I ,  2, and 3 
"t #nOM .ngim 
culfigrmtiul OI o h .  

SM-24-IOPIA 

Figure 4-17. S/M RCS Propellant Consumpt-Dn for SPS Propellant 
Settling and Translation Maneuvers 

-- 
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~~ ~ ~ ~~ 

4.2.1.4 A t t i t u d e  Hold Following SPS Burn. 

)L .2 .2  

S/M RCS p rope l l an t  consumption r equ i r ed  f o r  a t t i t u d e  hold 
i n  t h r e e  axes, immediately fol lowing an  SPS burn and extending 
over a 10-minute pe r iod  after t h e  SPS burn,  i s  presented  i n  

(This  curve inc ludes  t h e  t o t a l  
RCS requirement and should not  be added t o  t h e  resu l t s  obta ined  
from figure 4-14. 
damping per iod ,  t h e  rates i n  t h e  lower c h a r t  o f  figure 4-14 
should be used . )  
t i o n  of  an SPS burn, both c h a r t s  i n  f i g u r e  4-18 are used f o r  
a d j u s t i n g  RCS p rope l l an t  consumption rates. 

' t h e  upper c h a r t  of figure 4-18. 

However, after t h e  end of  t h e  10-minute s l o s h  

For a t t i t u d e  holds  delayed af ter  t h e  termina- 

C/M RCS PROPELLANT CONSUMPTION DATA. 

Propel lan t  consumables u t i l i z e d  by t h e  1 2  C/M RCS engines  
provide t h r u s t  f o r  three-axes r o t a t i o n a l  and a t t i t u d e  c o n t r o l  of 
t h e  C/M (after an abor t  o r  during normal e n t r y ) .  
fuel  r a t i o  (by weight)  f o r  each of t h e  four  r o l l  engines  i s  
2.1+0.09 :1 at  a p rope l l an t  consumption rate of  0.345 l b / s e c  . 
The o x i d i z e r / f u e l  r a t i o  (by weight)  f o r  each of t h e  e i g h t  
remaining engines i s  2.0?0.09:1 a t  a prope l l an t  consumption 
ra te  of 0.342 l b / s e c .  Any remaining p r o p e l l a n t ,  inc luding  t h e  
helium used as a p res su ran t ,  i s  e j e c t e d  p r i o r  t o  C/M touchdown 
( f o r  a l l  mission modes). Nominal va lues  f o r  t h e  i n d i v i d u a l  
C / M  RCS consumables (usab le  tank  capac i ty  of  225 pounds) are 
as fol lows:  

The ox id ize r /  

Weight pe r  Tank 

Consumables 

Nitrogen t e t r o x i d e  
(N2O4) ( o x i d i z e r )  

Monomethylhydrazine 
(MMH) ( fue l )  

H e l i u m  ( H e )  
( p re s su ran t  ) 

._ 

S t  orage 
Tank 

F i l l e d  
( l b )  

89.2 

45.2 

0.52 

Usable 
( l b )  

75.0 

37.5 

0.52 

Del ivery Rat e 
t o  Engine 

0.228 l b / s e c  ( o x i d i z e r / f u e l  
r a t i o  of 2:1) 

0.234 l b / s e c  ( o x i d i z e r l f u e l  
r a t i o  of  2.1:1) 

0.114 l b / s e c  ( o x i d i z e r / f u e l  
r a t i o  of 2:1) 

0.111 lb / sec  ( o x i d i z e r / f u e l  
r a t i o  of 2.1:1)  
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S/M RCS PROPELLANT CONSUMPTION FOLLOWING AN SPS BURN 
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RELATIVE S/M RCS PROPELLANT CONSUMPTION VERSUS 
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ATTITUDE HOLD DELAY (MINUTES) 

SM-2A- 1092 

Figure 4-18. S/M RCS Attitude Hola Propellant Consumption 
Followinn SPS Burn 
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Consumables 

Nitrogen t e t r o x i d e  
(N204) ( o x i d i z e r )  

50% unsymmetrical 
dimethylhydrazine 
( WMH/N2H4 ( fue l  ) 

H e l i u m  ( H e )  
( p re s su ran t  ) , 

PERFORMANCE 

Storage Weight p e r  Tank 
(and Del ivery 
sump 1 F i l l e d  Usable Rate t o  
Tank ( l b )  (1b) Engine 

1 30,600 27,333 46.06 l b / s e c  

1 15,300 13,677 23.03 l b / s e c  

2 48.2 48.2 N/A 

4 .2 .3  

Representa t ive  C/M RCS p rope l l an t  consumption time h i s t o r i e s  
are presented  i n  figure 4-19 f o r  nominal and off-nominal s ing le -  
system RCS e n t r i e s .  The curves inc lude  pre-entry p rope l l an t  
expended ( 5  pounds f o r  nominal and 9 pounds f o r  off-nominal 
rates ) . 
SPS PROPELLANT CONSUMPTION DATA. 

Spacecraf t  weight i s  p l o t t e d  aga ins t  c h a r a c t e r i s t i c  
v e l o c i t y  f o r  nominal and minimum values  of s p e c i f i c  impulse. 
(See f i g u r e  4-20.)  A sample pa th  t r a c e s  a t y p i c a l  s o l u t i o n  f o r  
p rope l l an t  weight when i n i t i a l  weight,  s p e c i f i c  impulse,  and 
c h a r a c t e r i s t i c  v e l o c i t y  change are given. Arrows on t h e  c h a r t ,  
s t a r t i n g  wi th  an i n i t i a l  va lue  f o r  weight (W,) i n d i c a t e  t h e  
d i r e c t i o n  of flow f o r  t h e  sample problem. It i s  important t o  
no te  t h a t  t h e  c h a r a c t e r i s t i c  v e l o c i t y  (V,)  s c a l e  does not  
r ep resen t  va lues  of AV remaining aboard t h e  S/C, but  i s  
intended t o  serve as a r e fe rence  only on which increments 
( AVc) may be taken  as shown i n  t h e  sample. 

I n  o rde r  t o  account f o r  a 4500 pound-seconds l o s s  f o r  each 
SPS engine s tar t ,  1 4 . 5  pounds of p rope l l an t  must be added t o  t h e  
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ENTRY TIME (400,oOO TO 24,000 FT), +EN (SECONDS) 

NOMINAL 

Vg 24,216 FPS 
Y g  -1.65 DEG 
a 156 DEG 
B 0 DEG 
4EN ODEG 
C h  -0.0004DEG 
GUST NONE 
0 52.7 DEG 
RANGE 1547NM 

0 FF-N OM1 NAL 

24, 216 FPS 
-1.65 DEG 
156 DEG 
0 DEG 
0 DEG 
-0.00006 
HALF SINE WAVE 
52.7 DEG 
1547 NM 

SM-2A-1093 
Figure 4-19. C/M RCS Propellant Consumption 

Time Histories - Single System 
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CHARACTERISTIC VELOCITY, Vc (FTAEC) 

GIVEN: INITIAL SPACECRAFT WEIGHT, W1 
SPECIFIC IMPULSE, ' Isp 
CHARACTERISTIC VELOCITY 
CHANGE, AVc 
g = 32.174 FTAEC2 1 1  

PROPELLANT WEIGHT, Wp = W1 I:( - A ~ C  )I 
9 ISP 

Figure 4-20. SPS Prope l l an t  Consumption 

SM-2A-1094 
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prope l l an t  consumption noted dur ing  each f i r i n g .  
p rope l l an t  requirements are l i m i t e d  t o  t h e  t o t a l  u sab le  
p r o p e l l a n t s  a v a i l a b l e  t o  t h e  S/C.) 

(The to t a l  

4.2.4 EPS AND ECS CONSUMPTION DATA. 

Oxygen and hydrogen r e a c t a n t s  (from t h e  cryogenic s to rage  
system) are consumed by t h e  EPS fuel  c e l l  power p l a n t s  i n  t h e  
genera t ion  of e l e c t r i c a l  power for t h e  S/C. Water, as a 
by-product, i s  provided f o r  t h e  ECS. Oxygen from t h e  cryogenic 
s to rage  system i s  a l s o  suppl ied  t o  t h e  ECS f o r  metabol ic  con- 
sumption by t h e  crewmembers and f o r  p r e s s u r i z a t i o n  of t h e  crew 
compartment and t h e  PGA. The cryogenic tanks  f o r  oxygen and 
hydrogen are i n i t i a l l y  f i l l e d  t o  a t  l eas t  97 percent  of  f u l l  
capac i ty .  Nominal va lues  f o r  t h e s e  consumables a r e  as fo l lows:  

Consumables 

Hydrogen (H2) 
( s u p e r c r i t i c a l  gas  

Nitrogen ( N 2 )  ( fuel  
c e l l  r e f e rence  
p r e s  s u r  e ) 

S t  orage 
Tank 

2 

2 

3 

Weight p e r  Tank 

.F i l l ed  
(1b )  

29.0 

327.0 

0.44 

Usable 
( l b )  

28.0 

320.0 

0.44 

Flow Rate 
t o  System 

0.14 l b / h r  (min) 
0.27 l b / h r  ( m a x )  
( 0.75 lb/hr-purge on ly )  

1.70 l b / h r  (min) 
2.58 l b / h r  ( m a x )  
(0.6 lb/hr-purge on ly )  

NOTE 
t h e  sane cryogenic s to rage  system (489 pounds 
of usable  02 f o r  t h e  EPS and 151  pounds f o r  t h e  
ECS). 

Both t h e  EPS and ECS u t i l i z e  ,oxygen from 

4.2.4.1 EPS Fuel  C e l l  Reactants  Consumption. 

The O2 and H2 consumption versus e l e c t r i c a l  output  f o r  
one, two, o r  t h r e e  f u e l  c e l l  power p l a n t s  i s  shown i n  
f i g u r e  4-21. 
rate i s  e i g h t  t i m e s  t h e  H2 ra te . )  
c e l l s  may be c a l c u l a t e d  by mul t ip ly ing  t h e  H2 consumption 
ra te  by nine.  

Only t h e  H2 curve i s  given. (The 02 consumption 
Water generated by t h e  fuel 
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Figure 4-21. Cryogenic Consumption Versus Fuel Cell Current 

In order to maintain fuel cell operating efficiency, 
purging of each power plant is accomplished every 7 hours. The 
purges will normally be staggered so that a H2 purge will follow 
an 02 purge by 3.5 hours. The present purging cycle of 7 hours 
is based upon the maximum normal power output of 1420 watts per 
fuel cell. The time between purges is based upon the ratio of 
the present maximum of 1420 watts/fuel cell power plant to the 
actual maximmi gross power demand times 7 hours. Thus, if the 
actual miximum gross power demand is 710 watts/fuel cell 
module, the nominal purge interval of 7 hours would be increased 
by 1420/710 or 2. 
purge interval of 14 hours. During purging, the power plant 
continues to consume reactants in the quantities required to 
produce the power demanded by S/C electrical loads. 
duration of each H2 purge is 80 seconds and 120 seconds for 
each 02 purge. 

Multiplying 2 times 7 would then provide a 

The 

~~ 

CONSUMABLE REQUIREMENTS 
Basic Date l2 1966 Revision Date Page 4-31 



SM2A-03-SC012 
APOLLO OPERATIONS HANDBOOK 

--- 

PERFORMANCE 
~ 

4.2.4.2 EPS E l e c t r i c a l  Power OutDut. 

During a normal mission,  from launch u n t i l  e n t r y ,  about 
618 kwh of e l e c t r i c a l  power i s  suppl ied  t o  t h e  S/C by t h r e e  
fuel c e l l  power p l a n t s  ope ra t ing  i n  p a r a l l e l .  If one power 
p l a n t  should f a i l ,  t h e  remaining two w i l l  provide f o r  normal 
povrer loads. I n  t h e  event two power p l a n t s  f a i l ,  S/C 
emergency loads  can be accommodated. 
normally reserved  f o r  e n t r y  and pos t landing  phases of t h e  
miss ion ,  can be  u t i l i z e d  t o  provide f o r  peak loads  above 
ope ra t ing  fuel c e l l  c a p a c i t i e s .  

The t h r e e  b a t t e r i e s ,  

NOTE The EFS r e q u i r e s  a minimum s teady-ra te  power 
l e v e l  of 1689 wa t t s  wi th  t h r e e  f u e l  c e l l s  ope ra t ing  or 
1550 watts wi th  two f u e l  ce l l s  ope ra t ing  dur ing  o r b i t .  
However, a minimum t r a n s i e n t  power l e v e l  of 1.500 wat t s  
f o r  t h r e e  f i e 1  c e l l s  can be reached without  causing an 
overvol tage i n  t h e  EFS. (Tests a r e  being conducted t o  
determine i f  a minimum t r a n s i e n t  power l e v e l  of 1200 
w a t t s  f o r  t h r e e  f u e l  c e l l s  i s  f e a s i b l e , )  

1.0 kwh of energy can be obta ined  f o r  use during o r b i t a l  
f l i g h t .  

The S/C i s  capable of s u s t a i n i n g  an emergency power load 
of 1200 w a t t s  wi th  one h e 1  c e l l  ope ra t ing  dur ing  o r b i t .  

0 By drawing on b a t t e r y  power and recharging,  an a d d i t i o n a l  

0 

4.2.4.3 ECS Oxygen and Water Consumption. 

Oxygen and w a t e r  consumables are u t i l i z e d  by t h e  ECS i n  
providing f o r  needs p e c u l i a r  t o  t h e  presence of men aboard t h e  
s p a c e c r a f t .  Nominal va lues  f o r  t h e  ECS consumables a r e  as fol lows:  

Consumables Source 

Cryogenic s to rage  
system tanks  ( 2 ) .  

NOTE The cryogenic 
s to rage  system sup- 
p l i e s  O2 t o  both t h e  
ECS and EPS ( 1 5 1  
pounds f o r  t h e  ECS 
and 489 pounds f o r  
t h e  EPS) . 

Usable 
Weight 

( I b )  

151.0 

Remarks 

The bas i c  purpose of t h e  
ECS oxygen i s  f o r  crew 
m e t  ab ol i c c on sumpt ion  
and c o n t r o l  of t h e  C/M 
pres su re  as fo l lows:  

a. Metabolic - t h r e e  men 
a t  0.075 lb/hr/man o r  
0.225 l b / h r  t o t a l  

b .  C/M leakage - 
0.2 l b / h r  . 
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Potab le  water 

Waste water 

Nitrogen (N2) 
(p re s su ran t  ) 

PERFORMANCE 

Source 

Surge tank  

Entry tank  

One C/M po tab le  water 
supply tank  

One C / M  waste water 
supply tank  

Two S/M w a t e r  
supply tanks  

One N2 supply tank 

Usable 
Weight 

( l b )  

3.7 

1.0 

36.0 

56.0 

112.0 

1 . 5  

Remarks 

c .  2 C/M 
r e p r e s s u r i z a t i o n s  - 
11.7 l b  (5.85 l b / e a ) .  

I n i t i a l l y  f i l l e d  during 
ground s e r v i c e  

I n i t i a l l y  f i l l e d  dur ing  
ground s e r v i c e  

I n i t i a l l y  f i l l e d  during 
ground s e r v i c e ;  t h e  tank  
i s  rep len ished  dur ing  
f l i g h t  by t h e  EPS fuel 
c e l l  power p l a n t s  a t  a 
nominal ra te  of 0.77 l b  
pe r  k i lowa t t .  If tank  i s  
full, water w i l l  overflow 
i n t o  C/M waste water tank .  

I n i t i a l l y  f i l l e d  dur ing  
ground s e r v i c e  and then  
by overflow of water 
from pbtable  w a t e r  t ank .  

Addi t iona l  supply of  
water i s  c a r r i e d  i n  S/M 
t o  r e p l e n i s h  C/M water 
t anks ,  i f  necessary.  

Used t o  p r e s s u r i z e  t h e  
S/M water supply t anks .  

NOTE 
metabol ic  purposes by t h e  crew and not  f o r  cool ing  
purposes i n  t h e  S/C (unless w a s t e  water becomes 
deple ted  ) . 

The ECS potable  water w i l l  be p r imar i ly  u s e d . f o r  

0 The ECS r a d i a t o r  i n l e t  temperature  i s  a f f ec t ed  by heat 
t r a n s f e r  from EPS components. 
warmer from increased  e l e c t r i c a l  l oads ,  a g r e a t e r  r a t e  
of hea t  t r a n s f e r  w i l l  t a k e  p l ace .  ECS r a d i a t o r  f r eez ing  
may r e s u l t  i f  both r a d i a t o r s  a r e  exposed t o  deep space f o r  
more than  1 hour and t h e  i n l e t - t e m p e r a t u r e  i s  below 75°F 

A s  t h e  components become 
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wi th  an e l e c t r i c a l  cu r ren t  l e v e l  of about 55 amps 
r o l l i n g  o r  tumbling t h e  S/C, t o  allow f o r  pe r iod ic  exposure 
of t h e  r a d i a t o r s  t o  t h e  sun, t h e  i n l e t  temperature  can be 
70°F wi th  an e l e c t r i c a l  cu r ren t  l e v e l  of about 50 amps 
before  t h e  space r a d i a t o r s  s t a r t  t o  f r eeze .  

By 

4.3 

4.3.1 RCS TRANSLATION CONTROL. 

RCS AND SPS THRUSTING DATA. 

Spacecraf i  t r a n s l a t i o n  i s  poss ib l e  a t  any time a f t e r  S-IVB 
sepa ra t ion  and p r i o r  t o  t h e  t i m e  when S/M-C/M sepa ra t ion  occurs .  
T rans l a t ion  maneuvers yre  provided through t h e  S/M RCS engines  
and are  normally i n i t i a t e d  manually by t h e  t r a n s l a t i o n  c o n t r o l  
T-handle i n  t h e  "X, Y, and Z axes ,  or by t h e  DIRECT ULLAGE switch 
i n  t h e  +X a x i s .  
counterclockwise p o s i t i o n  t o  t h e  abor t  d e t e n t  f o r  about 2 . 5  
seconds)  a l s o  provides  for CSM/S-IVB sepa ra t ion .  While t h e  
c o n t r o l  i s  i n  t h e  abor t  d e t e n t  p o s i t i o n ,  t h e  CSM a t t i t u d e  i s  not  
c o n t r o l l e d .  Upon confirmation of phys i ca l  s ephra t ion ,  t h e  t r a n s -  
l a t i o n  c o n t r o l  i s  moved t o  t h e  +X p o s i t i o n  and t h e  SCS i n i t i a t e s  
a t t i t u d e  c o n t r o l  t o  a maximum deadband of 5 degrees .  
s e c t i o n  2 f o r  systems ope ra t ion . )  

The t r a n s l a t i o n  c o n t r o l  (manipulated i n  t h e  

(Refer t o  

NOTE Each S/M RCS engine nominally develops 100 pounds 
of t h r u s t .  If f o u r  engines  are  i g n i t e d  ( a s  i n  a *X 
t r a n s l a t i o n ) ,  t h e  S/C w i l l  a c c e l e r a t e  a t  0 .4  t o  0.8 
ft /sec2,,  depending on t h e  S/C weight snd c o n t r o l  mode. 
(Only two engines  a r e  i g n i t e d  f o r  +Y and LZ t r a n s l a t i o n s . )  

0 The minimum RCS impulse du ra t ion ,  assuming average human 
response,  i s  on t h e  o r d e r  of 200 mi l l i s econds .  The maxi- 
mum t r a n s l a t i o n  du ra t ion  i s  a func t ion  o f  t h e  zv-ailable 
p r o p e l l a n t  . 

4 .3 .2  RCS ROTATION CONTROL. 

Automatic o r  manual r o t a t i o n a l  c o n t r o l  of t h e  S/C i s  pro- 
v ided  i n  both t h e  G&N 2nd t h e  SCS c o n t r o l  modes. 
s e c t i o n  2 f o r  systems o p e r a t i o n . )  

(Refer  t o  

NOTE 
from 1 . 0  t o  1 . 5  degrees  p e r  second2, depending on the  
S/C mzss conf igura t ion  and RCS engines  f i r e d .  ) 

The S/C can have a m a x i m  angular  acce le ra t ion  

CONSUMABIX FXQUIFX:MENTS-RCS AND SPS THRUSTING DATA 
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4.3.2.1 G&N At t i tude  Control .  

During t h e  W a t t i t u d e  c o n t r o l  mode, t h e  i n e r t i a l  measure- 

Rotat ion changes a r e  commanded by e i t h e r  t h e  Apollo 
ment u n i t  (IMU) maintains  t h e  primary i n e r t i a l  a t t i t u d e  re ference  
for t h e  S/C. 
guidance computer (AGC) when verb 70 i s  en te red  i n  t h e  S/C d i s p l a y  
keyboard (DSKY) f o r  manual maneuvers wi th  t h e  r o t a t i o n  c o n t r o l ,  
o r  by manually d i a l i n g  t h e  coupl ing d i sp lay  u n i t s  (CDU) for 
maneuvers preprogramed i n  t h e  A X .  

NOTE The AGC can be programmed t o  command a th ree -  
a x i s  60-degree r e o r i e n t a t i o n  of t h e  S/C (and i s  
s i m i l a r  i n  opera t ion  t o  an a t t i t u d e  o r i e n t a t i o n  
maneuver for an IMU al ignment ) .  

e A l l  preprogrammed AGC maneuvers a r e  executed a t  an 

I n  
a t t i t u d e  r a t e  of 0.5 degree p e r  second (4 .0  degrees  
p e r  second f o r  abor t  o r  e n t r y  maneuvers on ly ) .  
t h e  G&N mode, a k 4 . 2  degree maximum or a f0.2 degree 
minimum a t t i t u d e  e r r o r  deadband i s  a v a i l a b l e  
w i l l  have a l i m i t  cycle  r a t e  of l e s s  than  0.2 degree 
p e r  second wi th in  t h e s e  deadbands. 

The S/C 

e G&N a t t i t u d e  maneuver r a t e s  (used f o r  IMU f i n e  
alilgnments and checks) a r e  l i m i t e d  by t h e  G&N 
d i g i t a l  program t o  0.5 degree p e r  second i n  
p i t c h ,  roll, and yaw. 

4 . 3 . 2 . 2  SCS At t i t ude  Cont ro l .  

During t h e  SCS a t t i t u d e  c o n t r o l  mode, t h e  body mounted 
a t t i t u d e  gyros (BMAG) provide an automatic re ference  f o r  holding 
t h e  S/C a t  a s p e c i f i c  a t t i t u d e  wi th in  a f4 2 degrees  maximum 
o r  a 1 0 . 2  degree minimum a t t i t u d e  e r r o r  deadband. If t h e  S/C i s  
then  maneuvered manually by t h e  r o t a t i o n  c o n t r o l ,  t h e  a t t i t u d e  
gyro coupling u n i t  (AGCU) w i l l  au tomat ica l ly  cage t h e  a t t i t u d e  
gyros,  c o r r e c t  t h e  a t t i t u d e  hold re ference ,  and p resen t  a neb 
d i s p l a y  on t h e  F D A 1  when t h e  maneuver i s  completed. 

4 . 3 . 2 . 3  Manual A t t i t ude  Control .  

Manual maneuvers f o r  a t t i t u d e  c o n t r o l  of t h e  S/C a r e  
provided by use  of t h e  r o t a t i o n  c o n t r o l  for d i r e c t  and pro- 
p o r t i o n a l  r a t e s ,  and by t h e  a t t i t u d e  impulse c o n t r o l  for 
low-ro ta t iona l  r a t e s  (minimum impulse) .  The primary 
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purpose of  t h e  manual a t t i t u d e  c o n t r o l s  and p e r t i n e n t  da t a  
a r e  a s  fo l lows:  

1. Direc t  r o t a t i o n  con t ro l ,  f o r  emergency and backup con- 
d i t i o n s ,  i s  commanded by use  of t h e  r o t a t i o n  c o n t r o l  
( s t i c k )  about t h e  d e s i r e d  axes t o  i t s  hard s t o p s .  
before  engaging t h e  hardstops,  a switch c l o s e s  and a p p l i e s  
a d i r e c t  command t o  t h e  RCS d i r e c t  c o i l s .  Rate feedback 
i s  no t  used t o  cance l  t h e  s t i c k  movement, but  t h e  
BMAG-AGCU loop i s  c losed  and maintains  an a t t i t u d e  
re ference  t o  i t s  limits. 

J u s t  

NOTE 
i s  l i m i t e d  only by human endurance and t h e  RCS prope l l an t  
supply.  
technique and t h e  a t t i t u d e  re ference  ( F D A I  or v i s u a l  
landmark) used t o  c l o s e  t h e  o u t e r  c o n t r o l  loop .  The 
i n e r t i a l  r e f e rences  s t a r t  t o  accumulate e r r o r  (due t o  
gyro s l u e  r a t e  l i m i t a t i o n s )  a t  a r a t e  of 20 degrees  
p e r  second about t h e  r o l l  a x i s  and 5.0 degrees  p e r  
second about t h e  p i t c h  o r  yaw a x i s .  

The a t t i t u d e  r a t e ,  commanded by d i r e c t  r o t a t i o n ,  

S t a r t  and s t o p  t r a n s i e n t s  depend on p i l o t  

2 .  P ropor t iona l  r o t a t i o n  c o n t r o l ,  f o r  a t t i t u d e  c o r r e c t i o n s ,  
i s  commanded by displacement of t h e  manual S/C r o t a t i o n  
c o n t r o l  ( s t i c k )  i n t o  a desired p ropor t iona l  r a t e  (when 
r e f e r r i n g  t o  S/C a t t i t u d e  d i s p l a y  on t h e  FDAI). 

NOTE The r e s u l t i n g  p ropor t iona l  ra te  w i l l  va ry  from 
a m i n i m  of 0 . 2  degree p e r  second t o  a m a x i m  of 
0.65 degree p e r  second (depending on s t i c k  d i sp lace -  
ment).  
maximum and k0.2 degree minimum. 

A t t i t u d e  e r r o r  deadbands a r e  k4.2 degrees  

3 .  Attitude impulse c o n t r o l ,  for commanding low-ro ta t iona l  
r a t e s  about all t h r e e  axes,  i s  a v a i l a b l e  i n  e i t h e r  G&N 
o r  SCS modes of opera t ion  and i s  used as requi red  dur ing  
n a v i g a t i o n a l  s i g h t i n g  pe r iods .  
through t h e  a t t i t u d e  impulse c o n t r o l  l oca t ed  on pane l  

This  i s  accomplished 

105. 

NOTE 
and d i sp laced ,  a switch c losu re  i n  t h e  c o n t r o l  u n i t  
w i l l  cause one pu l se  of 18k4 mil l i seconds ,  which i s  
app l i ed  t o  t h e  RCS j e t  s e l e c t i o n  l o g i c .  (One pulse  
i s  generated for each a t t i t u d e  impulse switch 
c l o s u r e .  ) 

Afte r  t h e  a t t i t u d e  impulse c o n t r o l  i s  enabled 

RCS AND SPS THRUSTING DATA 
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e A t t i t u d e  impulse c o n t r o l  i s  not  a p ropor t iona l  con- 
t r o l  and does no t  provide f o r  a t t i t u d e  hold .  When 
t h i s  c o n t r o l  i s  enabled,  r e l a y  a c t i o n  removes a l l  
r a t e  a t t i t u d e  e r r o r  and c o n t r o l  i npu t s  from t h e  SCS 
e l e c t r o n i c s .  

0 Use of minimum impulse ( f o r  f i n e  adjustment of S/C 
a t t i t u d e )  e x c i t e s  r a t e s  of about 0.01 degree p e r  
second minimum t o  0.5 degree p e r  second m a x i m .  

4 . 3 . 3  SFS ENGINE THRUST F'ERFOXWNCE. 

4 . 3 . 3 . 1  SPS Small-Impulse Operation 

The SPS engine i s  capable of accept ing  a shutdown s i g n a l  
a t  any t i m e  a f t e r  r e c e i p t  of a s t a r t  s i g n a l .  A nominal mini- 
mum impulse b i t  of 12,000 pound-seconds i s  developed when t h e  
engine i s  f i r e d  f o r  an  open-loop opera t ion  pe r iod  of 0.6 
seconds.  (See f i g u r e  4-22.) The run-to-run minimum impulse-bi t  
t o l e r a n c e  i s  +3OO pound-seconds (1 sigma).  Impulse value a s  a 
func t ion  of start-to-shutdown s i g n a l  du ra t ion  (FS1 t o  FS2), i s  
es t imated  from q u a l i f i c a t i o n  t e s t s  generated a t  AEDC (Arnold 
Engineering Development Center ) .  
small impulse f i r i n g s  inc luding  t h e  14.4-pound p rope l l an t  loss 
f o r  each SPS engine s t a r t  i s  covered by t h e  equat ion 
Wp = (Impulse +4500)/Isp. 

SPS Engine S t a r t  and Shutdown Trans i en t s .  

(P rope l l an t  consumption for 

4 .3 .3 .2  

The SPS engine s t a r t  and shutdown t r a n s i e n t s  a r e  presented  
i n  f i g u r e  4-23. 
func t ion  of e lapsed  t ime from s t a r t  (FS1) and shutdom (FS2) 
command s i g n a l s .  Rated t h r u s t  i s  based on nominal i n l e t  condi t ion .  
A l l  d a t a  e s t ima tes  a r e  from AEDC q u a l i f i c a t i o n  t e s t s .  The start 
t r a n s i e n t  t o t a l  impulse from FS1 t o  90-percent r a t e d  t h r u s t  i s  
l i m i t e d  t o  t h e  range from 100 pound-seconds (minimum) t o  
400 pound-seconds (maximum). 
t r a n s i e n t  impulse i s  ?lo0 pound-seconds (1 sigma). 
imDulse from FS2 t o  10-percent r a t e d  t h r u s t  i s  l i m i t e d  t o  3 

range from 8000 pound-seconds ( m i n i m )  t o  12,000 pound-seconds 
(maximum). The run-to-run to l e rance  on the  shutdown impulse i s  
?_100 pound-seconds (1 sigma).  

Curves show t h e  percentage of r a t e d  t h r u s t  a s  a 

The run-to-run to l e rance  on s tsr t  
The shGtdob,n 

.. 
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SPS SIGNAL DURATION (FS1 TO FS2) IN SECONDS 
SM-2A-1098 

Figure 4-22. SPS Small Impulse F i r ings  f o r  Open-Loop Operations 

4.3.3.3 SPS Delta V Capabi l i ty .  

The SPS d e l t a  V c a p a b i l i t y  remaining versus  SPS 
p rope l l an t  remaining i s  presented i n  f i g u r e  4-24. 

4.3.3.4 SPS Engine Gimbal Angle Determinations. 

The engine gimbal angle determinations for an SPS f i r i n g  
(thrust vec to r  through cen te r  of g rav i ty )  can be ca lcu la ted  during 

RCS AND SPS "HRUSTING DATA 
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ELAPSED TIME IN SECONDS 

SM-2A- 1099 

Figure 4-23. SPS Engine Start and Shutdown Transients 

flight by the amount of SPS f’uel remaining aboard the spacecraft. 
(See figure 14-25. 
engine gimbal angles if propellant leaks and/or other than 
nominal oxidizer to f’uel ratios occur. 

The ground controller will determine SPS 

4.4 S/C OPERATIONAL CONSTRAINTS AND LIMITATIONS. 

4.4.1 OPERATIONAL CONSTRAINTS. 

Attitude constraints are necessary to prevent excessive 
exposure of certain spacecraft surface features to solar heating, 
earth albedo, or deep space. These constraints are required to 
control temperatures for the ECS radiator inlet, S/M RCS engines, 
SPS propellant feedlines, and the heat shield. 

RCS AND SPS THRUSTING DATA-S/C OPERATIONAL CONSTRAINTS AND LIMITATIONS 
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0 2Ooo m 

DELTA V REMAINING - FPS 
S M - a - 1  IOOA 

Figure 4-24. SPS Delta  V Remaining Versus 
Propel lant  Remaining 
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4 . 4 . 1 . 1  ECS Radiator I n l e t  TemDera ture .  

The ECS r a d i a t o r  i n l e t  temperature (obtained from MSFN o r  
t h e  a u x i l i a r y  DC v o l t s  meter on panel  200) should be maintained 
a t  75°F o r  w a r m e r  t o  prevent aga ins t  r a d i a t o r  f reez ing .  However, 
excessive water b o i l i n g  w i l l  r e s u l t  i f  t h e  r a d i a t o r s  a r e  d i r e c t l y  
exposed t 6  the  sun f o r  prolonged per iods.  S/C o r i en ta t ions  
exposing t h e  ECS r a d i a t o r  sur face  t o  s o l a r  incidence angles l e s s  
than 45 degrees should not be maintained longer than  20 minutes 
pe r  o r b i t .  A l s o ,  t h e  S / C  a t t i t u d e  should be constrained 
i n e r t i a l l y  o r  held f ixed  r e l a t i v e  t o  t h e  e a r t h  without r o l l  f o r  
a per iod longer  than  one o r b i t ,  i f  t h e  s o l a r  incidence t o  t h e  
r a d i a t o r  i s  less than 45 degrees. To prevent excessive water 
consumption ( b o i l i n g )  t h e  S/C a t t i t u d e  must not be constrained 
i n  an i n e r t i a l  o r  ear th-f ixed o r i e n t a t i o n  without r o l l  f o r  longer 
than  3 hours. 

CAUTION 

and high r a d i a t o r  o u t l e t  temperature.  

Extreme r a d i a t o r  soot ing can be detected 
by a r ap id  deple t ion  of t h e  water supply 

0 If t h e  r a d i a t o r  o u t l e t  temperature averages above 
53°F as a r e s u l t  of extreme soot ing,  high e l e c t r i c a l  
loads ,  o r  poor r a d i a t o r  o r i e n t a t i o n ,  t h e  water tanks 
w i l l  be depleted a t  a rate incompatible with t h e  
planned mission durat ion time. 

NOTE 
ensure a s a t i s f a c t o r y  environment f o r  EPS r a d i a t o r  
operat  ion.  

Observance of ECS r a d i a t o r  cons t r a in t s  w i l l  a l s o  

4 . 4 . 1 . 2  S/M RCS Ennine Temperatures. 

The S/M RCS engines are q u a l i f i e d  t o  work within t h e  range 
of 35" t o  175"F, t h e  propel lan t  valve temperature l i m i t s .  
warning l i g h t  on panel 10 w i l l  i l lumina te  t o  ind ica t e  when t h e  
temperatures exceed t h i s  range. Temperatures above 175°F a r e  
not exp-ected, except temporar i ly  (poss ib l e )  during boost .  
Heaters t h a t  cycle  automatical ly  are provided on each quad t o  
maintain temperatures above t h e  lower l i m i t .  However, i f  one 
quad i s  continuously pointed away from t h e  sun f o r  longer than 
10  hours,  it i s  poss ib le  f o r  t h e  40°F lower temperature l i m i t  
( f o r  t h e  p rope l l an t )  t o  be reached a t  t h e  RCS tank o u t l e t .  

A red  

NOTE 
per iods between RCS f i r i n g s  t o  ensure t h a t  s a fe  
temperatures are maintained. 

S/C a t t i t u d e  should be monitored during extended 

S/C OPERATIONAL CONSTRAINTS AND LIMITATIONS 
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4 . 4 . 1 . 3  

4 . 4 . 1 . 4  

4 .4 .2  

4 .4 .2 .1  

4 . 4 . 2 . 2  

- 4 .2 .2 .3  

_____ 

, 

f o r  normal e n t r i e s  are shown i n  f i g u r e s  4-29 through 4-31. 

S/C OPERATIONAL CONSTRAINTS AND LIMITATIONS 
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SPS Prope l l an t  Feedl ine Temperatures. 

SPS p rope l l an t  f e e d l i n e s  are normally maintained above 
40°F by h e a t e r s  and i n s u l a t i o n .  The MSFN should monitor SPS 
e x t e r n a l  l i n e  temperatures  and adv i se  t h e  crew whenever 
temperatures  drop below 50'F. If S / C  a t t i t u d e  i s  maintained 
so  t h a t  t h e  SPS i s  poin ted  away from t h e  sun f o r  an extended 
pe r iod  and h e a t e r  capac i ty  i s  i n s u f f i c i e n t  t o  maintain l i n e  
temperatures  above 40"F, t h e  S/C should be r e o r i e n t e d  u n t i l  
acceptab le  SPS l i n e  temperatures  are reached. 

Heat Shie ld  Temperature. 

The hea t  s h i e l d  a b l a t o r  lower temperature  l i m i t  of -150'F 
can be exceeded and cause su r face  c racking  i f  t h e  t h i n  ( - Z )  
por t ion  of  t h e  a b l a t o r  i s  pointed away from t h e  sun f o r  longer  
than  3 hours .  Because of t h e  moderate response t i m e ,  it i s  
u n l i k e l y  t h a t  a c r i t i c a l  co ld  condi t ion  would be  approached 
dur ing  t h e  mission.  

CAUTION If t h e  hea t  s h i e l d  a b l a t o r  temperature  
i s  allowed t o  r ise and remain above 200'F 

f o r  any aggregate  pe r iod  longer  than  2 hours ,  ou tgass ing  
w i l l  r e s u l t  and cause a corresponding degradat ion t o  t h e  
a b l a t o r  stress margin. 

OPERATIONAL LIMITATIONS. 

The available d a t a  i n  t h e  subsequent paragraphs shows 
l i m i t a t i o n s  imposed on t h e  S/C and/or crew during a s c e n t ,  descent  
or a b o r t s ,  s p a c e f l i g h t ,  and en t ry .  

Acoustic and Vibra t ion  E f f e c t s .  

The crew w i l l  be exposed t o  acous t i c  and v i b r a t i o n  e f f e c t s  
during ascent  (130 seconds ) , p o s s i b l e  LES a b o r t s  ( 1 0  seconds ) , 
and e n t r y  (100 seconds) .  
experienced during h igh -a l t i t ude  a b o r t s  (SPS induced) and 
space f l igh t  SPS f i r i n g s .  

Vibra t ion  e f f e c t s  w i l l  a l s o  be 

(See f i g u r e s  4-26 and 4-27.) 

A l t i m e t e r  E r ro r ' and  C / M  Base Pressure  Ef fec t s .  

The altimeter (barometr ic  p re s su re  i n d i c a t o r )  e r r o r  r e s u l t i n g  
from v e l o c i t y  p re s su res  on t h e  command module (below 
14,000 f ee t )  i s  shown i n  figure 4-28. 

C / M  Lif t /Drag P r o f i l e  and Entry E f f e c t s .  

Charts  showing t h e  C/M l i f t / d r a g  p r o f i l e  and t ime h i s t o r i e s  
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CREW COMPARTMENT NOISE SPECTRA 

AVERAGE OCTAVE BAND FREQUENCIES - CPS 

55 db 
79 db 

= Sound pressure level EPL) under overoge office conditions. 
= Moximum SPL inside SIC during space flight with 011 equipment operating. 
NOTES: 1. During space flight, C/M inside noise 

level is mainly due to oquipmont operation. 
SPS and RCS engine firings have little 
effect on the internal noise Iwd. 

2. Eoch ostronout con reduce the crew comportment 
noise Iwel about 15 db by utilizing his space 
suit ond closing the helmet visor. 

120 db 
140 db 
160 .db 
700 db 

= SPL where discomfort is experienced. 
= SPL where poin is wounterd.  
= SPL where the human wr drum con be ruptured. 
= SPL equivolmt to o 5O-pound TNT b h  at 10 M. 

SM-2A-9348 

Figure4 -26. C/M Crew Compartment Acoustics 

. 
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ATMOSPHERIC RIGHT REGIONS 

TIME FROM LIFTOFF (SKONDS) 

NOTES: 1. Zero on the vertical scale indicates the maximum vibration experienced during flight. The vibration levels 
are based on boilerplate and spacecraft flight test measurements. 

2. Letter "A" indicates vibration time induced by booster engine exhaurt (influenced by the flame buckets) and 
noire rdlected from the ground and launch pad. 

3. Letter"'B" indicutes vibration induced by aerodynamic turbulence. As the launch vehicle velocity increases, 
pressure fluctuations in the turbulent boundary layer (and woke turbulence from the launch escape tomr) 
excite vibration of increasing intensity until a maximum is reached at approximately the time of maximum 
aerodynamic pressure (MAX 0). 

4. SPS engine operation provides the only significant source of C/M vibration during space flight maneuvers. 
T h i s  vibration, transferred mechanically throughout the S/C structure, con generally be expected to decrease 
with increasing distance from the engine. Since the RCS engines passes a very low thrust capacity, their 
operation will only produce modest and localized vibration (mostly due.to iet impingement). 

SM-2A-933B 

Figure 4 -27. S/C Relative Vibration Intensity Time History 
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ACTUAL C/M PRESSURE ALTITUDE - FT (MSL) 

SM-2A-932A 

Figure 4-28. Altimeter Error and C/M Base Pressure Effects 
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SECTION 5 

EXPERIMENTS AND SCIENTIFIC EQUIPMENT DATA 

INTRODUCTION 

Th i s  section p resen t s  the objectives of miss ion  204A exper iments  and 
contains a descr ipt ion of assoc ia ted  equipment, stowage a r e a s  (figure 5-  l ) ,  
c r e w  participation requi rements  for  data collection, and related scientific 
equipment data. 
tific ( S - ) ,  and technical  ( T - )  exper iments  a s  follows: 

The in-flight t e s t s  a r e  categorized a s  medical  (M-) ,  scien-  

0 In-Flight E x e r c i s e r  (M-3A) (M003) 
0 In-Flight Phonocard iogram (M-4A) (M004) 
0 Bone Demineral izat ion (M-6A) (M006) 
0 Human Otolith Function (Vest ibular  Effects)(M-gA) (M009) 
0 Cytogenetic Blood Studies (M-11) ( M o l l )  
0 Cardiovascular  Reflex Conditioning (M-48) (M048) 
0 Synoptic T e r r a i n  Photography (S-5A) (S005) 
0 Synoptic Weather Photography (S-6A) (S006) 
0 In-Flight Nephelometer  (T-3)  (T003). 

NOTE The Planning and Management Office of the E P O  
(Exper iments  P r o g r a m  Office) i s  the coordinating fac i l -  
i t y  for  a l l  of the exper iments  descr ibed in th i s  section. 

The exper iments  stowage a r e a s  location will be found in figure 5-1. 

SCIENTIFIC EQUIPMENT. 

5 .1 .1  MEDICAL DATA ACQUISITION SYSTEM (MDAS). 

The medical  d a t a  acquisition sys tem,  located in compar tment  C 
(figure 5-2) ,  weighs 15.2 pounds and cons is t s  of a seven-channel tape 
r eco rde r ,  assoc ia ted  signal condi t ioners ,  junction box, t ime  code genera tor ,  
and a front panel with switches and outlets for  power and signal cables .  
This  GFE unit u s e s  28-volt d -c  power f r o m  compar tment  A to  acqui re  and 
permanent ly  record  on magnet ic  tape a l l  required medical  (operat ional  and 
exper imenta l )  data. 
card iograph  and impedance pneumograph outputs, while the exper imenta l  
data cons is t s  only of phonocardiograph outputs. These  medical  p a r a m e t e r s  
a r e  routed f r o m  s e n s o r s  and signal condi t ioners  (attached to  a c rewman)  
through the PGA o r  CWG adapter  cable, cobra  cable ,  T-adapter ,  and 
octopus cable to  specified channels in the MDAS. 
e lec t r ica l  power is  provided for  the MDAS f r o m  compar tment  A via the 
octopus cable ,  only about 19 watts a r e  needed to  opera te  the integral  tape 

The operat ional  da ta . requi red  cons is t s  of e l ec t ro -  

Although 100 watts of 

SCIENTIFIC EQUIPMENT 
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CREWMAN/OXYGEN 
A N D  ELECTRICAL UMBILICAL 
CONNECTORS (RIGHT A N D  
CENTER CREWMAN) 

FUTURE 
EXPERIMENT 
RECEPTACLES 

RECEPTACLE 

s M-a-a640 

Figure  5 -  2. Exper iments  Tape Recorder  and Elec t r ica l  Connectors 
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reco rde r .  However, e lec t r ica l  out le ts  on the MDAS front  panel a r e  
provided for  additional o r  future  exper iments  (via e lec t r ica l  cabling con- 
nected d i rec t ly  t o  the equipment and the MDAS). 
a l so  contains a MAIN PWR switch for  controlling power to the  unit and unit 
out le ts ,  a n  INSTR PWR switch for  controlling power to  the  tape  r e c o r d e r  
and the  r e c o r d e r  t e s t  light, and a TIMER switch for  cor re la t ing  miss ion  
elapsed t i m e  on the tape  r e c o r d e r .  

The  MDAS front  panel 

All t h r e e  c r e w m e m b e r s  have the capability of being recorded  for  t he i r  
physiological data when e lec t r ica l ly  connected to  the tape  r eco rde r .  
e v e r ,  only one c rewman at a t ime will have h i s  outputs recorded  during 
flight. (See f igure 5 -3 . )  Total recording time for  the tape r e c o r d e r  i s  100 
hour s  maximum with 880 feet of usable  tape. The re  a r e  seven channels  
available fo r  collecting data (including the optional channel  for  recording 
code s ignals) ,  

How- 

The MDAS tape r e c o r d e r  is removed f r o m  the spacecraf t  immedia te ly  
a f te r  flight, placed in a GFE me ta l  container  for  protection against  s t rong  
magnet ic  f ie lds ,  and t ranspor ted  to  the NASA-MSC (where the magnet ic  
tape is  removed f rom the r eco rde r ) .  

5 . 1 . 2  

5. 1 . 2 .  1 

5. 1 . 2 . 2  

ELECTRICAL CABLES AND ADAPTERS. 

Octopus Cable. 

The octopus cable  (figure 5-2) plugs into the MDAS tape r e c o r d e r ,  is 
protected f r o m  e lec t r i ca l  a r c ing  by an  on-off power switch on the r e c o r d e r  
panel, and contains signal and power l ines  for  the following: 

0 Provides  for  28-volt d-c (100 wat ts)  power f r o m  compar tment  A t o  
the MDAS in compar tment  C 

0 Provides  for  biomedical s ignals  f r o m  a c rewman  (a t t i red  in  the PGA 
o r  CWC) to  the tape r eco rde r .  
cardiograph,  and impedance pneumograph outputs. 
1 .5  pounds and is stowed in  compar tment  D of the LHFEB during 
launch and entry.  
c r ewman ' s  T-adapter  during orb i ta l  flight. 

These  s ignals  consis t  of EKG,  phono- 
This  cable weighs 

The cable r ema ins  connected to  the MDAS and a 

Cobra Cable  T-Adapter. 

The T-adapter  ( f igure 5-2), provided fo r  each c rewmember ,  weighs 
1 / 2  pound and r ema ins  attached t o  the cobra  cable  a t  a l l  times. 
way e lec t r ica l  connector ma tes  the cobra  cable  t o  the appropriate  c rewman 
e l ec t r i ca l  umbil ical  connector  (panels  300, 301, o r  302) and the octopus 
cable. 
INPUTS-BIOM,ED (MDC-20) o r  the MDAS MAIN PWR switch in compar t -  
ment  C (providing the octopus cable  lead is  connected to  the T-adapter ) .  
Th i s  re lay  p e r m i t s  e lec t r ica l  s igna ls ,  f r o m  a c rewman ' s  t o r so ,  t o  be 
t ransmi t ted  a s  operat ional  data and recorded  in-flight a s  experimental  data. 

This  t h r e e -  

A re lay  incorporated in  the T-adapter  i s  controlled by the TLM 

- 
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NON ESS BUS 
(MDC-22) 

OFF 

COMPARTMENT B 
(WIRING ONLY)  28 VDC POWER 

OUTLET 

COMPARTMENT C 
MEDICAL DATA 
ACQUISITION SYSTEM 

FUTURE EXPERIMENTS ASSEMBLY (PGA)' 

OCTOPUS CABLE 
A (CONNECTS TO MDAS 

A N D  TO ONE 1-ADAPTER PGA ELECTRICAL 
ADAPTER CABLE AT A TIME) 

TO AUDIO CENTER F O R  
PCM TLM OPERATIONAL 
MEASUREMENTS-DEPENDING 
ON POSITION OF TLM 
INPUTS SWITCH ON MDC-M 

CREWMAN 2 ELEC UMB C O N N  (PANEL 300) 

CREW" 1 ELEC UME C O N N  (PANEL 301) 

CREWMAN 3 ELEC U M B C O N N  (PANEL 302) 

NOTES: 

1. Signal conditioners, sen", and auociatcd 2. 
wiring on a crewman's tono (attached to 
the Microdot connector inside the PGA or on 
the CWG) pmvide for PCM TLM operational 
mwsurmenh  and scientific experimenh dota. 

A 1-adapter permits simultaneous tmnmirrion of 
operational measurements (selected far one crmmon 
a t  a time) and the recording of in-fl ight experiments dota. 
However, optrational measurements con be transmitted 
fmm one crewman while another crewman i s  recording 
experiments data 

SM-2A-WZC 

F i g u r e  5 - 3 .  Scient i f ic  Equipment  P o w e r  Dis t r ibu t ion  
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Miss ion  *04A Basic  Date 16 SePt 1966 Change Date P a g e  5 - 6  



SM2A-03-SC012 

APOLLO OPERATIONS HANDBOOK 

EXPERIMENTS AND SCIENTIFIC EQUIPMENT DATA 

5 .  1.2 .  3 

5.  1 . 2 . 4  

5. 2 

5 . 2 . 1  

5. 2 .  1. 1 

~~ 

Operational data  f r o m  one c rewman  m a y  a l so  be  t ransmi t ted  while 
experimental  da t a  f r o m  another  c rewman  is being taped on the MDAS. 
However, only one operat ional  t r ansmiss ion  and one experimental  r eco rd -  
ing can be  taken at the s a m e  t ime .  

PGA and CWG Elec t r ica l  Adapter Cables .  

The  PGA and CWG elec t r ica l  adapter  cables  (c rew personal  equip- 

(See f igure  5-3 
ment )  a r e  provided to  connect the  cobra  cable  to  signal condi t ioners  and 
communication equipment attached to  a c r e w m a n ' s  body. 
and refer to sect ion 6 .  ) 

Hardware  Power  and Signal Cables 

Hardware  power and signal cables  a r e  used for  connecting equipment 
e lec t r ica l ly  to var ious outlets in the c rew compar tment .  (See f igure  5-3.  ) 
Protec t ion  f r o m  e lec t r ica l  a rc ing  is provided by switches on the equipment 
or on the outlet panels in  the  c rew cabin. 
( f igure  5-3) connects to  the  RH SCIENTIFIC EQUIPMENT outlet on panel 
207. 
window) is r e se rved  for  a fu ture  experiment  but can  a l s o  be used a s  a 
backup outlet fo r  the  c a m e r a  cable .  
the MDAS a r e  r e se rved  for  fu ture  exper iments .  

The M-9A c a m e r a  power cable  

A SCIENTIFIC EQUIPMENT outlet on panel 318 (near  the LH s ide  

Outlets marked  J102 through 5 1 0 5  on 
(See f igure  5 - 2 .  ) 

MEDICAL EXPERIMENTS. 

IN-FLIGHT EXERCISER (M-3A) (M003). 

The purpose  of experiment  M-3A is to col lect  c rew da ta  for  d e t e r -  
mining' benefits of exe rc i se  during space  flight. 
s tudies  have shown that exe rc i se  work to le rance  for  a n  individual i s  
g rea t ly  reduced af te r  being relat ively immobile  and in a horizontal position 
for  a f e w  days.  
length of a c r e w m a n ' s  reconditioning per iod.  

Recumbency (bed r e s t )  

Ze ro  gravi ty  during space  flight may fur ther  i n c r e a s e  the 

Equipment Descr ipt ion.  

The exe rc i se r  for  experiment  M-3A (f igure 5 - 4 )  weighs about 1-112 
pounds and cons is t s  of two rubber  e las t ic  (bungee) co rds  with a retaining 
cable .  
One end of t he  exe rc i se r  contains a looped s t r a p  made  of webbing cloth 
that  can  be secured  around a c r e w m a n ' s  feet. The other end of the 
exe rc i se r  has  a spher ica l  plast ic  handle grooved to  f i t  both hands of a 
c rewman.  
the exe rc i se r  to be s t re tched  f r o m  9-112 to  21-112 inches.  

A nylon e las t ic  s leeve cove r s  the bungee c o r d s  and retaining cable .  

The retaining o r  safety cable  within the e las t ic  s leeve pe rmi t s  

A mechanical  in te r face  between the equipment and the  S I C  exis t s  
where  the exe rc i se r  container i s  a t tached to  the C02 abso rbe r  container in 
the LEB (opposite the R H  couch). Although a l l  t h r e e  couches can be used 

SCIENTIFIC EXPERIMENTS - MEDICAL EXPERIMENTS 
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NOTE: M-?A Exerciser i s  p l o d  
in tag ond otbchd b C o p  
ahorbar mnkiner  b r  
rtowoge in LEI) (oppoaito 
RH much). 

M-3A EXERCISER 
(CUTAWAY FOR CLARITY) FOOT SUPPORT 

RETRACTED 
A N D  LEGREST 
D O W N  

NYLON WEBBING STRAP 
BUNGEE CORDS 

U R T Y  RETENTION CAME 

PLASTIC HANDLE 

MPERIMENTS S-5A AND S-6A 

NOTE: A l l  5-5A ond 5-64  axprimen, 
OqUiptllUtt i1 I t - d  in b m p r t m e n h  
A and B during l o m h  
ond mtry 

i o  r VELCRO MATING /' 

MATERIA;, r,;' ," 1' 
_ .  
" 7  

CAMERA RESET 
HANDCRANK 

DETACHABLE 
RING SIGHT 

SNAP-ON FILM 
PACK (COLOR) 

a i C / h 4  COVER INNER HATCH 
4, , 

>L' ---r \ ' HAND-OPERATED STILI CAMERA 
\ 'SHUTTER CONTROL 
LENS (FILTER ATTACHED) 

5-5A FILM PACK (COLOR) 
'5-6A FILM PACK (INFRARED) 

' 5 4 4  FILM PACK (SLACK A N D  WHITE) 

Figure 5-4. Experiments Operational A r r a n g e m e n t  (Sheet 1 of 2 )  

M P E R I M E N T  1-3 , j l R  PASSAGE VENTS 
CHANNEL 
DISPLAY 

PARTICLE 
DISPUY 

OPERATE ( P ~ H S ~ O N )  SWITCH \ ADVANCE FILTER SWITCH 

(PUSHBUTTON) 

NOTE: The nephelometer must be 
r e t v m d  to comprtmcnt 
E for stomge after soch test 
andpis ,  if it  i s  nol provided 
w i t h  tie-d-n, or Velcro. 

MEDICAL EXPERIMENTS 
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A 
M-9A POWER OUTLET, M P E R  IMENT M-9A ,----. 

ON-OFF SWITCH. 
CAMERA BRACKET 
fBACK OF DISPLAY 

POWER CABLE 

CAMERA LOCKPlN 

ENTl F I  C EQU I PMENT 
EPTACLE (TYPICAL 
EACH SIDE WINDOW) 

M-9A SEQUENCE 

~ “ U T H P I E C E  AND SHAFT 

M-9A GOGGLES 

SM-2A-8650 

Figure 5-4. Experiments Operational Arrangement (Sheet 2 of 2) 

during the M-3A isotonic and isometric exercises,  only the center couch 
provides adequate head room to comfortably perform isotonic exercises  
when data recording periods a r e  conducted. 
pneumograph, and phonocardiograph recordings taped on the MDAS 
recorder .  ) 

(Date includes EKG, impedance 

5.2.  1 . 2  Experiment Procedures.  

All crewmen wi l l  exercise in-flight for 10 minutes three  t imes every 
24 hours. 
A recording session is required once per  day on one crewman before, 
during, and after an exercise period. Crewmembers wi l l  al ternate each 
day for data recordings. 

The base line preflight data wi l l  serve a s  a control for the study. 

(Detailed procedures a r e  provided in section 11. ) 

MEDICAL EXPERIMENTS 
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5.2.  1. 3 

5. 2 .  1 . 4  

5 . 2 . 2  

5.  2 .  2 .  1 

Crewman Participation. 

Requirements for crewman participation in the exercise  experiment 
a r e  as follows: 

(physical f i tness level)  on three separate  occasions 8 to 4 weeks pr ior  to 
flight. 

fo r  10 minutes each exercise period. 
be recorded during one exercise  period each day. 
obtain medical data f rom all  t h ree  crewmen. ) 

three separate  occasions (12  to 24 hours, 1 week, and 2 weeks after touchdown). 

a. Preflight - Each crewman will be tested for exercise  tolerance 

b. In-flight - Each crewman will be required to exercise 3 t imes daily 
Medical data f r o m  one crewman will 

(It will take 3 days to 

c .  Postflight - Each crewman will undergo re-evaluation exercises  on 

Recovery Requirements. 

The re  a r e  no special recovery requirements for experiment equipment 

An exerciser  of equivalent design will be available a t  the s i t e  where 
because the in-flight exerciser  wi l l  remain stowed in the S I C  during recov- 
e ry .  
postflight evaluations a r e  performed and the experiment is  completed. The 
on-site coordinators will be responsible for removal of the magnetic record-  
ing tape f r o m  the MDAS and delivery of all  data to the NASA-MSC. 

IN-FLIGHT PHONOCARDIOGRAM (M-4A) (M004). 

The purpose of experiment M-4A is to obtain information on the func- 
tional cardiac status of two crewman during prolonged space flight. 
in-flight recording of the phonocardiographic hear t  sounds, compared with 
the highest E,KG signal, will be made to determine the delta t ime interval 
between electrical  activation of the hear t  muscle (mycardium) and the onset 
of ventricular systole (hear t  contraction). 

An 

EauiDment DescriDtion. 

The equipment worn by the crew commander and navigator in experi-  
ment M-4A consists of two phonocardiogram transducers  (microphone 
biosensor s), a phonocardiograph signal conditioner package (amplifier)  with 
variable gain, and associated electrical  wiring. The biosensors a r e  attached 
to the c rewman ' s  t o r so  (skin) and connected by electrical  leads to the signal 
conditioner (fastened on the CWG) and the Microdot connector on the P G A  or 
CWG. Signal outputs f rom the crewman's  body to the biomedical tape 
r eco rde r  (compartment C )  a r e  routed via the PGA or CWG adapter cable, 
the cobra cable, T-adapter,  and the GFE octopus cable. (See figure 5-3for 
tape recorder  and electrical  connectors, and refer  to paragraph 5-1 for data 
on scientific equipment. ) 

The total SIC electrical  power for recording the experiment is approxi- 
mately 1 . 4  watts. 
the PGA, is stowed in compartment D of the LHFEB. 

The octopus cable, for connecting the tape recorder  to 
(See figure 5-1. ) 

MEDICAL EXPERIMENTS 
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5. 2. 2 . 2  Exper iment  P rocedures .  

5 . 2 . 2 .  3 

5 .  2 .  2 . 4  

5 . 2 .  3 

5. 2 .  3 .  1 

5 . 2 .  3 . 2  

Installation of phonocardiogram t r ansduce r s  on the ches t  of the two 
c rewmen  and the positioning and hookup of e lec t r ica l  l eads ,  worn  outside the 
CWG, a r e  per formed during the  preflight suiting procedure .  After hookup 
during flight, record ings  a r e  taken on the  medical  da ta  acquis i t ion sys t em 
(MDAS). 
a r e  a l so  recorded  during the  experiment .  
a r e  provided in sect ion 11. ) 

Supporting da ta  such as EKG and impedance pneumograph s ignals  
(Detailed in-flight procedures  

Crewman Part ic ipat ion.  

Requi rements  for  c rewman par t ic ipat ion in the phonocardiogram 
experiment  a r e  a s  follows: 

mate ly  5 minutes  of recording will be requi red  for  collecting basel ine data  
f r o m  each crewman.  

hookup to  the MDAS. 
determining optimum placement  or repositioning of a microphone 
b iosensor .  

r ecove ry  recording for data  compar ison .  

a. Pref l ight  - Sensor  application should not exceed one hour. Approxi- 

b. In-flight - No effort will be  requi red  by the  c rewman  other  than 
The one special  exception could be t i m e  spent in  

c .  Postflight - Approximately 5 minutes  w i l l  be requi red  for  post-  

Recovery Requi rements .  

The re  a r e  no special  r ecove ry  requi rements  for  the experiment  other  
The recorded  than removal  of the magnetic recording tape f r o m  the  MDAS. 

da ta  w i l l  be processed  by conventional methods. 

BONE DEMINERALIZATION (M- 6A) (MO 0 6) .  

The  purpose of experiment  M-6A is to  de t e rmine  the effect of weight- 
l e s s n e s s  and immobilization during space  flight on the deminera l iza t ion  of 
ce r t a in  bones within the body of each as t ronaut .  

Equipment Descr ipt ion.  

This  experiment  does  not r equ i r e  any in-flight equipment, S I C  pow er  
o r  fuel, or  recording equipment. 
experiment  M-6A and the  SIC.  ) 

( T h e r e  a r e  no in te r face  problems between 

Exper iment  P rocedures .  

In-flight procedures  a r e  not requi red  for  th i s  experiment .  P r i o r  to  
flight, c rewmen will have X- rays  taken of the i r  heel bones and the l a s t  joint 
of the l i t t le  finger on the right hand. 
and af te r  flight a t  Kennedy Space Center  X-ray  faci l i t ies .  The hematopietic 
(i. e . ,  blood forming  m a r r o w )  a r e a s  w i l l  not be exposed to  the radiat ion 
source  s ince the exposure field will be careful ly  l imited.  

These  exposures  will be taken before  

MEDICAL EXPERIMENTS 
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5 .  2. 3 .  3 Crew man Par tic ipat i on. 

Requirements fo r  crewman participation in  the bone demineralization 
experiment a r e  as follows: 

a. Preflight - Approximately 4 5  minutes total t ime i s  required per 
crewman for obtaining X-ray f i lms  ( three 15-minute sessions a t  T minus 
10 days,  T minus 2 days,  and T minus 220 minutes). 

b. In-flight - None 
c .  Postflight - Approximately 15 minutes per astronaut a r e  required for 

(A follow-on checkup may obtaining X-ray fi lms after spacecraft  recovery.  
be required,  depending on bone demineralization. ) 

5.  2 .  3. 4 

5 . 2 . 4  

5 .  2 . 4 .  1 

5 . 2 . 4 .  2 

R ec ove r y R e qui r eme n t s . 

On- site investigators will develop X-ray f i lms,  make bone densitom- 
e t ry  measurements ,  and be responsible for delivery of all data to the 
NASA- MSC. 

HUMAN OTOLITH FUNCTION (VESTIBULAR EFFECTS) (M-9A) (M009).  

The purpose of experiment M-9A i s  to determine the effect of pro- 
longed weightlessness on a crewman's  orientation sensation, particularly 
to the otolith organ (inner e a r ) .  
ability of space crews to orient themselves in a weightless environment, 
especially when subjected to darkness  (eyes covered).  

All data collected will be used to predict the 

Equipment Derc r iption. 

The equipment used for  the experiment consists of the otolith test  
goggles (a mask with a single eyepiece or monocular scope),  a mouthpiece 
for each crewman to align the goggles with his head, a 16 m m  sequence 
camera  (par t  of the operational equipment), f i lm packs for  recording the 
actual orientation of the subject 's  head relative to the S/C, and an electrical  
cable f o r  providing 28-volt d-c power to the camera .  
5 - 4 .  ) 

(See figures 5-1 and 

A bracket,  stowed in compartment T on the aft bulkhead, is  mounted 
behind the main display panel in the eg res s  tunnel to secure the camera  
during the experiment. The experiment goggles and mouthpieces weigh 
about 5 pounds and a r e  stowed with most of the film packs in compartment B 
of the LEB. Additional f i lm packs and the power cable a r e  kept in compart-  
ment A with the operational camera  and lens .  The 28-volt d-c  power 
source for the camera  i s  provided by an outlet near the crew cabin R H  
side window. (See figure 5 - 4 .  ) 

ExDeriment Procedures  

In preparation for the experiment, shades a r e  installed over the 
windows and al l  cabin lights a r e  turned on to maximum intensity. The tes t  

MEDICAL EXPERIMENTS 
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subject (in the center couch) operates the camera ,  covers his eyes with the 
otolith t e s t  goggles, and manually adjusts a self-luminous target  l ine in the 
monocular scope to what he thinks is straight ahead and parallel to the S /C  
Y - Y  axes.  
each crewman) during flight and compared to t e s t  resul ts  obtained during 
preflight and postflight tes ts .  
in section 11. ) 

A se r i e s  of adjustments will be recorded by the c a m e r a  (for 

(Detailed in-flight procedures a r e  provided 

5. 2 .4 .  3 Crewman ParticiDation. 

5. 2 . 4 . 4  

5 . 2 .  5 

5. 2 .  5. 1 

5 .  2 .  5 .  2 

Requirements for crewman participation during the experiment a r e  as 

Preflight - A total t ime of about 3 hours is required for familiariza- 
follows: 

a. 
tion and training, including collection of base line data (for all t h ree  
crewmen).  

b. 
required.  

c. 
period, as soon as possible after S IC  recovery (for a total t ime  of about 
15 minutes) to complete the experiment data.  

In-flight - One t e s t  period of 15 minutes per  day per crewman is 

Postflight - Each crewman w i l l  be  subjected to a 5-minute t e s t  

Recovery Requirements . 

Facili t ies in the p r imary  recovery a r e a  wi l l  be used to complete the 
The raw data consisting of postflight examination and medical debriefing. 

film i s  recovered f r o m  the S I C  along with the goggles and mouthpiece for 
delivery to the on-site coordinators. 

CYTOGENETIC BLOOD STUDIES (M-11) (Mol 1). 

The purpose of experiment M- 11 is to conduct preflight and postflight 
analyses to determine i f  space environment produces cellular changes in the 
blood of crewmen. 
scientific point of view, may not be apparent f rom routine monitoring 
procedures.  

These changes, which a r e  important to the medical and 

Equipment Description. 

This experiment does not require  any in-flight equipment, S / C  power 
or  fuel, o r  S I C  recording equipment. 
experiment M- 11 and the S I C .  ) 

(The re  is no interface between 

Equipment Procedures .  

On two occasions (preflight), approximately one month apart ,  blood 
specimens will be obtained f rom the crewmen for the experiment. 
second occasion f o r  drawing blood samples will be scheduled a s  close to 
lift-off t ime a s  conveniently possible. 
experiment (cytogenic studies of human hemic cel ls)  and par t  B of the 

The 

Blood samples for par t  A of the 

MEDICAL EXPERIMENTS 
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5 .2 .  5. 3 

5 . 2 .  5 . 4  

5 .  2 .  6 

5 .  2 .  6 .  1 

experiment (immunological system) w i l l  be drawn a t  a predetermined 
hospital s i te  for analyses.  
s ame ,  except that t h ree  such samples w i l l  be required over a period of one 
year .  The first postflight blood sample will be drawn shortly after the 
termination of flight. 
experiment. ) 

Postflight requirements will be essentially the 

(In-flight procedures a r e  not required for this 

Crewman Participation. 

Requirements for crewman participation in the M- 11 experiment a r e  
a s  follows: 

T minus one day),  blood samples (10 cc for  par t  A and 15 to 20 cc for 
pa r t  B of the experiment) will be drawn f r o m  each crewman. 

a .  Preflight - On two occasions pr ior  to flight (T minus 30 days and 

b. In-flight - None 
c .  Postflight - On three occasions after S / C  recovery,  blood samples 

It i s  not essential  that blood samples for par ts  A and 
(10 cc  for pa r t  A and 15 to  20 cc for pa r t  B of the experiment) will be drawn 
f r o m  the crewmen. 
B a r e  drawn a t  the same  time. 

Recovery Requirements 

After mission completion, blood samples must be drawn from the 
crewmen at a conveniently located, but predetermined, hospital for analyses.  
Blood determinations made should include immunoelectrophoresis, 
electrophoresis,  electrophoresis on s t a rch  gel, measurement  of gamma2, 
gamma a ,  and gamma M globulin levels,  measurement of whole hemolytic 
complement, titration of blood group antibodies, and measurement of 
p r e  - existent, antibacterial  antibodies. 

CARDIOVASCULAR REFLEX CONDITIONING (M-48) (M048). 

The purpose of experiment M-48 is  to determine the effectiveness of 
a lower body vascular support garment for preventing physical fatigue, 
insufficient circulating blood volume to maintain adequate venous return 
(blood-pooling), and a loss  of venomotor reflexes in the legs of a crewman 
during entry and recovery (when exposed to ear th  1-g gravity force) .  

Equipment Description. 

-= 

The equipment used in experiment M-48 consists of an 8-ounce pair 
of waist-length tights for supporting veins in the lower portion of a crew- 
m a n ' s  body. 
cotton and woven into a garment with dacron. When worn, the tights will 
extend f r o m  the crewman's  w a i s t  to his heel and supply a decreasing p r e s -  
s u r e  f r o m  the waist down. 
electrical  power, fuel for attitude maneuvers, or recording equipment. 
When not in use,  the experiment tights a r e  stowed in compartment A of the 
LEB. 

These tights a r e  composed of rubber strands wrapped with 

The M-48 equipment does not require  any SIC 

._,- 

MEDICAL EXPERIMENTS 
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5. 2. 6. 2 Experiment Procedures  . 

The M-48 vascular support tights a r e  donned by a crewman prior  to 
entry and just  before getting into the p re s su re  garment assembly (PGA). 
This crewmember also wears  a two-piece constant w e a r  garment (CWG) to 
facilitate getting into the tights and replacing the CWG. (Detailed in-flight 
procedures a r e  provided in section 11. ) 

5 .  2 .  6. 3 

5. 2 .  6 .  -i 

Crew man Participation. 

Requirements for crewman participation in the conditioning experiment 

Preflight - Each crewmember will be given a minimum of th ree  t i l t-  
a r e  as follows: 

table checkouts for control data (requiring about 90 minutes per  crewman}. 
These checkouts, performed by qualified flight surgeons or  experiment 
medical team, w i l l  be conducted within 4 weeks of launch date.  

crewmember donning the vascular support garment 1 to 2 hours pr ior  to 
entry and wearing i t  until the f i r s t  postflight tilt-table checkout. A total 
t ime  of about 3 minutes will be required for in-flight experiment 
preparations,  

to both the control subjects and the experiment subject. The control subjects 
will be tested 2 to 4,  8 to 12, 24, and 48 hours after recovery.  The experi-  
ment subject, wearing the vascular support garment,  will be initially tested 
2 to 4 hours after recovery.  Twenty minutes after his f i r s t  tilt-table tes t ,  
the experiment subject w i l l  be given a second t e s t  without the support 
garment.  The remaining t e s t s  w i l l  follow the same  sequence as described 
for  the, control subjects. 

a. 

b. In-flight - The in-flight portion of the experiment w i l l  consist  of one 

c .  Postflight - After recovery,  a s e r i e s  of tilt-table t e s t s  w i l l  be given 

NOTE Tilt-table checkouts for the experiment 'consist  of a 
5-minute supine tilt ,  a 15-minute vertical  (70-degree 
head-up position) tilt ,  and a 5-minute supine recovery t i l t .  
During each tilt  phase, performed on a manual tilt  table 
with a saddle support, the c rewmember ' s  blood p r e s s u r e  
and heart  r a t e  w i l l  be automatically recorded each minute. 
Also, changes in the leg blood volume will be measured 
each minute during the 70-degree and supine recovery t i l ts .  

Additional data required to complete the experiment such a s  
plasma volume, total blood volume, and red blood cell mass  
will be obtained during preflight and postflight hematology 
tes ts  by the experiment medical team. 

R ec overv Reauir ement s . 

Tilt table, hear t  ra te ,  blood p res su re ,  and other medical support 
equipment for the experiment a r e  required in the recovery a r e a  for collec- 
tion of postflight data (gathered and processed by the experiment medical 
t eam) .  

-. 

MEDICAL EXPERIMENTS . 
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5 .  3 SCIENTIFIC EXPERIMENTS. 

5 .  3 .  1 SYNOPTIC TERRAIN PHOTOGRAPH (S-5A) (S005). 

The purpose of experiment S-5A is to obtain photographs of selected 
a r e a s  of the ear th  f rom the S / C  a t  orbital altitude. 
required for r e sea rch  in geology, geophysics, geographys, oceanography, 
and fo r  use i n  planning photography f r o m  a manned orbiting laboratory.  

These photographs a r e  

5 . 3 .  1. 1 Equipment Description 

The equipment used in experiment S-5A (figure 5-4) weighs about 
5 pounds and consists of a hand-operated Hasselblad 70-mm general purpose 
camera  (single f r ame)  with a detachable ring sight, two color-fi lm packs 
( 5 5  exposures each), and an exposure dial and spotmeter (operational equip- 
ment used with the Hasselblad camera) .  
partments A and B, most of the camera  equipment is stowed in compartment 
A. 
photography in about 5 minutes. 

Except for the fi lm packs in com- 

(See figure 5 -  1. ) This equipment can be retrieved and set  up for 

No special interface problems a r e  anticipated for this experiment. 
When not in use,  the camera  may be temporarily secured to the inner hatch 
cover,  o r  anywhere within the C /M where Velcro mating material  is  
provided. 

5. 3 .  1. 2 Experiment Procedures  , 

This experiment wi l l  consist  of photographing certain a r e a s  and 
features  along the S / C  flight path. 
pictures (with S / C  window in shade) wil l  be 90 degrees  f rom S / C  level 
flight over the ear th .  
each photograph, subject, f r a m e  number, and fi lm pack number in the 
experiments log book. 
section 11. ) 

The desired camera  angle for taking 

The crewman will be required to record the t ime of 

(Detailed in-flight procedures a r e  provided in 

5 .  3 .  1.  3 Crewman Participation. 

Requirements for crewman participation in experiment S-5A ( t ime 
shared with experiment S-6A) a r e  a s  follows: 

( 1  to 3 hours)  on the a ims ,  methods, and procedures for in-flight photo- 
graphy of s elected t e r r e s t r i a l  a r e a s  . 

during 9 : O O  AM to 3100 P M  local tfme conditions. 

a. Preflight - The crewman-subjects will be provided with a briefing 

b. In-flight - About 4 5  minutes (total t ime)  will be devoted to photography 

Postflight - About one hour will be required for debriefing. c .  

SCIENTIFIC EXPERIMENTS 
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5 .  3. 1 . 4  Recovery Requirements. 

There a r e  no recovery requirements other than removal of the 
Personnel performing the postflight c a m e r a  and film from the S/C.  

debriefing w i l l  be responsible for delivering the exposed film to the 
coordinating facility for processing, analysis,  and evaluation. 

5 .  3. 2 

5 .  3 . 2 .  1 

5 .  3.2.  2 

5. 3 .  2 .  3 

5. 3. 2 . 4  

SYNOPTIC WEATHER PHOTOGRAPHY (S-6A) (S006). 

The purpose of experiment S-6A is to obtain selective, high-quality 
photographs of cloud patterns taken f r o m  the spacecraft  a t  orbital altitude. 
These photographs will be- used for studies of weather system structures  
around the ear th .  

Equipment Description. 

The basic equipment used in experiment S-6A (figure 5-4) is the same  
In addition to the 70-mm general purpose a s  that used in experiment S-5A. 

c a m e r a  and ring sight, the S-6A equipment includes an ultraviolet f i l ter ,  
one color-fi lm pack, and one color-shifted infrared fi lm pack. Except for 
the fi lm packs in  compartments A and B, most of the camera  equipment is 
stowed in compartment A. 

No special interface problems a r e  anticipated for this experiment. 
When not in use, the c a m e r a  may be temporarily secured to the inner hatch 
cover or  anywhere within the C/M where Velcro mating material  i s  provided 

Experiment Procedures  

This experiment wi l l  consist of photographing certain weather a r e a s  
and cloud formations of special interest  along the S / C  flight path. 
in-flight procedures a r e  provided in section 11. ) 

(Detailed 

Crewman Participation. 

Requirements for  crewman participation (t ime shared with experiment 
S-5A) in experiment S-6A a r e  a s  follows: 

( 1  to 3 hours)  on the aims, methods, and procedures for in-flight photo- 
graphing of selected cloud formations. 

In-flight - As required during 9 : O O  AM to 3 : O O  PM local t ime condi- 
tions (about 4 5  minutes total t ime will be devoted to photography). 

Postflight ,- About one hour will be required for debriefing. 

a .  Preflight - The crewman-subjects will be provided with a briefing 

b. 

c .  

Recoverv Reouirements 

There a r e  no recovery requirements other than removal of the camera  
and fi lm from the S / c .  
be responsible for  delivering the exposed fi lm to the coordinating facility 
for  processing, analysis,  and evaluation. 

Personnel performing the postflight debriefing will 

SCIENTIFIC EXPERIMENTS 
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5 . 4  TECHNICAL EXPERIMENTS. 

5.4. 1 IN-FLIGHT NEPHELOMETER (T-3)  (T003). 

The purpose of experiment T-3 (figure 5 - 4 )  i s  to determine and obtain 
a quantitative evaluation of the size,  concentration, and distribution of 
particles -present in the C /M crew compartment.  
will be made of particles in the 0.  3 to 10 micron size.  

In-flight measurements 

5 . 4 .  1. 1 Equipment Description. 

The nephelometer is a portable, self-contained instrument approxi- 
mately 7 .  2 by 3 .  5 by 5 .  2 inches in s ize ,  weighs about 5. 5 pounds, contains 
i ts  own battery power supply, electronics,  a i r  pump, and presents a readout 
display (five channels for particle s izes  in  five d i sc re t e  ranges).  
equipment provides a collimated light beam that is  focused at  a point in a 
moving path of grossly filtered a i r .  The cabin atmosphere,  when being 
evaluated for aerosol  particles,  is drawn through the particle s ize  detector 
by the air pump within the analyzer.  

This 

There a r e  no interface problems anticipated for this experiment. 
When not in use,  the nephelometer is stowed in compartment E of the LEB. 
(See f igure 5-1. ) 

5 . 4 .  1 . 2  Experiment Procedures  . 

Experiment T -3  requires  that the nephelometer be initially positioned 
in a preselected a r e a  within the crew compartment for evaluating particles 
present in the cabin atmosphere.  
volumes w i l l  be determined in each of five ranges ( 0 .  3 to 0 .  6, 0 6 to 1 2 ,  
1. 2 to 2. 4, 2 . 4  to 4 .  8, and above microns) .  
each 2-minute t e s t  run has been conducted, once every 6 hours.  
different locations may be used for taking particle measurements after the 
f i r s t  2 days of flight. 
section 11. ) 

The concentration of aerosol  per unit 

Data will be recorded after 
Several 

(Detailed in-flight procedures a r e  provided in 

NOTE To ensure accurate  determinations, do not use analyzer 
if  visible particles a r e  floating in cabin; if temperature  is 
above 90'F; or i f  relative humidity in cabin is over 70  percent.  

5 . 4  1. 3 Crewman Pa r t i cba t ion  

Requirements for crewman participation in experiment T - 3  a r e  a s  

Preflight - The crewman-subjects w i l l  be provided with sufficient 
follows: 

a. 
t ime  for equipment familiarization and training. 

TECHNICAL EXPERIMENTS . 
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b. In-flight - Experiment measurements  will be conducted once every 
6 hours (for a 2-minute t e s t  run) until the nephelometer integral battery 
power is depleted. (The total duration of the experiment is limited by a 
battery with a 3-hour lifetime. ) 

c .  Postflight - About one hour will be required for debriefing. 

5 .4 .  1 . 4  Recovery Requirements. 

The recovery requirements wi l l  consist  of removing the nephelometer 
and recorded data f r o m  the SIC. 
debriefing will be responsible for  delivering data to the coordinating facility 
for analysis and evaluation. 

Personnel performing the postflight 

TECHNICAL EXPERIMENTS 

M i s s i o n  Basic Date 12 Nov 1966 Change Date Page 5 - 1 9 / 5 - 2 0  





SM2A -03-SCO 12 

APOLLO OPERATIONS HANDBOOK 

- CREW PERSONAL EQUIPMENT 

6. 1 

INTRODUC 

SECTION 6 

CREW PERSONAL EQUIPMENT 

TION. 

This  sec t ion  contains  a descr ip t ion  of Cont rac tor - furn ished  c r e w  
pe r sona l  equipment  and spacec ra f t  i n t e r f ace  data  on NASA-furnished c r e w  
pe r sona l  equipment.  All m a j o r  i t e m s  a r e  ident i f ied as Cont rac tor - furn ished  
equipment  ( C F E ) ,  Government - furn ished  equipment  (GFE) ,  o r  Government -  
furn ished  p rope r ty  ( G F P ) .  

The following is a list of equipment o r  subsys t ems  for  which coverage  
is provided. 

0 C r e w  Compar tmen t  Configuration 
0 Sighting S y s t e m s  ( G F E )  
0 Space Suit Assembly  ( G F P )  

1. Constant  W e a r  Garmen t  ( G F P )  
(a)  Communicat ion Hat ( G F P )  

2 .  P r e s s u r e  G a r m e n t  Assembly  ( G F P )  
0 C r e w  Couches ( C F E )  
0 Res t r a in t  Methods ( C F E )  
0 In-fl ight Data Package  ( G F E )  
0 Crewman  In-fl ight Tool Set and  Work/Food Shlf ( C F E )  
0 Crew Water  ( C F E )  
0 Food ( G F P )  
0 P e r s o n a l  Hygiene ( G F P )  
0 Medica l  Supplies and  Monitoring ( G F P )  
0 Survival  Kit ( G F P )  
0 Stowage 

CREW COMPARTMENT CONFIGURATION AND CREW E [RONMENT. 

The c r e w  compar tmen t  is the p r e s s u r i z e d  compar tment  within the 
a i r t igh t  i nne r  s t r u c t u r e  ( f igure 6-1) .  The total  volume within the inner  
s t r u c t u r e  is 366 cubic feet .  
p r e s s u r i z e d  space  is occupied by the equipment  bays,and cont ro l  and  d is -  
play consoles  surrounding the c r e w .  The couches ,  a s t ronau t s ,  a f t  bulkhead 
equipment ,  and misce l laneous  equipment  occupy another  35 cubic feet  
making a to ta l  of 156 cubic feet .  
usable  a i r  space .  The c r e w  compar tmen t  is p r e s s u r i z e d  to 5 ~ 0 . 2  ps i ,  with 
100 percen t  oxygen a tmosphe re  and approximate ly  50 percent  humidity.  

Approximately 121 cubic feet  of this  

T h e r e  is approximate ly  210 cubic fee t  of 

~~~~ ~ ~~ 
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LEFT HAND FORWARD 
EQU I PMENT BAY 

RIGHT HAND FORWARD 
EQUIPMENT BAY 

EQU I PMENT BAY 

AFT BULKHEAD 

6 . 2  

Figure  6-1.  Apollo Crew Compar tment ,  In te rna l  View F o r m  -Z-Axis  

MIRRORS. 

6.  2 .  1 INTERNAL VIEWING MIRRORS (CFE) .  (F igu re  6 - 2 )  

When the a s t ronau t  i s  in  the p r e s s u r e  sui t ,  p r e s s u r i z e d ,  and on the 
couch, h i s  f ie ld  of vis ion is ve ry  l imi ted .  
edge of the  m a i n  display console  (MDC), thus blanking out his  s tomach 
a r e a  where  h is  r e s t r a i n t  h a r n e s s  buckling and ad jus tment  takes  p lace .  
The in te rna l  viewing m i r r o r s  a id  the a s t ronau t  in  buckling and  adjustment  
of the r e s t r a i n t  h a r n e s s  and locat ing couch cont ro ls .  

He can  s e e  only to the lower 

T h e r e  a r e  t h r e e  m i r r o r s ,  one f o r  each  couch posit ion,  The m i r r o r s  
fo r  the le f t  and  r ight  a s t ronau t  a r e  mounted on the s ide of the lighting and  
audio con t ro l  console  above the  s ide  viewing window and fold. The cen te r  
a s t r o n a u t ' s  m i r r o r  i s  mounted on the left X - X  head at tenuator  s t r u t .  

~ ~~ 

CREW COMPARTMENT CONFIGURATION AND CREW ENVIRONMENT-MIRRORS 
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RNAL VIEWING MIRRORS-LEFT, CENTER,& RIGHT 
RNAL VIEWING MIRRORS-2 SETS, LEFT 8 RIGHT ”.. -. 

CS-502A i + j. 

Figure  6-2. CM M i r r o r s ,  Block I and I1 

The m i r r o r  a s sembly  cons is t s  of a mounting base ,  a two-segmented 
a r m ,  and a m i r r o r .  The m i r r o r  is  rec tangular  ( 4  by 6 inches) ,  flat, r e a r  
surfaced,  with a demagnification fac tor  of 1 : l .  The two-segmented a r m  
allows a reach  of approximately 22 inches f rom the mount. 
a r m  have swivel joints  to  position the m i r r o r s  in the des i red  angles .  
m i r r o r s  a r e  locked in position by a c lamp during boost and entry.  

The ends of the 
The 

b. 2.  2 EXTERNAL VIEWING MIRRORS (CFE) .  (F igu re  6-21 

With the couches i n  the 96-degree position, the as t ronaut ‘s  left and 
right view, through the rendezvous windows, is r e s t r i c t ed  to  i - 5  degrees  to 
‘42 degrees  from the X-axis. 
m i r r o r s  a r e  insta.lled in the CM to pe rmi t  ver i f icat ion of parachute  deploy- 
ment during en t ry  (f igure 6-3) .  
command module in the event of an abort .  

Therefore ,  two s e t s  of ex te rna l  viewing 

Another function is or ientat ion of the 

MIRRORS 
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W I T H  M 
(R IGHT 

NOTE FIELD OF VIS ION S H W N  
FOR M I R R O R S  IS FOR 
ONLY ONE SETTING. 

u 

6 .  3 

F igu re  6-3.  Pa rachu te  F ie ld  of Vision in  Couch 96-Degree Posi t ion 

-4 se t  of m i r r o r s  consis t  of a n  upper  m i r r o r  a s sembly  and a lower 

The lower m i r r o r  
m i r r o r  assembly .  The upper  m i r r o r  a s sembly  is mounted on the s ide wall 
nea r  the upper  r im on the rendezvous window f rame .  
a s sembly  is mounted on the rendezvous window housing nea r  the lower r im 
of the window f rame .  

The m i r r o r  a s sembly  cons is t s  of a m i r r o r  and a bracket .  The bracke t  
The 

The m i r r o r s  
h a s  a shor t  a r m  with a swivel that allows positioning of the m i r r o r .  
shor t  a r m  has  a lock to  immobil ize  the m i r r o r  during landing. 
will have a 1:l magnification factor  and a r e  rectangular  in shape. 

CREWMAN OPTIC-AL ALIGNMENT SIGHT (COAS). (F igu re  6-4) 

The c rewman  opt ical  a l ignment  sight provides  the c rewman a fixed 

This  
line-of-sight a t t i tude r e fe rence  image  which, when viewed through the for -  
ward  window, appea r s  to  be the same  dis tance away a s  the ta rge t .  
image is foresighted (by m e a n s  of a sight mount)  para l le l  to  the center l ine 
(X-axis)  of the CM and perpendicular  to  the Y - Z  plane. 

MIRRORS-CREWMAN OPTICAL ALIGNMENT SIGHT (COAS). 
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0 .  . 
. a )  CS-531A . 

Figure  6-4.  Apollo Crewman  Alignment Sight System Configuration 

The  s ight  is a co l l imator  device,  s i m i l a r  to a gunsight.  It weighs 
approximate ly  1. 5 pounds and  is  8 inches  in length.  
t ac le  and r e q u i r e s  a 28-vdc power sou rce .  
men t  T during boost  and en t ry .  
a t  the  left  rendezvous  window f r a m e .  
the  SCIENTIFIC EXPERIMENTS recep tac l e  (on the  g i r th  shelf) ,  

It h a s  a co rd  and  r ecep -  
The sight i s  stowed in  c o m p a r t -  

When operat ional ly  r equ i r ed ,  i t  i s  mounted 
The power receptac le  i s  connected to 

0. 3. 1 OPER-qTIONAL USE. 

When photographing ac t iv i t ies  o r  s cenes  outside the s p a c e c r a f t  with 
the 16  m m  sequence c a m e r a ,  t he  COAS is used  to o r i en t  t he  spacec ra f t  and 
a im the  c a m e r a .  The c a m e r a  will  be .mounted  on the  left  s idewall  handhold 
a t  a 90-degree  angle  to the  X-axis  and  will  be shooting out the  left  rendez-  
vous window via  a m i r r o r  a s sembly .  

During rendezvous  m a n e u v e r s  with the  S-IVB, the  C O h S  c a n  be used  
for  a l ignment .  

CREWMAN OPTIC-4L ALIGNMENT SIGHT (CO-AS) 
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6. 4 

6. 4. 1 

6. 4. 1. 1 

6 .  4. 1.  2 

When the TV c a m e r a  is mounted on the g i r th  shelf for  shooting out the 
right rendezvous window pa ra l l e l  to the X-axis ,  the COAS will be used  for 
alignment. The COAS can a l so  be used  for  backup for  r e - e n t r y  alignment 
and manual  t h rus t  vec tor  control. 

SPACE SUIT ASSEMBLY (GFP) .  

The  space  suit a s sembly  (SSA)  provides  c r e w m e m b e r s  with protect ive 
clothing and a tmosphe re  for  spacecraf t  command module environment. The 
a s sembly  cons is t s  of a constant wear  ga rmen t  (CWG) and p r e s s u r e  garment  
a s sembly  (PGA).  F o r  operat ional  purposes ,  additional equipment i s  needed, 
such a s  communicat ions and oxygen hoses .  The equipment will be descr ibed  
in the two sui t  conditions: O F F  and ON. 

SPACE SUIT O F F  O R  SHIRTSLEEVE ENVIRONMENT. 

During ear'th o rb i t ,  no rma l  conditions (nondynamic) will allow the 
a s t ronau t s  to  remove  the p r e s s u r e  garment  assembly .  
wear  a n  undergarment  cal led the constant  wear  garment  ( C W G ) ,  a par t  of 
the space  sui t  a s sembly .  F o r  communicat ions,  they will don a personal  
communicat ions soft hat, connect i t  to a CWG adap te r ,  and connect the 
adapter  to a n  e lec t r ica l  umbil ical  which connects  to the audio center .  

The as t ronauts  will 

Constant Wear Garment  (CWG) [GFPI .  

The CWC (f igure 6 - 5 )  i s  a one-piece,  synthetic fabr ic  ga rmen t  for  
oxygen compatibility, 
s leeve CWG h a s  s leeve s t i f feners ,  The re  a r e  a l so  pockets to hold radiation 
dos ime te r s .  , .4round the mid-sec t ion  a r e  pockets for biomed preampl i f ie rs .  
The re  a r e  one o r  two cloth t abs  ( 1  inch)  nea r  the ches t  to a t tach  the cobra 
cable  clip. -An opening a t  the c ro tch  i s  for  ur inat ion and the r e a r  opening i s  
for defecation. 

It w i l l  be long s leeved o r  shor t  sleeved. The shor t  

-4 zipper  up the ches t  allows easy  donning and doffing. 

The CWG can  be worn for  6 to  7 days;  therefore ,  a change will be 
needed. 
a s sembly .  
compar tment  CONSTA4KT WE-4R GARMENT SAND.4LS. In the s a m e  
compar tment ,  t h r e e  flight cove ra l l s ,  one for each as t ronaut  and th ree  pa i r  
of weight less  sandals ,  will be stowed. 

Each  as t ronaut  will wear  a CWG under  the p r e s s u r e  garment  
T h r e e  CWG's will be stowed in the left-hand equipment bay 

Flight Covera l l s  (GFP). 

Three  flight cove ra l l s  will be stowed in  the  CHEB compar tment ,  
marked  "CONST-ANT WE.4R GARMENT, " for  u se  while in sh i r t s leeve  
environment. The  covera l l s  will be worn ove r  the CWG, and will a id  in 
keeping the CWG clean and the c rewman  warm.  

SPACE SUIT ASSEMBLY ( G F P )  
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F igure  6-5. Constant  Wear  G a r m e n t  (CWG) 

n. 4. 1 . 3  Communicat ions Soft Hat (GFP) .  

The pe r sona l  communicat ions c a r r i e r  is a soft hat  which suppor ts  
redundant microphone/earphone  s e t s  and  a communicat ions equipment:  

connection to  the audio cen te r .  

The microphones  (voice tubes )  have two posi t ions:  using and stowed. 
The stowed posit ion i s  butted toward the  forward  edge of the  he lmet .  
using position is  in  f ront  of t he  mouth.  
used.  

The 
Only one microphone  needs  to  be 

The earphones  will be in p lace  ove r  both e a r s  a l l  the t ime .  

Three  communicat ions c a r r i e r s  will  be stowed a t  launch and  en t ry  in 
the PG-4 heImet stowage bags  on the aft bulkhead. 

Three  Lightweight Headse ts  will  be evaluated during the mis s ion  and 
will  s h a r e  the soft  hat  s towage in  the  PG-4 he lmet  stowage bags.  

SP-ACE SUIT ASSEMBLY ( G F P )  
I 
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6. 4. 1. 4 Constant Wear Garment  Elec t r ica l  i idapter  (CFE) .  

The function of the CWG adapter  ( f igure 6-6) i s  to t r ansmi t  the commu-  
nications ha t  s ignals  and the biomedical h a r n e s s  s ignals  to the e lec t r ica l  
umbil ical  o r  cobra  cable. 

The CWG adapter  i s  a 37-pin connector which connects  to  the 21-socket 
connector f rom the communicat ions sof t  hat. 
with the nine-socket  connector of the biomedical  ha rness  connector. 

The nine-pin connector ma tes  

Three  C W G  adapters  will be requi red  i f  a l l  as t ronauts  g o  sh i r t s leeve  
The t h r e e  adap te r s  will be stowed in the RHEB in a c o m -  

The CWG adapter  will t ime-  
simultaneously. 
par tment  marked  ELECTRICAL ADAPTERS. 
s h a r e  the compar tment  with th ree  PG.4 adap te r s .  

B I O  M E D  
PREAMP1 . IF IERS 

CWG ELECTRICAL 

WEAR GARMENT 

Figure  6-6.  Pe r sona?  Communications Equipment Connection, Block I (CWG) 

SPACE SUIT ASSEMBLY ( G F P )  
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6. 4. 1.  5 Elec t r ica l  Umbilical "Sleep" Adapter. 

6. 4. 2 

6. 4. 2. 1 

6. 4. 2.  2 

6 .  4. 3 

6 .  4. 3. 1 

Two e lec t r ica l  umbil ical  "sleep" adap te r s  will be stowed in the RHEB 
compar tment  marked  ELECTRICAL ADAPTERS. The purpose of the 
"sleep" adapters  is to  e l iminate  voice communication s ignals  passing 
through the caut ionlwarning sys t em,  thus enabling uninterrupted s leep for 
two crewmen.  
CWG o r  PGA adapter ,  will play a p ian iss imo vers ion  of "Brahms Lullaby. 

The  adapter ,  connected between the cobra  cable  and the 

SPACE SUIT ON ENVIRONMENT. 

PGA Unpressur ized  o r  Ventilated. 

During launch, boost, en t ry ,  descent ,  and landing phases  of the 
mis s ion ,  the c r e w  will be requi red  to  be suited. The c r e w  will be fully 
suited but in the unpres su r i zed  o r  ventilated condition. 
p r e s s u r e  will be 5 p s i  and the different ia l  p r e s s u r e  of the suit will be a 
plus 2 inches of water  o r  0. 072  psi. 
hold the sui t  comfortably away f rom the body. 
f rom the ECS suit loop, through the oxygen hose into the suit and returning 
through the r e tu rn  hose to the ECS sui t  loop. 
about the cabin by the cabin a i r  fans 1 and 2. 

That i s ,  the cabin 

This  is  enough differential p r e s s u r e  to 
The oxygen will be flowing 

The cabin a i r  i s  c i rcu la ted  

An a l te rna te  mode of ventilated usage is  with he lmet  and gloves off, 

This  mode can  only be sustained for  54 

This  i s  

using neck and wr i s t  dams.  
as t ronaut  brea thes  cabin oxygen. 
man-minutes  out of 18 hours  (1:20) because the cabin oxygen becomes  
sa tura ted  with water  vapor which will condense on the s t ruc ture .  
not a recommended mode. 

The  gas  c i rculat ion is  the same ,  except the 

PG-4 Pr e s s u r  i zed . 

The PGA ( space  sui t )  will not be p re s su r i zed  except during an e m e r -  
gency. If out of 
the sui t ,  the ECS can maintain 3.  5 ps i  in the cabin for  5 minutes  i f  the hole 
o r  leak is l e s s  than 1 / 2  inch in d iameter .  
take l e s s  than 5 minutes .  
p r e s s u r e  will be a plus 3. 7 ps i  in  the suit.  
body mobility. 

This  condition wi l l  exis t  during a cabin depressur iza t ion .  

Therefore ,  donning the suit must  
When the suit is  p re s su r i zed ,  the differential 

This  condition cons t ra ins  the 
F o r  this  reason ,  it i s  normally not des i r ed  to be pressur ized .  

The c r e w  w i l l  per form a cabin depressur iza t ion  to demonst ra te  confi- 
dence in the spacesui t  and proper  function of the hardware .  

PGA DESCRIPTION. (F igu re  6- 7) 

PGA ComDonents. 

The PGA i s  a th ree-p iece  sui t :  t o r so ,  helmet ,  and gloves. It i s  
manufactured by Clark  Manufacturing Co. of Massachuse t t s .  

SPACE SUIT ASSEMBLY ( G F P )  
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DONN I N G l F l l l  I NG VENTILATION COMMIINSTRUMENTATION 

Figure  6 -7 .  .4pollo Block I P r e s s u r e  G a r m e n t  -4ssembly 

A c c e s s o r i e s  of the  su i t  a r e  the neck and  w r i s t  d a m s ,  blood p r e s s u r e  
cuffs ,  and  u r ine  col lect ion bag. 
opt ional  and  will  v a r y  i n  accordance  with the  mis s ion .  

Operat ional  u s e  of the a c c e s s o r i e s  i s  

6 .4 .3 .1 .1  The T o r s o  and  Gloves 

The PGA t o r s o  has  fou r  l a y e r s .  F r o m  the inside,  the f i r s t  l aye r  i s  a 
combinat ion l i ne r  and vent i la t ion l a y e r .  The ventilation dis t r ibut ion tubes 
guide incoming oxygen to all ex t r emi t i e s .  The oxygen a l s o  p a s s e s  through 
net openings to c i r cu la t e  a round the  as t ronaut .  
p lace  as the g a s  flows f rom the ex t r emi t i e s  (higher  p r e s s u r e )  to the  r e t u r n  
( lower  p r e s s u r e )  ove r  the CWG. 
l a y e r ,  to contain the oxygen o r  the 3. 7 -ps i  operat ing p r e s s u r e .  
l a y e r  i s  a r e s t r a i n t  l a y e r  of s t rong  nett ing to r e s t r i c t  bulging and enlarging 
so movement  will  be un impared  when p r e s s u r i z e d .  
l a y e r  is a pro tec t ive  c o v e r .  

The ac tua l  cooling takes  

The second l aye r  i s  a p re s su re - t igh t  
The th i rd  

The l a s t ,  and outs ide 
The re  is a p r e s s u r e  l ine f rom the p r e s s u r e  

SPACE SUIT -4SSEMBLY (GFP)  . 
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layer  (2nd l aye r )  to  a sur face  p r e s s u r e  gauge to allow the as t ronaut  to 
monitor  the p re s su re .  
and a r e tu rn  connector valve on the right. 

At the wais t  is an  intake connector valve on the left 

The outside protect ive l aye r  has  pockets on the a r m s  and legs .  The 
a r m  pockets contain such a r t i c l e s  as neck and wr i s t  dams ,  handkerchiefs, 
and penci ls .  The leg pockets contain s c i s s o r s .  

The neck r ing is an  aluminum ring, and when mated with the helmet ,  
has  O-r ing sea l s .  
when p res su r i zed .  

Cables  a r e  a t tached to the neck ring to hold i t  down 

The boots a r e  attached to  the legs  by l a c e s  and a r e  not a i r t ight .  A 
The boots wi l l  not be sock from the leg fits into the boot and i s  a i r t ight .  

removed during the mission.  

The gloves a r e  attached to  the a r m s  with a ball r ace  lock and a r e  
scaled with O-r ings.  

-4 zipper runs  from the navel ,  underneath the c ro tch ,  and up the spine 
to the neck ring. 
neck ring when opened. 
10-inch lanyard at tached to  it. 
donning in l e s s  than 5 minutes .  
gloves at tached o r  attaching them af te r  donning the to r so .  

The tab  i s  by the navel when sealed (c losed)  and by the 
To a s s i s t  the one-man donning, the t a b  has  a 6-  to  

The suit has  the capability of one-man 
It can be donned by having the he lmet  and 

The communication and biomedical cab les  exit through a 61 -pin 
connection at the left b reas t .  

6 .4 .  3 .  1.2  The Helmet. 

The helmet  is a plast ic  shell. It has  a l i ne r  inside,  e a r  cushions 
with earphones,  and two microphones.  On the outside, a v i sor  is pivoted 
at  the e a r s .  A v i so r  protect ive cover  of thin plast ic  (Cycolac)  cove r s  the 
top of the helmet .  
ring and is held in place by a clamp.  

A ring s e a l  is a t  the neck. It will set in the to r so  neck 

To p r e s s u r i z e  the sui t ,  the v isor  ( o r  faceplate)  mus t  be closed. It i s  
rotated down a c r o s s  the face and p r e s s e s  against  a sea l ,  and i s  held i n  
position by a c lamp-latch.  

6 .  4. 3 .  1.  3 Neck and W r i s t  Dams.  

The p r i m a r y  function of the d a m s  is postlanding sealing of the PGA 
during water  activity. 

The dams a r e  wide rubber  bands. The neck dam fits over  the torso 
neck ring and around the neck. 
The helmet  must  be removed.  
dams sea l  the wr i s t s  and the c rewman  will float in the torso .  

This  keeps the s e a  water  out of the suit.  
When the gloves a r e  removed,  the wr i s t  

SP.4CE SUIT ASSEMBLY ( G F P )  
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An optional dam use  during the miss ion  would be to cool the body 
This  is r e s t r i c t ed  to a while in the sui t  with the gloves and helmet  off. 

sho r t  per iod of t ime as the c rewmans  resp i ra t ion  would produce an 
excess ive  C 0 2  concentration. 
communicat ions during this  per iod.  

The comm helmet  will be used  for  

6 .4 .  3 .  1 . 4  Urine Collection Device (GFP) .  

During the standby, hold, launch, and boost phases ,  the c rewman 
will be suited. 
experienced so provis ions mus t  be made to ur ina te  within the PGA. 

A continuous sui ted per iod  of 3 to 6 hours  can  be 

The function of the ur ine  collection bag i s  to collect and s t o r e  

The bag f i ts  around the c ro tch  and hips and is held into place by 
1200 cc  of ur ine .  
bag. 
Velcro at tached to Velcro on the CWG. 

There  is an ex terna l  ca the te r  ( ro l l -on)  connected to the 

When miss ion  operat ions pe rmi t ,  the sui t  i s  unzipped and the ur ine 
bag is  removed.  
sys t em,  and the ur ine will be dumped overboard.  

A valve on the bag will connect to  the waste management  

6 . 5  

6. 5 .  1 

6 .5 .  2 

PGA STOWAGE. 

TORSO AND GLOVE STOWAGE. 

The gloves will be left a t tached to the to r so  and stowed together .  
The PGA helmets  will be stowed separa te ly .  
of sage  green ,  nylon cloth, 36 inches long, 20 inches wide, and can be 
expanded f r o m  3 to 1 2  inches high. 
maintain the fo rm.  
On the top a r e  flaps held closed with Velcro.  
a r e  on the bottom to anchor  the bag on t h r e e  s t r ip s  of Velcro  hook on the aft 
bu 1 kh e a d . 

The sui t  stowage bag is made 

It has  an  aluminum rod  f r a m e  to 
-4 par t i t ion sepa ra t e s  the bag into two compar tments .  

Three  s t r ip s  of Velcro  loop 

The two-PGA stowage a r e a  is beneath the commander ' s  couch ( lef t )  
on the aft bulkhead. 
of the pilot on the a f t  bulkhead nea r  the hatch between the LiOH car t r idge  
stowage boxes and the sidewall. 
two -su i t  bag. 

An additional stowage bag is located beneath the head 

The su i t  stowage bag i s  s imi l a r  to the 

H E L M E T  S T O W A G E .  

The PGA helmets  a r e  stowed only during nondynamic per iods ,  o r  
ze ro  g. 
( G F P )  a r e  located on the aft bulkhead under  the center  couch. 

Three  helmet  mid-course  stowage bags a r e  provided. The bags 

-.- 

SPACE SUIT -4SSEMBLY (GFP)-PGA STOW-qGE 
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6. 6 PGA CONNECTING EQUIPMENT. 

6. 6. 1 

6. 6. 2 

6. 7 

PRESSURE GARMENT ASSEMBLY (PGA)  ELECTRICAL ADAPTER (GFP) .  

The PGA e lec t r i ca l  adap te r  provides  in te r face  between the  PGA and 
the cobra  cable  s ince  the  connec tors  a r e  not compat ible .  

The  PGA adap te r  i s  18 inches  in length with a sui t  in te r face  of a 61- 
socket  connector  and  the  cobra  cable  in te r face  with a 37-pin connector .  
T h e r e  a r e  t h r e e  adap te r s .  

When the  su i t s  a r e  r emoved  and stowed, the PG.4 adap te r s  will  be 
disconnected f rom the  sui t  and stowed. 
in the ELECTRICAL ADAPTER stowage compar tmen t  in  the  RHEB. 

They will  r ep lace  the CWG a d a p t e r s  

OXYGEN HOSE (UMBILICAL) (GFP) .  ( F i g u r e  6-8) 

The  function of the oxygen hose  i s  to  interconnect  the PG.4 and the  
CM ECS. 

The oxygen hose  is  a dual hose ,  each  hose  having an  inside d i ame te r  
of 1. 25 inches  and made  of s i l icon rubbe r  with sp i ra l ing  s t ee l  w i r e  
re inforcement .  

The ECS end  h a s  a double D connector  while the su i t  end sp l i t s  the 
hoses  about 15  inches  f r o m  the end. E a c h  hos'e h a s  an  elbow nozzle  to 
connect  to the  suit .  

T h e r e  a r e  two hoses :  one 72 inches long and one 81 inches  long. 
A nylon s t r a p  is bonded approximate ly  eve ry  12 inches to r e s t r a i n  the 
c o b r a  cable  to the  hose  during su i t  opera t ions .  

The double D connector  on the ECS end r ema ins  connected during 
the miss ion .  
down s t r a p s .  
the  r e a r  of the  'MDC to  the  fo rward  bulkhead and s t rapped .  
incoming oxygen f rom being sucked into the  r e t u r n  s ide  and not into the 
cabin,  t he  r e tu rn  nozzle  will  be capped with the oxygen hose  r e t u r n  cap ,  
which i s  a t tached  to  the  hose  with a lanyard.  

The hose is routed behind the MDC and held in place by t i e -  
When disconnected f r o m  the  su i t s ,  the  ends a r e  routed f r o m  

T o  prevent  the 

CREW COUCHES. 

The c r e w  couches suppor t  the c r e w  during acce le ra t ion  and maneuver s  
up to 30 g ' s  fo rward ,  30 g ' s  af t ,  .18 'g 's  up and  down, and 15 g ' s  l a te ra l ly .  

The spacec ra f t  contains  uni t ized c r e w  couches in tegra l ly  bolted 
toge ther  in  a unit s t ruc tu re .  

The couches a r e  designated one of t h r e e  ways.  S t ruc tura l ly ,  they a r e  
lef t ,  c en te r ,  and r ight .  By c r e w  posi t ions,  they a r e  1. 2, o r  3 o r  
commander ,  s en io r  pilot ,  and pilot  ( lef t  to  r igh t ) .  

PGA CONNECTING EQUIPMENT-CREW COUCHES 
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COMMANDER - 72" 
NAVIGATOR - 72' DACRON STRAP 
ENG INEER - 81" 

PGA ADAPTER (REF) 

COBRA CABLE (REF) 

WIW I RE RE I NFORC 

CONNECTOR (ECS) 

V16-601201 

F i g u r e  6-8. 0 2  Umbil ical  Hose Assembly ,  Block I 

6. 7. 1 CREW COUCH STRUCTURE. 

The c r e w  couch s t r u c t u r e  cons i s t s  of t h r e e  c r e w  couches:  the lef t ,  
c e n t e r ,  and  r ight  ( f igure  6-9).  
approximate ly  400 pounds.  
cen te r  couch connects  the left  and  r ight  couch into a s ingle  unified s t ruc tu re .  

It i s  fabr ica ted  of a luminum and weighs 
The left  and  r ight  couches a r e  ident ical .  The 

The couch s t r u c t u r e ,  i n  a one-g  environment ,  is supported by the 
impac t  a t tenuat ion s t r u t s :  
the two Z - Z  s t r u t s  f rom the af t  r ing,  and  the two Y - Y  s t r u t s  in compress ion  
aga ins t  the  s ide  pane ls .  
s t r u c t u r e  a t  the le f t  and  r ight  couch ma in  s ide beams .  

the four  X-X s t r u t s  f rom the forward  bulkhead, 

The X - X  and  Z - Z  s t r u t s  connect  to  the c r e w  couch 

The lef t  and  r ight  couches a r e  capable  of the 170-degree posit ion but 
will  not be p laced  in  that  posi t ion because  of equipment  in t e r f e rence  beneath 
those  couches .  

CREW COUCHES 
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REF: V16-531501 

Figure  6-9. Crew Couch Installation 

STRUTS 

The additional L E B  accessfdocking  position will -e usei. dur ing orb i t  
to gain room nea r  the LEB. 
the couch s t ruc tu re  (a l l  couches)  moves  6.5 inches toward the hatch. 

The sea t  pan angle  r ema ins  9 6  degrees  while 

6. 7. 2 CREW COUCH POSITIONS. (F igu re  6-10) 

b.  7 .  2 .  1 ' Occupied Positions. 

The mos t  utilized position is the 96-degree position a s sumed  for  the 

It gives maximum support  to the 
launch, orb i t ,  and en t ry  phase. For  a 50 percent i le  c rewman,  the hip angle 
is  108 degrees  and very  easy  to  a s sume .  
body during high g loads. 

The 170-degree o r  flat out position is used  p r imar i ly  for  egress ing  
All egress ing  to the L E B  will be f rom the center  f r o m  the cen te r  couch. 

couch. F o r  this reason ,  the lower a r m r e s t s  a r e  removed and stowed, 

CREW COUCHES 
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6. 7. 2 . 2  

1 I S T W A G E  ACCESS 

ON 

(LH COUCH) 
e?--. , 

CS-2025A <+ 

Figure  6-10. Crew Couch Miss ion  Pos i t ions  and Seat Angles,  Block I 

making  e a s y  e g r e s s  f rom r ight  and left couches  into the cen te r  couch. 
Another u s e  of the  170-degree  posi t ion is G&N sighting. 
c r e w m a n  c a n  posi t ion himself  on the  s e a t  pan with his  feet  in the foo t r e s t s  
and s ight  th rough the G & N  eyepiece.  

The 50 percent i le  

Unoccupied Pos i t ions .  

The  66-degree  sea t  pan angle  posit ion is used  p r i m a r i l y  for  r igh t  and  
lef t  equipment  bay s towage a c c e s s .  

The 264-degree  posi t ion necess i t a t e s  ro ta t ing  the  s e a t  pan under  the 
backres t .  
r e s t r i c t e d  c l ea rance  beneath the  lef t  and  r ight  couches,  th i s  posi t ion is 
r e s t r i c t e d  to  the  c e n t e r  couch only. 
is the  des i r ab le  seat pan angle.  

T h i s  will  c l e a r  the  L E B  a r e a  fo r  main tenance  ac t iv i t ies .  Due to  

During u s e  of the  fecal  can i s t e r ,  th i s  

CREW COUCHES 
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6. 7. 3 CREW COUCH COMPONENT DESCRIPTION. (Figure 6-1 1) 

The c rew couches a r e  basical ly  the s a m e  and the  modular  components 
interchangeable. 
docking position mechanism in the cen te r  couch. 

The backres t  a s s e m b l i e s  differ the mos t  because of the 

6. 7. 3 .  1 Headre  st. 

The headres t  is constructed of honeycomb aluminum and h a s  folding 
It is padded on the inside and both s ides  of the t ips .  

For orbi t  and 
t ips .  
requi r ing  PGA helmet  r e s t r a in t ,  the  t ips  a r e  left extended. 
ze ro  g, the t ips  a r e  folded, affording freedom of movement  for  nominal  
visibility . 

During maneuver s  

LOWER LEG REST 

L W E R  ARM REST 

UPPER LEG REST 

UPPER A R M  REST 

/ p”.. BACK ASSEMBLY 
CS-2055A 1 

- Figure  6- 11. Left-Hand Couch Assembly  (96-Degree Posi t ion)  

CREW COUCHES 
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6 .7 .  3 .2  

6 .  7 .  3 .  3 

6 . 7 .  3.4 

The headres t  has  a 3-inch longitudinal movement  f o r  ad jus tment  to 
c r e w m a n  t o r s o  length.  
fo r  pu rposes  of access ib i l i ty  and  i n g r e s s  to the couches .  

The  headres t  and  suppor t  will fold under  the couch 

B a c k r e s t  . 
The b a c k r e s t  i s  cons t ruc ted  of r i b s  and b e a m s  cove red  with 

a luminum shee t  and is 32 inches  long and  22 inches wide.  
r igh t  couch back pans  a r e  a t tached  to  the  in tegra l  s ide beams ,  the inboard  
beam of which is 56 inches  long and  the p r i m a r y  s t r u c t u r a l  m e m b e r  of the 
couch suppor t .  

The left  and 

The backres t  a s sembly  is contoured and contains  the takeup r e e l  
s y s t e m  fo r  the shoulder  s t r a p s .  
c r e w m a n  contact .  

The back pan is padded in the a r e a s  of 

A r m r e s t s .  

The a r m r e s t s  a t tach  to the fo rward  su r face  of the backres t  and a r e  
adjustable .  
a r m r e s t  can  be ad jus ted  for  length of a r m  and to r so .  

They cons i s t  of a n  upper  and lower  a r m r e s t .  The upper  

The lower  a r m r e s t  i n s e r t s  into and is suppor ted  by the upper  a r m r e s t  
It is s e c u r e d  by a l eve r i zed  pin device for  quick 

A tubular  shaf t  extends pas t  the r e s t  pad and contains  the mounts  

The left  couch left a r m r e s t  h a s  an  adapter  mount for  both 

at a n  angle  of 90 degrees .  
r emova l .  
fo r  the cont ro ls .  A m a j o r  function of the a r m r e s t s  i s  to mount the SCS 
c o n t r o l s .  
t r ans l a t ion  cont ro ls  T1 and T2,  and mounts  a t  a n  angle  of 120 degrees .  
o the r  a r m r e s t s  (3)  mount a t  a n  angle  of 90 deg rees .  
a r m r e s t  suppor t s  a rotat ion cont ro l  ( R l ) .  
a r m r e s t s .  

A l l  
The left  couch r ight  

The cen te r  couch h a s  no 

On the  r ight  couch left  a r m r e s t  is a fi t t ing to  which the o ther  
rotat ion cont ro l  (R2)  can  be at tached for  use  by the cen te r  as t ronaut .  
using a n  adap te r ,  one t r ans l a t ion  cont ro l  (T2)  can  be mounted for use  by the 
r igh t  a s t ronau t  . 

By 

Normal ly ,  the  r ight  couch r ight  a r m r e s t  suppor ts  the second rotat ion 
cont ro l  (R2).  
the LEB G & N  panel  for  u se  during navigational s ight ings.  

A t h i rd  posi t ion for  the rotat ion cont ro l  (R2)  i s  a t tached to 

Seat  P a n  and  Foo t re s t .  

The s e a t  pan and foot res t  h a s  t h r e e  components :  the h ipres t ,  l e g r e s t ,  
and foo t r e s t s .  

The h ip res t  and upper  l e g r e s t  functions as  a s e a t  o r  sea t  pan. The 
lower  l e g r e s t  suppor ts  the lower  legs ,  and  the foot res t s  support  and 
r e s t r a i n  the feet .  
the  uppe r  l e g r e s t ,  fo rming  the s e a t  pan. T h e r e  a r e  two pivot points:  one a t  

The h ip res t  makes  a n  angle  of about 1 7 0  deg rees  with 
-- 

CREW COUCHES 
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the aft  of the h ip res t ,  and the  o the r  where  the h ip res t  and l e g r e s t  i n t e r sec t .  
P a r t  of the mechan i sm for  posit ioning the s e a t  angles  a t  96, 170, and 
264 degrees  i s  housed in  the h ip res t .  

The lower  l e g r e s t  houses  the mechan i sm for  posit ioning the s e a t  in 
the  66-degree  angle and t ightening o r  loosening of the foots t raps .  
upper  l e g r e s t  to lower l e g r e s t  angle  is f ixed at 68 degrees .  
pivot so they c a n  fold pa ra l l e l  to  the lower l e g r e s t .  
b a r s  a r e  spring-loaded to  the r e l e a s e  posi t ion and a r e  pul led to the 
r e s t r a i n t  posit ion by cables .  
o r  r e l e a s e d  by a cont ro l  in  the lower  l e g r e s t .  

The 

Foo t s t r ap  rotat ion 
The foo t r e s t s  

The cables  run  to  a r e e l  that  can  be locked 

6. 7. 3. 5 C r e w  Couch P a d s .  

The followipg por t ions  of the couches have pads: head res t ,  back pan, 
a r m r e s t s ,  and  s e a t  pan. 

The padding is a t r i l oc  m a t e r i a l  3116-inch thick.  It is s t r u c t u r e d  of 
woven dac ron  wire- l ike  f ibe r s  in a low-density pa t te rn  giving good 
v e nt ilat i o n . 

The back pan and  s e a t  pan pads a r e  composed  of t h r e e  l a y e r s  of t r i l oc  
cove red  with nylon nett ing,  making approximately 1 / 2  inch of padding. 

The a r m r e s t  and headres t  pads a r e  3116-inch-thick l a y e r s  between 
nylon nett ing cove r s .  

The pads a r e  a t tached  to  the m e t a l  s u r f a c e s  with Velcro  s t r i p s  and  
can  be cemoved during the mis s ion  i f  the  need a r i s e s .  

6. 7. 4 MECHANICAL ADJUSTMENTS. ( F i g u r e  6- 12) 

6. 7. 4. 1 

6 . 7 . 4 . 2  

Headres t  A dju s tm ent s . 
To adjus t  the headres t  fo r  c r e w m a n  height,  t u r n  the ad jus tment  

with the tool s e t  4- inch C P S  d r i v e r .  It has  a 7132-inch hex dr ive .  

The headres t  i s  folded down by pulling the  headres t  lock headward .  

To br ing it up,  pull  with the hand; pull head res t  
The headres t  is spring-loaded to  the s towed (down) posi t ion so i t  should be 
r e s t r a i n e d  by the hand. 
lock handle back to  c l e a r  the hook, posi t ion headres t  in the no rma l  posi t ion,  
and push the lock handle footward. 

A r m r e s t  Adjustments .  

The lower  a r m r e s t s  a r e  r emoved  by pulling the a r m r e s t  lockpin 
r e l e a s e  outward to pull  the pin, and then  pulling the a r m r e s t  upward to  
r emove .  
s towed on the couch s ide  b e a m s  by Velcro  s e a t s  and  s t r a p s .  

The left  couch r ight  a r m r e s t  and  the r ight  couch left a r m r e s t  a r e  

CREW COUCHES . 
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LEG REST 66' RELEASE KNOB 

FOOT STRAP 
"IT' RING 

REF: V16-531502 

SHOULDER HARNESS LOCK 43FfwY- 

Figure  6-12. LH Crew Couch Operat ing Mechanisms,  Block I 

To a t tach  SCS cont ro ls ,  push  the  SCS cont ro l  pinlock to  the left ;  s l ide  
the cont ro l  on the dovetai l ;  and push  the  lock to  the r ight  locking a retent ion 
pin. 

The lower  a r m r e s t  can be extended by rotat ing the extension lock 
toward the  left ,  extending the a r m r e s t  and locking into posit ion b y  pushing 
the lock to  the  right.  

CREW COUCHES 
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6 .  7.4. 3 Seat P a n  Adjustment Direct ions.  

SPLH = Seat Pan  
Lock Handle 

LRRK 2 L e g r e s t  
Release  Knob 

LROB = L e g r e s t  Overr ide  
Pushbutton 

F r o m  
(Den) 

A 96 

170 

B 96 

264 

C 96 

66 

264 

96 

66 

96 

P rocedure  

1 .  Lift the SPLH and push 
with feet. 

2. Release the  SPLM; con- 
tinue pushing with feet  
until sea t  s tops at 170". 

1. Lift the SPLH and pull 
with feet .  

2 .  Continue lifting SPLH, 
pulling with feet  until 
seat s tops a t  96" ,  
r e l ease  SPLH. 

1. 

2 .  

3 .  

1. 

2 .  

3 .  

Lift SPLH and ro ta te  
downward. 
Continue to  lift SPLH 
passing through 170' 
position. 
Release  SPLH and con- 
tinue rotating until s ea t  
s tops at  264". 

Lift SPLH and rotate  sea t  
toward 170" /96"  position. 
Continue to  lift SPLH, 
passing through 170 
po s i t  ion. 
Rotate to 96" position 
and r e l e a s e  SPLH. 

1. Pul l  up with feet until 
66" la tch  engages the 
s ide  beam. 

1. P r e s s  the LRRK with 
feet  until 96" position 
is reached.  

Remarks  

1. 

2. Key on pivot cylinder 

Key locking the leg pan 
will disengage. 

will engage s ide  beam 
keyway . 

1. Key on pivot cylinder 

2. Key on pivot cyl inder  
will disengage. 

will engage s ide  beam 
keyway. 

1. 

2. 

3 .  

1 .  

2 .  

3 .  

Key locking leg pan will 
disengage. 
Maintains the leg pan 
pivot key in disengaged 
position. 
Key on pivot cylinder 
will engage in 264" 
position slot. 

Leg pan pivot key disen-  
gages  allowing rotation. 
Leg pan pivot key main-  
tained in disengaged 
position. 
Leg pan point pivot key 
will engage 96" position 
slot. 

1. Disengages sea t  to hip- 
r e s t  detent. 66" la tch 
will d rop  in s lot  on 
beams  and catch. 

1. 66" ca tch  disengages.  
On reaching 96" posi- 
tion, detent  will engage. 

CREW COUCHES 
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6. 7 . 4 . 4  Foo t re s t  and Foo t s t r ap  Adjustments. 

The foots t raps  a r e  control led by a foots t rap  D-r ing  (FSDR) between 
the as t ronaut ' s  knees.  The D-r ing  is connected to a cable that  runs  through 
a tube to a drum-axle-drum mechanism.  By pulling on the D-r ing  and 
rotat ing the d rum and axle ,  cab les  pull the foots t raps  to the r e s t r a ined  
position. 
re ta in  the feet in  the footrest .  To r e l ease  the foots t raps ,  the FSDR i s  
p re s sed ,  forcing the connecting tube to disengage the ratchet  and r e l ease  
the foots t raps .  

The d r u m s  have ra tche ts  that lock the foots t raps  in position and 

6 .7 .4 .5  D-Ring Handle Extension. 

The D-r ing handle can be reached  eas i ly  while the PCA is  
unpressur ized .  
the 90 percent i le  c r ewman  f rom reaching the D-r ing,  thus making it 
difficult to lock o r  f r e e  the fee t .  
to connect to the D-r ing handle. 
to i n s e r t  into the D-r ing handle and control  it (paragraph  6. 10. 10).  
bal l - lock fea ture  to connect to the D-r ing .  
access ib l e  on the right g i r th  shelf. 

However, when p res su r i zed ,  the PCA slightly r e s t r i c t s  

The D-r ing  extension has  been designed 
The extension has  a 7/16-inch hex shaft 

It has  a 
The D-r ing extension will be 

6. 7 . 4 . 6  DockinP Pos i t ion  Adjustment. 
-- 

The mechanism that r e l e a s e s  the lock which allows the couch 
s t r u c t u r e  to  s l ide to the docking position is located in the backres t  of the 
center  couch; however, the docking lock handle is on the right s ide beam of 
the left couch. 

The forward  end of the Z - Z  s t r u t s  a t taches  to the couch by a s l ide 
A l ever - lock  device (finger la tch)  

The lever - lock  is 
that  runs  i n  t r a c k s  in the s ide beams.  
locks the s l ide in two positions: 
spr ing  loaded in  the lock position. 
disengages the lever - lock  only while the DLH is lifted. 
s t ruc tu re  mus t  be pulled to the docking position by the center  as t ronaut  
pulling on hand holds located on the side hatch. 

no rma l  and docking. 
The docking lock handle (DLH) 

The couch 

When t r ansve r s ing  to the docking position, the s e a t s  remain  in the 
The lef t  c r ewman  then lifts the DLH and the center  96-degree position. 

c r ewman  g rabs  a handhold and pulls the couches toward the s ide  hatch. 
After  movement ,  the DLH can be re leased .  When the couches have moved 
approximately 6. 5 inches,  the lever - locks  will d rop  into s lo t s ,  locking the 
couches in place. 

To r e tu rn  to the couch no rma l  position, the DLH is lifted and the 
couches are  pushed toward the LEB. 
locks will d rop  into s lo t s  when in position. 

The DLH is r e l eased  and the l e v e r -  

C R E W  COUCHES . 
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6. 7 .4 .7  Shoulder S t rap  Adjustment. 

The shoulder  s t r a p  takeup r ee l s  a r e  on the couch backres t .  They 
allow 10 inches of p layand a r e  locked by the shoulder s t r a p  lock on the left 
s ides  of the couches. 
and a forward  and down push will lock the shoulder  s t r aps .  

A headward pull will unlock the shoulder  s t r a p s ,  

6 .8  CREWMAN RESTRAINTS. 

6 .8 .  1 

6.8. 1. 1 

The c rewman re s t r a in t s  provide r e s t r a in t  and physical a t tachment  
to  the as t ronauts ,  

a .  In the couches during launch, weightless phases ,  abor t ,  entry,  and 
landing 

b. 
couch 

c .  
d. 

During weightless per iods  while performing t a sks  out of the c r e w  

While in the s leep  position 
When performing ex t r a  vehicular  act ivi t ies  

HIGH G-LOAD RESTRAINTS. 

Crewman Res t ra in t  Harness .  

There  a r e  th ree  r e s t r a in t  ha rnesses  pe r  spacecraf t ,  one for  each 
crewman.  

The r e s t r a in t  ha rness  cons is t s  of a lap belt and two shoulder s t r a p s  
interfacing the lap belt at the buckle. 
a t tached to the couch and is not removable .  
connected between the s e a t  and back pans.  
adequate hip support  (figure 6-13). 

The harnes,s is permanent ly  
The lap belt in te r faces  s t r a p s  

This  configuration provides  

The shoulder  s t r a p s  p a s s  through s lo ts  in the upper portion of the 

The takeup r e e l  allows 10 additional inches 
back pan and a r e  connected to  spr ing-loaded takeup r e e l s  fastened on the 
underside of the back pan. 
of s t r a p  t r ave l  a t  maximum 10-pound pull. 
unlock these  takeup reels siinultaneously by actuating a l eve r  on the s ide  
of the couch. 

The c rewmember  can lock o r  

The lap  belt buckle is a l eve r  operated,  t h ree  point r e l ease  
mechanism.  
s t r a p  will be re leased .  The s t r a p  ends and buckle a r e  equipped with Velcro 
patches and may  be fastened to mat ing patches on the couch when not in use .  
This  a l so  prevents  the buckles and at tachments  f rom floating f r ee  during 
z e r o  g. Each s t r a p  can be individually tightened o r  loosened by the 
c rewman (figure 6-14). 

By pulling a l eve r ,  the shoulder s t r a p s  and right lap belt 

The maximum force  on the ha rness  s t r a p s  will be 31 15  pounds a t  the 
ches ts .  
6000 pounds. 

The s t r aps  a r e  dacron,  1-718 inches wide, and have a s t rength of 

~~~ 
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LAP BELT PLUG-IN F I l l I N C  

TAKE-UP REEL CONTROL SHOULDER STRAP 
HAND GRIP 

F i g u r e  6-1 3 .  Crewman Res t ra in t  Harness  Components 

The h a r n e s s  will be on and locked during a l l  maneuvers  when g loads 
a r e  expected such a s  launch, delta V, docking, en t ry ,  and landing. 
Securing in the couch p r i o r  to impact  will include locking of the foot s t r a p s  
in addition to fastening of the ha rness .  
loosened readi ly  by the astronaut .  

The ha rness  can be tightened and 

6 . 8 . 1 . 2  Weightless Res t ra in t  . 
To a s s i s t  the c r e w  in eg res s ing  f rom the couch, five hand s t r aps  a r e  

a t tached behind the MDC (f igure 6-15) .  

When out of the couch, the as t ronaut  will r e s t r a in  himself with hand- 
holds and Velcro foot r e s t r a in t s .  P a r t  of the a f t  bulkhead will be sur faced  
with Velcro hook mater ia l .  
on the so l e s  and heels  of his PGA boots when in the PGA. 

The as t ronaut  will wear  Velcro pile ma te r i a l  

CREWMAN RESTRAINTS 
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L A P  BELT 
RESTRA I NT 

SHOULDER STRAP 
RESTRAINT PADS 

Figure 6-14. Restraint Harness Velcro Restraint Pads 

Restraint sandals (figure 6-16) will be worn with the CWG. The 
sandals a r e  fabricated of a flexible plastic Royalite PR55. Velcro pile 
mater ia l  is bonded on the ball and heel of the sole. The sandal i s  held 
closed and on the foot by Velcro patches. 

There a r e  three  pa i r s  of sandals which a r e  stowed in the LHEB with 
the CWGs and flight coveralls. 

Guidance and Navigation Station Restraint. 6 .  8. 1. 3 

Two positions may be utilized a t  the G&N station: standing position 
o r  center couch G&N position. The astronaut will res t ra in  himself in the 
standing position by fastening his res t ra int  sandals to  the aft bulkhead and 
using a handhold on the left side of the G&N console. 

The astronaut will res t ra in  himself in the center  couch a t  the G & N  
station by positioning the couch to the 170-degree hip angle and restraining 
his feet with the couch foot straps.  

CREWMAN RESTRAINTS 
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A-A 

HAM DHOLG 
EC S HANDSTRAP' - I 

/ /"'. . -1- 

CS-23159 1 

Figure 6-15. CM Interior Handgrips 

6. 8. 1. 4 Crewman Sleeping Restraints.  (Figure 6-1 7) 

The crewmen sleeping position will be under the left and right couch 
with the heads toward the hatch. 
crewman sleeping restraint .  

He will be rest ra ined i n  position by the 

The restraints  ( 2 )  a r e  dacron fabric,  lightweight, sleeping bags, 
64 inches long, with zipper openings for the to r so  and 7-inch diameter neck 
openings. 
LiOH canis ter  s torage boxes on one end (LEB) and to  the CM inner s t ructure  
at  the other end. 

They a r e  supported by two longitudinal s t r aps  that attach to the 

The crewman w i l l  occupy the sleeping bag while wearing his CWG and 
communications soft hat, o r  lay on top i f  wearing his PGA. 
and "sleep" adapter w i l l  remain connected. 
stowed in each PGA stowage bag during boost and entry. 

The cobra cable 
One sleeping restraint  will be 

CREWMAN RESTRAINTS 
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Figure  6- 16. Weightless Crewman Res t ra in t  Sandal 

6 .9  FLIGHT DATA FILE (GFP). 

The flight data  file ( f igure 6-18) is a miss ion  re ference  data file 
that i s  readi ly  available to  the c rewman.  

The data must  be access ib le  to  the commander  and pilot in a 
p re s su r i zed  sui t  while constrained in the c r e w  couch. 
to the senior  pilot a t  the lower equipment bay. 

It mus t  be available 

The flight data  file contains checkl is ts ,  manuals ,  and cha r t s .  The 
commander ' s  and pilot 's data file is stowed in nylon bags and the sen lor  
pilot 's i s  stowed in a d rawer  container .  

CREW RESTRAINTS-FLIGHT DATA FILE (GFP)  
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IN PGA; ASTRO SLEEPS ON BAG 
AND USES STRAPS FOR RESTRAINT 

FEATURES 
X 
I I N  CWG. ASTRO SLEEPS I N  BAG 

TENS IONER 

RfH PGA STOW BAG 

AFT RING TIE 

Figure  6- 17. Sleeping Posi t ion Res t ra in t  Configuration 

6.9.  1 COMMANDER'S FLIGHT DATA FILE.  

The commander ' s  flight data file contains a commander ' s  checkl is t ,  
flight plan, and stowage bag. 
pouches that  c lose  and a r e  re ta in-c losed  by Velcro.  
lined on the r e v e r s e  s ide with Velcro attaching i t  to  i t s  stowage position. 
It is stowed on the left g i r th  shelf nea r  the commander ' s  left shoulder .  

The stowage bag is nylon cloth ma te r i a l  with 
A flap at  the top i s  

6 .  9 . 2  SENIOR PILOT'S FLIGHT DATA FILE.  

The sen io r  pi lot ' s  data file contains a sen io r  pi lot ' s  checkl is t ,  
mi s s ion  log and data, and stowage bag. 
the commander ' s  except for  the nomenclature .  
g i r th  shelf nea r  the sen ior  pi lot ' s  left shoulder .  

The stowage bag is the s a m e  a s  
It i s  stowed on the right 

CREWMAN RESTRAINTS-FLIGHT DATA F I L E  ( G F P )  
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Figure  6-18. Flight  Data F i l e  Configuration, Block I 

6. 9. 3 PILOT'S FLIGHT DATA FILE. 

The pi lot ' s  data file contains a pi lot ' s  checkl is t ,  landmark maps ,  s t a r  
cha r t s ,  S / C  sys t ems  data, o rb i ta l  map,  and exper iments  checkl is t .  Stowage 
is in a f iberg lass  container  23 inches long, 9. 46 inches wide, and 1. 75 inches 
deep. 
removed f r o m  its stowage compar tment  i n  LEB. The container  has  nylon 
ribbon tab on each  end to  a id  in  pulling it out of the compartment .  
compar tment  has  a door  with a s imple  b a r  la tch to r e s t r a i n  the container .  

It has  a hinged cover  to  contain the manuals  when the container  i s  

The 

FLIGHT DATA FILE ( G F P )  
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6. 10 CREWMAN IN-FLIGHT TOOL SET AND WORKSHELF (GFP).  

The crewman in-flight tool s e t  provides multipurpose tools and attach- 
ments for  Apollo mission activities. 
(figure 6-19) contains the following: 

The crewman in-flight tool set  

Torque wrench 
Adapter handle 
10" d r ive r  
5/32'' short  hex dr iver  
7/32" hex d r ive r  
4" torque s e t  d r ive r  
Emergency wrench 
2 T-handles 
2 end wrenches 
20" te ther  
D-ring extension handle 

Operationally, the tools a r e  designated by a le t ter  (A, B, C, D, etc.). 

,/ Z-ADIUSlAbU [NO WR(W*S 

rJIK KMIU 

Y--. 

cr-amc i 3 1 

Figure 6 -  19. Crewman In-Flight Tool Set Configuration, Block I 

CREWMAN IN-FLIGHT TOOL SET AND WORKSHELF (GFP)  
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6. 10.1 TORQUE WRENCH (TOOL A). 

The torque wrench has  a torque l imit ing capacity of approximately 
35 to 200 inch-pounds in the clockwise direct ion.  
in the clockwise and counterclockwise direct ion.  The pawl, which 
indicates  operat ion,  has  th ree  positions which a r e  marked  CW, LOCK, 
and CCW. The maximum torque capability in the LOCK position is 
approximately 400 inch-pounds. 

It has  a ra tchet  capability 

The dual driving lug has  a 7116-inch hex male  wrench with a ball-lock 
and a 5132-inch hex male  wrench. 
pushbutton on top of the shaft controls  the ball-lock which locks the d r i v e r s  
on. 

The dr ive lug fits all d r ive r s .  

The lug reaches  2-114 inches beyond the face of the wrench.  

The 

Torque set t ings of 50, 100, 150, and 200 inch-pounds a r e  cal ibrated 
and marked .  
handle and observing the ba r  in the s lot  on the underside of the handle. 
The following symbols  indicate the torque values: 

The setting can  be se t  by rotating the knob a t  the end of the 

0 = 50 inch-pounds + = 100 inch-pounds 
h = 150 inch-pounds 

= 200 inch-pounds. 

6. 10.2 ADAPTER HANDLE (TOOL E) .  

The adapter  handle is approximately 3. 5 inches long and 1. 5 inches 
in d iameter .  
hexes ,and  fits a l l  d r ive r s .  
with the d r ive r s .  

It has  a dual driving capability of 7116- and 5132-inch 
A ball detent will assist in maintaining contact 

6. 10. 3 10-INCH DRIVER (TOOL H). 

All d r ive r s  have a 7/16-inch in te rna l  hex dr ive  socket. The 10-inch 
d r ive r  is 11. 125 inches long with a 10-inch shaft. 
5 / 32 -inch hex dr ive.  

The shaft end has  a 

6.  10.4 4-INCH DRIVER (TOOL L).  

The 4-inch dr iver  is 5.125 inches long with a 4-inch hex shaft of 
7 I32 -inch. 

6. 10. 5 EMERGENCY WRENCH (TOOL B) .  

The emergency  wrench is 6 . 2 5  inches long with a 2 .5- inch dr ive 
shaft. The dr ive shaf t  has  two hex dr ives :  7116- and 5132-inch. It is 
capable of applying a torque of 1475 inch-pounds and i s  a backup for  the 
torque wrench. 
essent ia l ly  a modified Allen head L-wrench.  

It has  a bal l - lock device to lock i t  i n  a dr ive.  It i s  

C R E W M A N  IN-FLIGHT TOOL SET A N D  WORKSHELF ( G F P )  . 
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6 .  10.  6 

6. 10. 7 

6. 10. 8 

6. 10.9 

6. 10.10 

6. 10. 11 

6. 10. 1 2  

6. 10. 13 

'T-HANDLE (TOOL C). 

The re  a r e  two T-handles per tool set. The T-handle is 2. 75 inches 

There is a torque break feature,  calibrated 
The ball-lock 

long with a n  aluminum body. 
with a 5/32-inch hex wrench. 
by an adjustable sc rew at 35*5 inch-pounds, and then sealed. 
device is released by a pushbutton on the top of the handle. 

END WRENCH (TOOL F) (2).  

It has  a 3/8-inch diameter ball-lock shaft 

The adjustable end wrenches a r e  a modified crescent  wrench. It is 
very lightweight, made of aluminum, with an isotactic foam handle. The 
jaws openings width is from 114 inch to 1 inch. 

5/32-INCH SHORT DRIVER (TOOL J). 

The 5132-inch short  hex dr iver  is  3.62 inches long with a 5116-inch 
round shaft and a 5132-inch hex drive of 0. 7 inch. 

4-INCH TORQUE SET DRIVER (TOOL R). 

The 4-inch torque se t  dr iver  has  a No. 1 0  torque set  on one end and a 
5/16-inch d r ive r  on the other end. 

IN-FLIGHT TOOL SET TETHER. 

The tool set  tether is a 20-inch s t r a p  with snaps a t  each end. Each 
tool has  a tether ring o r  band to which the te ther  snap can be attached. 

D-RING EXTENSION HANDLE (TOOL N). 

The D-ring extension handle is a rod with a T-handle approximately 
7 inches long. 
about an inch long. 
has a pushbutton that controls the balls. 

The rod end has  a guide point tapering to  a 71 16-inch hex 
Every other hex surface has  a ball-lock. The T-handle 

OPERATIONAL USE. 

The in-flight tool set  tools have multiple uses. Figure 6 -20  is a 
matr ix  table for tool usage. 

In the CM, i tems operated o r  adjusted by tools wil l  have a small  
square placard nearby designating the tool ( A  through N and R) and the 
torque setting of the torque wrench. 
the designating le t ter  (0.  19-inch high) will be indicated. 

If the torque wrench is not used, just 

The tool set  is designated to be used either in the shirtsleeve 
environment or the PGA pressurized status. 

STOWAGE. (Figure 6- 19) 

The tool set  tools a r e  stowed a t  various places. For launch and entry, 
some a r e  stowed in positions ready for a n  emergency. 
tools a r e  stowed in a location that affords easy access .  

During orbi t ,  the 

~ 
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P = P r i m a r y U s e  
B = Backup 
E = Emergency  

Function (Des igna tor )  

I. Envi ronmenta l  Control  System 

1. 

2.  

3. 

4. 

5. 

6. 

7. 

Open/c lose  ECS va lves  on wa te r  (315) and 
0 2  panel  (314) .  (LHEB) 

C lose  wa te r  - glycol accumula to r  isolat ion 
va lve  on panel  312. (LHEB) 

Unla tch / la tch  f a s t ene r s  of ECU panel (313) 
ove r  LiOH f i l te r .  (LHEB)  

Open /c lose  wa te r  de l ivery  device valve 
(304).  (LHEB)  

Tighten fluid and gas  l ine connections.  
(LHEB)  

Unla tch / la tch  f a s t e n e r s  of cabin a t m o s -  
phe re  r ec i r c .  s c reen .  (LHEB) 

Unlatch/ la tch f a s t ene r s  (3 )  of a c c e s s  panel 
t o  coolant cont ro l  panel  (311).  (LHEB)  

I .  Guidance,  Navigation, and  Control  System 

1. Unla tch / la tch  f a s t ene r s  of "LOOSE P.L\RTS 
STOW-AGE" cove r  fo r  G&N handles .  
( L H F E B )  

2. R / R  G&N handles  ( 2 )  on G&N panel.  ( L E B )  

3.  R / R  rotat ional  cont ro l  adap te r  on G&N 
panel  ( 1  05). ( L E B )  

3.  R / R  opt ics  panel (104) cove r .  ( L E B )  
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Figure  6-20. Crewman  In-Fl ight  Tool Set Usage Char t  (Sheet 1 of 2 )  
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P = P r i m a r y U s e  
B = Backup 
E = Emergency  . 

Function (De s igna tor )  

5 .  Adjust scanning te lqscope shaft and trunnior 
ax is .  (LEB)  

6. Wind/se t  GMT clock (panel  306). (LHFEB)  

7. R / R  sextant  sho r t  and long eyepiece f rom 
eyepiece. 

R / R  scanning te lescope shor t  and long eye-  
piece f rom eyepiece assembly .  

8. 

C. Mechanical  Sys tems 

1 .  Adjust c r e w  couch headres t .  

2 .  -4djust couch upper  a r m r e s t .  

3. Stow t rans la t iona l  control  adap te r - cen te r  
couch l eg res t .  

Open s ide c r e w  p r e s s u r e  ( inne r )  hatch f rom 
C /M. 

Open s ide  c r e w  hea tsh ie ld / thermal  hatch 
f rom C / M  ( E m e r ) .  

4. 

5. 

6. R / R  s e a  water  a c c e s s  tube plug. (LHEB) 

7. Lock/unlock couch foots t raps  when PCA 
pressur ized .  

8. Tighten/ loosen m i r r o r  U-joints. 

D. Mission Exper iments  

1. Lock/unlock s c r e w s  ( 2 )  of SCIENT EQUIP 
B d rawer .  

CREW PERSONAL EQUIPMENT 

F igure  6-20. Crewman In-Fl ight  Tool Set Usage Char t  (Sheet 2 of 2 )  
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.-- 

Mission Basic  Date l 2  1966  Change Date Page 6-34  



SM2A -0 3-SCO 12 

APOLLO OPERATIONS HANDBOOK 

C R E W  PERSONAL EQUIPMENT 

6.10. 13. 1 In-Fl ight  Tool Set Stowage Pouch and Tool  Set Drawer .  

The  tool s e t  pouch is loca ted  in  the  tool s e t  d r a w e r  on the  LEB. The 
workshelf  is stowed in the d r a w e r  on top of the tool set .  
a r e  stowed i n  the pouch. 

The following tools  

10" Dr ive r  
4" Dr ive r  
5/32" hex s h o r t  d r i v e r  
4'' to rque  s e t  d r ive r  
Adapter  handle 
2 end wrenches  
Tether  

The pouch is 21.25 inches long and  7 .5  inches  wide and i s  made  of 

The tool s e t  pouch i s  
The t e the r  

In a 

g reen  nylon cloth.  
and  i s  marked  with the tool name  and designat ion.  
held to  the d r a w e r  bottom by Velcro  s t r i p s  on the  unders ide .  
will  be a t tached  to  a d r i v e r  t e the r  r ing and  l a id  in  the d r a w e r .  
d r a w e r  s l i des  in and out on t r a c k s  and  is held c losed  by a la tch .  
c o r n e r  of the  d r a w e r ,  a polyurethane block with a cutout for  the torque  
wrench  i s  located.  

It has  a s m a l l  pouch with a retent ion s t r a p  for  each  tool 

The tool s e t  

6. 10. 13. 2 Miscel laneous Stowage. 

6.10. 14 

The T-handles  a r e  s towed in  the ECS panels  at a l l  t i m e s  when not 
in  use .  

The emergency  wrench  is p laced  in  the inne r  ha tch  la tch  mechan i sm 
fo r  the mis s ion .  If i t  is needed, i t  c an  be removed and used.  

The D-r ing  extension handle i s  s towed n e a r  the l ight f ixture  on  the 
r ight  gir th ,  she l f -access ib le  to  the  pilot .  

WORKSHELF ASSEMBLY. (F igu re  6-21) 

The workshelf  a s s e m b l y  provides  a table  for  food prepara t ion  and 
m a p  /manua l  reading.  

The workshelf  is of a luminum shee t  cons t ruc t ion  approximate ly  

The  shelf  has  two pivots  so that  it can  be folded lengthwise,  
24  by 10. 5 inches.  
la tches .  
making s to rage  e a s i e r .  

A t  each  end, t h e r e  is a hinged support  f r a m e  with s l ide  

When s to red ,  it i s  24 .  5 by 6 by 1 inches.  

The working top of the  shelf  i s  su r faced  with V e l c r o  hook m a t e r i a l .  
I t ems  that  will  be used  in  conjunction with the  shelf  will  be equipped with 
Velcro  pile ma te r i a l ,  faci l i ta t ing ze ro -g  r e s t r a i n t .  

CREWMAN IN-FLIGHT TOOL SET AND WORKSHELF ( G F P )  
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_ _ _  --- 
VELCRO /< 

\ 
SUPPORT FRAME”- \\J 1 11 
/- P RONG s 

SLIDE LATCH- 

F i g u r e  6 -21 .  Workshelf ,  Block I 

6. 10. 14. 1 Usage.  

The workshelf  i s  s t o r e d  in  the lower  equipment  bay in  the tool s e t  
d r a w e r  next to the  flight data  fi le s to rage .  To remove ,  s l ide d r a w e r  out,  
l if t ,  and unfold the shelf .  
and  ins ta l l  on the lower  bulkhead g i r th  she l f  below the G & N  equipment by 
slipping the p rongs  into the s lo t s .  Lock 
the shelf  in  by actuat ing the s l ide  la tch  on each  suppor t  f r a m e .  To remove ,  
r e v e r s e  the ins ta l la t ion  p r o c e s s  and s t o r e .  

F l i p  the  suppor t  f r a m e s  to  the  extended posit ion 

The .prongs  r e s t  on s m a l l  pins.  

The food packages  and flight da ta  manuals  have patches of Velcro  
pile to  in t e r f ace  with the  workshe l f  su r f ace .  

C R E W M A N  I N - F L I G H T  TOOL SET A N D  W O R K S H E L F  ( G F P )  
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6. 11  DRINKING WATER SUBSYSTEM. (F igu re  6-22 )  

The source  of cold water  for  drinking is  the water  chi l ler .  
s a m e  line that is routed to  the cold water  tap  of the potable water  tank. The 
c rewman  drinking water  line is T 'd  off, routed through a shut-off valve, to 
the water  d i spenser  located beneath the ma in  display panel s t ruc tu re .  It i s  
handy to  the left and center  couch positions. 

It i s  the 

The water  d i spenser  a s sembly  cons is t s  of a n  aluminum mounting 
bracket ,  a coiled hose,  and a water  de l ivery  valve in the form of a push- 
button actuated pistol. 
of water  when the pushbutton is pressed .  
the s ide.  
passing the pistol f rom one c rewman  to the other .  

The p is to l  i s  GFE.  It m e t e r s  one-half ounce port ions 
An accumulat ive counter  i s  a l so  on 

It has  a safety pushbutton to prevent  discharge of water  when 
The uncoiled hose \vi11 

,- 

TYGON TUBING 

Figure  6-22. Crewman Water Dispenser  Assembly 

DRINKING WATER SUBSYSTEM 
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6. 12 

6. 1 2 .  1 

6. 12. 2 

6. 12. 2. 1 

r each  72 inches. 
r e - co i l  into the housing. 
is held i n  p lace  by a re ta iner .  

When the pis tol  i s  re turned  to  the mount, the hose will 
The  pis tol  is s to red  in the mounting bracket  and 

During orb i t ,  a n  a l te rna te  position is located on the  MDC. The pistol 
is held i n  place by Ve lc ro  tabs .  

FOOD. 

The food furn ishes  a balanced diet  of approximately 2650 ca lo r i e s  pe r  
day to  each  c rewmember .  
o rb i ta l  m i s s i o n  i s  2650 ca lor ies .  His  daily intake will be 1 . 2  pounds of 
food, 6 pounds of water ,  and 2 pounds of oxygen. He will give off about 
2 . 2  pounds of COz. 

The  a s t ronau t ' s  daily requi rement  for  an  e a r t h  

The food is in many f o r m s  such  as dehydrated, f reeze-dry ,  and bulk. 
The food i s  It cons is t s  mainly of a highly nutr i t ious and concentrated food. 

packaged in  plast ic  bags of  a spec ia l  design to allow food to be vacuum 
packaged. The food bag has  a one-way poppet valve through which the 
potable water  supply nozzle is inser ted .  
which the food p a s s e s .  The food bags a r e  packaged in aluminum foil- 
backed p las t ic  bags to make one mea l  for  each  as t ronaut .  Breakfast ,  
lunch, and snacks  will be recyc led  every  4 days during the miss ion  and the 
dinner  eve ry  8 days. The bags have red,  white, and blue dots to identify 
them for  the individual c rewman.  

The bag has  another  valve through 

USE. 

The  f r eeze -d ry  food is reconst i tuted by  adding hot o r  cold water  
through a one-way valve on the food bag neck. 
f o r  approximately 3 minutes .  
cut o r  t o r n  off and placed in the mouth. 
into the mouth. When finished, a germic ide  tablet, attached to  the bag, is 
slipped through the mouth piece,  an  ounce of water  added, and the bag shook. 
The ge rmic ide  will p revent  fermentat ion and gas .  
small a s  possible  and re turned  to  the food stowage drawer .  

It i s  then kneaded by hand 
When the food is reconstituted, the neck i s  

A squeeze on the bag fo rces  food 

The bag is then rolled a s  

STOWAGE. 

Food is stowed in t h r e e  a r e a s :  the food stowage compar tment  in the 
lower equipment bay (LEB) on the left hand s ide,  the auxi l iary food com-  
par tment  in the  C/U-hand equipment bay (RHEB),  and the food stowage 
compar tment  in the left-hand equipment bay (LHEB). Combined, they 
offer  approximately 6 ,006  cubic inches of food s torage  volume. 

LEB Food Stowaee Compartment .  

The food stowage compar tment  is s t ruc tura l ly  sepa ra t e  from the CM 
The combined support  s t ruc tu re  and contains five bins and five d rawers .  

d rawer  volume is approximately 3725 cubic inches.  
inches high, 20 inches  wide, 23 inches deep, and i s  constructed a s  a unit. 

The compar tment  is  2 3  

DRINKING WATER SUBSYSTEM-FOOD 
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The top, bottom, right s ide,  and shelves  a r e  0 .25-inch honeycombed 
aluminum sandwich. The left s ide  i s  sheet  a luminum 0.063-inch thick. The 
re ta iner  doors  a r e  a luminum sheet  and hinged at the bottom. The door s  a r e  
latched at  the top with la tch bol ts  that pin into the s ide support  s t ruc tu re .  

The food stowage d r a w e r s  a r e  constructed of 0.020-inch-thick 
f iberg lass :  the l a rges t  weighs about 26 ounces. 
net c losu re  held in place by Velcro providing easy  a c c e s s  when the door is 
opened. 

The end to  be opened h a s  a 

6. 12 .2 .2  

6. 1 2 .  2 .  3 

6. 13 

6 .  13.  1 

RHEB Auxiliarv Food ComDartment Drawer .  

The auxi l iary food compar tment  d rawer  i s  s epa ra t e  f r o m  the food 
stowage compar tment  and i s  located on the right-hand equipment bay. 
volume i s  approximately 1000 cubic inches and i t s  dimensions a r e  29 inches 
long, 10 inches high, and 10 inches deep. 

The 

The auxi l iary food compar tment  d rawer  i s  a 3-ply,  f i be rg la s s  box 
0 .030  inches thick. 
attached a t  the top by Velcro. 
shelf and two shee t  a luminum stops in the Z - Z  direction. 
f i t s  against  the inner  s t ruc tu re  face sheet .  
d rawer  in and gives  s t ruc tu ra l  support. 

The front  h a s  a net  c losu re  hinged at  the bottom and 
It i s  supported s t ruc tura l ly  on an aluminum 

I t s  r e a r  s ide 
An aluminum door  holds the 

LHEB Food Stowaee Compartment  

The LHEB food stowage compar tment  has a volume of I281  cubic 
inches. The food stowage d rawer  is a f iberg lass  d rawer  s imi l a r  in 
construct ion to the o ther  food d rawers ,  with a net c losure  on the front .  
d rawer  r e s t s  in the s t ruc tu re  and i s  held in place by a sliding door .  

The 

PERSONAL HYGIENE (GFP) .  (F igu re  6-23) 

Pe r sona l  hygiene i t ems  consis t  of an  o r a l  hygiene a s sembly  containing 
a toothbrush and ingestible gum, wet and d ry  cleaning cloths ,  and towels. 

CLE.4NSING 3F TEETH - ORAL HYGIENE ASSEMBLY. 

An effective method of cleansing teeth i s  Trident  brand  chewing gum. It 
i s  chewed and then swallowed. One s t ick i s  used a f t e r  each  of four mea l s  
per  day. .‘i st ick is  approximately 1 by 718 inch. 
gums,  a toothbrush for massaging  by brushing i s  used.  
a rubber  prong on the handle for  dislodging food par t ic les .  

To maintain healthy 
The b rush  a l so  has  

These  i t e m s  a r e  packaged in  a one-man module to  be used for a 14-day 
period. In each 
pack, there  a r e  two s t icks  giving a total of 56  s t icks  pe r  as t ronaut .  The  
module i s  s tored  in the f i r s t  days food s torage  d rawer  to  be used for the 
en t i re  miss ion .  

The module contains one toothbrush and 2 8  packs of gum. 

FOOD-PERSONAL HYGIENE ( G F P )  
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6. 13. 2 

6. 13. 3 

WET CLEANS ING CLOTH 

TOOTH B R US H 
(1 EACH ASTRONAUT) 

YNGESTABLE GUM PACK 
(2 STICKS PER PACK) / n TOWELS 

Figure  6-23. Pe r sona l  Hygiene I t ems  

WET CLEANSING CLOTH. 

e*-. , 

CS-5501D i 

Wet cleansing cloths  will be used  for  pos t -meal  and post-defecation 
hygiene. 
in plast ic .  
pos t -meal  c leansing a r e  s tored ,  along with the d ry  cleansing cloth, in the 
food packages for  easy  accessibi l i ty .  
(62  or m o r e )  a r e  located in  a sanitation supply stowage box. 

The cloths  a r e  4 by 4 inches folded into a 2-inch square  and sealed 
They a r e  sa tura ted  with a germic ide  and water .  The cloths  for  

The post-defecation cleansing cloths 

D R Y  CLE.4NING CLOTH. 

The d ry  cleaning cloths  will be a l te rna ted  with the wet c leansing cloths 
for  pos t -meal  cleanup. 
do not contain water  and a germicide.  They a r e  a l s o  packaged with the food. 
T h e r e  a r e  168 wet and d r y  cleansing cloths  to  be placed in the food packages. 

They a r e  the s a m e  s i ze  and tex ture ;  however, they 

PERSONAL HYGIENE ( G F P )  
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6. 13. 4 TO WE LS. 

The towels  will be used for  utility purposes .  T h e r e  a r e  21 ,  each  
One bag i s  stowed on the 12  by 12 inches,  and packaged i n  3 plast ic  bags. 

left couch, and two bags a r e  stowed in  the RHEB. 

6. 13. 5 TISSUE DISPENSERS. 

The  cleansing t i s sues  will a l so  be used f o r  defecation cleanup and 
There  a r e  nine t i s sue  d i spense r s ,  seven a r e  located on the utility use .  

back of the center  couch, and two in o ther  a r e a s .  
Velcro. 

They a r e  mounted with 

6. 14 MEDICAL SUPPLIES ( G F P ) .  

The medica l  equipment i s  used for  the following: 

0 Monitor c u r r e n t  physiological condition of the c rewmen.  
0 Furnish  medica l  supplies for  t r ea tmen t  of c r ewman  in-flight medica l  

emergencies .  

The medica l  equipment is subdivided into two functional types: 
monitor ing equipment and emergency  medica l  equipment. 
equipment includes the clinical physiological monitor ing ins t rument  se t ,  
personal  biomedical  s e n s o r s  ins t rument  assembly ,  biomedical  preampl i f ie r  
ins t rument  assembly ,  and the personal  radiation dos ime te r s .  The re  i s  
a l so  a bioinstrumentat ion accesso r i e s  kit fo r  spa res .  
medica l  equipment i s  the  emergency  medical  kit. 

The monitoring 

The emergency  

6. 14. 1 iMONITORING EQUIPMENT. 

6. 14. 1. 1 Cl inical  Physiological Monitoring Ins t rument  Set. 

The re  i s  a requi rement  f o r  per iodic  measu remen t s  of body t emper -  
a tu re ,  blood p r e s s u r e ,  h e a r t  beat  r a t e ,  and r e s p i r a t o r y  r a t e  to  be logged 
by the crewman.  
ments .  

This  s e t  of ins t ruments  will accomplish the m e a s u r e -  
The ins t ruments  include the following: 

0 Individual t h e r m o m e t e r s  for  body t empera tu re  measu remen t s  
0 .Aneroid sphygmomanometer  for measu r ing  blood p r e s s u r e  
0 Stethoscope for hea r t  beat measu remen t .  

The physiological monitor ing se t  is s to red  in the forward medica l  
compar tment  of the LEB. 

~~ 

PERSONAL HYGIENE (GFP)-MEDICAL SUPPLIES ( G F P )  
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6. 14. 1. 2 Persona l  Biomedical  Senso r s  Ins t rument  Assembly.  

Constant monitor ing of the h e a r t  bea t  and resp i ra t ion  i s  required.  The 
s e n s o r s  a s sembly  automatical ly  and continually s e n s e s  these  functions when 
the ma in  display panel switch i s  positioned to  the c rewman to be monitored. 
The personal  biomedical  s e n s o r s  ins t rument  a s sembly  cons is t s  of the 
following: 

0 Elec t rodes  ( s i l ve r  s i l ve r  chlor ide) ,  4 or m o r e  
0 Accesso r i e s ,  such as  pas te  and application tape. 

The s e n s o r s  will be used  to gain the following: 

0 2 e lec t rocard iographs  (ECG) 
0 Respirat ion r a t e ,  

The senso r , a s sembl i e s  a r e  a t tached t o  the  body of the as t ronaut  a t  
a r e a s  of s p a r s e  m u s c l e s  ( to  reduce a r t i fac t  level) by u s e  of pas te  and tape,  
and r ema in  throughout the mission.  

Biomedical  Pr eam plifie r Ins t  rum ent -4 s s em bly . 6. 14. 1. 3 

Because of t he i r  weak magnitude, the senso r  s ignals  have to  be 

The preampl i f ie rs  a r e  about the 

The re  a r e  

amplified before  being te lemetered .  
p reampl i f i e r s  ( o r  s ignal  condi t ioners) .  
s i ze  of a c iga re t t e  pack and weigh about 100 g r a m s .  
sou rce  voltage of 16.8 vol ts ,  t he re fo re  one dc-dc  conver te r ,  
t h r e e  p reampl i f i e r s  which a r e  to be u s e d  for thc following measu remen t s :  

This  function i s  per formed by the 

They opera te  on a 

i ECG No. 1 
0 ECG No. 2 o r  phonocardiograph ( u s e s  same preampl i f ie r )  
0 Respi,ration r a t e  

The p reampl i f i e r s  fit into pockets in the constant wear  garment ,  
c i rcumferent ia l ly  around the s tomach diaphragm. 
the s e n s o r s ,  which act  as e lec t rodes .  The s e n s o r s  ac t  a s  an electrode 
fo r  one o r  m o r e  preampl i f ie rs .  
e l ec t rodes  i s  measu red .  
r e s i s t ance  and th i s  change i s  measu red  and sent  to  the t e l eme t ry  equipment. 
One e lec t rode  o r  s enso r  can be wired to m o r e  than one lead for  a 
preampl i f ie r .  
nating with a connector .  
umbilical. 

Wire  l eads  connect to 

The difference of r e s i s t ance  between two 
Muscle activity (breathing)  changes the skin 

Each preampl i f ie r  will have a lead ( to  an umbilical) t e r m i -  
The connectors  will plug into a l a r g e r  common 

6. 14. 1 .  4 Bioinstrumentat ion Accesso r i e s  Kit. 

A kit of s p a r e s  and possible  use  for  additional scientific exper iments  
will be located in the right-hand equipment bay on the kick ring adjacent 
t o  the LEB. The kit will have 3 5  senso r s ,  50 mic ropore  d i sc s ,  8 wet wipe 
towels ,  and 1 tube of e lec t ro ly te  pas te .  

MEDICAL S U P P L I E S  (CFP) 

6-42 
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Bismuth  subcarbonate  

Darvon compound 65 

CREW PERSONAL EQUIPMENT 

6. 14. 1 . 5  P e r s o n a l  Radiation Dos ime te r s .  

F e v e r ,  pain r e d u c e r  

F e v e r ,  pain r e d u c e r  

6. 14 .2  

Tigan, Bonodoxin, o r  
Marez ine  

Dexedrine 

Acromycin  (250  m g )  

Elec t ive  medic  at ion 

The c r e w  will  wea r  f ive pas s ive  d o s i m e t e r s  in the  f o r m  of f i lm  packs  
in the  CWG. One c rewman  will  a l so  w e a r  an  ionization chamber  of the  
act ive type in h i s  CWG. 
t e l eme te red .  

MEDICAL KIT ( G F P ) .  

P e r s o n a l  dos ime te r  information will  not be 

Anti-nauseant  24 
( 6  - m a n  day  t r ea tmen t )  

St imulant  12  

2 4  

9 

The med ica l  suppl ies  a r e  contained in o r a l  d rugs ,  injectable  d rugs ,  
d re s s ings ,  topical  agents ,  and an inha ler .  The content of the med ica l  
kit  i s  as iollows: 

Drug  Use 

Morphine Sulphate Pa in  k i l le r  

Tigan, Anti -nau sean t  

Demerol  

Bonodoxin, o r  
M a r  e zine 

Ora l  Drugs  

No. of Units 

3 

3 

Use 1 No. of T a b s  Drug I 

Globaline Suppre s s e s infection 
of gastro-inte s t inal  
s y s t e m  

24 

12 

5 0  

MEDICAL SUPPLIES ( G F P )  . 
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Elas t ic  bandage o r  c o m p r e s s  (3" x 60") 
Bandaids (1" x 3") 

CREW PERSONAL EQUIPMENT 

Qty Reqd 

2 
12 

Dress ings  

I tem 

General  purpose  ointment, 
antibiotic 

B enzedr  ex inha ler  

Use Qty Reqd 

Skin i r r i t a t ions  2 ( 1 / 2  
02. 

tubes)  

Anti-nasal  congestant 1 

6. 14. 2 .  1 

The medica l  kit i s  in a single package, access ib le  a t  a l l  t i m e s  during 
the miss ion .  
weighs 2 .  1 pounds. 

The package is approximately 4 by 5- 112 by 4 inches and 

6. 14.2.  2 

6. 14. 2 .  3 

6 .  1 5  

6 .  15.  1 

Storage. (F igu re  6-24)  

The medica l  kit will be  stowed on the back of the lef t  couch lower  leg 
support  . 
Medical Kit Additional Usage. 

In the event the as t ronauts  have to evacuate the command module 
during the  r ecove ry  phase,  the medica l  kit will be  detached f r o m  the couch 
and c a r r i e d  by  an astronaut .  

SURVIVAL KIT ( G F P ) .  

T h e r e  a r e  two surv iva l  ki ts  with t h r e e  packages in each. One 
package contains t h r e e  ra f t s ;  the o ther  package contains water  and m i s -  
cel laneous surv iva l  equipment. 
right-hand forward  equipment bay by the right-hand sea t  occupant. 
and conta iners  weigh approximately 70 pounds. 
ki t ,  a s e a  water  pump is provided. 
the c r e w  requ i r e s  wa te r  and the onboard supply is exhausted. 

They are  readi ly  access ib le  f r o m  the 
The ki ts  

In addition to  the survival  
The pump i s  used a f te r  splashdown if 

STOWAGE. 

The k i t s  and the sea  water  pump a r e  stowed in the  right-hand forward  
equipment bay. 
bottom and held in place by a quick- re lease  b a r  re ta iner .  

They a r e  inser ted  into the s t ruc tu ra l  f r amework  f r o m  the 

SURVIVAL KIT (GFP)  
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Container  , Weight 

5 pounds No. 1 
No. 2 4 . 2 5  pounds 

- 
CREW P E R S O N A L  E Q U I P M E N T  

Volume 

‘0.90 cubic f e e t  
0 . 8 5  cubic fee t  

C L I N I C A L  MONITORING SET / 
BIOMED INSTRUMENTATION 

\ACCESSORIES K I T  

M ICROPORE 
~ D l S C S  

WET W I P E  n CLOTHS 

1‘ ELECTRODE .Q PASTE 

F i g u r e  6-24. Medical  Supplies and Equipment  C / M  Locat ions 

MEDIC-AL S U P P L I E S  (GFP)-SURVIVAL KIT ( G F P )  

b l i s s i o n  Bas ic  Date l 2  19b6 Change Date Page  6 -45  



SMZA -03-SCO12 

APOLLO OPERATIONS HANDBOOK 

CREW PERSONAL EQUIPMENT 

6. 15. 2 SURVIVAL KIT CONTAINER OPERATION. 

6. 15. 3 

After impact, and i f  the CM is damaged or sinking, it has  been deter-  

He will hand a container to 
mined by the crew commander to evacuate, the pilot will re lease the survival 
containers by pulling a ring on the bar  re ta iner .  
each of the other astronauts.  Two astronauts must  re t r ieve the flight data 
mission logs. The side hatch is removed and the astronauts enter the water. 
In the water,  container top is removed by (1) pulling hinge pin completely out 
and discarding and ( 2 )  rotating top against breakaway hinge until i t  falls off. 
Reach inside, pull out contents, activate the one-man raft and climb aboard. 

CONTENTS O F  THE SURVIVAL KITS. (Figure 6-25) 

Container No. 1 contains two cloth pouches. One pouch contains three 
aluminum containers,  each with 5 inches of water. The second pouch con- 
tains the following: 

Survival radio with battery 
Survival radio battery 
2 combination survival lights 
3 survival glasses  
2 survival knives 
2 desalting kits with 16 tablets 

cs- 70000 

Figure 6-25.  Apollo Survival Kit and Components, Block I 

SURVIVAL KIT (GFP) 
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6. 15. 4 

6. 15. 4. 1 

6. 15. 4. 2 

Container  No. 2 contains  one pouch with t h r e e  one-man l i fe raf t s  
te thered  toge ther  with 25-foot t e the r s .  
and have lac ings  on the  bottom t o  ad jus t  the  f i t .  

The  pouches open by u s e  of z ippe r s  

DESCRIPTION AND USE OF SURVIVAL KIT COMPONENTS. 

Lifer aft s . 
The l i f e ra f t s  a r e  of l ightweight nylon o r  m y l a r  and inflated with COz. 

Each has  a s e a  anchor ,  sponge pad, sun  bonnet, t e the r ,  and s e a  dye m a r k e r .  

Beacon/  T r a n s c e i v e r .  

The UHF beacon / t r ansce ive r  is a hand-held,  ba t te ry-powered  radio,  
f ixed-tuned to  a VHF frequency of 243 m c  and  manufac tured  by S p e r r y  
Phoenix Company. 
a ba t te ry  pack a s sembly ,  and a qua r t e r -wave  antenna ( f igure  6-26) .  
r e c e i v e r - t r a n s m i t t e r  a s s e m b l y  and ba t te ry  pack a s s e m b l y  m a t e  to  fo rm a 
water t ight  uni t  measu r ing  8 by 4-112 by 3 inches .  
inch-long tapered ,  f lexible s t ee l  t ape ,  t e rmina t ing  i n  a coaxial  R F  connec tor ,  
and is no rma l ly  s t o r e d  in  a retaining spool and  c l ip  on top  of the  radio unit .  

The radio cons i s t s  of a r ece ive r  - t r a n s m i t t e r  a s sembly ,  
The 

The antenna is  a n  11 -1 /2 -  

The rad io  i s  capable  of l ine-of-s ight  opera t ion  in  e i the r  of two modes  
(beacon o r  voice)  through u s e  of e i the r  its own antenna o r  a sui table  

ANTENNA 51 

BATTERY RETAINER SCREW 

SELECTOR GUARD 

MODE SELECTOR 

Figure  6-26. Survival  Beacon/  T r a n s c e i v e r  Radio 

- 
SURVIVAL KIT (CFP) 
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6. 15. 4. 3 

6. 15. 4. 4 

~ ~ ~~~ ~~ 

connected remote  antenna. The t r a n s m i t t e r  output i s  protected against  
damage while operat ing due to  accidental  shorting of the antenna o r  
submergence  of t h e  unit in salt water .  In the  beacon mode,  the t r ansmi t t e r  
ope ra t e s  unattended, for  per iods  up to  24 hour s ,  to t r ansmi t  an  interrupted 
1000 c p s  tone,  amplitude-modulated 25 percent  on the  243 mc R F  carrier. 
In the  voice mode ,  the radio provides  two-way AM voice communication 
through use  of an  integral  speaker -microphone  and push-to-talk switch. 
An e x t r a  ba t te ry  i s  included in the pouch. 

The following is a summation of the operat ing cha rac t e r i s t i c s :  

Cha rac t e r  istic 

Average power output 

Frequency  

Modulation 

Duty cycle  

Rece iver  sensi t ivi ty  

Survival  Lights ( 2 ) .  

~~ ~ 

Voice Mode 

. 1 . 2  wat ts  into 
a 50-ohm 
res i s t i ve  load 

243 m c  c a r r i e r .  
300 to  3000 c p s  
voice signal 

90 -percent  
max imum 

Continuous when 

TALK switch i s  
p r  essed  

PUSH - T 0- 

10 db signal 
plus  noise- to-  
no ise  ra t io  with 
7.5 microvol t s  
s ignal  on antenna 

Beacon Mode 

2 wat t s  into a 
50-ohm res i s t ive  
load 

243-mc c a r r i e r ,  
1000 - cps  signal 

2 5  percen t  

2 seconds on 
3 seconds off 

The surv iva l  light is a t h r e e  units, in one device a s  i t  contains th ree  
compar tments .  
a r e  on the bottom. 

The whole device is waterproof. The controls  for  the light 

The f i r s t  unit i s  a flashlight. The second unit i s  a s t robe  light for  
night signaling. 
f ish hook and l ine,  a "sparky" ki t  ( s t r i k e r  and pith ba l l s ) ,  needle and thread ,  
and whistle. 
m i r r o r  that  folds flat to  the case .  

The th i rd  unit i s  a waterproof compar tment  containing a 

The top of . the unit is a compass  and on one s ide is a signal 

Survival G las ses  (3) .  

F o r  protect ion of the eyes  against  the sun and g l a re ,  t h ree  survival  
g l a s ses  a r e  included. 
111, a gold coating that  re f lec ts  heat  and radio waves. 

SURVIVAL KIT (GFP)  

They a r e  a polar ized plast ic  shee t  with S i e r r a  Coat 

--- 
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6. 15. 4. 5 Survival Knives (2) .  

6. 15. 4. 6 

6. 15. 4. 7 

6. 15. 4. 8 

6. 15. 5 

The survival knives a r e  protected with a cloth sheath. The knives a r e  
very thin with razor  edges. 

Water Cans l 3 ) .  

The back edge i s  a saw. 

. ,  
One pouch contains three  aluminum water cans,  one for each crewman. 

The cans have a drinking valve and hold 5 pounds of water. 

Desalting Kits ( 2 )  Plus Tablets (16). 

The desalting kits a r e  plastic bags with a filter a t  the bottom. Approx- 
imately one pint of water i s  put in the bag and one tablet added. 
is  desalted after approximately one hour. 

Emergency Medical Survival Kit. 

The water 

In the event the medical kit cannot be retrieved before egress ,  an 
emergency medical survival kit i s  in the survival kit. 
aids,  6 injectors,  30 tablets,  and one tube of a l l  purpose ointment. 

SEA WATER PUMP (CFE). (Figure 6 -27)  

It contains 6 band- 

The pump assembly contains an intake check valve, a discharge check 
valve, and a 3-inch-diameter bellows, which i s  operated by means of a 
fingerhold and extends 1-1/8 inches from a 2/5-inch compressed thickness. 

- III5CHARC.F VALVE 

DISCHARGE 
HOSE 

9 BELLOWS 

FINGER HOLD’ 

ADAPTER 

/ c i i i n c  ci iin 

Figure 6-27. Sea Water Pump 

SURVJXAL KIT (GFP) 
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6. 16 

A 10-foot-long plast ic  hose,  fitted with a guide plug and a n  adapter ,  is 
a t tached to the intake valve;  a 1-foot-long hose i s  attached to the d ischarge  
valve. To  u s e  the pump, the plug is removed from the s team vent hose 
located j u s t  forward of the aft bulkhead in  the LHEB; the adapter  on the 
intake hose  is threaded into the boss ;  and the perforated end of the intake 
hose is fed through the guide plug into the s team vent, along the  vent about 
5 feet to  the vent outlet, and through the outlet into the sea .  
is then tightened into the adapter  t o  form a seal a round the hose, and the 
bellows is extended and compressed  to  pump water  f rom the sho r t  d i scharge  
hose into the desal t ing kit bag. 
plast ic  container  and stowed on the backside of the RH couch position 
l eg res t .  

The guide plug 

The pump is packaged in a semif lexible  

S T O W  AGE. 

The numerous  act ivi t ies  of the c r e w  make  housekeeping v e r y  impor -  
A l l  loose  equipment m u s t  be stowed during launch and boost. 

F igu re  6-28 
tant. 
en t ry ,  loose  equipment mus t  be stowed for  en t ry  and landing. 
defines S/C 012 stowage locat ions for  equipment, 

P r i o r  to 

SURVIVAL KIT ( G F P )  - STO W.AG E 
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SECTION 7 

SYSTEM SCHEMATlCS 

NOTE This sect ion will contain a brief descr ipt ion of 
each  sys t em,  utilizing c h a r t s ,  flow d iag rams ,  and 
schemat ics .  Information for  this  section will be 
provided a t  a l a t e r  date by MSC. 

a 

- 
SYSTEM SCHEMATICS 
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SYMBOLS AND DEFINITIONS 

AB 
A / C  
ACCEL 
-4CCUM 
.4CE 

ACK 
A D.4 

ADAP 
A DJ 
AESB 

A F  
-4 F 
-4GAA 

AGC 

AGC 
AGCU 

-.\ M 
.AMPL 
-4MS 
ANAL 
.4NLG 
A N T  
.A S D 

.ASD 
A SI 
. lS /GPI  

XTT 
XTT 
.AUTO 
AUX 
. 4 v c  

BAT 
BCD 

A f t  bulkhead 
Audio c e n t e r  
Acc e le  rom e t e  r 
-4ccumulator  
Acceptance checkout  

equipment  
Acknowledge 
-4ngular different ia t ing 

Adapter  
Adjust  
A f t  equipment  s t o r a g e  

Audio f requency  
Atmospher ic  flight 
Atti tude gy ro  a c c e l e r o m -  

e t e r  a s s e m b l y  
Apollo guidance 

compute  r 
Automatic  gain cont ro l  
-4ttitude gy ro  coupling 

Ampli tude modulat ion 
Ampl i f ie r  
Apollo m i s s i o n  s imula to r  
Analyzer  
Analog 
Antenna 
.4pollo s t anda rd  

Ast rosextan t  door  
.4pollo s t anda rd  in i t ia tor  
Attitude s e t /  gimbal 

posi t ion ind ica tor  
-4 t t enu at o r 
Atti tude 
-4utomatic 
Auxil iary 
Automatic  vo lume 

cont ro l  

a c c e l e r o m e t e r  

bay  

uhi t  

de tona tor  

Ba t t e ry  
Binary  coded dec ima l  

BCN 
BECO 
BIOME D 
B LW R 
BMAG 

BPC 
bPS 
Btu 
BUR 
BURR 
BURP 
BURY 

C-4 (OH)2 
CAUT/WARN 
c b  

CCW 
C D U  
C F  
C F E  

c c  

c fm 
CG 
CHGR 
CIR & S E P  

C / M  
CMD 
C f b l  RCS 

c 0 .A s 

COMP 
COMP 
COMPR 
COND 
COND 
CONT 

C P C  
c o 2  

Beacon 
Boos te r  engine cutoff 
Biomedica l  
Blower 
Body -m ounted a t t i tude  

Boost  pro tec t ive  cover  
Bi t s  pe r  second 
Br i t i sh  t h e r m a l  unit  
Backup r a t e  
Backup r a t e  ro l l  
Backup r a t e  pi tch 
Backup r a t e  yaw 

SY l-0 

Calc ium hydroxide 
Caution and nvarning 
C i rcu i t  b r e a k e r  
Cubic c e n t i m e t e r  
Counterc lockwise  
Coupling display uni t  
Coast ing flight 
Con t rac to r  - furn ished  

Cubic feet  pe r  minute  
Cen te r  of gravi ty  
C h a r g e r  
H2 c i rcu la t ion ,  Lvater 

equipment  

s epa ra t ion  cent  r i  iug  e ,  
and glycol c i rcu la t ion  

Command module 
C om mand 
Command module r e a c -  

t ion cont ro l  sys t em 
C r e w m a n  opt ical  a l ign-  

men t  s ight  
Com p r e s s o r  
C om put in g 
C o m p r e s s o r  
Condenser  
Condi t ioner  
Cont ro l  
Carbon dioxide 
Coldplate  c l a m p  
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cps 
CYRO 
CSM 

Cycles per second 
Cryogenic 
Command and service 

module 

ESS 
EVA 
EVAP 
EVL 

Essential 
Extravehicular activity 
Evaporator 
Egocentric visual 

ICS 

IGN 
IMU 

CSS 
CTE 
c/W 
CW 
CW 
C&WS 

Computer subsystem 
Central timing equipment 
Caution and warning 
Clockwise 
Continuous wave 
Caution and warning 

system 

EXH 

F 
F/C 
FCSD 

FCSM 

localization 
Exhaust 

Fuel 
Fuel cell 
Flight Crew Support 

Division (MSC) 
Flight combustion 

INCR 
IND 
INSTR 
INT 
INV 
ips 
1RIG 

db 
DIspl AGAA/ECA 

Decibel 
Display and attitude gyro 

accelerometer aSS'e'm
FDAI 

stability monitor 
Flight director attitude 

indicator 

ISOL 
ISS 

bly electronic control FLSC Flexible linear-shaped I/U 

DDP 
assembly 

Data distribution panel FM 
charge 

Frequency modulation JETT 

DECR 
DEMOD 
DET 
DISCH 
DPST 

Decrease 
Demodulate 
Detector 
Discharge 
Double -pole single -throw 

FOV 
FOR 

FWD 

Field of view 
Flight qualification 

recorder 
Forward 

kbps 
kc 
kmc 
KOH 

DSE 
DSIF 

DSKY 

ECA 

ECO 
ECS 

ECU 

Data storage equipment 
Deep space instrumenta

tion facility 
Display and keyboard 

Electronic control 
assembly 

Engine cutoff 
Environmental control 

system 
Environmental control 

unit 

g 
GFAE 

GFE 

GFP 

GLY 
GMBL 
GMT 
G&N 
GNZ 

Gravity 
Gove rnment- furnished 

airborne equipment 
Gove rnment- furnished 

equipment 
Government- furnished 

property 
Water-glycol 
Gimbal 
Greenwich mean time 
Guidance and navigation 
Gaseous nitrogen 

lb/hl 
lb m 
LBR 
LCC 
LEB 
LM 
LES 
LE'I 
LH 
LHI 
LHl 

EDS 

EEG 

Eig 
EKG 
ELS 
ELSC 

Emergency detection 
system 

Electroencephalogram 
Voltage-inner gimbal 
Electrocardiogram 
Earth landing system 
Earth landing system 

controller 

GSE 

g/v 

HBR 
He 
HEX 
HF 

Ground support 
equipment 

Gravity vs velocity 

High-bit rate 
Helium 
Hexagonal 
High frequency 

LIe 
LLI 
LO 
LO 
LO 
LT 
LV 

EMERG 
Emg 
EMS 
ENC 
ENG 

Emergency 
Voltage -middle gimbal 
Entry monitor subsystem 
Encode 
Engine 

HI 
HT EXCH 
HZ 
H20 
HTRS 

High 
Heat exchanger 
Hydrogen 
Water 
Heaters 

M.I 
M. 
M. 
M 

Eog 
EPS 

Voltage-outer gimbal 
Electrical power system ICDU Inertial coupling display 

m 
m 

unit 

SYMBOLS AND DEFINITIONS 
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ICS Inte rcommunica Hon MCT Memory cycle-time 
V'ity system MDC Main display console 

IGN Ignition MED Medium 

IMU Inertial measurement MESC Master events sequence 

unit controller 

INCR Increase MGMT Manag~ment 

IND Indicator MIN Minimum -', 

INSTR Instrumentation MMH Monom ethylhydrazine 

INT Interphone (fuel) 

INV Inverter mmHg Millimete;=s of mercury 

ips 
IRIG 

Inches per second 
Inertial rate integrating 

MN A 
MN B 

Main bus A 
Main bus B 

gyroscope MSC Manned Spacecraft 
::Ie ISOL Isolation Center (NASA) (Clear 

ISS Inertial subsystem Lake, Texas) 
d I/U Instrument unit MSD Monitor selection 

decoder 

JETT Jettison MDF Mile detonating fuse 
MSFN Manned space flight 

kbps 
kc 

Kilobits per second 
Kilocycle MSL 

network 
Mean sea level 

kmc Kilomegacyc1e MSM Monitor selector matrix 

KOH Potassium hydroxide MTRS Motors 
MTVC Manual thrust vector 

lb/hr Pounds per hour control 

lb min Pounds per minute MULTI Multiplexer 

LBR Low-bit rate 
LCC Launch control center N/A Not applicable 

LEB Lower equipment bay NB Navigational base 

LM Lunar module NCS Navigator communication 

LES Launch escape system station 

LET Launch escape tower NON ESS N one sa ential 

LH Left-hand NRZ Nonreturn to zero 

LHEB 
LHFEB 

LHequipment bay 
LH forward equipment 

NZ 
NZH4 

Nitrogen 
Hydrazine (fuel) 

bay NZ0 4 Nitrogen tetroxide 

LIQ Liquid (oxidizer) 

LLOS Landmark line of sight 
LO Low OCDU Optics coupling display 

LOR Lunar orbit rendezvous unit 

LOS Line of sight OL Overload 

LTG Lighting OMNI Omnidi rectional 

LV Launch vehicle OSC Oscillator 
OSS Optic s subsystem 

MA Master OX Oxidizer 
MAN Manual OXID Oxidizer 
MANF Manifold 02 Oxygen 
MAX Maximum 
mc Megacycles PA Power amplifier 
mcs Megacycles per second PAM Pulse amplitude 

modulation 

SYMBOLS AND DEFINITIONS 
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PART 
PCM 
PCVB 

PECA 

PF 
PGA 

PGNS 

pH 

PIP 

PIPA 

PKG 

PL 

PLSS 


PLY 

PM 

PMP 

POT 

PP 

pps 

PRESS 

PRF 


PRI, PRIM 
PRN 
PROG 
PROP 
PRR 
PSA 

psi 
psia 

psid 

psig 

PTT 
PU 
PUGS Propellant utilization and SHA 

gauging subsystem SIG 

SYMBOLS AND DEFINITIONS 
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Power 
Pyrotechnic 

Quantity 

Radiator 
Red blood cell 
Reaction control system 
Reaction control system 

controller 
Receiver 
Receive 
Roll electronic control 

assembly 

Rectifier 

Recovery 

Regulator 

Reservoir 

Reverse 

Radio frequency 

Rate gyro assembly 

Right-hand 

RH equipment bay 

RH forward equipment 


bay 

Release 

Relay 

Remote 

Range 

Remove and replace 

Real-time commands 

Interrupt 

Return to zero 


Saturn stage (prefix) 

Spacecraft 

Signal conditioner 


equipment 
Scimitar-notch 
Stabilization and control 

system 
Scanning telescope 
Secondary 
Sequential events control 

system 
Sensing 
Separation 
Space electronic package 
Sequencer 
Sidereal hour angle 
Si nal 

SIG CO 
SLA 

SLOS 
SIM 
SMJC 

S/M 

SNSR 
SOY 
SPD'! 
SPL 
SPS 

SPS'J 
SQG 
SSB 
Sw 
SX'I 
SYl' 
SY~ 

TB 
T/' 
TC 

TE 

T'E 

Tl 

T1 

T: 
T 

1 

I, 
T 
T\~ 

i 

I 
" 

'!
t '1 

'] 

-j 

'1 
~J 

'·r 

;~ 

-i, 

Partial 
Pulse -code modulation 
Pyro continuity verifi 

cation box 
Pitch electronic central 

assembly 
Powered flight 
Pressure garment 

assembly 
Primary guidance and 

navigation system 
Alkalinity to acidity 

content (hydrogen ion 
concentration) 

Pulsed integrating 

pendulous 

(accelerometer) 


Pulsed integrating 

pendulous 

acccelerometer 


Package 

Po stlanding 

Portable life support 


system 
postlanding ventilation 
Phase modulation 
Premodulation processor 
Potable 
Partial pressure 
Pulses per second 
Pressure 
Pulse repetition 

frequency 

Primary 

Pseudo-random noise 

Program 

Propellant 

Pulse repetition rate 

Power and servo 


assembly 
Pounds per square inch 
Pounds per square inch 

absolute 
Pounds per square inch 

differential 
Pounds per square inch 

gauge 

Push-to-talk 

Propellant utilization 


PWR 
PYRO 

QTY 

RAD 
RBC 
RCS 
RCSC 

RCVR 
REC 
RECA 

RECT 
c

RECY
 
REG 

RESVR 

REV 

RF 

RGA 

RH 

RHEB 

RHFEB 


RLSE 
RLY 
RMT, RMTE 
RNG 
RIR 
RTC 

RUPT 

RZ 


S
SIC 
SCE 

SCIN 

SCS 


SCT 

SEC 

SECS 


SENSE 

SEP
SEP 

SEQ 


I 
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SrG COND Signal conditioner UDMH Unsymmetrical dimethyl 
SLA Spacecraft lunar hydrazine (fuel) 

excursion-module UHF Ultra high frequency 
adapter UPTL Up-link telemetry 

SLOS Sta r line of sight USBE Unified S- band 
S/M Service module equipment 

em 
em 

SMJC 

S/M RCS 

Service module jettison 
controller 

Service module reaction 

USBS 
USM 

Unified S--band system 
Service module 

umbilicii!l 
control system UV Undervoltage 

SNSR Sensor UVMS Urine volume measure

1 SOV Shutoff valve ment system 
SPDT Single-pole double-throw 
SPL Sound pressure level VAC Volts ac 
SPS Service propulsion VCO Voltage controlled 

system oscillator 
SPST Single-pole single-throw VDC Volts dc 
SQG Sequencer generator VHF Very high frequency 
SSB . Single sideband VOX Voice-operated relay 
Sw Switch VIV Valve 
SXT Sextant 
SYNC Synchronize WMS Waste management 
SYS System system 

TBD To be determined XDUCER Transducer 
TIC Telecommunications XFMR Transformer 
TC Transfer control XMTR Transmitter 
TEC Transearth coast XCVR Transceiver 
TEMP Temperature XPONDER Transponder 
TFL Time from launch 
TK Tank YECA Yaw .electrical control 
TLC Translunar coast assembly 
TLM. TIM Telemetry 
T/R Transmit/receive Zn· Zinc 
TTE Time-to-event 
TV Television AP Change in pressure 
TVC Thrust vector control AV Change in velocity, 
TWR Tower differential velocity 

(1 Phase 
UDL Up-data link 
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