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EDS Description 
Preface 

PREFACE 
This manual contains a system description of the Emergency Detection 

System (hereafter referred to a s  EDS) employed on the Apollo-Saturn 500 Series 
Vehicles. 

Since the EDS was designed for a manned Apollo-Saturn Vehicle, the 
descriptions in this manual a re  based on the EDS for such a vehicle. For un- 
manned vehicles, some of the functions normally performed by a crew are  
performed by ground personnel through the use of RF command links. Differ- 
ences between the EDS on manned and unmanned vehicles a r e  noted a s  applicable 
in the text and on the illustrations. 

It has been assumed herein that the user of this manual i s  generally 
familiar with the Apollo-Saturn program and has some knowledge of the pur- 
poses of the various sections or stages that compose the Saturn Launch Vehicle 
and the Apollo Spacecraft. Where the term Spacecraft is used, it generally 
implies the 3 sections of the Apollo Spacecraft (i. e. ,  Command Module, Service 
Module, and Lunar Excursion Module) a s  being a single unit forward of the Saturn 
Instrument Unit, 

Section I of this manual contains a general system description of the EDS. 
This section includes both functional and physical general descriptions. Section 
11 covers EDS principles of operation in more detail than in Section I. Emphasis 
is placed on the relay logic used and the sequence of operation. Section I11 con- 
tains separate descriptions of each major EDS component. Descriptions a re  in- 
cluded for only those components that a r e  used primarily for EDS. Section IV 
briefly describes the ground support equipment available for checkout of EDS. 
Section V provides change information for each vehicle a s  this information is 
added to the manual. The Appendixes to the manual contain reproductions of the 
EDS Interface Control Documents for Apollo-Saturn Vehicles. 

Apollo-Saturn Vehicle Data Sheets (hereafter referred to a s  Data 
Sheets) a re  provided in Section V to supplement the basic EDS 
concepts contained within Sections I through IV of this manual 
and must be used in conjunction with these sections. 

The Data Sheets a re  tabulated by vehicle number and are  designed 
to provide current updated changes to the EDS circuits and the 
corresponding operation and sequence changes. 

Changed 1 July 1967 
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NOTE 

The abort sequences a re  depicted here  in  t h e  sequence of events f rom t h e  in- 
i t i a t ion  of e i the r  a n  automatic o r  a manual  abort  t o  t he  successfuI completion 
of t h e  abort sequence. 

To follow t h e  abort sequence, determine w h i c h  emergency condit ion (number  
1 on  left side of f igure)  ,exists and follow t he  numer ica l  sequence across t h e  
figure. 



EDS Description 
Section I 

SECTION I 

GENERAL SYSTEM DESCRIPTION 

This section briefly describes the purpose of 
the EDS and includes general descriptions of the 
functional and physical characteristics of the system. 

1-1 PURPOSE 

The purpose of the EDS is to sense and act 
upon onboard emergency situations arising during 
Saturn-boosted phases of Apollo-Saturn space flights. 
Protection of the Apollo crew against failure of the 
Saturn vehicle is the prime function of the EDS. 
However, for  protection of personnel at the launch 
area, certain portions of EDS a r e  deactivated until 
a short interval after liftoff. This deactivation 
period prevents EDS cutoff of a l l  engines and the 
resulting fall-back of the vehicle on the launch area. 

1-2 GENERAL FUNCTIONAL DESCRIPTION 

The EDS reacts to emergency situations in one 
of two ways, depending upon the seriousness of the 
emergency. If the EDS senses an emergency that will 
lead to rapid vehicle breakup, the EDS automatically 
initiates a n  abort sequence for the safety of the 
Apollo crew. If, however, the emergency i s  of such 
nature that the crew has time to evaluate the effects 
of the emergency, the EDS furnishes only visual 
indications of the specific emergency present. The 
crew then makes the decision of whether o r  not to 
manually initiate an abort sequence. Once initiated, 
either automatically by the EDS o r  manually by the 
crew, the abort sequence runs to completion auto- 
matically. 

An EDS initiation of an abort i s  hereafter 
referred to a s  an automatic abort. Crew initiation of 
an  abort is hereafter referred to a s  a manual abort. * 
The visual emergency indications given by the EDS 
a re  called manual abort indications. 

Portions of the EDS a r e  deactivated during 
some phases of vehicle flight. This deactivation i s  
controlled manually by the crew o r  automatically by 

I * On unmanned v e h i c l e s ,  a  manua l  a b o r t  c a n  be  
ini t ia ted only by ground personne l  through a n  R F  
c o m m a n d  l ink.  

thc normal flight sequencing circuits of the vehicle. 
The time of deactivation is determined by mission 
plans and safety factors. 

A general block diagram of the EDS appears 
in Figure 1-1. Not a l l  components shown a r e  pr i-  
marily for EDS use. However, inputs from o r  out- 
puts to these components a r e  required for complete 
functioning of the EDS. Those components used 
primarily for  the EDS a r e  indicated by heavy lines. 

The following paragraphs describe the general 
functioning of the EDS in three separate parts: auto- 
matic abort, manual abort, and abort sequence. A 
definite functional distinction exists between the initia- 
tion phase of an abort (consisting of automatic abort 
and manual abort) and the actual abort-sequence 
phase. 

1-3 AUTOMATIC ABORT 

Either of the following emergency conditions 
can cause an EDS automatically initiated abort of the 
Apollo-Saturn vehicle: 

An excessive angular rate of the vehicle 
about either the pitch, yaw, o r  roll  axis. 

Loss of thrust (below 89 percent of rated 
thrust) on any two of the five S-IC engines 
during first-stage boost. 

An automatic abort resulting from the f i rs t  
condition i s  referred to a s  an angular-overrate auto- 
matic abort. The second condition for automatic 
abort i s  referred to a s  a two-engine-out automatic 
abort. 

Upon detection of either of these two emer-  
gency conditions, the EDS will energize an auto abort 
bus in the EDS Distributor. Energizing this bus then 
causes a signal to be sent to the Command Module 
to automatically initiate the abort sequence. 

At any time during flight, the crew can inhibit 
this automatic initiation of an abort. Inhibiting is 

changed 15  October 1966 
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performed by deactivating the inputs fed to the auto 
abort bus from both the angular-overrate and the two- 
engine -out automatic abort circuitry. This deactiva- 
tion must occur, however, before the auto abort bus 
has been energized. (The times of deactivation, o r  
inhibiting, by the crew * had not been-determined a s  of 
the date on this manual. ) 

Inhibiting of automatic abort circuitry is also 
provided by the vehicle flight sequencing circuits 
through the Instrument Unit (IU) Switch Selector. 
This inhibiting is required prior to normal S-IC 
engine cutoff and other normal vehicle sequencing. 
While the automatic abort is inhibited, the Apollo 
crew must initiate a manual abort if an angular- 
overrate o r  two-engine-out condition arises.  

1-4 MANUAL ABORT 

On manned flights, a manual abort ,is initiated 
within the Command Module by the Apollo crew.** A 
pilot's hand controller in the Command Module is used 
to start the abort sequence. The crew's decision of 
whether to initiate a manual abort can be made a t  any 
time while the Spacecraft i s  attached to the Saturn 
vehicle. 

The decision to initiate a manual abort must 
be based on a t  least two separate and distinct indica- 
tions of a vehicle emergency o r  malfunction. These 
two indications may be obtained from EDS displays, 
from information telemetered to ground and relayed 
back to the crew, from physiological sensing of a 
malfunction by the crew, or  any combination of these. 
Although the two indications obtained may imply the 
presence of the same malfunction (for instance, one 
engine out), the two indications must not be derived 
from the same sensing and indicating system. For 
example, if the EDS indicates to the crew that one 
engine is out, and a one-engine-out signal is also 
telemetered to the ground (and relayed back to the 
crew), i t  cannot be necessarily assumed that the 
engine is actually out. The reason for not making 
this assumption is that both indications originated 
within the same sensing circuit. (A failure in the 
sensing circuit could have caused both erroneous 
indications. ) If, however, the EDS indicates that one 
engine is out, and the crew also senses a reduction in 
vehicle acceleration, i t  can be reasonably assumed 
that the engine is actually out. (Whether o r  not the 
crew initiates a manual abort, a s  a result of this one- 
engine-out condition, i s  dependent upon the specific 

* Not appl icab le  f o r  unmanned veh ic les .  

** On unmanned veh ic les ,  a m a n u a l  a b o r t  can  be 
ini t ia ted only by  ground p e r s o n n e l  through a n  R F  
command l ink.  

mission rules for that flight.) If any conflict a r i ses  
between on-board EDS indications and the telemetered 
information that i s  relayed back to the crew, the on- 
board indications will always take precedence. 

Only some of the on-board visual indications 
(required for manual abort decisions) a r e  provided 
by the EDS. Other on-board visual indications a r e  
provided by the Spacecraft Guidance and Navigation 
System. In both cases, these indications a r e  called 
manual abort indications and a r e  displayed in the 
Command Module by indicator lights, meters,  or  
other types of displays. Each of the indicator lights 
used contains either 2 or  4 lamps. The indicator 
lights a r e  constructed so  that the crew cannot dis- 
tinguish whether al l  o r  only one of the lamps in the 
indicator i s  ON. 

The manual abort indications displayed in the 
Command Module a r e  a s  follows: 

Saturn vehicle angular overrate about any 
axis, when signaled by a t  least 1 of 3 gyros 
used for that axis (one dual-lamp indicator). 

S-IC engine out (one dual-lamp indicator for 
each engine). *** 

S-I1 engine out (one dual-lamp indicator for  
each engine). *** 

S-IVB engine out (one dual-lamp indicator 
for the single engine). *** 

S -11 second plane separation (one dual-lamp 
indicator to indicate separation of S -11 aft 
interstage). 

Saturn vehicle attitude reference failure 
(one dual-lamp indicator). 

e Abort request from ground control before 
or  after liftoff (one four -lamp indicator). 

Angle of attack (meter indication from EDS 
Q-Ball Sensor System). 

a S -11 and S -1VB fuel tank pressures  
(4 meters).  

Attitude e r ro r  (meter type indication from 
Spacecraft Guidance and Navigation System). 

*** Only f ive engine-out  ind ica tors  a r e  i n  the Command 
Module. This  s e t  of 5 ind ica tors  i s  used f o r  engines 
of the  S-IC, S-11, and S-IVB Stages.  

Changed 15  October 1966 
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e Angular overrate (meter type indication from 
Spacecraft Guidance and Navigation System). 

1-5 ABORT SEQUENCE 

As mentioned previously, the EDS abort se -  
quence can be initiated either by an automatic abort 
condition o r  by a crew activated manual abort. To 
permit continuation of the abort sequence after an 
automatic initiation, the following conditions must 
f i r s t  be satisfied: 

Auto abort enabling signals must have been 
received from the launch complex 
prior to liftoff. 

e Liftoff must have occurred. 

An AUTO ABORT ENABLE switch in the 
Command Module must be set  to ABORT. 

The need for  the f i rs t  2 of these 3 conditions 
can be bypassed, o r  overridden, by the crew. * 
This override is accomplished by depressing a 
MANUAL ABORT ENABLE pushbutton in the Command 
Module. (The name MANUAL ABORT ENABLE is  used 
in EDS documentation but may be misleading because 
the pushbutton has no connection with the manual abort 
function. ) 

Only when the preceding conditions have been 
properly satisfied can the abort sequence continue 
after an automatic initiation. ** No such conditions 
need be satisfied prior to or  after a manual abort 
initiation. 

When an abort sequence i s  initiated, either 
automatically or  manually, the sequence normally 
cuts off a l l  engines of the operating stage. *** (EDS 
engine cutoff is inhibited, however, until a specific 
time interval after liftoff. This inhibiting prevents 
the vehicle from falling back on the launch area. ) 

Regardless of whether the abort sequence 
succeeds in cutting off the engines, the sequence con- 
tinues and selects either a Launch Escape System 

* Not appl icab le  f o r  unmanned veh ic les .  

** On Vehicle  AS-501, t h e  a b o r t  sequence  cannot  
cont inue b e c a u s e  the AUTO ABORT ENABLE 
swi tch  i s  p u r p o s e l y  l e f t  at O F F .  

*** On Vehicle  AS- 50 1, no EDS abor t -  sequence  
cutoff of t h e  engines i s  possible .  

(LES) abort mode or  a Service Propulsion System 
(SPS) abort mode. The sequencing that occurs in 
either abort mode causes removal of the Command 
Module from the malfunctioning Saturn vehicle. 

Whether the LES mode or the SPS mode is 
selected during the abort, sequence depends upon an 
interlock circuit through the LES tower. If the LES 
is stil l  attached to the Command Module a t  abort 
sequence initiation, the LES mode i s  selected. In 
this mode, the Command Module i s  separated from 
the res t  of the Apollo-Saturn vehicle and propelled 
away by the LES main motor. If, however, the LES 
had been previously jettisoned by the crew or  by 
normal vehicle flight sequencing, the SPS mode is 
selected. In this mode, the Command Module and 
the Service Module a r e  separated from the r e s t  of 
the vehicle and propelled away by the Service Module 
engine. 

After the Command Module is propelled a 
safe distance from the vehicle, the Command 
Module separates from the LES o r  the Service 
Module. Parachutes then lower the Command 
Module to a safe landing. 

1-6 GENERAL PHYSICAL DESCRIPTION 

A general physical description of the EDS i s  
limited because most of the components involved in 
EDS operation a r e  considered components of other 
systems of the Apollo-Saturn vehicle. Interconnec- 
tions with these other systems a r e  essential, how- 
ever, for complete functioning of the EDS. 

All components directly involved in EDS 
operation a r e  shown in Figure 1-1. Components 
designed primarily for the EDS (i. e. , EDS major 
components) a r e  listed in Table 1- 1 and a r e  shown 
enclosed in heavy lines in Figure 1-1. The major 
EDS components a r e  described in Section 111 of this 
manual. 

The control and display panels indicated by 
the block Control and Display Panels in Figure 1-1 
a r e  shown in detail in Figures 1-2 through 1-5. 
Only the switches and indicators referred to in this 
manual a r e  indexed in the figures. Since the panel 
labeling of the switches and indicators may not be 
sufficiently descriptive, more descriptive nomen- 
clature is used within the manual. In the legend for 
each figure, a cross  reference is made between the 
actual labeling on the panel and the nomenclature 
used in the manual. 

Changed 15 October 1966 
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Table 1-1. Emergency Detection System Major Components 

Changed 1 January 1967 

Nomenclature 

Launch Escape System 

EDS Q-Ball Sensor System 

EDS Distributor 

EDS Cutoff Inhibit Timer 
(40-second o r  60-Second)* 

EDS Overrate Timer 
(2 0 -Second) 

* 40 o r  60 Seconds depending upon vehicle mission 

Reference 
Designation 

900A408 

602A5 

603A56 

603A58 

Location 

Top of Spacecraft 

Top of Launch Escape System 

Instrument Unit 

Instrument Unit 

Instrument Unit 
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Location View 

IBM A F  

Figure 1-2. Mission Sequence Control Panel (Panel 24) 

Legend for  Figure 1-2 

1-6 Added 1 5  October 1966 

Nomenclature in 
Technical Manual 

- 

EDS POWER 

MASTER EVENT SEQUENCE CONTROLLER 
LOGIC 

MASTER EVENT SEQUENCE CONTROLLER 
PYRO 

Index 
Number 

1 

2 

3 

Nomenclature 
on Panel 

EDS POWER 

MASTER EVENT SEQ CONT -LOGIC 

MASTER EVENT SEQ CONT -PYRO 
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Location View 

IBM A F  

Figure 1-3. Crew Safety Control Panel (Panel 16) 

Legend for Figure 1-3 

Added 1 5  October 1966 

Index 
Number 

1 

2 

3 

4 

Nomenclature 
on Panel 

ABORT SYSTEM - 2 ENG OUT 

ABORT SYSTEM - L/V RATES 

ABORT SYSTEM - MODE LES - 
TWR JETT SPS MODE 

ABORT SYSTEM - EDS 

Nomenclature in 
Technical Manual 

S -1C TWO ENGINE OUT AUTO ABORT 
DEACTIVATE 

RATE EXCESSIVE AUTO ABORT DEACTIVATE 

LES JETTISON 

AUTO ABORT ENABLE 
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Location View 

II3M AF 

Figure  1-4. Emergency Detection System Sequencer Display Panel (Panel 5) 

Legend for  Figure  1-4 

* Number of respective engine 

1-8 

Index 
Number 

1 

2 

3 

Added 1 5  October 1966 

Nomenclature 
on Panel 

L/V GUID 

L/V ENGINES 

L/V RATE 

Nomenclature in  
Technical Manual 

LV ATT REF FAIL 

ENG NO. 1 OUT S-IC, S-11, OR S-IVB 
(for indicator 1); ENG NO. (*) OUT S-IC 
and S-I1 (for indicators 2 through 5); S-11 
Second Plane separation (for indicator 6); 
Indicators 7 and 8 a r e  spare .  

LV RATE EXCESSIVE 
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Locotion View 

IBH A F  

Figure 1-5. Emergency Detection/Drive Control Panel (Panel 3) 

Legend for Figure 1-5 

Added 15  October 1966 1-9/1-10 

Index 
Number 

1 

2 

3 

Nomenclature 
on Panel 

L/VAOA-SPS PC 

L/VAOA/SPS PC 

ABORT 

3 

Nomenclature in 
Technical Manual 

LV A OF A - SPS PC 

Angle of Attack 

ABORT REQUEST 
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SECTION II 
SYSTEM PRINCIPLES OF OPERATION 

Section I1 includes, first ,  a general descrip- 
tion of the methods employed to increase EDS relia- 
ability. Power sources for the EDS a re  then briefly 
described. Following these descriptions, the phases 
of EDS operation a r e  covered in detail. For ease of 
explanation (although contrary to electron theory), 
current is considered to flow from +28 V buses, 
through operating circuits, to negative (common) 
buses. 

Functional schematics to support the text a r e  
included a t  the end of the section. These schematics 
do not show al l  the connections to the various com- 
ponents. For instance, none of the outputs to tele- 
metry o r  to ground support equipment a r e  indicated. 
Neither a r e  power sources shown. For more detailed 
schematics (although still not complete), refer to the 
Appendix. 

2-1 EDS INTERNAL RELIABILITY 

To maintain a high degree of reliability, one 
main principle has been applied to the operation of all  
EDS circuitry. This principle is that no single fail- 
ure within the EDS will be allowed to cause an inad- 
vertent abort, nor will any single failure prevent an 
abort when an actual emergency ar ises .  To ensure 
this proper operation, both triple-redundant circuitry 
and duplex circuitry a r e  employed. Triple-redundant 
circuitry (with 2-out-of-3 voting) is used for most of 
the automatic abort sensing circuits and automatic 
abort initiation circuits. Duplex circuitry i s  used 
for the abort sequence circuits and the indicating cir- 
cuits for manual abort. Triple-redundant and duplex 
power sources a r e  also utilized. 

To further increase reliability, EDS circuitry 
is arranged to prevent ground loops. To accomplish 
this, the EDS circuits between vehicle stages, and 
between the IU and the Spacecraft, do not use the 
same power sources nor the same grounding points. 
When circuits in one stage require information from 
another stage, 28 V power is f i rs t  supplied by the 
stage requiring the information. This 28 V is fed to 
contacts of relays whose coils a r e  controlled by the 
stage possessing the desired information. After 

passing through the relay contacts, the resulting 28 V 
EDS signal is returned to the stage originally supply- 
ing the 28 V power. In this manner, valid EDS signals 
can be transferred between stages without the possi- 
bility of false EDS signals being generated by ground 
loops. 

2 -2  EDS POWER SOURCES 

Although not shown on the functional schematics 
in this section, 28 V power for the EDS in each Saturn 
stage i s  supplied by batteries within that stage only. 
Each stage contains two o r  more batteries which sup- 
ply power for separate +28 V buses. No electrical 
connection i s  made from a power source in one stage 
to a power source in any other stage. However, +28 V 
and ground returns from each stage a r e  supplied to 
special +28 V and COM buses in each of the other 
stages. Power from these special buses is  then used 
in providing EDS signals to the respective stages that 
originally supplied the power. 

Power for the EDS circuits in  the Spacecraft 
is supplied by three Spacecraft batteries. As is the 
case between stages of the Saturn vehicle, +28 V and 
ground returns a r e  provided between the Spacecraft 
and the IU. 

Three switches in the Command Module control 
the power for the Spacecraft EDS circuits. These 
switches a r e  the EDS POWER switch, the MASTER 
EVENT SEQUENCE CONTROLLER LOGIC switch, 
and the MASTER EVENT SEQUENCE CONTROLLER 
PYRO switch. 

2-3 ABORT PHASES OF OPERATION 

As mentioned in Section I, a definite functional 
distinction exists between the initiation phase of an 
abort and the actual abort-sequence phase. Also, the 
initiation phase is subdivided into automatic abort 
initiation and manual abort initiation. These three 
functional a reas  (called automatic abort, manual 
abort, and abort sequence) a r e  therefore described 
separately. 
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2-4 A U T O M A T I C  ABORT 

An automatic abort can be initiated only by an 
angular overrate condition o r  an S-IC two-engine-out 
condition. .In both cases, the automatic abort i s  con- 
sidered to be initiated when the auto abort bus in the 
EDS Distributor is energized. The following para- 
graphs describe how this bus becomes energized by 
the sensing of either of the two emergency conditions. 

2-5 ANGULAR OVERRATE AUTOMATIC ABORT 

An angular overrate condition for an automatic 
abort is sensed by a combination of 2 components: the 
Control-EDS Rate Gyro Package and the Control Sig- 
nal Processor .  As indicated in Figure 2-1, angular 
rate  signals a r e  generated in the control-EDS Rate 
Gyro Package by 3 gyros for each axis (roll, yaw, 
and pitch). These rate  signals a r e  fed to individual 
rate  circuits, called rate  switches, in the Control 
Signal Processor.  If the angular rate of the vehicle 
about one of i ts  axes exceeds a preset value, o r  rate 
limit, the rate  switches for that axis will each pro- 
duce a +28 V output. Each output closes a relay to 
indicate an angular overrate condition for that axis. 
At least two of the three rate switch relays for one 
axis must close to indicate an  overrate condition for 
the axis.  

The rate  limit, above which an overrate i s  
indicated, is changed one time during flight for the 
yaw and pitch axes. No inflight change i s  made in 
the rate  limit for the roll  axis. For  yaw and pitch 
axes, the rate  limit i s  preset at  3 degrees per sec- 
ond before the inflight change and 5 degrees per 
second after the change. (On Vehicles AS-501 and 
502 the rate  limit for  pitch and yaw axes i s  se t  a t  
5 degrees per second and does not change during 
flight. ) The rate  limit for roll  remains preset at  
20 degrees per second. 

The ra te  limit change for  yaw and pitch axes 
is controlled by latching relays K171 and K172 or  
relays K173 and K174 in the EDS Distributor. Ap- 
proximately 20 seconds after liftoff, the Switch 
Selector energizes K171 and K172, and the EDS Over- 
rate  Timer deenergizes K173 and K174. (On Vehicle 
AS-501, the EDS Overrate Timer energizes K173 and 
K174. Refer to notes on Figure 2-1.) 

If an  overrate occurs about the roll  axis, ra te  
switch relays Kl50, Kl51, and K152 will close. 
Positive 28 V is then fed to a roll  overrate voting 

*Not  applicable f o r  Vehicles  AS-501 and 502. 
** On unmanned vehic les ,  a manual  a b o r t  can  be 

ini t ia ted only by ground personnel  through a n  R F  
command link. 

circuit in the EDS Distributor. This voting circuit 
consists of relays K159 and K160, with associated 
diodes. The relays and diodes a r e  arranged so that 
a +28 V output i s  provided by the voting circuit only 
when 2 o r  more of i ts  3 inputs a r e  +28 V. An output 
from the voting circuit passes through normally 
closed contacts of inhibiting relays Kl65, Kl66, and 
K167 to energize the auto abort bus. Energizing the 
auto abort bus initiates an abort sequence (refer to  
paragraph 2-15). 

To prevent energizing the auto abort bus by 
a roIl angular overrate, inhibiting relays Kl65, 
K166, and K167 can be energized. These relays can 
be energized by a RATE EXCESSIVE AUTO ABORT 
DEACTIVATE switch in the Command Module. * 
Normally, however, the inhibiting relays a r e  con- 
trolled by latching relays K240 and K241 o r  K242 
and K243 in the Control Distributor. Relays in the 
Control Distributor a r e  controlled, in turn, by the 
Switch Selector. 

Three inhibiting relays a r e  employed in the 
inhibit circuitry so that a single relay malfunction 
cannot cause an  undesired inhibit. Conversely, a 
single relay malfunction cannot prevent a desired 
inhibit. 

The times during which the inhibiting relays 
a r e  energized a r e  determined by mission plans. 
While the automatic abort is being inhibited, the 
Apollo crew must make the decision a s  to when an  
abort is necessary. A manual abort may then be 
initiated by the crew. ** 

The method used to energize the auto abort 
bus for a pitch o r  yaw angular overrate is very 
similar to that described for a roll  angular overrate. 
Outputs from both the yaw and the pitch voting c i r -  
cuits, however, a r e  fed through a single group of 
inhibiting relay contacts (Figure 2-1). These inhib- 
iting relays a r e  energized in almost the same manner 
a s  a r e  the roll  inhibiting relays. The difference i s  
that the roll  inhibiting relays can be energized by the 
Switch Selector without also energizing the yaw and 
pitch inhibiting relays. The converse, however, i s  
not true. That is, the yaw and pitch inhibiting relays 
cannot be energized without also energizing the roll  
inhibiting relays. This difference in operation is 
caused by the addition of diodes between the coils of 
relays K165 and K168, K166 and K169, and K167 and 
K170 (see Figure 2-1). 

2- 6 TWO-ENGINE-OUT AUTOMATIC ABORT 

A two-engine-out condition for an  automatic 
abort i s  sensed by engine thrust pressure switches 

Changed 15  October 1966 
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in conjunction with relay logic circuitry. As shown 
in Figure 2-2, three thrust pressure (thrust OK) 
switches a r e  used for each of the five S-IC engines. 
The thrust OK switches remain closed a s  long a s  
engine thrust remains a t  least 89 percent of rated 
thrust. With the thrust OK switches closed, relays 
in the Thrust OK Distributor remain energized and 
no output is applied to the EDS Distributor. 

If the thrust of engine number 1 falls below 
89 percent, the respective thrust OK switches will 
open. Opening of these switches deenergizes relays 
Kl ,  K2, and K3 in the Thrust OK Distributor. Posi- 
tive 28 V is then fed through the relay contacts to an 
engine-out voting circuit for engine number 1 in the 
EDS Distributor. (Other contacts of K1, K2, and 
K3 a r e  used in automatically cutting off engine number 
1; refer to paragraph 2-1 6. ) 

The engine-out voting circuit (Figure 2-2) in 
the EDS Distributor is composed of relays Kl75 and 
Kl76 with associated diodes. The relays and diodes 
a r e  arranged so  that a +28 V output i s  provided by 
the voting circuit only when 2 or  more of its 3 inputs 
a r e  +28 V. An output from the voting circuit is 
applied to a two-engine-out logic circuit. This logic 
circuit consists of relays Kl91 through K200 with 
associated diodes. 

If two or  more engines lose thrust, the two- 
engine-out logic circuit will receive +28 V inputs 
from two o r  more engine-out voting circuits (see 
Figure 2-2). If engines number 1 and 2 lose thrust, 
for instance, +28 V will be furnished to relays Kl91, 
Kl92, K193, and K194 and the associated diodes. 
With these relays energized, +28 V from the engine 
number 1 voting circuit is fed through the now closed 
contacts of Kl93, and the normally closed contacts of 
inhibiting relays K207 and K208, to energize the auto 
abort bus. Also, +28 V from the engine number 2 
voting circuit is fed through the now closed contacts 
of K192 and through inhibiting relays K207, K208, 
and K209 to energize the auto abort bus. Thus, two 
+28 V outputs a r e  furnished to energize the auto abort 
bus, which in turn, initiates an abort sequence. A 
similar abort initiation will occur if any other two 
(or more) of the S-IC engines lose thrust. 

To prevent energizing the auto abort bus, by 
a two-engine-out condition, inhibiting relays K207, 
K208, and K209 can be energized. These relays can 
be energized by a S-IC TWO ENGINE OUT AUTO 
ABORT DEACTIVATE switch in the Command 
Module. * Normally, however, the inhibiting relays 

* Not  applicable for unmanned vehicles.  

a r e  controlled by latching relays K244 and K245 in 
the Control Distributor. The relays in the Control 
Distributor a r e  energized, in  turn, by the Switch 
Selector just before normal engine cutoff. 

Three inhibiting relays a r e  employed in the 
inhibit circuitry so that a single relay malfunction 
cannot cause an  undesired inhibit. Conversely, a 
single relay malfunction cannot prevent a desired 
inhibit. 

The times during which the inhibiting relays 
a r e  energized a r e  determined by mission plans. 
While the automatic abort i s  being inhibited, the 
Apollo crew must make the decision a s  to when an 
abort is  necessary. A manual abort may then be 
initiated by the crew. 

2-7 MANUAL ABORT 

On manned flights, a manual abort i s  initiated 
within the Command Module by the crew. The abort 
is begun by setting the pilot's hand controller to 
ABORT. (On unmanned vehicles, relays in a Mission I 
Control Programmer functionally take the place of 
the pilot's hand controller. These relays a r e  con- 
trolled by ground personnel through an RF command 
link. ) Upon manual abort initiation, the abort sequence 
(paragraph 2-15) assumes control and completes the 
abort. 

The crew's decision to initiate a manual abort 
is governed by the conditions specified in paragraph 
1-4. Most of the manual abort indications, which a r e  
displayed in the Command Module for the crew, a r e  
provided by the EDS (refer to listing in paragraph 1-4). 
Only those indications provided by the EDS a re  des- 
cribed in the following paragraphs. (All manual abort 
indications provided for the crew a r e  also made avail- 
able to ground personnel via telemetry. ) 

2- 8 ANGULAR OVERRATE INDICATION 

An angular overrate condition about any axis 
i s  indicated by a dual-lamp LV RATE EXCESSIVE 
indicator in the command Module. Both lamps of 
the indicator will be lit simultaneously if a valid over- 
rate condition occurs. (See Figure 2-3 for a function- 
a l  schematic. ) 

When any one rate switch senses an angular 
overrate from i ts  rate  gyro, the respective relxy 
(Kl50 through Kl58) in the Control Signal Processor 
closes. (Refer to paragraph 2-5 for a description of 
this sequence.) When relay K151 for roll  rate switch 
number 2 closes, +28 V i s  furnished to energize relay 

Changed 15 October 1966 
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K159 in  the EDS Distribtltor. One s e t  of contacts of 
energized K159 then supplies +28 V to one of the two 
lamps of the LV RATE EXCESSIVE indicator i n  the  
Command Module. Other s e t s  of K159 contacts a r e  
used i n  a voting circuit  fo r  automatic abort  (paragraph 
2-5). When re lay K152 fo r  ro l l  r a t e  switch number 3 
closes,  a s imi la r  operating sequence causes  the sec- 
ond lamp i n  the LV RATE EXCESSIVE indicator to be 
lit. 

Contacts of re lays  Kl59, Kl61. and K163 a r e  
interconnected. a s  a r e  contacts of re lays  K160. K162, 
and K164. Consequently, a n  angular overrate sensed 
by the number 2 r a t e  switch fo r  any axis  will cause 
1 lamp of the indicator to be l i t .  Likewise. a n  over- 
r a t e  sensed by the number 3 r a t e  switch for  any axis 
will cause the other lamp to be lit. 

2-9 S-IC, S-11, AND S-IVR ENGINE-OUT 
INDICATIONS 

Indications of S-IC, S-11. and S-IVB engine- 
out conditions a r e  provided by a s e t  of five dual-lamp 
indicators in the Command Module. One indicator i s  
used fo r  each S-IC engine. The same  indicators a r e  
a l so  used fo r  the five S-I1 engines. In addition. the 
indicator f o r  S-IC and S-I1 engine number 1 also  
indicates a n  engine-out condition fo r  the S-IVB engine. 

A functional schematic of the engine-out indi- 
cating c i rcui t ry  appears  in  Figure 2-4. For  simpli- 
city. only the c i rcui t ry  for  the combined ENG NO. 1 
OUT S-IC, S-11, OR S-IVB indicator is shown. 

As described in  paragraph 2-6, a loss  of thrus t  
on S-IC engine number 1 (sensed by a least two of the 
thrus t  OK switches) produces a +28 V output f rom the 
respective voting c i rcui t  in the EDS Distributor. This 
1-28 V energizes  r e l ays  Kl91 and Kl92. which a r e  
par t  of the 'automatic abort  two-engine-out logic c i r -  
cuit .  Additional contacts of K191 and K192 a r e  utilized 
in  the manual abort  engine-out indicating circuit .  
When K191 and K192 a r e  energized, +28 V from closed 
contacts of re lays  K205 and K206 is fed to both lamps 
of -ihe combined ENG NO 1 OUT S-IC, S-11, OR 
S-1VB indicator. (Relays K205 and K206 a r e  de- 
energized a t  liftoff. ) 

After separation of the S-IC Stage. the S-I1 
Stage engines a r e  s tar ted .  Thrust  OK switches for  the 
S-I1 engines r emain  closed a s  long a s  the engines pro- 
duce proper thrus t .  If engine number 1 loses thrust ,  
its two thrus t  OK switches will open. Opening of 
these switches deenergizes r e l ays  K50 and K51 in  the 
Sequencer Controller.  With K50 and K51 deenergized, 
+28 V i s  fed  to r e l ays  K201 and K202, respectively. 
i n  the EDS Distributor.  Relays K201 and K202 can- 

not be energized, however. unless contacts of latch- 
ing re lays  K203 and K204 a r e  s e t  (contacts closed). 
Relays K203 and K204 a r e  s e t  by the IU Switch 
Selector after S-IC/S-I1 Stage separation.  With 
K203 and K204 se t ,  K201 and K202 a r e  energized by 
the loss  of thrust  on S-I1 engine number 1. Positive 
28 V is then applied to both lamps of the combined 
ENG NO. 1 OUT S-IC, S-11, OR S-IVB indicator. 

Upon separation of the S-I1 Stage, the S-IVB 
Stage engine i s  started.  Thrust  OK switches fo r  the 
S-IVB engine remain closed a s  long a s  the engine 
produces proper thrust .  If the engine loses  thrust ,  
the thrust  OK switches will open. Opening of these  
switches deenergizes re lays  KlOO and KlOl in the 
Sequencer. When KlOO and K l O l  a r e  deenergized, 
+28 V i s  fed to  normally open contacts of latching 
relays K212 and K213, respectively, i n  the EDS 
Distributor. Relays K212 and K213 a r e  s e t  (contacts 
closed) by the Switch Selector after S-II/S-NB Stage 
separation. If the engine loses  thrus t  af ter  the set-  
ting of K212 and K213, +28 V from the contacts of 
KlOO and KlOl will energize re lays  K210 and K211. 
Positive 28 V is then fed to both lamps of the com- 
bined ENG NO. 1 OUT S-IC. S-11, OR S-IVB indicator 
in  the Command Module. 

In addition to their  being used for  emergency 
detection, the five engine-out indicators a r e  a lso  
utilized for  indicating normal engine cutoff: for  
example. pr ior  to  vehicle staging. 

2-10 S-I1 SECOND PLANE SEPARATION 
INDICATION 

Separation of the S-I1 aft interstage f rom the 
S-I1 Stage i s  indicated in  the Command Module by a 
dual-lamp S-I1 SECOND PLANE SEPARATION indi- 
ca tor .  Both lamps of the indicator r emain  lit until 
separation of the aft interstage.  Positive 28 V f rom 
the S-I1 Stage i s  fed through the  aft interstage section, 
back through the S-I1 Stage, and then applied to 2 
re lays  in  the EDS Distributor. These re lays  remain 
energized until the aft interstage separates  f rom the 
S-I1 Stage (shortly after S-IC/S-11 separation). At 
interstage separation, the 2 r e l ays  deenergize and 
the +28 V through the contacts of each re lay i s  
removed f rom the respective lamp in  the S-I1 SEC- 
OND PLANE SEPARATION indicator. 

2-11 ATTITUDE REFERENCE FAILURE 
INDICATION 

Failure of the Saturn vehicle attitude reference 
i s  indicated by a dual-lamp LV ATTITUDE REFER- 
ENCE FAILURE indicator i n  the Command Module. 
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Both lamps of the indicator a r e  lit simultaneously 
upon receipt of a +28 V signal from the Launch Ve- 
hicle Data Adapter (part of the Saturn Guidance and 
Control System). 

The Apollo Spacecraft contains its own Guid- 
ance and Navigation System. This system is pre- 
programmed with the same tilt program a s  its 
Saturn vehicle counterpart. The crew can, in  event 
of an emergency, switch an output from the Space- 
craft Guidance and Navigation System into the Saturn 
Guidance and Control System. Thus, even after fail- 
ure of the Saturn attitude reference, the original 
flight objectives can still be attained. 

2-12 ABORT REQUEST INDICATION 

Four lamps of an  ABORT REQUEST indicator 
in the Command Module a r e  lit simultaneously when 
ground control personnel want the crew to initiate a 
manual abort. These lamps can be lit either before 
or  after liftoff. Figure 2-5 shows the 3 methods of 
energizing the indicator lamps. 

If an  abort request is necessary before liftoff, 
a +28 V pad abort request signal is sent through the 
IU umbilical. This signal energizes relay K214 in 
the EDS Distributor. Positive 28 V is then fed 
through contacts of K214 to al l  lamps of the ABORT 
RE QUEST indicator. 

If the range safety officer initiates a destruct 
system arming command, via the Range Safety Com- 
mand System, relays K102 and K103 in the Sequencer 
will be energized. When contacts of K102 and K103 
close, +28 V is applied to relays K215 and K216 in the 
EDS Distributor. Positive 28 V is  then fed through 
the contacts of K215 and K216 to all lamps of the 
ABORT REQUEST indicator. 

The ABORT REQUEST indicator lamps can 
also be lit by appropriate signals received through 
the Spacecraft up-data command link. Positive 28 V 
from the up-data command system energizes relays 
K290 and K291 in the Relay Box. Contacts of K290 
and K291, in  turn, cause +28 V to be furnished to the 
ABORT RE QUEST indicator. 

2-13 ANGLE-OF-ATTACK INDICATION 

An analog indication of the vehicle angle of 
attack is interpreted by the crew from a meter indi- 
cation in the Command Module. An excessive angle 
of attack during f i rs t  stage boost may indicate slow 

* Not  applicable f o r  unmanned vehicles.  I i* Not  applicable f o r  Vehicle AS- 10 1. 
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flight-control failures. Such failures can cause a 
gradual buildup in vehicle angular rates, resulting in 
eventual breakup of the vehicle . The angle-of -attack 
information warns the crew of such a possible condi- 
tion before the angular rates  increase to the point at 
which an angular overrate indication is given (refer 
to paragraph 2-8). 

The angle-of-attack meter in the Command 
Module does not display the angle of attack directly. 
Instead, the meter displays the vector sum of the 
pitch and yaw differential aerodynamic pressures. 
These a re  pressures imposed on the sides of the 
forward tip of the vehicle during flight. Fromthe 
meter indication, the crew must interpret the ve- 
hicle's angle of attack. Input to the angle-of -attack 
meter is received from an EDS Q-Ball Sensor System 
(refer to paragraph 3-4) on the LES. 

2-14 S-I1 AND S-IVB FUEL TANK PRESSURE 
INDICATIONS* 

Four meters in the Command Module display 
the pressures in the S-II Stage and S-IVB Stage fuel 
tanks. Two meters a r e  used for the S-I1 tank and 
two for the S-IVB tank. The input for each meter 
originates from a separate pressure transducer. 
Signals from the transducers a r e  conditioned by cir-  
cuits in the Command Module before being applied to 
the meters. 

2-15 ABORT SEQUENCE 

An abort sequence is initiated either automati- 
cally or manually. Once begun, the abort sequence 
normally runs to completion automatically. The abort 
results in cutoff ** of the engines (of the operating I 
stage) and then propulsion of the Command Module 
away from the Saturn vehicle. 

As mentioned previously, an automatic initia- 
tion of an abort sequence will occur if the auto abort 
bus in the EDS Distributor becomes energized (refer 
to paragraph 2-4). When the auto abort bus does be- 
come energized (supplied with +28 V), the bus pro- 
vides +28 V to energize relays K217 through K222 in 
the EDS Distributor. (See Figure 2-6 for a functional 
schematic.) Contacts of relays K217 through K222 
then remove +28 V from relays K250 through K252 and 
K275 through K277 (sheet 2, Figure 2-6) inCthe Master 
Event Sequence Controllers (MESC) . (For discussion 
purposes, the abort sequence will hereafter be fol- 
lowed through MESC A only.) With removal of power 
from K250, K251, and K252, their contacts close to 
furnish +28 V to a set  of contacts of relay K253. 
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Relays K217 through K222 and K250 through Normally, however, auto abort enable signals (the 
K252 a r e  connected a s  shown in  Figure 2-6 to make f i r s t  condition) a r e  received from ground equipment 
certain that +28 V i s  applied to contacts of K253 when, prior to liftoff. These +28 V signals s e t  latching 
and only when, an  abort i s  required. Interconnecting relays K227 and K228 in the EDS Distributor. At lift- 
the contacts of relays K217 through K222, in the man- off, power i s  removed from relays K235 and K236, 
ner shown, ensures the following: causing them to deenergize. Positive 28 V i s  then fed 

through contacts of K235, K23 6, K227, and K228 to the 
a No two simultaneous relay failures 

AUTO ABORT ENABLE switch. This +28 V also 
can inadvertently cause power to be lights the lamps of a combined LIFTOFF and NO 
removed from more than one of the AUTO ABORT* indicator in  the Command Module, a s  
relays K250, K251, and K252. 

well a s  starting event timers*. When the crew* sets  

a No two simultaneous relay failures 
the AUTO ABORT ENABLE switch to AUTO, relays 

(relays K217 through K222) can pre- 
K253 and K254 energize and the NO AUTO ABORT* 
lamps extinguish. 

vent power from being removed from 
two of the relays K250, K251, and 
K252 when the auto abort bus i s  
energized. 

In addition, interconnecting the contacts of 
K251, and K252 a s  shown ensures the following: 

If the conditions just described a r e  properly 
satisfied prior to automatic abort initiation, the abort 
sequence can proceed normally. (On unmanned vehic- 
les, the abort sequence cannot proceed because the 
AUTO ABORT ENABLE switch i s  purposely left at  OFF. 

I 
Thus, relays K253 and K254 cannot be energized, and 
the AS-501 flight cannot be aborted automatically.) 

a No one relay failure (of K250, K251, or  
With K253 and K254 energized, +28 V from relays 

K252) can inadvertently cause power to 
K250, K251, and K252 is fed through contacts of 

be applied to the contacts of relay K253. 
K253 and K254 to s ta r t  two time delays. After a 0.03- 
second delay, +28 V energizes relays K255 and K256. 

a No one relay failure can prevent power 
from being applied to the contacts of 
K253 when power has been removed 
from the coils of K250, K251, and 
K252. 

Although +28 V i s  applied to the contacts of 
K253 in the manner described, the abort sequence 
normally could proceed no further unless 3 conditions 
had been previously satisfied. These conditions a r e  
a s  follows (see Figure 2-6): 

a Auto abort enable signals must have 
been received by the EDS Distributor 
prior to liftoff. 

a Liftoff must have occurred. 

a The AUTO ABORT ENABLE switch 
in  the Command Module must have 
been s e t  to AUTO. 

From this point on, the abort sequence is the 
same for both an automatic abort and a manual abort. 
That is, relays K255 and K256 can also be energized 
by the pilot's hand controller** in the Command 
Module. The crew initiates the manual abort by set- 
ting this hand controller to ABORT. 

When K255 and K256 a r e  energized (either 
automatically or  manually), the abort sequence 
branches into 2 sequences: the engine cutoff sequence 
and either the LES o r  the SPS abort sequence. The 
engine cutoff sequence is completed before the LES 
or  SPS abort sequence i s  completed. The engine cut- 
off sequence uses the normally closed contacts of 
K255 and K256, along with the normally closed con- 
tacts of corresponding relays K280 and K281 in  
MESC B. The LES or  SPS abort sequence uses the 
normally open contacts of K255 and K256. 

2-16 ENGINECUTOFFSEQUENCE 

The f i r s t  2 of these 3 conditions can be satis- To begin the engine cutoff sequence, relays 
field another means. * A MANUAL ENABLE K255 and K25 6 in MESC A (Figure 2- 6) operate con- 
pushbutton in  the Command Module can bypass the cir-  . . 

cuits that require occurrence of the first 2 conditions. * Not app l i cab le  f o r  unmanned v e h i c l e s .  

~f relays ~ 2 5 7  and ~ 2 5 8  in MESC A are energized (as **On unmanned v e h i c l e s ,  the  p i lo t ' s  hand c o n t r o l l e r  
i s  funct ional ly  r e p l a c e d  by  r e l a y s  K261, K262, 

explained later in  paragraph 2-17), depressing the 

I 
K271, and  K272 in  the  M i s s i o n  C o n t r o l  P r o g r a m -  

MANUAL ABORT ENABLE pushbutton will supply m e r ,  which  i s  con t ro l l ed  b y  ground p e r s o n n e l  
needed +28 V to the AUTO ABORT ENABLE switch. th rough  a n  R F  c o m m a n d  l ink .  ' 

2-6 Changed 1 5  October 1966 
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currently with corresponding relays K280 and K281 
in  MESC B. When these 4 relays a r e  energized, 
power i s  removed from relays K223 through K226 in 
the EDS Distributor. Again, triple-redundant relay 
circuitry is employed to ensure proper operation. 

When power i s  removed from K223 through 
K226, their contacts close. Positive 28 V is then fed 
through the contacts of these relays to contacts of 
latching relays K233 and K234. Relays K233 and 
K234 a r e  energized (set) at a time determined by 
mission requirements after liftoff by the EDS Cutoff 
Inhibit Timer and the Switch Selector, respectively. 
The 40-second delay prevents EDS cutoff of the en- 
gines, and the resulting fall of the vehicle, before the 
vehicle has cleared the launch area. (On Vehicle 
AS-501, a s  indicated in Figure 2-6, there i s  no 
connection from the contacts of relays K224 and 
K226 to the contacts of K233. Also, the Switch 
Selector is not programmed to operate relay K234. 
Consequently, no EDS cutoff of the engines i s  possible 
on AS-501. ) 

If relays K233 and K234 have been previously 
set, the +28 V from contacts of relays K223 through 
K226 will energize relays K229 through K232. Relays 
K229 through K232, in turn, provide +28 V cutoff sig- 
nals to engine cutoff circuitry in the S-IVB, S-I1 and 
S-IC Stages. 

For  cutoff of the S-IVB engine, the cutoff sig- 
nals from the EDS Distributor a r e  applied not only to 
the S-IVB cutoff bus, thereby cutting off the engine, 
but also to relay K105 in the Aft Power Distributor 
(Figure 2-7). Relay K105 is energized, and its 
normally-open contacts in the Aft Power Distributor 
supply +28 V to the OFF contact of the motor switch. 
When the motor switch is actuated, its switch a rms  
a r e  driven to the position shown, and +28 V i s  re -  
moved from the engine power bus. With the removal 
of +28 V, relays K100, K101, and subsequently, 
K106 in the Sequencer a r e  deenergized. If the stage 
Switch Selector has se t  relay K110, then +28 V i s  
supplied to the prevalve control solenoid which 
actuates the prevalve of the engine. 

It should be noted that the engine thrust 
switches would normally open when the engine cutoff 
bus i s  energized and the resultant action would be a s  
stated above. The action of relay K106 assures  that 
the prevalve control solenoid cannot be actuated 
prior to engine cutoff. 

In addition to EDS cutoff, the engine can be 
cutoff by the stage Switch Selector, GSE, the Range 

Safety Command System, or  by depletion of engine 
propellants. As shown, the stage Switch Selector can 
control the engine cutoff bus directly but cannot con- 
t rol  the prevalve solenoid without f i rs t  energizing the 
engine cutoff bus. 

For EDS cutoff of the five S-I1 engines, cutoff 
signals from the EDS Distributor a r e  fed through the 
S-IVB Stage to relays K67 thru K70 in the Sequencer I 
Controller (Figure 2-8). With K67 and K68 energized, 
+28 V is applied to the engine cutoff bus of each 
engine, thereby cutting off all engines. (For simpli- 
city, only the circuitry for  engine number 1 is shown. 
The circuitry for  the other engines is identical. ) 

The +28 V applied to the engine cutoff bus (for 
engine number 1) also energizes relay K73. With I 
relay K62 deenergized at liftoff (or before), +28 V 
from K62 is fed through the now closed contacts of 
K73 and is applied to a time delay. 

Although the time delay has power applied, 
two conditions must exist before the time delay can 
function. First ,  a prevalve arming relay K78 must 
be energized, then engine thrust sensing relays K50 
and K51 must indicate a loss  of thrust (be deenergized). 
When these conditions exist, relays K76 and K77 a r e  
energized and the time delay circuitry is complete. 
After a time delay of 425 milliseconds, a 28 V output 
from the time delay energizes relay K74. Positive 
28 V is fed through the contacts of K74 to the LH2 and 
the LOX prevalve solenoids. Relays K71 and K72 
function during EDS and Range Safety System cutoff 
of the S-I1 engines to ensure that relays K50 and K51 
will deenergize immediately. Upon receipt of engine 
cutoff signals, relays K70 and K71 energize and 
their normally closed contacts remove +28 V from 
the engine power bus. 

The engines of the S-I1 Stage can also be cutoff 
by 4 methods other than EDS cutoff, a s  shown in 
Figure 2-8. First ,  the Switch Selector can cutoff a l l  
engines simultaneously. Second, depletion of either 
the LH2 or  the LOX can cause al l  engines to be cutoff. 
Third, all  engines can be cutoff simultaneously by the 
Range Safety Command System. Fourth, internal c i r -  
cuitry of the Sequencer Controller can cutoff any 
single engine if that engine loses proper thrust (as 
sensed by the thrust OK switches). This fourth meth- 
od is dependent, however, upon latching relay K60 
being se t  (contacts closed) by the Switch Selector. 

For EDS cutoff of the five S-IC engines, cutoff 
signals f rom the EDS Distributor a r e  fed through the 
S -NB and S-I1 Stages to relays K26, K27, and K28 in 

Changed 1 April 1968 
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the Main Distributor (Figure 2-9). With K26 and K28 
energized, i28  V is applied to five engine-cutoff 
relays in the Thrust OK Distributor, one relay for 
each engine. (For simplicity, the cutoff relays and 
other circuitry for  only engine number 1 are  shown 
in  Figure 2-9. The circuitry for engines 2 through 5 
is identical. ) 

When cutoff relay K31 (for engine number 1) is 
energized from the Main Distributor, +28 V is applied 
to an engine stop solenoid, which cuts off the engine. 
In addition, i 28  V from contacts of K31 energizes 
relay K32. (Positive 28 V from energized K27 in the 
Main Distributor is also fed to K32. ) With K32 
energized, i28 V through its contacts-is applied to the 
fuel prevalve control solenoid and the LOX prevalve 
control solenoid. 

In addition to engine cutoff by the EDS, the 
S-IC engines can be cutoff by three other methods, as 
shown in Figure 2-9. First,  signals from level sen- 
sors  in the fuel and LOX tanks can cutoff the inboard 
engine (engine 5) separately from the outboard en- 
gines. Second, all  engines can be cutoff simulta- 
neously by the Range Safety Command System. Third, 
internal circuitry of the Thrust OK Distributor can 
cutoff any single engine if that engine loses proper 
thrust (as sensed by the thrust OK switches). This 
third method is dependent, however, upon latching 
relay K20 being se t  (contacts closed) by the Switch 
Selector, resulting in relay K30 being energized. 

2-17 LES AND SPS ABORT SEQUENCES 

The LES and SPS abort sequences a r e  actually 
subsequences, o r  modes, of the overall abort se- 
quence. Either the LES abort sequence or  the SPS 
abort sequence is begun simultaneously with the en- 

gine cutoff sequence. Normally, however, neither 
the LES or  SPS abort sequence results in  removal of 
the Command Module from the Apollo-Saturn vehicle 
until after engine cutoff and thrust decay. * 

Energizing of relays K255 and K256 in MESC 
A (Figure 2-6)causes i28 V to be applied to contacts 
of relay K257 and to an event timer. If the LES is 
still attached to the Command Module and the LES 
JETTISON switch has been se t  to LES**, relays 
K257 and K258 remain energized during an abort 
sequence. The +28 V from K256 is therefore fed 
through contacts of K257 and K258 to energize relays 
K259 and K260. When K259 and K260 a re  energized, 
a +28 V signal initiates the LES abort sequence (or 
mode). If the LES is not still attached or  the LES 
JETTISON switch is not se t  to LES**, relays K257 
and K258 will not be in an energized condition during 
the abort sequence. The i28  V from K256 is then 
fed through contacts of K257, K258, K259, and 
K260 to initiate the SPS abort sequence (or mode). 

If the LES abort mode is initiated, the Com- 
mand Module will be separated from the r e s t  of the 
Apollo-Saturn vehicle and pulled away by the LES 
main motor. If the SPS abort mode i s  initiated, the 
Command Module and Service Module will be sepa- 
rated from the vehicle and pushed away by the Service 
Module engine. 

*On Vehicle AS-501, the engines cannot be cutoff by 
the EDS; however, ei ther abor t  sequence can remove 
the Command Module f rom the vehicle. 

** On unmanned vehicles, the LES JETTISON switch 
i s  left a t  TOWER J E T T ,  but the LES is  not jetti- 
soned until ground personnel  actuate re lays  KZ63, 
KZ64, KZ73, and K274 ( in the Mission Control 
P r o g r a m m e r )  via an R F  command link. 

Changed 15 October 1966 
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r--------- 1 I CONTROL AND DISPLAY PANEL 

I I I I 

SPACECRAFT COMMAND MODULE 
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L D s  DlsTRlBuToR 7 !CONTROL DISTRIBUTOR 1 

I 

I I I 

SWITCH SELECTOR 

NOTES: 
* O n  Vehicle AS-501, relays K173 and KT74 ore Iotchinq relays, contracts of K l73 ond K174 . , - .  

are nonnoliy closed, and relay controctr i n  EDS Overrate Timer are normally open. 

1. Relay numbers shown are for reference only and do not correspond to actual hardware 
reference designations. 

2. A l l  relays ore shown i n  deenergized or reset condition. 
3. Lines fram K150, K153, and K156 ore not used for manual abort indications on 

Commnd Module displcty ponel; however, there liner are used i n  automatic abort. 
4. Reset buses can be energized only fram Ground Support Equipment. 
5. Wires between Command Module and Instrument Unit poss through Service Module 

and Lunar Excursion Module adapter. 

Changed Area 

I IBM AF-B 

Figure 2-1. Angular Overrate Automatic Abort Functional Schematic 

Changed 1 January 1967 
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S-IC TWO ENGINE OUT - 
AUTO ABORT 
DEACTIVATE 

SPACECRAFT CChlMAYD h1ODULE 

INSTRUMENT UNIT 

------ 

SWITCH SELECTOR 

--- 
INSTRUMENT UNIT ----- ---- 
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I Thrust OK (1) Thrurt OK (2) Thrurt OK (3) I 

I 

ion 

--- 

r-- 
I Thrusl OK (1) Thrust OK (2) Thrurl OK (3)  
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Figure 2-2. S-IC Two-Englne-Out Autoniatic Abort Fuilctional Schematic 
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C O M  - C O M  i 
I 
I EXCESSIVE 

SPACECRAFT COMMAND MODULE 
I - - - - - - - - -  - -  
INSTRUMENT U N I T  L---T----- , - - -  - -------.------------- 

. EDS t f 1 
+28 V +28 V +28 V 

C O M  C O M  

3. Reset buses can be energized only from Ground Support Equipment. 
4. Wires between Command Module and Instrument Unit pass through Service Module 

and Lunar Excursion Module adapter. 

Changed Area 

IBM AF-B 

Figure 2-3. Angular Overra te  Manual-Abort Indication Functional Schematic 

Changed 1 January 1967 2-13/2-14 
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NOTES: 
1. Relay numberr shown are for reference only and do not correspond to actuol hardware reference designations. 
2. A l l  relays are shown i n  deenergized or reset condition. 
3. Reret buses con be energized only from Ground Support Equipment. 
4. Wirer between Command Module and Instrument Uni t  pass through Service Module ond Lunor Excursion Module adapter 

1 IBM A F  

Figure 2-4. Engine Out Manual-Abort Indication Functional Schematic (Typical) 
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---------- 
UP-DATA LINK 

----- 

l NSTRUMENT UNIT  

INSTRUMENT UNIT  
-I------- --- I I  

S - I V B  

NOTES: 

1 .  Relay numbers rhown ore for reference only ond do not correspond to actual hardware reference derignotionr. 
2. Al l  relays ore rhown in deenergized or reset condition. 
3. Wires between Command Module and Instrument Unit pors through Service Module ond 

Lunar Excursion Module adapter. 

IBM AF 

Figure 2-5. Abort Request Indication Functional Schematic 



Figure 2-6. Abort Sequence Functional Schematic (Sheet 1 of 2) 
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+28 V +28 V 128 V 

LAUNCH ESCAPE SYSTEM TOWER 

------- 

LES JETTISON 

---- 

ONTROL A N D  DlSPLlY PANEL 
-Ap----- 

------ 

" Applicable for unmanned vehicles only. 

1. Relay numberr shown are for reference only ond do not correspond to  octual 
hordwore iefeience deligncitionr. 

2. A l l  relays are shown i n  deenergired or reset condition. 
3. Reset burer can be energized only from Ground Support Equipment. 
4. Wirer between Command Module ond Instrument Unit pars through 

Service Module and Lunar Excursion Module adapter. 

MODULE 

I ;- ,+:$ Changed Area 

Figure 2-6. Abort Sequence Functional Schematic (Sheet 2 of 2) 
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S-IC 
Engine Cutoff 
from I U  EDS 
Distributor 

S-ll 
1 1 ~ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 ~ ~ = ~ ~ = ~ ~ ~ ~ - = = = = = - = ~ ~ ~ ~ ~ ~ ~ 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 ~ 1 1 1 ~ ~ ~ m ~ I I I 1 * 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  11 111. 

s -IC NOTES: 
1. Relay numbers shown are for reference only and do not correspond to actual hardware reference designations. 

C 4 w 
S-IC 

2. A l l  relays are shown i n  deenergi zed or reset condition. Engine Cutoff 
3. Relays K60 through K70 are used i n  cutoff of a l l  engines. A l l  other relays shown are for engine number 1 only. 

I IBM AF 

Figure 2 -8 

S- I1  Engine-Cutoff Functional Schematic (Typical) 
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I Thrust OK (1)  Thrust OK (2) Thrust CK (3) 
I 

I I 
I L--------------------------------------------------------------------------- , 

NOTES: 
1. Normal engne cutoff occurs when fuel  level  or LOX level falls to a preset minimum. 

2. Relay numbss shown ore for reference only and do not correspond to actual hordwore reference designations. 
3. A l l  relays ae shown i n  deeneraiizeed or reset condition. 
4. Relays K20,K23 through K28, ond K30 ore used i n  cutoff of  a l l  engines; relay K21 is used for imboard engine only. 

and relay K!2 is used for the outboard engines only. A l l  other relays shown are for engine number 1 only. 

I IBM AF 

Figure 2-9. S-IC Engine-Cutoff Functional Schematic (Typical) 
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SECTION Ill 
COMPONENT DESCRIPTIONS 

This section presents a short description of 
each major EDS component. A major EDS component 
is defined herein a s  a component designed primarily 
for EDS use. Thus, those components that a r e  involved 
i? EDS operation but a r e  normally considered a s  par ts  
of other systems a r e  not covered in this section. 

3-1 EDS DISTRIBUTOR 

The EDS Distributor (Figure 3-1) is located 
in the IU and provides the only communications link 
between the Spacecraft and the Saturn vehicle. The 

EDS Distributor serves a s  an enclosure for  EDS 
relay logic circuitry, a s  well a s  a junction box for  
signals and power between the Spacecraft and the 
Saturn vehicle. 

All EDS signals from the Saturn vehicle a r e  
routed to the logic circuits in the EDS Distributor. 
Output EDS signals from these logic circuits a r e  then 
fed to the Spacecraft and to IU telemetry. Also, EDS 
signals from the Spacecraft a r e  routed back through 
the EDS logic circuits before being fed to the S-IVB, 
S-11, and S-IC vehicle stages. The EDS Distributor 

1 IBM AF 

Figure 3-1. EDS Distributor 

3-1 



EDS Description 
Section I11 

logic circuitry is described within the system descrip- 
tion of Section 11. (Additional information can be 
found in the component manual for  the EDS Distribu- 
tor. Refer to the List  of Related Documents. ) 

Connections to the EDS Distributor a r e  made 
through several connectors on 2 sides of the case. 
Access to internal par ts  is obtained by removing the 
top and bottom covers. Most of the internal parts 
a r e  mounted on circuit boards for ease of mainten- 
ance. These parts  a r e  also encapsulated to prevent 
loosening during vibration. 

The EDS Distributor weighs a maximum of 
14.06 kilograms (31 pounds). The outside dimensions 
a r e  as follows: 

Length: 36.8 centimeters (14. 5 inches) rnax 

Width: 35.6 centimeters (14.0 inches) rnax 

Height: 18.8 centimeters ( 7.4 inches) rnax 

3-2 EDS CUTOFF I N H I B I T  T I M E R  

A time delay i s  generated for the EDS by the 
EDS Cutoff Inhibit Timer (Figure 3-2). The time 
delay prevents an  abort-sequence cutoff of the S-IC 

engines until after the vehicle has cleared the launch 
area. The EDS Cutoff Inhibit Timer i s  actuated at 
liftoff and produces an output after a predetermined 
time delay. The time delay is dependent upon mission 
requirements. I 

The EDS Cutoff Inhibit Timer (located in the 
IU) weighs a maximum of 0.2 kilogram (0. 5 pound). 
The case of the timer is cast from magnesium alloy 
and has the following outside dimensions: 

Length: 11.7 centimeters 
(4. 6 inches) rnax 

Width: 6. 6 centimeters 
(2. 6 inches) rnax 

Height (with connector): 4. 3 centimeters 
(1.7 inches) 

With the exception of a connector and 2 relays, 
all  circuit parts of the timer a r e  mounted on a printed- 
circuit board. The circuit board and its parts  a r e  
coated with a layer of polyurethane. After a l l  circuit 
par ts  have been installed in the case of the timer, all  
remaining voids in the case a r e  filled with polyure- 
thane foam. A fiberglass bottom plate is embedded 
in the foam and prevents repair of the timer. 

Figure 3-2. EDS Cutoff Inhibit Timer 

Changed 1 January 1967 
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Figure 3-3. EDS Cutoff Inhibit Timer Schematic 

A schematic of the timer appears in Figure 
3-3. Initially, +28 V IU power is furnished to the 
timer a t  pins B and D of connector J1. This +28 V 
is applied to a fil ter composed of diode CR2, resistor 
R1, and capacitor C1. Any ac signal that might be 
present on the 28 V input is removed by this filter. 
After passing through the filter, the +28 V is applied 
to a voltage regulator circuit. The voltage regulator 
consists of resistor R2 and Zener diodes CR3 and 
CR4. Through the action of CR3 and CR4, the output 
of the voltage regulator is maintained a t  16.4 V. 

Output of the voltage regulator furnishes 

I power for the timing circuit which i s  comprised of 
unijunction timer Q1, capacitor C2, and resis tors  
R3 through R7. An RC timing network is made up 
primarily of selected parts  C2, R3, R4, and R5. 
At the time the regulated voltage from R2 is initially 
applied to the RC network, relay K2 contacts a r e  
as shown on the schematic. Consequently, the 
emitter of Q1 is shorted to ground and C2 charges 

to the output voltage of the regulator. Until relay K2 
is energized, Q l  will remain grounded and C2 will 
remain charged. 

When the timing cycle of the EDS Cutoff 
Inhibit Timer is to begin (at liftoff), a +28 V input is 
applied to pin E of J1. This input is fed through 
isolation diode CR1 to energize relay K2. The +28 V 
input is also applied to the emitter of latching switch 
Q3. (Diodes CR9 and CRlO across K2 prevent damage 
to Q3 from transients created by K2.)  

As K2 is energized, its contacts open. The 
grounding short is thereby removed from the emitter 
of Q1. Also, C2 is allowed to begin a slow discharge 
through R3, R4, and R5. While C2 is discharging, 
its output voltage opposes the output of the voltage 
regulator. Consequently, during C2 discharge, the 
resulting voltage appearing at the emitter of Q1 
starts a t  zero potential and gradually rises. When 
this voltage r ises  to a sufficient positive value, Q1 
conducts. 

Changed 1 January 1967 3-3 
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The time interval between the opening of the 
K2 contacts and the conduction of Q1 is dependent 
upon Q1, the value of R6, and the values of the com- 
ponents in the RC network. Therefore, Q1, C2, and 
R3 through R6 must,be preselected to  obtain a 
I desired time interval. 

When Q1 conducts, C2 stops discharging and 
immediately begins to recharge rapidly through Q1 
and R7. This action produces a positive pulse across  
R7. The pulse is applied to switch driver Q2 through 
coupling capacitor C3, isolation diode CR5, and 
current limiting resis tor  R9. Upon application of 
the pulse to Q2, Q2 conducts and causes latching 
switch Q3 to conduct. (Both Q2 and Q3 a r e  driven 
to saturation. ) Conduction of Q3 energizes relay 
K1. (Diodes CR7 and CR8 across  K1 prevent K1 
transients from damaging Q3. ) 

With K1 energized, +28 V from the filter net- 
work (R1 and C1) is fed through a s e t  of now closed 
contacts of K1 to current limiting resistor R10. From 
R10, a positive voltage is applied to Q2 through isola- 
tion diode CR6 and resis tor  R9. Since this voltage is 
constant while K1 is energized, Q2 i s  maintained 
in  conduction. Consequently, Q3 remains in conduc- 
tion and K1 remains energized. Relay K1 will stay 
in the energized condition until removal of the +28 V 
input applied to the emitter of Q3 (through pin E of 
Jl). 

Relay K1 contains 2 sets  of Normally Closed 
(NC) contacts and 2 se t s  of Normally Open (NO) con- 
tacts. The NC contacts a r e  not used in the EDS Cutoff 
Inhibit Timer for  external EDS circuits (however, 
refer  to paragraph 3-3). One se t  of the NO contacts 
is utilized a s  described in the preceding paragraph. 
The other s e t  of NO contacts applies +28 V through 
pin H of J1 to an external EDS circuit. 

3-3 EDS OVERRATE TIMER 

A time delay generated by the EDS Overrate 
Timer is used in making an in-flight change to EDS 
angular overrate limits. This EDS Timer is actuated 
at liftoff and produces an output 20 (+0.  6, -0.2) 
seconds after being actuated. 

With one exception, the EDS Overrate Timer 
is physically and functionally identical to the EDS 
Cutoff Inhibit Timer (paragraph 3-2). The one excep- 
tion is in the timing RC network. For  the EDS Over- 
rate  Timer, the values of the RC network resistors 

a r e  selected so  that the discharge time of capacitor 
C2 will cause relay K1 to be energized 20 (+0.6, -0.2) 
seconds after relay K2 is energized. 

Unlike the EDS Cutoff Inhibit Timer, the output 
of the EDS Overrate Timer is taken from 1 se t  of the 
NC contacts of relay K1 (pin G of J l ) .  Therefore, a 
+28 V output is removed from an external EDS circuit 
when K1 is energized. 

3-4 EDS Q-BALL SENSOR SYSTEM 

Known a s  the Q-Ball, the EDS Q-Ball Sensor 
System (Figure 3-4) produces outputs that a r e  dis- 
played on meters a s  pressure differentials but a r e  
interpreted a s  indications of vehicle angle of attack. 
The Q-Ball operates on the principle of detecting 
differences in aerodynamic pressures; hence, the 
abbreviation for dynamic pressure, or  Q, in the name. 
One of the Q-Ball outputs is furnished to the Command 
Module for display; the other outputs a r e  supplied to 
TM equipment for transmission to ground. 

The Q-Ball (including all  i ts electronic parts) 
is enclosed in a smooth outer shell, which forms the 
forward tip of the LES. The combined weight of the 
Q-Ball and its shell is 15.9 kilograms (35 pounds). 
The length of the shell is 33.8 centimeters (13.3 
inches), and the diameter a€ the aft end of the shell 
i s  31. 8 centimeters (12. 5 inches). 

To prevent contamination of the Q-Ball prior 
to launch, a fiberglass cover is placed over the top 
of the Q-Ball. A nylon bladder is installed between 
the cover and the Q-Ball, and a lanyard is connected 
from the top of the cover to a retracting mechanism 
on the umbilical tower. When the cover is to be 
removed, the nylon bladder is pressurized with GN2 
through a hose from the tower. As the bladder 
expands, it ra ises  the cover. The retracting mech- 
anism then pulls the lanyard to remove the cover 
from the Q-Ball. 

Because of its physical location on the LES, 
the Q-Ball is not affected during flight by the a i r  
turbulence normally caused by the vehicle. Also, 
at  this location, the Q-Ball is at the greatest distance 
forward of the vehicle pitch and yaw rotational axes. 
Thus, when the angle of attack i s  changing, the Q-Ball 
can more easily and accurately measure the aero- 
dynamic pressure differentials at the forward end of 
the vehicle. The differences in aerodynamic pres-  
sures ,  imposed on opposite sides of the Q-Ball outer 
shell, a r e  used in determining the vehicle angle of 
attack. 

Changed 1 January 1967 



EDS Description 
Section 111 

IBM AF 

Figure 3-4. EDS Q-Ball Sensor System 

The Q-Ball is divided functionally into two 
independent but almost identical channels. An out- 
put from either channel can be used to determine 
the vehicle angle of attack. Each channel obtains 
aerodynamic pressure inputs through separate 
pressure inlet ports. Eight such ports a r e  located 
around the perimeter and near the forward end of 
the Q-Ball outer shell (Figure 3-4). 

Two ports on opposite sides of the shell lie in 
the pitch plane of the vehicle (Figure 3-5). Likewise, 
two ports on opposite sides of the shell lie in the yaw 
plane. The two pitch inlet ports provide pressure 
inputs to a pitch differential pressure transducer in 
channel A of the Q-Ball. Similarly, the two yaw 
ports provide pressure inputs to a yaw differential 
pressure transducer in channel A. Channel B of the 
Q-Ball obtains pressure inputs from four similar 
inlet ports. However, the ports for channel B are  
offset 45 degrees from the true pitch and yaw planes 
of the vehicle. 

A differential pressure signal i s  derived from 
the output of each differential pressure transducer in 
the Q-Ball. The signals derived from the pitch and 

yaw transducers in channel A a re  combined in a 
summing circuit within that channel. Differential 
pressure signals in channel B a r e  also combined 
in a summing circuit. The output from each summing 
circuit represents the vector sum (magnitude, not 
direction) of the differences in aerodynamic pressures 
acting on the sides of the vehicle. Figure 3-5 vector- 
ily shows the summing in each channel. 

The vector sum signal from Q-Ball channel 
A is displayed on a meter in the Command Module. 
The vector sum signal from channel B is not dis- 
played, but is fed through the EDS Distributor in the 
IU to TM equipment. Separate pitch and yaw differen- 
tial pressure signals from channel A a r e  fed directly 
to TM equipment in the IU. When displayed, pressure 
differential signals from the Q-Ball a r e  interpreted 
as indications of the vehicle angle of attack. 

3-5 LAUNCH ESCAPE SYSTEM 

Sometimes called the Launch Escape Tower, 
the Launch Escape System (Figure 3-6) provides the 
thrust necessary to pull the Command Module free 
of a malfunctioning vehicle. The LES normally 
remaips with the Apollo-Saturn vehicle until shortly 
after S-I1 engine ignition. Up to this time in the flight, 
the vehicle acceleration is low enough that the thrust 
of the LES is sufficient to pull the Command Module 
away from the vehicle if it becomes necessary. When 
no longer needed, the LES i s  jettisoned either auto- 
matically by the flight sequencing circuits of the 
vehicle or manually by the crew. 

The LES consists essentially of three separate 
solid-propellant rocket motors, two canard surfaces, 
a tower structure, and the apex section of a boost 
protective cover (Figure 3-6). Although not a func- 
tional part of the LES, the EDS Q-Ball Sensor System 
i s  mounted a t  the forward tip of the LES. All control 
of the LES rocket motors and canard surfaces origin- 
ates from within the Command Module. 

One of the LES rocket motors, the largest of 
the three, is the main launch escape motor that pro- 
vides the thrust for an LES abort. The launch escape 
motor has 4 nozzles canted outward. A second motor, 
with 2 nozzles on opposite sides of the LES, is the LES 
jettison motor for removing the LES from the Command 
Module. The third motor is the pitch control motor, 
with a single nozzle on one side of the LES. This 
motor causes the LES/Command-Module combination 
to pitch over during a low-altitude abort. 

The two canard surfaces near the forward end 
of the LES a re  automatically deployed approximately 
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11 seconds after ignition of the main launch escape 
motor. These surfaces cause and then damp a turn- 
around maneuver during a medium-altitude abort. 
This maneuver ensures that the blunt end of the 
Command Module will face downward during descent. 
During an LES high-altitude abort, the LES is jetti- 
soned by the crew before the canards can be deployed. 
In this case, the Command Module Reaction Control 
System i s  used to cause and damp the turn-around 
maneuver. 

A tower structure physically connects the body 
of the main launch motor to the top of the Command 
Module and to the boost protective cover. The boost 
protective cover consists of a rigid apex section and 
a flexible aft section (the aft section is not shown in 
Figure 3-6). The cover completely surrounds the 
top and sides of the Command Module. At LES 
jettison, the complete boost protective cover is pulled 
from the Command Module. 

Figure 3-5. Q-Ball Pressure Inlet Ports and Vector Summing 
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Figure 3-6. Launch Escape System 
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SECTION IV  
GROUND SUPPORT EQUIPMENT 

The Ground Support Equipment (GSE) for the 
EDS consists of four test and display panels, along 
with the automatic checkout equipment used for  pre-  
launch checkout of a l l  Saturn vehicle systems. The 
on-board EDS is checked by f i r s t  simulating various 
emergency conditions in the vehicle, and then moni- 
toring the resulting operation of the EDS circuits. 
Monitoring and some control of the pre-launch check- 
out is provided by the 4 EDS panels. Some of the 
panels also monitor the EDS circuits during vehicle 
flight. For  more information on the interconnections 
between the on-board EDS and the GSE, refer to the 
Interface Control Document entitled, "Saturn-Apollo 
Emergency Detection System Checkout Schematicstt 
(for the applicable vehicle). 

Only the four EDS test and display panels will 
be described in this section. These panels a r e  rack 
mounted and a r e  located in the Launch Control Center 
a t  Kennedy Space Center. 

4-1 EDS PREPARATION PANEL 

Control and monitoring of EDS automatic check- 
out is provided by the EDS Preparation Panel. This 
panel can be used only during pre-launch checkout of 
the vehicle; the panel becomes inoperative after vehi- 
cle launch. Figure 4-1 shows the panel, and the 
accompanying legend describes each control and indi- 
cator. Refer to Section 11 of this manual for more 
information about the on-board EDS components 
mentioned in the figure legend. 

4 - 2  EDS FLIGHT MONITOR PANEL 

Containing indicator lights and meters,  the 
EDS Flight Monitor Panel permits continuous monitor- 
ing of a l l  important EDS functions during vehicle flight. 

The panel i s  active both prior to and during flight. 
All inputs to the panel a r e  received through telemetry. 
The panel is shown in Figure 4-2, with the indicatws 
described in the accompanying legend. Refer to 
Section 11 of this manual for more information about 
the on-board EDS components mentioned in the legend. 

4 - 3  EDS/CONTROL RATE GYRO PANEL 

The EDS/Control Rate Gyro Panel provides 
control and monitoring of the IU Control-EDS Rate 
Gyro Package and its Control Signal Processor.  Con- 
t rol  functions and some of the monitoring functions at 
the panel a r e  available only during pre-launch check- 
out. Inputs for other monitoring functions a r e  obtain- 
ed through telemetry and a r e  therefore available during 
vehicle flight a s  well a s  pre-launch checkout. 

The EDS/Control Rate Gyro Panel is shown in 
Figure 4-3. Descriptions of the controls and indi- 
cators a r e  given in the legend accompanying the 
figure. When a panel switch having an AUTO position 
is set to that position, the associated function can be 
controlled by the GSE checkout computer. 

4-4  Q-ANGLE OF ATTACK PANEL 

Control and monitoring of the Q-Ball is the 
prime function of the Q-Angle of Attack Panel. Con- 
t rol  is permitted only during pre-launch checkout, 
but monitoring i s  available during both pre-launch 
checkout and vehicle flight. Monitoring of Q-Ball 
cover removal is also provided by the panel. The 
panel i s  shown in Figure 4-4, with the controls and 
indicators described in the legend. When a panel 
switch having an AUTO position is se t  to that position, 
the associated function can be controlled by the GSE 
checkout computer. 
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Figure  4-1. EDS Preparation Panel 

Legend fo r  Figure 4-1 

Index 
Number 

Control o r  
Indicator 

EDS ENABLE LOGIC ZERO 

6D91, 6D92, 6D93, 1D199, 
2D199, and 6D199 

Function 

Indicates that no inhibit signal has  been received 
f rom the IU Switch Selector to  inhibit ei ther a n  
angular-overrate o r  two-engine-out automatic abort. 

Indicate that the respective buses a r e  energized. I 
4-2 Added 1 5  October 1966 
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Legend for Figure 4-1 (Cont) 
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Index 
Number 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Control or  
Indicator 

PYRO FIRING RLYS 
SAFE A & B 

PYRO RELAYS IND SAFE 

LOGIC RELAYS IND SAFE 

ONE ENG OUT A & B 

EDS READY 

EDS LAUNCH 

READY FOR IGNITION 

FIRING COMMAND 

EDS NOT READY 

IGNITION COMMAND 

IGNITION SEQ FAILURE 

ALL ENG RUNNING 

COMMIT 

LIFTOFF 

CUTOFF 

ENG OUT ENABLED 1,2, and 3 

Function 

Indicates that pyrotechnic relays in the Command 
Module a r e  deenergized. 

Indicates that neither pyrotechnic bus in the Com- 
mand Module has been energized. 

Indicates that the logic relays in the Command 
Module a r e  deenergized. 

Indicates that at least one S-IC engine is out 
(duplex circuits). 

Indicates that all  EDS circuits a r e  ready for  
normal operation and no unsafe conditions a r e  
present. 

Indicates that the Function switch (index number 43) 
has been set to LAUNCH or a firing command has 
been given. 

Indicates that the Saturn vehicle i s  ready for 
ignition. 

Indicates that the Saturn firing command has been 
issued. 

Indicates that at least one of several EDS circuits 
i s  in an unsafe condition. 

Indicates that the ignition command for the S-IC 
engines has been issued. 

Indicates that a failure has occurred in the S-IC 
engine ignition sequence. 

Indicates that all  S-IC engines a r e  producing 
proper thrust. 

Indicates that the Apollo-Saturn vehicle has been 
released and is ready to leave the launch pad. 

Indicates that the vehicle has lifted off the launch pad. 

Indicates that the S-IC engines have been cutoff 
before the vehicle has been committed to launch. 

Indicates that an automatic abort, resulting from a 
two-engine-out condition, has not been inhibited in 
the EDS Distributor. (One indicator light for each 
inhibiting relay. ) 
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Legend for Figure 4-1 (Cont) 

Index 
Number 

Control o r  
Indicator 

ABORT COMD TO S/C 
lA, lB,  2A, 2B, 3A, and 3B 

ABORT BUS 

CUTOFF COMD FROM S/C 
1, 2, and 3 

EDS UNSAFE A and B 

YAW-PITCH ENABLED 
1, 2, and 3 

S/C CUTOFF ENABLED A and B 

ABORT ENABLE ARMED A and B 

ATTITUDE REF FAIL 

DCR CUTOFF 1 and 2 

PAD ABORT REQUEST 

RF ABORT REQUEST 

ROLL ENABLED 1, 2, and 3 

Function 

Indicate that six automatic abort initiate relays in 
the EDS Distributor have been energized. These 
relays a r e  energized either by the auto abort bus 
in the EDS Distributor or  by the GSE checkout 
computer. 

Indicates that the auto abort bus in the EDS 
Distributor has been energized. 

Indicate that the three engine-cutoff signals from 
the MESC's have been received by the EDS 
Distributor. 

Indicate that at  least one of three automatic abort 
relays in each MESC has been deenergized. (Each 
indicator is controlled by the abort relays in one 
MESC only. ) 

Indicate that an automatic abort, resulting from a 
yaw or  pitch angular-overrate condition, has not 
been inhibited in the EDS Distributor. (One indicator 
light for  each inhibiting relay. ) 

Indicate that engine cutoff has  been enabled by the 
IU Switch Selector and by the EDS Cutoff Inhibit 
Timer, respectively. 

Indicate that the auto abort enable relays in the EDS 
Distributor have been energized (set) by the GSE 
checkout computer (duplex circuits) . 

Indicates that the EDS Distributor has received an 
attitude reference failure signal from the Saturn 
Guidance System. 

Indicate that both Range Safety (Destruct) Command 
Receivers in the S -1VB Stage have initiated S -1VB 
engine cutoff. 

(Not used) 

Indicates that an abort request has been transmitted 
to  the Spacecraft from the ground. 

Indicate that an automatic abort, resulting from a 
roll  angular-overrate condition, has not been 
inhibited in the EDS Distributor. (One indicator 
light for each inhibiting relay. ) 

Added 15  October 1966 
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Index 
Number 

3 1 

32 

3 3 

34 

35 

36 

3 7 

38 

39 

40 

4 1 

42 

Control or  
Indicator 

SIM LIFTOFF ENABLE 

TEST FAULT 

RESET 

TEST COMPLETE 

START 

TESTING 

SINGLE STEP 

LIFTOFF RESET 

PITCH RATE EXCESSIVE 
1, 2, and 3 

YAW RATE EXCESSIVE 
1, 2, and 3 

ROLL RATE EXCESSIVE 
1, 2, and 3 

ENG 1 through 5 
THRUST OK 1, 2, and 3 

Function 

Enables a simulated liftoff signal to be initiated by 
other GSE checkout units, which can deenergize 
liftoff relays in the EDS Distributor. (SIM LIFTOFF 
ENABLE switch is key operated. Indicator light 
immediately above switch indicates that switch i s  
ON. ) 

Indicates that the GSE automatic test program has 
stopped due to detection of a fault. 

Resets GSE test program to continue after a failure 
occurs. 

Indicates that the GSE automatic test of the EDS 
has been completed. 

Starts GSE automatic test of EDS. 

Indicates that the GSE automatic test of the EDS 
i s  in process. 

Causes the GSE automatic checkout equipment to 
step through i ts  program 1 step at a time. (Indicator 
light above switch indicates that switch is ON.) 

Resets auto abort enable relays in the EDS Distri- 
butor. (Indicator light above switch indicates that 
these relays have been reset  either by LIFTOFF 
RESET pushbutton o r  by IU Switch Selector. ) 

Indicate that a pitch angular-overrate condition has 
been sensed by three pitch rate  switches in the 
Control Signal Processor. 

Indicate that a yaw angular-overrate condition has 
been sensed by three yaw rate switches in the 
Control Signal Processor. 

Indicate that a roll  angular-overrate condition has 
been sensed by three roll  rate switches in the 
Control Signal Processor.  

Indicate that the three thrust OK switches for the 
respective S-IC engines a r e  closed. 
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Index 
Number 

4 3 

44 

45 

4 6 

Control o r  
Indicator 

Function 

LET JETTISON LOGIC ZERO 

SEPARATION LOGIC ZERO 

SEQUENCE LOGIC ZERO 

Function 

Selects mode of operation for checkout of the EDS: 

OFF - Prevents power from being 
applied to EDS circuits in the IU. 

MONITOR - Allows power to be applied to 
EDS circuits while panel monitors 
conditions of circuits. 

TEST - Permits testing of EDS circuits 
by GSE automatic checkout 
equipment. 

LAUNCH - Enables the EDS ready circuits 
for actual or  simulated flight. 

Indicates the LET jettison logic circuit is safe. 

Indicates the separation logic circuit i s  safe. 

Indicates that neither the S-u/S-IVB separation 
sequence nor the Saturn/Apollo separation sequence 
has been initiated by the IU Switch Selector. 
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Figure 4-2. EDS Flight Monitor Panel 

Added 1 5  October 1966 
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Legend for Figure 4-2 
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Index 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Control o r  
Indicator 

S-IVB PRESSURE LOX 1 and 2 

S-IVB PRESSURE FUEL 1 and 2 

$-BALL VECTOR SUM 

6D91, 6D92, and 6D93 

PILOT ABORT A and B 

ABORT BUS 

EDS ABORT A and B 

NO ABORT FROM L/V 1, 2, and 3 

CUTOFF COMMAND A and B 

ABORT ENABLED A and B 

CUTOFF ENABLED A and B 

LIFTOFF TO S/C A and B 

CUTOFF FROM S/C A and B 

CUTOFF A and B 

LES ABORT A and B 

CUTOFF S-IVB A and B 

Function 

Display the pressure in the S-IVB oxygen tank 
(duplex circuits). 

Display the pressure in the S-IVB fuel tank 
(duplex circuits) . 

(Not used) 

Indicate that the respective buses are energized. 

Indicate that a manual abort has been initiated by 
the pilot (duplex circuits). 

Indicates that the auto abort bus in the EDS 
Distributor has been energized. 

Indicate that an automatic abort has been initiated 
by the EDS (duplex circuits). 

Indicate that no automatic abort initiate signals a re  
sent to the Spacecraft from EDS Distributor. 

Indicate that a t  least two of the three engine cutoff 
signals from the MESC's have been received by the 
EDS Distributor (duplex circuits). 

Indicate that an automatic abort has been enabled 
in the Command Module (duplex circuits). 

Indicate that engine cutoff has been enabled by 
the IU Switch Selector and by the EDS Cutoff 
Inhibit Timer, respectively. 

Indicates that a liftoff signal has been sent from 
the EDS Distributor to the Command Module. 

Indicate that engine cutoff signals have been 
produced in the MESC's (duplex circuits). 

Indicate that engine cutoff signals have been 
sent to the operating stage from the IU (duplex 
circuits). 

Indicate that the LES abort mode has been initiated 
in the Spacecraft (duplex circuits). 

Indicate cutoff of S-IVB engine. 



EDS Description 
Section IV 

Legend for Figure 4-2 (Cont) 

Added 15 October 1966 4-9 

Index 
Number 

17 

18 

19 

20 

2 1 

22 

23 

2 4  

25  

26 

2 7 

2 8 

29 

3 0 

3 1 

Control o r  
Indicator 

SPS ABORT A and B 

CUTOFF S-I1 A and B 

ABORT REQUEST 

ATT REF FAIL IND TO S/C 

CUTOFF S-IC A and B 

R F  ABORT REQUEST 

LAUNCH RATE SELECTED 

RATE EXCESSIVE IND TO S/C 

YAW-PITCH ABORT 

ROLL ABORT 

PITCH RATE EXCESSIVE 1, 2 and 3 

ROLL RATE EXCESSIVE 1, 2, and 3 

YAW RATE EXCESSIVE 1, 2, and 3 

S-IC ENG THRUST OK 
1, 2, 3, 4, and 5 

S-I1 ENG THRUST OK 
1, 2, 3, 4, and 5 

Function 

Indicate that the SPS abort mode has been initiated 
in the Spacecraft (duplex circuits). 

Indicate cutoff of S-I1 engines. 

Indicates that an abort request signal has been 
received by the Command Module. 

Indicates that an attitude reference failure signal 
has been sent from the EDS Distributor to the 
Command Module for display. 

Indicates cutoff of S-IC engines (duplex circuits). 

Indicates that an abort request has been 
transmitted to the Spacecraft from the ground. 

Indicates that a new angular-overrate has been 
selected in the IU. 

Indicates that an angular -overrate signal has 
been sent from the EDS Distributor to the 
Command Module for display. 

Indicates that a yaw o r  pitch angular-overrate 
signal has been produced in the IU. 

Indicates that a roll  angular-overrate signal has 
been produced in the IU. 

Indicate that a pitch angular-overrate has been 
sensed by three pitch rate switches in the 
Control Signal Processor.  

Indicate that a roll  angular-overrate has been 
sensed by three roll  rate switches in the Control 
Signal Processor.  

Indicate that a yaw angular-overrate has 
been sensed by three yaw rate switches in the 
Control Signal Processor.  

Indicates that the three thrust OK switches for 
the respective S-IC engines a r e  closed. 

Indicates that the three thrust OK switches for 
the respective S-I1 engines a r e  closed. 



EDS Description 
Section N 

Legend for Figure 4-2 (Cont) 

4-10 Added 15 October 1966 

Index 
Number 

32 

3 3 

3 4 

3 5 

36 

37 

Control or  
Indicator 

ONE ENG OUT A and B 

S-IVB ENG THRUST OK A and B 

TWO ENG OUT A and B 

ENG OUT IND TO S/C 
1, 2, 3, 4, and 5 

S-11 PRESSURE LOX 1 and 2 

S-11 PRESSURE FUEL 1 and 2 

Function 

Indicates that one S-IC engine is out. 

Indicate that both thrust OK switches for 
the S-IVB engine a r e  closed. 

Indicate that a t  least two S-IC engines a r e  
out (duplex circuits). 

Indicate that the respective engine-out 
signals have been sent from the EDS Distributor 
to the Command Module for display. 

Display the pressure in the S-11 oxygen tank 
(duplex circuits). 

Display the pressure in the S-11 fuel tank 
(duplex circuits). 



EDS Description 
Section IV 

Figure 4-3 ~DS/Control  Rate Gyro Panel 

Legend for Figure 4-3 

Index 
Number 

1 

2 

3 

4 

Control o r  
Indicator 

GROUP SELECTION 1, 2, and 3 

YAW OUTPUT 

ROLLOUTPUT 

PITCH OUTPUT 

Function 

Select the associated group of rate gyros for testing. 
(Indicator light above each switch indicates that 
the respective group has been selected. ) 

Display the yaw rate  outputs of the Control Signal 
Processor.  The meters  a r e  calibrated in degrees 
per  second. 

Display the roll  rate outputs of the Control Signal 
Processor. The meters a r e  calibrated in degrees 
per second. 

Display the pitch rate  outputs of the Control Signal 
Processor. The meters  a r e  calibrated in degrees 
per second. 

- - - 

Added 1 5  October 1966 
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Section IV 

Legend for Figure 4-3 (Cont) 

Index 
Number 

Control o r  
Indicator 

Function 

5 

6 

METER RANGE 

TORQUE CURRENT 

7 

COMPARATOR MONITORS - 
SPARE CHANNEL ACTIVE YAW, 
ROLL, and PITCH 

METER RANGE 

8 

EDS SW POINT 

EDS RATE SWITCHES 

EDS SW POINT CONTROL 

TORQUE COMMANDS - POSITIVE, 
ZERO, and NEGATIVE 

COMPARATOR MONITOR - 
RESET 

AXIS SELECTION - YAW, ROLL, 
and PITCH 

SYSTEM POWER 

Control the range of the associated group of output 
meters. The coarse range i s  0 + 10 degrees per 
second and the fine range is 0 1 degree per second. 

Display the output current of the torquing amplifier 
associated with each group of rate  gyros. 

Control the range of the associated TORQUE CUR- 
RENT meters. 

Indicate that an angular-overrate has been sensed by 
the associated rate  switches in the Control Signal 
Processor.  

Indicate that the a sdc i a t ed  spare channel in the 
Control Signal Processor has been activated. 

Provides an indication of a change in the angular- 
overrate limits within the Control Signal Processor.  

Controls change in angular-overrate limits within 
the Control Signal Processor. 

Control the output of the selected rate  gyro 
torquing amplifier. Output of the selected amplifier 
torques a selected rate gyro, which, in turn, pro- 
duces an angular rate signal. This signal i s  con- 
ditioned in the Control Signal Processor and even- 
tually displayed on the output meters on the panel. 
(Indicator light above each switch indicates that the 
respective torque command has been issued. ) 

Restores the command channel in the Control Signal 
Processor to an active status and returns the spare 
to standby. 

Select the rate gyro to be tested within the group 
selected by the GROUP SELECTION switches 
(index number 1). (Indicator light above each switch 
indicates that the respective axis has been selected. ) 

Controls the power for operating and testing the 
Control-EDS Rate Gyro Package and the Control 
Signal Processor. (Indicator light immediately 
above switch indicates that the power has been 
applied. ) 

4-12 Added 15 October 1966 
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Section IV 

Legend for Figure 4-3 (Cont) 

Added 15 October 1966 4-13 

Index 
Number 

16 

17 

+ 

Control o r  
Indicator 

UP TO SPEED -GROUP 1, 2, and 3 

ROLL RANGE 

Function 

Indicate that the rate gyros have reached operating 
speed. 

Changes the range of the ROLL OUTPUT meters  from 
that selected by the METER RANGE switch (index 
number 5) to a range of 0-25 degrees per  second. 



EDS Description 
Section IV 

VECTOR SUM 

IBM A F  

Figure 4-4 Q-Angle of Attack Panel 

Legend for Figure 4-4 

4- 14 Added 15 October 1966 

Index 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

Control o r  
Indicator 

POWER A and B 

VECTOR SUM A 

Pitch and Yaw Indicator 

VECTOR SUM B 

COVER RETRACTED 

RETRACT PRESSURE OK 

RETRACT 

INFLATE PRESSURE OK 

Function 

Indicate that dc power has been applied to the 
Q-Ball from the IU (duplex circuits). 

(Not used) 

Displays (on 1 indicator) separate pitch and yaw 
differential pressures detected by the Q-Ball. 

Displays the vector sum of the pitch and yaw 
differential pressures  detected by the Q-Ball. 

Indicates that the Q-Ball cover has been removed. 

Indicates that the GN2 pressure is correct for 
retracting the Q-Ball cover. 

(Not used) 

Indicates that the GN2 pressure is correct for 
inflating the bladder of the Q-Ball cover. 



EDS Description 
Section IV 

Legend for Figure 4-4  (Cont) 

Added 15 October 1966 4-15/4-16 

Index 
Number 

9 

10 

11 

12 

13 

14 

15 

Control or  
Indicator 

INFLATE 

SIMULATE COMMAND 

Q-BALL FUNCTION A and B 

FINE -COARSE 

Heaters 

Q-BALL OVER TEMP 

Power 

Function 

(Not used) 

Controls application of signals within the Q-Ball 
to simulate the inputs from the pitch and yaw 
pressure transducers. (Indicator light above switch 
indicates that a simulate command has been issued. ) 

(Not used) 

Controls the range of the Pitch and Yaw Indicator 
and the two vector sum meters.  

Controls the ac  power applied to the heater element 
in the Q-Ball. (Indicator light above switch 
indicates that power has been applied. ) 

(Not used) 

Controls the dc power applied to Q-Ball circuits 
from the lU. 



EDS Description 
Section I1 

I IBM AF  I 

Changed 1 Aprirl 1968 

Figure 2-7 
S-IVB Engine-Cutoff Functional Schematic 

2-23/2-24 



EDS Description 
Section V 

SECTION V 

APOLLO-SATURN EDS 
VEHICLE DATA SHEETS 

The Data Sheets included herein provide current updated EDS changes affecting the 
Apollo-Saturn 500 Series Vehicles. Each Data Sheet provides both circuitry changes and 
text description changes applicable to the vehicle specified on the tab. The information for 
each vehicle is self supporting, and reference to prior Data Sheets is - not required unless 
so  specified. 

NOTICE 

A thorough knowledge of the EDS operational concepts discussed within 
Sections I through I '  is essential to the complete understanding of the information 
contained in the Data Sheets. 

Added 1 January 1967 

- - 



EDS (500), Sect. V 

THE CONTENTS OF THE PRECEDING SECTIONS OF THIS M A N U A L  APPLY  TO THE VEHICLE 
SPECIFIED O N  THESE DATA SHEETS EXCEPT FOR THE FOLLOWING DIFFERENCES: 

In Figure 2-6, Abort Sequence Functional 

I Schematic (Sheet I ) ,  and accompanying text have been 
changed as shown on Figure 501-1. 

I In the event an abort  occurs pr ior  to 30- 
seconds after vehicle liftoff, launch vehicle operating 
engine cutoff must be activated by the Range Safety 
Officer. 

Changed 1 July 1967 
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CIRCUIT DESCRIPTION 

Relays K290 and K291 have been added to the launch vehicle 
engine cutoff circuitry located within the EDS Distributor. The contacts 

of relay K290 are located i n  series with the output of the EDS Cutoff Deenergized for 
Inhibit Timer while the contacts of K291 are i n  series wi th  the output of EDS Engine Cutoff 
the Switch Selector. The primary function of these contacts i s  
to prevent an EDS automatic cutoff of the launch vehicle engines i f  an 
abort occurs between 0 and 40 seconds after l i f tof f .  

T 

I f  an abort occurs prior to 40 seconds after l iftoff, the action 
of relays K290 and K291 w i l l  prevent the setting of relays K233 and 
K234 by the EDS Cutoff lnhibit Timer and Switch Selector. With the 
contacts of relays K233 and K234 open, the EDS Distributor cannot 
energize relays K229 through K232 and supply cutoff signals to the 
launch vehicle cutoff circuitry. Consequently, decision to cut off 
the launch vehicle engines rests with the Range Safety Officer. 

I f  an abort occurs at  a time later than 40 seconds after l i f tof f ,  
relays K233 and K234 w i l l  be set, and the EDS Distributor wi l l  provide 
automatic launch vehicle engine cutoff. 

+28 V +28 V 

EDS DISTRIBUTOR k----- -- 
INSTRUMENT UNIT 

Engine Engine Engine 
Cutoff Cutoff Cutoff 
Circuitry Circuitry Circuitry 

INHIBIT TIMER 

b ,  L---l 

Changed Area 

IBM A F  

Figure 501-1 
Abort Sequence Functional Schematic Modification Drawing 

Added 1 July 1967 5 -4A/5-4B 
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THE CONTENTS OF THE PRECEDING SECTIONS OF THIS M A N U A L  APPLY TO THE 
VEHICLE SPECIFIED ON THESE DATA SHEETS EXCEPT FOR THE FOLLOWING DIFFERENCES 

The information contained in the AS-501 Data 
1 Sheets applies also to AS-502. 

(Page 5-6A/5-6B deleted) 

Changed 1 April 1968 

- 
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Added 1 July 1967 

- - - - - - - - - - - - - - l b , - - - - - ~  

----- ----- 
s-ll s-IC 

Prevalves Engine Cutoff Engine Cutoff 
LH2 and LOX Lockout from IU EDS from IU ED5 

Figure 502-1  

S-I1 Engine-Cutoff Functional Schematic Modification Drawing 

5-6A/5 -6B  

, 
I 

& 

Depletion Command Distributor 

CONTROLLER CONTROLLER Y 

$&@ 
~ t z - ~  ~ ~ * ~ j e ~  Changed Area  

IBM A F  

+ 
--- 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Engines 2 through 5 Engines 2 through 5 I 
added. In the event of f a i lu re  I 

I 
1 

1 

I 



EDS (500), Sect. V 

THE CONTENTS OF THE PRECEDING SECTIONS OF THIS MANUAL APPLY TO THE 
VEHICLE SPECIFIED ON THESE DATA SHEETS EXCEPT FOR THE FOLLOWING DIFFERENCES 

Relays K185, K186, and K187 have been 
added to the EDS Distributor to supply +28 V to the 
LV RATE EXCESSIVE lamps in the Spacecraft if  an 
angular overrate condition occurs. Also, relays 
K140 and K141 have been added to supply +28 V to 
these same lamps if an attitude reference failure is 
detected by the LVDA. These changes in the EDS 
Distributor a r e  shown and described in Figure 503-1. 
Figure 503-1 modifies Figure 2-3, Angular Overrate 
Manual-Abort Indication Functional Schematic. 

One of the manual abort indications, listed in 
Section I ,  is changed a s  follows : 

From S-I1 and S-IVB fuel tank pressures 
(4 meters). 

To S-I1 and S-IVB fuel tank pressures 
(4 meters - Upon S-II/S-IVB 
separation, two of the four fuel 
tank indicators a r e  used to indi- 
cate S-IVB LOX tank pressure). 

I Vehicle AS-503 uses a Block I1 Spacecraft 

I Control and Display Panel, and Figures 1-2 through 
1-5 a r e  replaced by Figures 503-2 through 503-4. 

1 The EDS Cutoff Inhibit Timer listed in Table 
1-1 has been changed to a 30-second timer. 

1 Figure 2-4, Engine Out Manual-Abort Indica- 
tion Functional Schematic (Typical), has been changed 
a s  shown on Figure 503- 5. 

A redundant signal line has been inserted in 
the S-I1 and S-IVB engine thrust monitoring circuitry. 

Relays K144 and K145 have been added to the 
EDS Distributor. The relays supply +28 V to the 
Spacecraft S-I1 SECOND PLANE SEPARATION lamps 
to indicate the beginning of S-IVB restar t  sequence. 
The circuit description and configuration a r e  provided 
in Figure 503-6. 

The pitch and yaw angular overrate limits dis- 
cussed within Section I1 have been changed. Before 
an in-flight change, the limits a r e  set  a t  4 degrees/ 
second; after the in-flight change, the limits a r e  set  
a t  9.2 degrees/second. 

The method of changing the angular overrate 
limits has changed. The requirement for the EDS, 
Overrate Timer and for EDS Distributor relays K171 
through K174 no longer exists. The circuit configur- 
ation and description appear in Figure 503- 7. 

Relays K246 and K247 have been added to the 
EDS Distributor. These relays open one of the two 
engine cutoff signal paths from the IU to the S-IVB 
Stage. The relays have been added s o  the S-IVB 
engine can be restarted after spacecraft separation. 
Figure 503-8 shows and describes the circuit modi- 
fication. (This figure modifies Figure 2- 6, Abort 
Sequence Functional Schematic, Sheet 1. ) 

Additional contacts of existing relays K229 - 
and K231, in the EDS Distributor, a r e  being used to 
change from the duplex engine-cutoff circuits in the 
IU to the triple redundant cutoff circuits in the S-IC 
Stage. Circuit configuration and description a r e  
given in Figure 503-8, which modifies Figure 2-6, 
Sheet 1. 

The operation of relays K237 and K238 in the 
EDS Distributor was described in the Data Sheets for 
AS-501. However, the relays were incorrectly num- 
bered K290 and K291 in the AS-501 Data Sheets. 
Since Figure 503-8 modifies Figure 2-6 (Sheet 1) a s  
did the AS- 501 Data Sheets, the purpose of relays 
K237 and K238 a re  described again, with corrections. 

..me 2- 6, Abort sequence Functional 
Schematic (Sheet 2), is changed a s  shown on Figure 
503-9. No text change is required. The changed 
area is depicted by shading. 

Figure 503-10 replaces Figure 2-7, S-IvB 
Engine- Cutoff Functional Schematic. The S-IVB 
engine-cutoff circuitry has been rearranged slightly 
within Figure 503-10. Also, relays K113 through 
K115 have been added and relay K106 has been de- 
leted. The function of added relays K113 through 
K115 is described in Figure 503-10. Deleted relay 
K106 was previously used in energizing the engine 
prevalve control solenoid. 

Changed 15 October 1968 
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THE CONTENTS OF THE PRECEDING SECTIONS OF THIS M A N U A L  APPLY TO THE 
VEHICLE SPECIFIED ON THESE DATA SHEETS EXCEPT FOR THE FOLLOWING DIFFERENCES 

Figure 503-11 replaces Figure 2-8, S-11 
Engine-Cutoff Functional Schematic. Only minor 
changes have been made in the functions of the S-I1 
engine-cutoff circuitry. Figure 503-11 includes these 
minor changes and also presents a partial rearrange- 
ment of Figure 2-8. The only changes that affect 
functional operations of the S-I1 circuitry consist of 
the following: 

Addition of recirculation stop relay K81, 
which is set  by the Switch Selector. 

e Setting of existing prevalves a r m  relay 
K79 by new relay K81 and by +28 V from 
the S-IC Stage (before S-IC Stage separa- 
tion). 

Use of normally closed contacts of K78 
instead of its normally open contacts. 

One change in the S-I1 circuitry affects the 
S-IC Stage. Relays K65 and K66, energized by the 
S-11 Stage Range Safety Command System, provide 
one of three range safety cutoff signals required by 
the S-IC Stage engine-cutoff circuitry. 

New circuitry has been added to the S-IC Stage 
to make cutoff of the engines more reliable. Figure 
2-9, S-IC Engine-Cutoff Functional Schematic, is 
replaced by Figure 503-12. A new description of the 
sequence of operation for S-IC engine cutoff is given 
with the figure. 

Changed 15 October 1968 
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,'I-----'--II------------------------------------,,, 

1 
COM COM 1 

I .................. 

EXCESSIVE 
I..-.. .............I..... 

I 
L--,--,, , 

SPACECRAFT COMMAND MODULE 

a 

'i 0 0 0 j 

------- 
~ E D S  ---5 
I  DISTRIBUTOR 
I 
I 
I -- 

K162 COM ZZK164 +28V +28V -- 
I  COM 

K161 C J  9 K163 

I  COM COM 

I  
I 
I 
I +28 V +28 V +28 V +28 V +28 V +28 V +28 V +28 V +28 V 

I  
+28V +28 V +28 V +28 V 

-.-------------I------------------.---- ---- 5 
t---- ----- 1 r------- 1 r----------1 

I I I I I 
I K150 K151 K152 K153 K154 K155 

LAUNCH 1 I  CONTROL DISTRIBUTOR I 
I  

I  DATA ADAPTER 
I I  I  I 

I L--- ---- J L- --,,,,, 1 

I I  
I  I 
I 
& 

I + ATTITUDE REFERENCE FAILURE INDICATION 

MODIFICATION 

Failure of the Saturn vehicle attitude 
reference previously resulted in  the Launch 

ANGULAR OVERRATE INDICATION Vehicle Data Adapter energizing relays K142 
and K143 in the EDS Distributor. These two 

MODlFlCATlON relays, in turn, caused +28 V to be supplied 
to the dual-lamp LV ATTITUDE REFERENCE 

Since the rol l ,  pitch, and yaw overrate Therefore, with any two of the three relays FAILURE indicator in the Command Module. 

circuits a r e  identical, only the roll  circuit (K150 through K152) energized, +28 V will be Now, two additional relays, K140 and K141, 
will be discussed. When any two of the three supplied through the normally open contacts of a r e  energized a t  the same time K142 and 
roll  ra te  switches sense an angular overrate, K159 or K160, or both, and will energize re -  K143 are  energized. Consequently, if an 

their associated relays K150 through K152 lay K185. Then +28 V is supplied through the attitude reference failure occurs before inhi- 

in the Control Signal Processor a r e  ener- normally open contacts of relay K185 to the biting relays K169 and K170 a r e  energized 
gized and +28 V is supplied to the roll  over- LV RATE EXCESSIVE lamps on the Control (refer to paragraph 2-5 for purpose of K169 
rate  voting circuit in  the EDS Distributor and Display Panel of the Command Module. and K170), +28 V will be fed through contacts 
(refer to paragraph 2-5 for a description of The yaw and pitch circuitry operates in a of K140, K141, K169, and K170 to the dual- 

this sequence). similar manner to energize relays K186 and lamp LV RATE EXCESSIVE indicator. There- 
K187. fore, the LV RATE EXCESSIVE indicator 

will light in addition to the LV ATTITUDE 
REFERENCE FAILURE indicator. 

IBM AF 

Figure 503-1 
Angular Overrate Indication and Attitude Reference Failure Indication Modification Drawing 

Changcd 15 October 1968 503- 3/503-4 
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Location View 

- - r---KOI.UC-) 

IBM AF 

Figure 503-2. Mission Sequence Controls, Block II (Panels 7 and 8) 

Legend for Figure 503-2 

Changed 15 October 1968 

Index 
Number 

1 

2 

3 

Nomenclature 
on Panel 

SEQUENCE O F  EVENTS CONTROL SYS. 

SEQUENCE OF EVENTS CONTROL SYS. 

EDS POWER 

Nomenclature in 
Technical Manual 

MASTER EVENTS SEQUENCE CONTROLLER LOGIC 

MASTER EVENTS SEQUENCE CONTROLLER PYRO 

EDS POWER 
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Location View 

IBM A F  

Figure 503-3. Crew Safety Controls, Block 11 (Part  of Panel 2 )  

Legend for  Figure 503-3 

Changed 15 October 1968 

Index 
Number 

1 

2 

3 

4 

Nomenclature 
on Panel 

ABORT SYSTEM - 2 ENG OUT 

EDS AUTO 

ABORT SYSTEM - LES MODE - TWR 
J E T  SPS MODE 

ABORT SYSTEM - LV RATES 

Nomenclature in 
Technical Manual 

S-IC TWO ENGINE OUT AUTO ABORT DEACTIVATE 

AUTO ABORT ENABLE 

LET JETTISON 

RATE EXCESSIVE AUTO ABORT DEACTIVATE 
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Legend for  Figure 503-4 

Changed 1 5  October 1968 

Index 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Nomenclature 
on Panel  

ABORT 

LV RATE 

LV GUID 

S-II SEP 

LV ENGINES 

LIFT O F F  

NO AUTO ABORT 

LV a SPS PC 

LV/SPS IND - =PC 

Nomenclature i n  
Technical Manual 

ABORT REQUEST 

LV RATE EXCESSIVE 

LV ATTITUDE REFERENCE FAILURE 

S-I1 SECOND PLANE SEPARATION 

ENG NO. 1 OUT S-IC, S-I1 OR S-IVB 
(for indicator 1); Eng No. 2 th ru  5 out S-IC and S-I1 
(for indicators 2 t h ru  5). 

LIFTOFF 

NOAUTOABORT 

Angle of Attack 

LV A OF A - SPS P C  
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EDS (500), Sect. V 

When the S-IVB restar t  sequence is ini- 
tiated, the Switch Selector sets  relays K144 
and K145. Their normally open contacts 
then supply +28 V to the indicator lamps. 
Relays K144 and K145 a re  set approximately 
70 seconds before S-IVB restar t  and a r e  re-  
set approximately 10 seconds before actual 
S-IVB restar t .  

1111111111111111111II111IIII11111IIII111III111III111~1~ 

COM COM 

I--- 

( d 0 l A N D S - n -  
DISPLAY PANEL Second 

-1 
I Plane 

Figure 503-6. S-IVB Engine Restart Indication Functional Schematic 

Separation L - - - - - , 

503- 10 Changed 15 October 1968 

, - , 
I 

- - 
SPACECRAFT COMMAND MODULE 

INSTRUMENT UNIT 

r * 4 

J 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 . 1 1 1 1 I m I I I 1 1 1 1 1 I I I ~ ~ I I I I 1 1 I ~ ~ m I m 1 1 I I I I I m  

- - I - ~ - - -  

COM 1 
5 c l  n l  

41 a I K144"145'.f K1469K147TK144$K145$ 2 K 1 4 5 2 K 1 4 5  I I 
I 
I I 

EDS DISTRIBUTOR 4 8 ~  +28V 4 9 ~  +28V L---------------,-" 
r-- l i  

I SWITCH SELECTOR 
1 

L----- 
I 

J 
= - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ I I I I I I I I I I I ~ I I ~ I I I I I I I I ~ ~ ~ ~ I I  

C IRCUIT  DESCRIPTION 

The S-11 SECOND PLANE SEPARATION 
indicator lamps on the Spacecraft Control and 
Display Panel a r e  normally used to indicate 
S-I1 second plane separation. By the addition 
of two relays in the EDS Distributor, the S-I1 
SECOND PLANE SEPARATION indicator 
lamps perform an additional function of indi- 
cating the initiation of the S-IVB res ta r t  
sequence. 

Prior  to S-11 second plane separation, re-  
lays K146 through K149 a re  energized, and 
+28 V i s  supplied to the indicator lamps. At 
S-I1 second plane separation, relays K146 
and K147 a re  deenergized, and the indicator 
lamps a r e  extinguished. 

IBM AF 

4 
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- 
JL - - - - - - - - - - - - 

EDS DISTRIBUTOR 

Reset 

Bus 

--- 

To Control 
Signal Processor 

- 
CIRCUIT DESCRIPTION 

The angular rate limit, above which an When the rate excessive inhibiting relays 
overrate condition is indicated, a s  discussed are  activated by the Switch Selector, their 
in Section I1 of this manual, was previously normally open contacts supply +28 V through 
switched during flight by the action of the EDS two diodes to the Control Signal Processor. 
Overrate Timer (20 SEC) and the Switch 
Selector. This +28 V supplied to the Control Signal 

Processor will change the angular rate limit, 
With Vehicle AS- 503, the angular rate above which an overrate condition will exit. 

limit is switched by the rate excessive in- 
hibiting relays K240, K241, K242 and K243 
located within the Control Distributor and by 
the addition of two electrical lines and two 

Changed Area 

diodes. 
IBM AF 

Figure 503-7. Angular Overrate Automatic Abort Functional Schematic Modification Drawing 

Changed 15 October 1968 503-11/503-12 
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DEENERGIZED FOR 
EDS ENGINE CUTOFF 

SPACECRAFT COMMANU MODULE 

INSTRUMENT UNIT 

CIRCUIT DESCRIPTION CIRCUIT DESCRIPTION 
I 

Relays K237 and K238 have been added to the 
launch vehicle engine cutoff circuitry located 
within the EDS Distribl [tor. The contacts of relay 
K237 a r e  located in sei8ies with the output of the 
EDS Cutoff Inhibit Tim er , while contacts of K23 8 
a r e  in ser ies  with the I wtput of the Switch Selec- 
tor .  The primary fun( tion of these contacts is to 
prevent an automatic E DS cutoff of the launch 
vehicle engines a t  30 second after liftoff, if an 
abort had occurred bet ween 0 and 30 seconds 
after liftoff. 

Contacts of relays K246 and K247 have been 
added i n  one leg of the S-IVB engine cutoff circuits 
in the EDS Distributor. These relays a r e  used to 
remove one of the two engine cutoff signals that 
a r e  automatically sent to the S-IVB Stage a t  
launch vehicle/spacecraft separation. This change, 
along with an accompanying change in the cutoff 
circuits in  the S-IVB Stage, allows the S-IVB 
engine to be restarted for a third burn after space- 
craf t  separation, if desired. 

CIRCUIT DESCRIPTION 

I Additional contacts of relays K229 and K231, I 

prior to 30 seconds after 
hys K237 and K238 will I - ]  ])KZ38 

COM I Relays K246 and K241 a r e  set  by the Switch I I plus 2 diodes, have been added to the S-IC engine 
I cutoff circuits in the EDS Distributor. The pur- If an abort occurs 

liftoff, the action of r e  
prevent the setting of I 

the EDS Cuttoff Inhibit 
Selector. With the c o ~  
K234 open, the EDS Dj 
relays K229 through K 
nals to the launch vehi 
sequently , decision to 
engines r e s t s  with the 

Selector after spacecraft separation. Contacts 
of relay K238, between the Switch Selector and 
coils of relays K246 and K247, a r e  closed auto- 
matically upon spacecraft separation. 

pose of these added parts is to change from the 
duplex cutoff circuitry in  the EDS Distributor to 
the triple redundant cutoff circuitry in the S-IC 
Stage. 

'7 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

elays K233 and K234 by ( COM I 1 1 I 
Timer and the Switch 
tacts of relays K233 and 
stributor cannot energize K233 K234 

132 and supply cutoff sig- 
:le cutoff circuitry. Con- 
cut off the launch vehicle 
Range Safety Officer. 

If an abort occurs 
seconds after liftoff, r 
will have been set ,  ant 
provide automatic laur 

at a time later than 30 
elays K233 and K234 
the EDS Distributor wil l  

ch vehicle engine cutoff. 

'r 
! EDS DISTRIBUTOR 

' CONTROL 
DISTRIBUTOR t l  I & '  

RESET I 
BUS , 

TO S-IVB 
ENGINE 
CUTOFF 
CIRCUITRY 

TO S-ll 
ENGINE 
CUTOFF 
CIRCUITRY 

TO S-IC 
ENGINE 
CUTOFF 
CIRCUITRY 

r ;D; ;;T;;F- - - 
I INHIBIT TIMER I I SWITCH SELECTOR I 

I 
Figure IBM 503- AF 8 

Abort Sequence Functional Schematic (Sheet 1) Modification Drawing 

Added 15  October 1968 503-13/503-14 
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Added 15  October 1968 

1--11--- 

S-l I 
1 

S-IC 

Figure 503-10 
S-IVB Engine-Cutoff Functional Schematic Modification Drawing 

503-17/503-18 

ENGINE ENGINE 
I 
I 

J I 
1111 

1- 

S-IVB r----------l----ll-l----I----------- 
I 

SWITCH SELECTOR 

I 
I 
I 
I 
I 
I 

from the IU. These relays, along with relays 
COM added in the IU, a r e  used to remove EDS 

engine-cuttoff signals that a r e  automatically 
produced a t  launch vehicle/spacecraft separa- 
tion. Additional contacts of K113 a r e  used to 
activate the motor-operated power switch. 
This switch then reapplies power that was re -  
moved during application of the EDS cutoff sig 
nals. Relays K113 and K114 must be se t  by 
the Switch Selector, after spacecraft separa- 

K114 can be set  only if relay K115 is de- 
energized. Relay R115 will already be de- 

will have caused the motor-operated switch to 

I- 

s ll S-ll ENGINE 
NOTES: 

S-IC ENGINE 

* NOT PROGRAMMED. 
CUTOFF CUTOFF 

1. R E U Y  NUMBERS SHOWN ARE FOR REFERENCE ONLY AND DO NOT CORRESPOND TO ACTUAL HARDWARE REFERENCE DEJGNATIONS. 

2. ALL RELAYS ARE SHOWN IN DEENERGIZED OR RESET CONDITION. 
IBM AF 

11II11.I1I. 

I 

CUTOFF 
V 

--,--L--.-4 

I1 r, 
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S-IVB . 1 8 ~ ~ r  

s-11 PREVALVES S-ll S I C  
I - - - - - - - - - - - - - - - LOCKOUT LH2 AND LOX ENGINE CUTOFF ENGINE CUTOFF 1 COMMAND DEPLETION FROM IU  EDS FROM IU EDS 

RESET SWI1 'CH SELECTOR 
(GSE) DISTRIBUTOR 

(GSE) L -- Y - - - - - - 8 

--- -- 1 
I L  I L  

+28 V +28 V 
I 
I 
I 
I 
I 
I 

ENGINES 2 THROUGH 5 
I 
I 
I 

THROUGH 5 THROUGH 5 THROUGH 5 
I 
I 

-- 
,, K76 

I 
f- -1 I 

I 
I 
I 
I 

-- &I 

EDS ENGINE POWER 
REDUNDANT CUTOFF 
INHIBIT COMMAND 
(GSE) 

S -11 
I - - - - - -  I------------ 

s-Ic NOTES 

1. RELAY NUMBERSSHOWN ARE FOR REFERENCE ONLY AND DO NOT CORRESPOND TO ACTUAL HARDWARE REFERENCE DESIGNATIONS. 

2 ALL RELAYS ARE SHOWN IN  DEENERGIZED OR RESET CONDITION. 
L 

+28 V BEFORE 
3. RELAYS K6O THROUGH K72 AND K79 THROUGH K81 ARE USED IN  CUTOFF OF ALL ENGINES. ALL OTHER RELAYS SHOWN ARE FOR ENGINE NUMBER 1 ONLY. 

RANGE SAFEP/ S-IC ENGINE 
S-IC SEPARATION SYSTEM CUTOFF CUTOFF 

FOR S-IC 
IBM AF 

Figure 503- 11 
S-I1 Engine-Cutoff Functional Schematic Modification Drawing 

DISTRIBUTOR 
* 

u 

j 
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CIRCUIT DESCRIPTION , ,  '-- ------ 
SEQUENCER CONTROLLER i r--- 1 

I SAFETY 
S-IC 
ENGINE CUTOFF 

~ 6 5  COMMAND FROM IU EDS 
SYSTEM 

CONTROLLER CON TROLL^ DISTRIBUTOR - 
L--- COM + 2 8 V  --7 

L--- I 
S-ll - - - -  ----------- ----------- 

For EDS cutoff of the five S-IC engines, 
cutoff signals from the EDS Distributor a r e  
fed through the S-IVB and S-I1 Stages to re -  
lays K34, K35, and K36 in the Main Distri- 
butor. Contacts of these relays form two 
2-out-of-3 voting circuits. With two or more 
of these relays energized, +28 V is fed 
through both 2-out-of-3 voting circuits to 
engine cutoff relays for each of the 5 engines. 
For  simplicity, cutoff relays and subsequent 
circuitry a r e  shown for engine number 1 only 

S-IC --7- --- 
RANGE RANGE 1 

7-- ---- --- - 
+28 v 

O I 
0 

+28 V +28 V 
I 

> > 
K33 K Y  < K35 < K36 I 

I 

SWITCH SELECTOR I 
Positive 28 V through one of the voting 

circuits is applied to cutoff relays K40 and 
K41 for engine number 1. Also, +2 8 V 
through the other voting circuit is applied to 
engine number 1 cutoff relays K42 and K43 
and to cutoff enable relay K37. With K40 
through K43 energized, +28 V activates both 
engine stop solenoids to cut off engine number 
1. As the engine thrust decays, the engine 
thrust OK switches open and deenergize relays 
K1, K2, and K3 in the Thrust OK Distributor. 
Contacts of K1, K2, and K3 form another 2- 
out-of-3 voting circuit. Positive 28 V 
through this voting circuit activates a cutoff 
backup timer. After a time delay, the timer 
feeds +28 V through contacts of previously 
energized relay K37 and energizes relays 
K38 and K39. With K40 already energized, 
+28 V is now fed through contacts of K39 and 
K40 to the fuel and LOX prevalve control 
valve solenoids, thereby completing engine 
shutdown. 

I I I I L I *  =F+F 
MAIN DISTRIBUTOR 1 

TIMER NO. 1 TIMER NO. 1 

I I I I I 1 I 
$(I CI r  1  CI r )  n r l  s 

COM & 
COM 

ti 5y 4 4 I  
ENGINES 2 THROUGH 5 ENGINES 2 THROUGH 5 

It".,m 
TIMER NO. 2 TIMER NO. 2 

r---------------------- 
I THRUSTOK - I I DISTRIBUTOR CUTOFF I I 

I 
I - BACKUP I 

TIMER I I &K37>K37 

In addition to engine cutoff by the EDS, 
the S-IC engines can be cut off by four 
other methods, a s  shown. F i rs t ,  the inboard 
engine (engine number 5) can be cut off sep- 
arately by the Switch Selector. Second, 
signals from fuel and LOX cutoff t imers can 
cut off all  engines simultaneously. Third, 
all  engines can be cut off simultaneously by 
the Range Safety Command System. Fourth, 
internal circuitry of the Thrust OK Distribu- 
tor and the Main Distributor can cut off any 
single engine if that engine loses proper 
thrust (as sensed by the thrust OK switches). 
This fourth method i s  dependent, however, 
upon latching relay K23 being set by the 
Switch Selector, resulting in relay K37 being 
energized. 

I 

&;.TK40 T ? T  T T  I COM COM 
+28 V +28 V 

NOTES: 

1. RELAY NUMBERSSHOWN ARE FOR REFERENCE ONLY A N 0  DO NOT CORRESPOND TO ACTUAL 
HARDWARE REFERENCE DESIGNATIONS. 

2. ALL RELAYSARE SHOWN I N  DEENERGIZED OR RESET CONDITION. 

I 
I 

THRUST OK (1) THRUST OK (2) THRUST OK (3) I 3. RELAYS K16, K19, K m  I(= I(_ K n ,  KZ8, AND K31 THROUGH K36ARE USE0 I N  CUTOFF OF ALL VALVE SOLENOID VALVE SOLENOID 
ENGINES. RELAYS K1 THROUGH K3AND K37 THROUGH K43 ARE USED FOR ENGINE NUMBER 1 ONLY. 
ALL OTHER RELAYSSHOWN ARE FOR ENGINE NUMBER 5 ONLY. 

I 
_I 

IBM AF I 
I Figure 503-12 I 

S-IC Engine- Cutoff Functional Schematic Modification Drawing 

503-21/503-22 Added 15 October 1968 
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THE CONTENTS OF THE PRECEDING SECTIONS OF THIS MANUAL APPLY TO THE 
VEHICLE SPECIFIED ON THESE DATA SHEETS EXCEPT FOR THE FOLLOWING DIFFERENCES 

The information contained in the AS- 503 Data 
Sheets applies also to AS- 504. I' 
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THE CONTENTS OF THE PRECEDING SECTIONS OF THIS MANUAL APPLY TO THE 
VEHICLE SPECIFIED ON THESE DATA SHEETS EXCEPT FOR THE FOLLOWING DIFFERENCES 

The information contained in the AS-503 Data 
Sheets applies also to AS- 506. 
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THE CONTENTS OF THE PRECEDING SECTIONS OF THIS MANUAL APPLY TO THE 
VEHICLE SPECIFIED ON THESE DATA SHEETS EXCEPT FOR THE FOLLOWING DIFFERENCES 

The information contained in the AS- 503 Data 
Sheets applies also to AS- 507. 
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THE CONTENTS OF THE PRECEDING SECTIONS OF THIS MANUAL APPLY TO THE 
VEHICLE SPECIFIED ON THESE DATA SHEETS EXCEPT FOR THE FOLLOWING DIFFERENCES 

The information contained in the AS- 503 Data 
Sheets applies also to AS- 508. 
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EDS Discription 
Glossary 

COM 

EDS 

ENG 

GSE 

ICD 

IU 

JETT 

LES 

Common 

Emergency Detection System 

Engine 

Ground Support Equipment 

Interface Control Document 

Instrument Unit 

Jettison 

Launch Escape System 

GLOSSARY 

LV Launch Vehicle (Saturn portion of 
Apollo-Saturn vehicle) 

MESC Master E v e ~ t  Sequence Controller 

Q-Ball EDS Q-Ball Sensor System 

SPS Service Propulsion System 

TM Telemetry 

TWR T ~ w e r  

Glossary 1/2 
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APPENDIXES 

Major portions of the EDS Interface Control Documents (ICD's) for  Apollo- 
Saturn 500 Series Vehicles depicted on the title page have been included in the 
following Appendixes. The ICDfs contain useful data that supplements the infor- 
mation in the preceding sections of this manual. Schematics in the ICDfs provide 
more detail than the schematics in Section 11. However, in some cases, the 
schematics in Section I1 contain later information than those in the ICD's. In 
addition to schematics, the ICD's include lists of relays and lists of the various 
+ 28 V buses required by the EDS. 

The style and format of the material in the Appendix a r e  not the same a s  
those in the preceding sections of the manual. No attempt was made to restyle the 
content of the ICDfs to conform to the manual style. 

Inclusion of a complete ICD for each vehicle would have caused unnecessary 
duplications. Therefore, when a section in one ICD is duplicated in another ICD, 
that section is presented only once herein and referenced thereafter. 

Beginning with the insertion of the AS-505 Data Sheets, 
Apollo-Saturn Emergency Detection System Interface 
Control Documents will no longer be provided a s  a portion 
of the Appendix. The current Interface Control Documents 
in the Appendix will not be updated but may be retained a s  
reference material if desired. 

Changed 1 April 1968 Appendixes 1/2 



APPENDIX A '  

GEORGE C. MAWZXAU SPACX FLIGHT CENTER 

DI'YERYACE CONTROL DCEUMENT 
DEBCBInTiC1.N O F  SATLD3.N $A-501 AND APOLLO SC-017 

EMERGENCY DETECTION SYSTEM 

I. INTRODUCTION 

A. The purpose of &is document is to describe the Apollo4shun SA-Ml Exnergwmy 
Detection System (ELS) design, me design is a coordinated effort by the Crew Safety 
Panel members and represents technical Infwta from several #ASA Centers and ie 
binding on all participating centers. The system W n e d  in this document conforms to 
the "Deeign Criteria for Saturn-U On-Bod Emergency Ilktection System, E D  
(#13M65001)." Paragraphs 1. througb 2.b. are in accordance with 13M65001 Uld 
describe deviatiops from the critoria which are approved by the Paael far this unmanned 
development mission. 

a.  Absrt.Seq?lence. The ED6 in thfs mission wlll operate in an open loop 
mode. Automatic abort signals from the Launch VeMcle w i l l  be inhibited 
in the spacecraft. 

b. Automatic Abort Activation. The liftoff signal will not activate the 
Em automatic abort mode in this mlseion, The entire autonmtic abort 
signal will be interrupted in the epacecraft by leaving the A*-Abort Esmble 
Switch in the OFF position. 

c. Manual Abort Consideratione 

(I) Manual sbart from the spacecraft wi l l  not be feasible in this 
mieeion. Criteria for g r d  comavand abort will be dartermined 
by operational authority and are mt witbfn abe mope of thie timmmmt. 

(2) C W i u t y  for grownd activation of an &art request indicoaDr 
cimrrit in the spacecraft will be pmvidsd. Activation of .the circttit 
will be indicated by TM. Prior to liftoff, operation of the circPit 
will utilize hard-line to the inatnmmnt anit. After liftoff, cwIy the 

APOLLO INTERFACE DOCUMENT 
* The ICD in  this  Appendix was  dated December  25, 1965, and includea 

no revisions.  
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40M37533 
R8age Safety b t r u c t  system arming commaad to the S-NB stage 
vlll be aesd to activate the circuit. 

8. ~~~y Detesetion Panmetern for Automatic Abort 

a. Angular Overrates. 

(1) Automatic abort signal d l  he transmitted to the spacecmft, 
far telemetry only, when two of three gpros in any plme indicate 
that the rate limits are excee&d. 

(2) bgdar overrate (pitch, roll, jnw) 6i@s will be dmwtivated 
by the lauaeh vehicle seq- prior to bbaard e* cutoff 
snrhle. 

b. 8-V Two Zughes Out. The loss of thrust on two or more engines 
vininwste;ur automatic abort .igarl rhfch is trsnsmftted to the 
ojmcearaft for telemetry cmly. Thir .ignrrl nil1 be deactivated prior 
to inboard engine cutoff 8rming by the lrrruaGh vehicle sequencer. 

B. Thir ducument defines interfaces between modules and stages in functional terms 
oaly. Detailed intsrhee information ia contained io other interface documents. The 
document drrwhg numbere and other pertinent information may be obtained from the 
'Tntar-CeDter btetfsce Control Document Log. '' 

C. This docuarent does not reflect all connections from other systemg into the ED3 
cimuit.. 

For urs with t h i m  document the following rbbrerttLtiaaa &all npp1y: 

AUTO 
BllrTT 
B x x  
CB 
CYD 
CO 
COY 
COMB 
c m  

APOLLO INTERFACE DOCUMENT 
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CTL 
DC 
DDAS 
DEACT 
DISCH 
D m R  
EDS 
ENG 
F ~ M  
FWD 
GSE 
IND 
INSTR 
Iu 
JETT 
LECO 
L ES 
LET 
LH2 
LOX 
LV 
MCP 
MEAS 
MESC 
Ms 
NC 
NO 
No. 
PRESS 
PWR 
RECIRC 
REQ 
s 
SC 
SEC 
st8 
SF'S 
SUPV 
TM 

APOLLO 

Mtect Current 
Mgital Data Acquisition System 
Deactivate 
Discharge 
Mstributor 
Emergency Detection System 
Engine 
FligJlt Combustion Monitor 
FOJ ward 
Ground Support Equipment 
Indication 
Instrumentation 
Instrument Unit 
Jettison 
Lox Engine Cutoff 
Launch Escape System 
Launch Escape Tower 
Liquid Hydrogen 
Liquid Oxygen 
Launch Vehicle 
Mission Control Programmer 
Measurement 
Master Event Sequence Controller 
Millisecond 
Normally Closed 
Normally Open 
Number 
Pressure 
Power 
Rectrculation 
Request 
switch 
Spacecraft 
Seoand 
Sequencer 
Service Propulhiion System 
supervision 
Telemetry 

INTERFACE DOCUMENT 
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El, ELECTRICAL SYMBOLS 

The dwtrical s>mhr~la used in this dacument are listed below. 

Battery 

Electrical Relay Coil 

Elect. Magnetic Latch Relay Coil ~ i o d e  or nectiuer 

Magnetic Latch 
Normally Cbaed 

Normally Closed 
Electrical Relay Contacts 

Magnetio Latch 
Normally Bpen 

Normally Open 
Eleotrical Relay 
Contactsl 

APOLLO INTERFACE DOCUMENT 



Resistor 

Transistor - NPE 

Z 
Fuse 

Transistor - PNP 

EDS'DeeCriptioa 
Appendix A 

Meter 

APOLLO INTERFACE DOCUMENT 
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Bus Termiual 
Solder or Crimped 

Single Throw Switch 

Prssrrure Switch Circuit Breaker 
Transfer with Increme 
in Pressure 

Double Throw Switch 

Motor Switch 

APOLLO INTERFACE DOCUMENT 
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IV. INTERSTAGE SIGNALB 

The method used in transmitting signals between stages will be as 
follows: If stage "A" requires a signal from stage "B" it will furnish stage "B" 
with a plus 28 volts, and stage "B" will switch the plus 28 volts and return the 
$witched signal to stage "A". (See figure 1.) The plus 28 volts for signal 
transmission need only be furnished one time fur rr set d signals between stages. 
This method of transmitting signals allows the d.o. power of each stage to be 
completely independent and eliminates the problems of current t r w f e r  in the 
negative side of the d. c. power systems. 

*ID10 The +ID10 bus is eupplied directly frsm S-IC Battery Number One 
(116AlO). 

+ID11 The +ID11 bus is supplied fnlm the +ID111 b w  befare power tranafer 
o r  the +1D10 bus after power transfer. 

+ID20 The +ID20 bus is supplied directly from S-IC Battery Number Two 
(115A20). 

+1D!2l The *ID21 bus is supplied from the *ID211 bus before power transfer 
o r  tha +lD20 bue after power transfer. 

+ID111 Tbe +ID111 bus is supplied from the GSB networks and suppliee the 
41D11 bus during vehiole checkout and prelaunch sequence prior to 
power transfer. 

+ID119 The +ID119 bus is supplied from the +lo119 supply in the GSE. 

+1D211 The +lR211 bus is supplied from the.GSE betworks and supplies the 
+ID21 bue during vehicle checkout rurd prelaunch sequence prior to 
power transfer, 

+ZD11 The 2Dll bus is supplied from any of the following: 
(a) GSE Regulated +28 VDC Main Power Supply before 

power transfer. 
5-11 Main Battery 2071A1 after power transfer. 
GSE Main DC Power Supply before liftoff. 

APOLLO DOCUMENT 
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+28 VOLTS D.C. 

r TO CONTROLLED 
DEVICE 

STAGE "A" 
STAGE "8" --+---I.---- 

CONTROLLING CONTACTS 1. 

APOLLO INTERFACE DOCUMENT 
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+2DZ1 The +ZD21 bus is supplied from any of the following: 

la) GSE Regulated +a8 VDC Instrumentation Power 
Supply before power tranefer. 

@) S-H Instrumentation Battery 207AtA2 after 
power transfer. 

(c) CSE Xnstrumentation DC Power Supply before 
liftoff. 

MD11 The U D l l  bus is supplied from the M D l l l  b w  befom power 
transfer or the +4D10 bus after power transfer. 

&Dl5 The +4D15 bus i s  supplied from the &Dl1 bus after the 
8-NB receives the l'Sequencer Power ON Command" from 
GSE . 

M W 1  The MD31 b w  is supplied from the +&Dl31 bus before 
power transfer or the +4WO bus after power transfer. 

+6-Dl0 The *Dl0 bus is supplied directly from the IU Battery 801A7. 

MD11 m e  =%Dl1 bus is supplied from the MI3111 bus before power 
transfer or the *Dl0 b w  after power transfer. 

WM(0 The +6WO bus is supplied efireotly from the IU Brttery 601A9. 

MM1 The *6W1 bus is supplied from the MI1211 bus before power 
transfer o r  the +6WO bus after power transfer. 

+6D40 The +6WO bus ie supplied direcltly from the N Battery 601AlO. 

+6IM1 The +6Wl  bus is supplied from the +6D211 b w  befors power 
transfer o r  the +6WO bus alter power transfer. 

+BIB1 The +6DBl bus is supplied from the M D l l  bus and is one of 
three EDS bwea used in the IU for EIW circuitry. 

46D92 The +OD92 bus is supplied from the +6D31 bua aad i s  one of 
three buses used in the IU for EDS circuitry. 

+5B3 The +6I)93 bus is supplied from the MD41 bye and is one of 
three buses used in the IL? for EDS circuitry. 

APOLLO INTERFACE DOCUMENT 
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*Dl19 

Battery Bus A 

EDB Bus No. 1 

EIW Bus No. 9 

Ern 
Change Over 
Bue A 

Itm 
Change Over 
BuaB 

The +6P119 bus is supplied to the IW from GSE. 

Battery Bue A is supplied directly from the Apollo Entry 
Battery A. 

Battery Bus B is supplied directly from the Apollo Entry 
Battery B. 

The ED9 Bus No. 1 is supplied from Battery Bus A through 
r circuit breaker and the ED8 power switch. 

The EDS bus No. 2 is supplied from Battery C 
through a circuit breaker and the EDB power switch. 

The EDS Bus No. 3 is supplied from the Battery Bue El 
throub a circuit breaker and the ED8 power switch. 

The EDS Chnnge Over Bus A energizes from EDB Bm NO. 1 
except when EDS Bus No. 1 faile (becomes de-energized) i t  
automatically switches over to EJB Bua No. 2. 

The ED8 Change Over Bus B energizes from EDS Bus No. 3 
except when ED8 Bus No. 3 fails (becomes de-energized) it 
automatically ewltches over to EDB Bus NO. 2. 

Reset 
Bue No. 1 

Supplied from the GSE networks and is used to reset oritical 
EaB magnetic latch relays prior to launch. It may also be 
used during vehicle checkout to return these relays to their 
mrmd position. 

Logic 
Bum A 

Supplied from Battery Bus A through a circuit brealcer and 
logic bus a rm relay. This bus is armed o r  &ed by the 
QSB operated logic bus arm relays and is used to aotivate 
the circuitry in WESIC A. 

Supplied from Battery Bt\s B through a circuit k e a k e r  d logio bum 
arm relay. This bus is armed o r  safed by the GSI operated 
logic bus arm relays and i s  wed to activate the circuitry in 
MeSC B. 

APOLLO INTERFACE DOCUMENT 



Reset Supplied from the G8E aeOworks and is used ta reeet cr1i.i .:d 
Bus No. 2 ED9 magnetic htch relaye prior to launch. It ma$ oleo IJB 

wed during vehicle checkout to return these relays to their 
normal poeftion. 

VI. RELAY CROSS REFERENCE LI9T 

SATURN V 
EDS RELAY FUNCTlONS 

Coatantrr - Sckernatio Sheet No. 
Function NC NO NC NO NC NO Coil 

K9-2 

K10-1 

K10-2 

K l l  

K 12 

K 13 

K 14 

K15 

K19-1 

8-IC Engine No. 1 T h m t  
Voting Relay A 

3-IC Engine No. 2 Thrust 
Voting Relay A 

8-IC Engine No, 3 TZlruat 
Voting Relay A 

8-IC Engine No. 4 Thruat 
Voting Relay A 

8-IC Engine No. 6 T h m t  
Voting 'Relay A 

EDS Manual/~uto Cutoff of LV 
Engines A 

EDS M a n u d ~ u t o  Cutoff of LV 
Engines A 

EDS Manual/Auto Cutoff of LV 
Engines B 

EDS Manual/~uto Cutaff of LV 
Engines B 

5-IC Engine No. 1 Thrust 
Voting Relay B 

8-IC Engine No. 2 Thrust 
Voting Relay B 

S-IC Engine No.3 Thrust 
Voting Relay B 

S-IC Engine No. 4 Thrust 
Voting Relay B 

5-IC Engine No. 5 Thrust 
Voting Relay B 

EDS o r  Manual Cutoff of LV 
Engines Armed A 

ED8 Deacriphon 
Appendix A 



EDS Description 
Appendix A 

Function 
Contacts - Schematic Shegt No. 

NC NO NC NO NC NO Coil 

ED8 o r  Manual Cutoff of LV 
Engines Armed B 

LV Engines Cutoff No. 1 
from   pol lo Spacecraft 

LV Engines Cutoff No. 2 
from Apollo Spa~ecraft 

LV Engines Cutoff No. 3 
from Apollo Spacecraft 

LV Engines Cutoff No. 2 
from Apollo Spacecraft 

S-IC Engine No. 1 Thrust 
Monitor A 

S-IC Engine Na. 1 Thrust 
Monitor B 

S-IC Engine No. 2 Thrust 
Monitor A 

a-IC Engine No. 2 Thrust 
Molritor B 

S-IC Engine No. 3 Thrust 
Modtor A 

5-IC Engine No. 3 Thrust 
Monitor B 

S-fC Engine No. 4 Thrwt 
Monitor A 

8-IC Engine No. 4 M a t  
Monitor B 

8-JC Engine No. 6 Thrurlt 
Monitor A 

8-IC Engine No. 5 T h a t  
Monitor B 

Auto Abort 1A to Apollo 
Spn46craft 

Auto Abort lB to Apollo 
Spaeecr aft 

Auto Abort 2A to Apollo 
Spacecraft 

Auto Abort 2B to Apollo 
Spacecraft 

Auto Abort 3A to Apollo 
Spacecraft 
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Corn r Schematfc SbOst No. 
NC NO NC NO PC NO Coil 

Auto Abort 3B to Pgolb 
- 3pacscraFt 

+6B95 Monitor to GSE 
5-IC Engine No. 1 Thrust 

Monitor No. 1 
S-IC Engine No. 1 Thrust 

Monitor No. 2 
S-IC Engine No. 1 Thrust 

Monitor No. 3 
S-IC Engine No. 2 Thru~t 

Monitor No. 1 
S i c  Engine No. 2 Thrust 

Monitor No. 2 
3-IC Engine No. 3 Thrust 

Monitor No, 3 
S-IC Engine No. 3 T h m  t 

Monitor No. 1 
S-IC Engine No. 3 Thrust 

Monitor No. 2 
S-IC Engine No. 3 Thrust 

Monitor No. 3 
S-IC Engine No. 4 Thrwt 

Monitor No. 1 
3-IC Engine No. 4 Thrust 

Monitor No. 2 
9-IC Engine No. 4 Thrust 

Monitor No. 3 
S-IC Engine No. 6 Thrust 

Monitor No. 1 
3-IC Engine No. 5 Th~wt 

Monttor No. 2 
S-IC Engine No. 5 Thrust 
Monitor No. 3 

EDS B w  Chwgemver 3 
Excessive Rate Auto Abort 

Inhibit (P , Y , & R) 
Excessive Rate Auto Abort 

Inhibit (Roll) 
S-IC TaFo Engine Out Auto 

Abort Inhibit 

EDS Description 
Appendix A 
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EBS Deseriptioa 
Appendix A 

Relay 1Y Function 

S-IC Two Engine Out Auto 
Abort Inhibit No. I 

8-IC T m  Engine Out Auto 
Abort Inhibit No. 2 

S-IC Two Engine Out Auto 
Abort Inhibit No. 3 

LET Jettisioned B1 
S-IVB Engine Thrust 

Monitor B 
Excessive Rate Auto @rt 

Inhibit (P & Y) No* 1 
Excessive Rate Auto Abort 

Inhibit (P & Y )  No. 2 
Excessive Rate Auto Abort 

Inhibit (P % Y) No. 3 
Excessive Rate Auto abort 

Inhibit (Roll) No. 1 
Excessive Rate Auto Abort 

Inhibit (Roll) No. 2 
Excessive Rate Auto Abort 

Inhibit (Roll) No. 3 
LET JeWonad  B2 
Range Safety Destruct Armed 

A from S-IVB 
Range Safety Destruct Armed 
B from S-IVB 

8-IVB Thrust Monitor A 
Indicator 

EDS ~ - u a i / ~ ~ t o  mtoff A 
of S-IC Engines 

EDS Mmu~l/Auto Cudoff 3 
of 5-LC Engina 

EDS ~anual /Auto  Cutoff B 
of S-IC Engines 

S-IC Engines Cutoff Enable 
S-IC Engines Cutoff Enable 
S-IVB Engine Start Command 
S-1- Engine Prevent Start 
S-IC All Engines OK A 

Contacts - Schematic Sheet No. 
PC hfO NC ' NO NC NO Coil 
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Relay # Function 

Excessive Roll Rate Voting 
. Relay A 

Exceasive Roll Rate Voff ng 
Relay B 

Exoeeeive Pitch Rate Voting 
Relay A 

Exaessive Pitch Rate Voting 
Relay B 

Excessive Yaw Rate Voting 
Relay A 

Excessive Yaw Rate Voting 
Relay B 

ED6 Arming of S-S-TVB Engine 
Thrust Indication A 

ERS MB~W.I/AU~O mt OH A 
8-WE Engine 

s -II/s -NB Separation Simulate 
5 -II/S -WB Separamn Simulate 
Range Safety S-IVB I3eatnrck 

Arm B 
Range Safety S-NB Destruct 

ArmA 
Pad Abort Request 
S-NB Thrust Monitor A 
EDS Bue Changeover A 
U S  Abort Lock-Up A1 
LES Abort Lock-up A2 
Normal S-IVB Engine Cutoff 
ED$ I\ctntnual/Auto Cutoff B of 

S-TVB Engine 
Cutoff 8-IC Inboard Engine 
Cutaff S-IC Outboard Englne 
S -11 All Engines N o r 4  Cutoff 
S-IX Engine No. 1 Thrust 

Monitor A 
S-II Engine No. 2 T h t  

Monitor A 
8-XI Englne No. 3 ThrYet 

Mooitor A 
8-11 Engine No. 4 ThsPrt 

Monitor A 

acts - 91 
NC 
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EDS Description 
Appendix A 

Rehy 9 Function 

K103 
K104 
K105 
K106 
K107 
K108 
K109 
KllO 
K l l l  
K112 
K113 

9-11 Engine No. 5 Thrust 
Monitor A 

Auto-Abort Syatem A Enable 
Inhibit 

Auto-Abort System B Enable 
Inhibit 

Auto-Abort System B Enable 
from GSE 

Auto-Abort System B Enable 
from GSE 

LV Attitude Reference Fail A 
LV Attitude Reference Fail B 
LET Jettisoned Al 
LET Jettisoned A2 
ED8 Abort Voting Logic 

Input A1 
EDS Abort Voting Logic 

Input A2 
EDS Abart Voting Isa;ie 

Input A3 
EDS Abort Voting Logic 

Input B 1 
EDS Abort Voting Logic 

Input B2 
EDS Abort Voting bgic 

Input B3 
Abort B1 
Abort B2 
AbQrt A1 
Abort A2 
Auto -Abort Sys tern Enable A1 
Auto-Abort S y ~ t e m  Enable A2 
Auto-Abort System Enable 31 
Auto-Abort System EnabIe B2 
LES Abort b e k u p  B1 
LES Abort Lock-up B2 
Excessive Rate Auto-Abort 

Inhibit (P, Y & R) 
Excessive Rate Auto -Abort 

Inhibit (Roll) 

Contacts - &hematic Sheet No. 
NC NO NC NO NC NO mil 
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Relay # Function 

9-IC Two Engine Out 
Auto-Abort Inhibit 

+$I391 Bus M E  Disable 
+61)92 Bus. GSE Disable 
+6D93 BUS GSE Disable 
Liftoff 
Liftoff 
5-XI Engine No. 1 Thrust 

Monitor A  (Type 1 of 5 )  
S-I1 Engine No. 1 Thrust 

Menibor B (Type 1 of 5)  
Excessive Pitch Rate Output 
No. 1 

Excessive Pitch Relay Output 
No. 2 

Excasive Pitch Rate Output 
No. 3 

Excessive Yaw Rate Output 
No, 1 

Excessive Yaw Rate Output 
No. 2 

Excmsive Yaw Rate Output 
No. 3 

Ekceaaive Rol l  Rate Output 
NQ, 1 

Exceeeive Rol l  Rate  Output 
No. 2 

Excemive Rol l  Rate Outprt 
No. 3 

RF Ltrrk Abort R e q w s t  A 
RI Littllr Abart Request B  
5-ntB mmt OK BBonitor B  

Lndfcat%n 
B a t e G y r O H ~ R a t u o n A l  
Bate Gyro High Rate on A2 
Bate Gyro High Rate on B1 
RateGyroHighaPteonB2 
h g i c A B u s A r m A  
I b g h A B u s A r m B  
~ ~ o B B u s A r m A  

Contacts - &hemath Zgreet No. 
NC NO NC NO NC NO Coil 
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EDS Description 
Appendix A 

Relay iS Function 

Logic B Burs Arm B 
LET Jettison A 
LET Jettison B 
S-IC Engine No, 1 Rough 

dombustiorf Voting Relay 
8-I(: Engine No. 2 Rough 

Combustion Voting Relay B 
$41 hcond Plane Separatidn 

Simuhte 
8-ff LH2 Prervdves Close 

Command 
S-II Engine No. 1 Thrust 

Monitor B 
S-II Engine No. 2 Thrust 

Monitor B 
a-II Engine No. 9 Thrust 

Monitor B 
S-I1 Engine No. 4 Thrust 

Monitor B 
8-ff Engine No. 5 Thrust 

Monitar B 
$-TI Range Safety No. 1 

Engines Cubaff 
5-XI Range Safety No. 2 

Engines Cutoff 
S-IC Engine No. 1 Prevalves 

Close 
5-IC Engine No. 1 Cutoff 
EDS ~lanual/Auto Cutoff A of 
5-11 Engineirs 

EDS ~anua l /~uto  Cutoff 3 af 
S-II Engines 

8-II LH2 Prevalvee Close 
Command from Engines 
Prevent Start 

S-II LH2 Pr~va lvss  Close 
Command from Exighea 
Prevent Start  

ContPcte - Schematic Sheet No. 
NC NO NC NO NC NO Coil 
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Relay  # Function 

S-I3 LH2 Prevalves Chose 
Command from Engines 
Prevent Start 

S-I1 Start Phase Limiter 
Cutaff Arm 

Engine Start Tntwlock 
BY-~ass 

EDS Arming of S-IVB Engine 
Thrust Indication B 

GSE Engine Thrust Indication 
Enable A 

GSE Engine Thrust Indication 
Enable B 

EDS Arming of S-I1 Thrust 
Indication A 

EDS Arming of S-I1 Thrust 
Indication B 

R F  Abort A1 
RF Abort A2 
R F  Abort 31 
R F  A b t  B2 
LET Jettison A1 
LET Jcttiaon A2 
LET Jeffleon B1 
LET Jettison B2 
S-IVB Prevalve Cuntrol 

Command 
S-I'VB Chill Down Shutoff 

Command 
S-If Seoond Plane Separation A 
8-11 Second Plane Separation B 
3-IC Range Safety Engine@ 

Cutoff A 
3-IC Range Safety R@nm 

Cutoff B1 
S1C R m g e  Sufety Enginas 
Cutoff B2 

MESC logic Bus A Arm A 
ME8C Logic Bus A Arm B 
MESC Logic Bua B Arm A 

Contacts - %hematic Sheet No, 
NC NO NC NO MC NO Coif 

EDS Description 
Appendix A 
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EDS Description 
Appendix A 

Relay # Function 

9-11 Engine No. 1 Cutoff 
Timers Teat 
Normal S-II Engines Cutoff B 
Normal S-I1 Engknes Cutoff A 
S-II All Engines Start Command 
S-11 Engines Prevent Start 
S I I  Engines Prevent Start 

By-pass Command 
S-IC All Engines OK B 

Contacts - hhematic Sheet No. 
NC NO NC NO NC NO Coil 
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EDS DeearipUon 
Appendln, A 

DRAWING NOTE& 

T b  A*-Abort lrus can be eberglr(ed from 
4b ~ L = * ~ I V .  mb c i l d t  u well 8. the tao 
En@m Out Circuit on Page 2. 

 his hia-n i s  mt pogrrmett on tb. mi* 
rrelector for W s  mission. 

 his circuit is mt active on this minion and 
tbe function is inhibited. 
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APPENDIX B* 

GEOl3GZ C. W H A W 1  SPACE FLIGHT CENTEB 

mERFACE CONTROL aOCUMENT 
DEEK;IBEFIQN OF SA- a - 5 0 2  AND APOLM 86-020 

EMERGENCY DETECTION SYBTEM 

A. T&e puspcuae of tbis document ia to deacrib~ tire Apallo-fWmn BA-SQI h q e m y  
DstgcUw System @IYkJ) dasigm. The design i s  o cmmtwt mart by tbe Crew Snfety 
Pornel m~mbers aad wp'semnts tadmid inputs from ssv9rol N M  Gentam and is 
binding on all participating centers. The eyatern defiaed in this docctmeat caaforme to 
the laDaaign ?riteria for t&um-V €In-Baard Emergen@y Detectfan System, ECD 
(#13M@[i001). ** ParserJIphs 1. tlwagh 2.b. are in a c e o m c t  wLtb 1382(55001 and 
descrfbs dewiations froin the witerla *ch um approved by tba Pteel for this ummmd 
d%velopment miesicra, 

a. Abnrt 8 i4um.  The E m  in this d s d m  wll l  opwxta, in nn loop 
made. A ~ ~ i c  b r t  s f ~ h  fsm the Launch Vehiale wil l  be Inhibttsa 
in the spreaem. 

b. AutoaYr#o Abort hef.ivutiaor. The liftoff s i g d  wPn odt 8o!tf.v&1 the 
EDB automaUo rbort mode in this mission. The mt$re autamtia &art 

wiIl be interrrrpt#l tn fhtb ep&ceeraft by ltmvhg the A&-Abort Ihabla 
Switch In the OFF positfan. 

(1) Mantul ibOft ttOm tha spaamraft arfU eot bs feasible in thfs 
xuirndon. CriteriaforgrormdcommsndrboxLflBeds- 
by op6Eaaanol authoritr iernd are not within ths n ic l~pe  of this 

(2) CIJ)Pbilitg for fgmmd aetivatfm dX 811 sbort request ideatar 
cimdt in tfiCI sgxmsmrair w i l l  be provided. Aotieation d tht, clrauit 
wlllbslndieakrdbyTM. P r i o r t o ~ , . o p e F a t i m o f ~ d r c u i t  

APOLLO INTERFACE DOCUMENT 

* The PCD in this Appendix was dated Rcceniber 30,  1965, a d  imludtd no 
reidisipns. Pages of the ICD that were modified for me Apperrdfx do not 
rebin Che ICD drawlajr number. 
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Appendix B 

B u r g b l l l r d s b ~ s p a Q m u m i a g o a m m r n d t 6 t h a & I V B s ~  
will b e d t o  ictivrtsthe cirrwft. 

2. -y l b b d a n  Rvrmdeh for 4hbmat& Abort 

(1) Autonutic abort signal will be trummitted to the spacmrilC, 
fur telomctry d y ,  rhar d thlae gymm in any plms. indints 
tb t  tbs rrt. limit8 are sxcsadsd. 

Ce) Anplu--(pi-,-n,B*-dbe- 
b.Jr the vehicle - prior to Ulaerd eu@m cut& 
d b .  

b. 8-VTwoEaglacs03. T l r o l a u d t b ~ o n h r o o r m b r e ~  
d n - ; ~ ~  .bort rhicb in t ~ m i t b d  to tbe 
.p.ecbcnCL for telemetry oolJ. Tat. migd will be dncamted prlor 
to bboud engins cutDff arming by the lurnch vehkle se~llrmier. 

B. This doerunsnt define. interfaces between mothdes ud stages in functional terms 
arl J. DeWled intarface Mommation i s  cantrind in other interm documenb. Th. 
doamant dnwlng number8 and other pertlwat i a f o ~ o n  may be obtained from the 
@%tar-Csatca interface Control l h m m n t  Lag.'@ 

C. This doollnrant doe# not reflect all ~ 0 0 .  born ather systems into the lItD81 
cirOlifb. 
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Added 15 October 1986 

EDS Description 
Appendix B 

II ABBREVLATIONS 

(Refer to Section fI in Appendix A) 

m ELECTRICAL SYMBOLS 

(Refer to Section IU in Appendix A) 

(Refer to Sectian IV in Appendix A) 

V DESCRWTION OF 28 VOLT BUSES 

(Refer to Section V in Appendix A) 

VI RELAY CROBS FtEFERENCE LIST 
SATURN v 

EDS Relay Functions 

NOTE: Relay munbers shown are for 
reference only and do not cor- 
reapond to actual hardware 
reference designations, 



E W  Description 
Appendix B 

8-IC Engine No. 1 Thrust 
VMng Relay  A 

S-IC Engine No. 2 Thrrut 
Voting Relay A 

S-IC E n g h  No. 3 Thrwt 
V o w  Relay  A 

S-IC Engine No. 4 Thrua t 
Voting Relay A 

8-10 I b g h  No. 6 Thnvt 
Voting Relay A 

mslilruuul/m Cut6flal LV 
Engima A 

EDS M~uuI./Au~o CirW ol LV 
- A  

~ ~ 8 B b a n a r l / ~ u t o ~ u t a f l a l ~  
Esgirw B 

ED8 (=ubalf d &iV 
Ew&- B 

S-IC E@AO NO. 1 ThruIt 
Voting Relay B 

S-IC Engine No. 2 XBrumt 
Voting Rslay B 

8-IC Engine No .3 Thrust 
Voting Relay B 

S-IC E n g h ~  No. 4 ThrPrt 
Vating Relay B 

3-IC Eagias No. 6 Thnut 
Voting Relay B 

EDS or Wual Cutoff of LV 
Enginer Armed A 

C a r ~ t s - ~ t i e ~ s ' & .  
NO NO- MC NO NC NO Coil 

APOLLO INTERFACE DOCUMENT 
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EDIS or Mimud Gutoff oQL LV 
EW&es MQd B 

LV En@@= CPttOff No, 1 
tram ~pdb 3w68wdk 

LV Engines GukE No. 2 
from Aip~lio a e e ~ r a f l  

LV Erigfn6.w CuMf No. 3 
from AwUs Sp11~4'raft 

LV Eaght?lll CuWF Na, Z 
from Apalfo Weeeraf?. 

5-IC Eqirre NQ. t Tbrwt 
Monitor d 

Ei4C E ~ @ B  Ha. 1 Thmt 
Monitor $3 

8-fC E- Ne, B Throrst- 
Wmim A 

8 4 C  Engine No. 2 Thrwt 
Marittar 0 

2'340 Engisw Ma. 3 Thrwt 
Monttbr A 

s-sc Ha. 3 W t  
Monitor 8 

s-fe $ngfne r f ~ .  4 m t  
M d t o r  A 

S-IC- E q b  Hu. 4 t 

8 No. 6 Tbmet 
bao~1ib~ A 

a-IC Engfne Na , 6 Thntet 
M0~itf .b~ l 

rait 
A U b o ~ r Z L B a d A p o ~  

Spaowraft 
Auto AbPrZ 2A to hplh 

-+fa 
Auto mrt ?a te ApaApolk, 

%Xlcroec3l'rrft 
Aabo &rt SA b Apolb 

%--** 

4BM37534 

ContPata - Schsmatic Skeet No. 
NC NO NC NO NC NO Coif 
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Contacts - Schematic Sheet No. 
#C NO 19d NO N C  NO: Coif 

Auto Abort 3B to A p o b  
Spaescrafi 

+BD95 Monitor  to C8E 
6-IC Engine No. 1 T h w s t  

Moni tor  No. 1 3 
8-IC Elrgine No. 1 Thrust 

Moni tor  No. 2 3 3 
S-IC Engine No, 1 T h r u s t  

Moni tor  No. 3 3 3 
S-IC Engine No. 2 Thrust 

Moni tor  No. 1 
S-IC Engine No. 2 T h r u ~ t  

Manitor No. 2 
S-IC Engine  No. 3 Thrust 

Monitor No. 3 
S-IC Engine No. 3 T h r u s t  

Moni tor  No. 1 
S-IC Engine No. 3 Thrust 

Moni tor  No. 2 
5-IC E-ne No. 3 Thrust 

Moni tor  No. 3 
5-IC EngPae No. 4 Thrust 

M a n i t o r  No. 1 
3-IC Engine Eao. 4 Thrust 

Monitor  No. 2 
S-IC E a r n  No. 4 Thmst 

Moni tor  No. 3 
5-IC Engine  No. 5 Thrmst 

Monitor  No. 1 
8-IC Engine No. 5 Thrust 

Monitor No. 2 
5-IC Engine  No. 5 Thrust 

Monitor No. 3 
ED8 Bua Changeover B 
Excwss ive  Rate Auto Abor t  

I a b i t  (P, Y, & R) 
E x m e i v e  R a t e  Auto Abort 

Inhibit (Roll) 6 6 6  
S-IC Two Engine  Out Auto 

A b o r t  Inhibit 6 5 6  
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Relay 4r 

K43-1 

Function 

s - I C T m J ~ s O u t A u t o  
Abort Inhibit No. 1 

S-IC Two Engine Out Auto 
Abort hibibit NO, 2 

S-ICTmEafEineOatAuto 
Abort Inhibit No. 3 

LET Jettiaioaed El 
B l V B  Eogio~ Thrust 

Monitor B 
Exceeeive Rate! Auto Abort 

Inhibit (P & Y )  No. 1 
Excessive Rate Auto Abort 

Iehibit (P & Y) No. 2 
Excbseive Rate Auto Abort 

Iabibst(P&Y)No. 3 
Excessive. Rate M a  &I% 

Inhibit (Roll) Ro. 1 
Excessive Rate Auia Abort 

Inhibit p I l )  Ha. 2 
Excemive Rate Anto Abort 

rnhtbit (Ran) m. 3 
LET Jettisoned B2 
Range 9 a f q  Wtrwt Armad 

A frore S-IVB 
RlngeSafetyDestmtARned 
B from B-IVB 

54VB TlSruat Monitor A 
Indiestor 

E M  bhauaLIAutio Cutdt A 
of 8 J C  Eaglnes 

EI35 Mamd~uto Cutoff B 
of s4c Eaglnes 

ED8 lUnud/Auto Cutoff I? 
of M C  libglma 

84C Eagfnea Cutoff Enablr 
s-lc al@Im Cotoff EBable 
B-.IvIp.'EnglnaBtrrtCom* 
a m  Rhgb  Prevmt Lltrrt 
B 4 C M E  OE A 

40M97634 

Contacts - Schematic awt No. 

EDS Deecription 
Appendix B 
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El% De~lcription 
Appendix B 

Contact8 - Sahematlc heet  No. 
HCl lor0 NC NO NC NO Coll 

ExcessivaRoll RPte Voting 
Relay A 

Exceaeive Roll Rote Voting 
I) 

Exoessive Pitch Rate Voting 
Rday A 

Emwaive Pitch Ra$e Voting 
Relay B 

Emsesive Yaw Rate Voting 
Relay A 

Exoesaive Yaw Rate Voting 
Relay B 

ED9 Arming of S-NB Eagine 
Thrurt Indi~~ti011 A 

EDS I+k~~ual/Auta Cutaff A ot 
s-IVB Ealtfne 

S -IX/S -IVB Sepwtfon Sf mulate 
8 -a -WE Separatioa Simulate 
Range Safety &-X'YB DeatJuot 

Arm B 
Range Safety 8-TVB Deatruot 

Arm A 
Pad Abort Request 
8-NB Thrust Monitor A 
ED8 Bue Changeover A 
LIB Abort Lock-Up A1 
LES Abort h k - u p  AS 
Noranal S -NB Engine Cutoff 
EDS ldamd/Auto Cut~ff 3 d 

5-ZVB Engine 
Cutoff S-IC Inboard Engine 
Cutoff S-IC Outbo~rd E w e  
S -E All Engines Normal Cut&€ 
S-II Engine No. 1 T k t  

Monitor A 
S-lr 33-0 NO. 2 Thnurt 

Monitor A 
S-II EprCtne NO. 3 Thrust 

Manitor A 
S-ll EII@IW NO. 4 ThsPllt 

Monitor A 

ABOLLO INTERFACE DOCUMENT 
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Relay 1 

K103 
K104 
K105 
K106 
K107 
KlOS 
K1OQ 
KllO 
K l l l  
K l l 2  
K l l 3  

S-nlzngheNo, slhrust 
Monitor A 

Auto-Abort -turn A $noble 
Inhibit 

Auto-Abort flpstsm B Eaable 
W b i t  

Auto-Abort System B M I S  
fxam GSE 

Aub-Abort System B Enable 
from GlSE 

LV Attitude Reference Fail A 
LV Attitude Mercnoe Fdl  B 
LET Jettiso& Al 
LET Jettisoned A2 
EDS Abort Voting logic 

kput A1 
Ens Abort Voting hgic 

Input A2 
ms Abor,t va#ag ID& 

Input A3 
EDS Abort Vdiag bgic 

Input B 1  
EDS Abort Voting bgio 

Input B2 
EDS Abort Voting LBgla 

Input %a 
Abort B1 
Abort B2 
Abort A1 
AbQrt A!2 
Auto-Abort Gyotern Enobla Al 
Auto-Abort Poystear Enoble A2 
Auto-Abort Spt8rn Enrble B1 
Auto-Abort !$dcm Enable 3s 
LES Abort IPek-up B l  
LES Abort Lack-up B2 
Exceseima R& Aua-Abort 

Inhibft (P, Y f a )  
Excmsivg Bab Auto-Abort 

Inhibit (Roll) 

Cont~cte - Schematic Sheet No. 
NC NO NC NO NC NO CofZ 
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ma Eq&scriptiOA 
Appendix B 

Relay # 

B4C nk, rsrglne Out 
~ - A ~ r t  Iobibit 

*m91 Bils GBE Diswle 
+gW2 Bus GSE Disable 

Baa GBE Msable 
LiftPRf 
Uttotl 
S-II Engbe No. 1 Thrmt 

MoatOor A  (Type 1 of 5)  
8-IL Engine No. 1 Tbrwt 

YoPtOmBCTypelot5) 
Ejwaive Pitch Bnte oatput 
No. 1 

Bzcee6krPl Pitch Relay Output 
No. 2 

Exceeeive PiQh Rate Oatnut 
No. 3 

P5E~eeaive Yaw Bate Output 
No. 1 

Emessive Yaw Rate Output 
No. 2 

EXmurriva Yaw Rate Output 
No. 3 

Ezesssive Roll Rate O d p t  
No. 1 

Rmeaive Roll Rate Outpt 
No. 2 

Excmafve Roll Rate Ootplt 
No. 3 

BBWAbartBsqusstA 
R F l i a k A b m t R W B  
S - T V B ' n l r U s t Q I C ~ B  

r l a m a m  
BsteGymHighElrbonAl  
aJeQFoBUg3rWateanAZ 
RabGpmHisfiB.tsmB1 
B a t e C P g r o H I g b ~ a l l 3 z  
U~pCicABoeArmA 
IaghAE)esArrnB 
h@BWI11drmA 

Contact8 - $&amatto Bbeet No. 
#C W NC NO NC NO mil 
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h g i c B B u r A r m B  
LET Jefflmn A 
LET Jefflson 3 
8-IC Engins No. 1 Rough 

CombustSon V&hg Be* 
8-IC Engine No. 2 Rough 

Combtion Voting Relay B 
S-II Second Plaiw Sepmtlon 

tihalate 
S-II Prevalvw Cboe 

Cornmanel 
8-11 Engine No, 1 Thrwt 
W t a r  B 

S* Engfne No. 2 ahrust 
Manitor B 

S-SI En@& No. 3 Thrwt 
Monitor B 

8-II Enwe No. 4 Thrust 
Monitor B 

S-Il Engtne No. 5 Thrust 
Hoslitor B 

S -II Range Wety No. 1 
Engine8 Cutoff 

S-33 Range WeQr Na. 2 
lbgh3s Cutoff 

S-IC Engine No. 1 Prmahws 
Closl, 

&JC EngineNo. 1 M 
Ern w w  (=utoTf A of 
8-u EElghea 

E~SMAIE&/&~ C U W B ~ L  
a-n l&@blm 

8-II LH2 Prevdvbs Cbss  
corn- iron, Eilgbml 
Pravmt 8tnrt 

8-lI LEI2 P r d ~ e ~  Cbes  
C o m m r a d ~ m ~  
Prevmt %tat 

Con;tol~te - &hematic lWeet No. 
NC NO NC NO NG NO Coil 

APOLLO INTERFACE DOCUMENT 
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8-U LEI2 PreVIXvea Cbss 
Oommand from Ehginaa 
Prevent Start 

s-If Btvt Pbaee LSmit8r 
Cutoff Arm 

Btart Interlock 
BYP-~ 

E m  Arming of S-IVB Engine 
Thrust Indication B 

@E Engine Thrust Indication 
Enobfe A 

QSFr Eagfne Thrust IndicsOton 
Esoble B 

EIlH Arming of S-II Thrust 
Idcatton A 

EDS Arming of S-U Thrust 
Indication B 

R F  Alsort A1 
R P  h t  A2 
BF Abart B1 
BF Abart 32 
LET Jettison A1 
LET Jett;irron A2 
LET Jettieon B1 
LET Jettison B2 
S-IYB Prevrilve Control 

Command 
5-IVB Chill Down Suton 

Command 
S-II Second Plaae, SsparrtSon A 
S-XI Wzond Plane 8sprrration B 
S-IC Range Safety Engiaea 

CrrtPff A 
3-lC R a g e  Safety Engima 

ca&B B1 
S4C Range 8afeQ Englaes 

CuSoff B2 
MESCUgicBnsAArmA 
aaEsCLagIeBunAArmB 
MESC Lagfc Bue B Arm A 

C01tnct8 - l3dmMtic $beet No. 
#C NO NC NO NC NO Cot1 

APOLLO INTERFACE DOCUMENT 
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Relay # 

8-11 Englne No. 1 Cutoff 
Timers Test 
Normal 5-II Engines Cutoff B 
N o r d  S-11 Engines Cutoff A 
8-11 All Engines Gtart Command 
S L I  Engines Prevent Start 
SII Enginas Prevsnt Btart 
By-pass Command 

S-IC All Engines OK B 

E M  Description 
Appendix B 

Contacts - .Schematic Sheet No. 
NC NO NC NO NC NO Ooil 
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ED9 Description 
Appendix B 

DRAWING NOTEB: 

Rs Auto-- hu ma be enrgtmd from 
tbs emessive rrbs oircuit as well M t k ~  two 
Engine Out Circuit cut Page 2. 

Thia functioa i m  mot programmed on the mitab  
selector for thfe miesion. 

~ b l a  o i r a u ~  ia not active on tMa  mi^ 
the funetlan is Inhibited. 

APOLLO INTERFACE DOCUMENT 
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EDS Description 
Appendix C 

APPENDIX C *  

GEORGE C. W3WU WACE FLIGHT CENTER 

INTERFACE CONTROL MXUMENT 
DESCRIPTION OF SATURN SA-503 AND APOLLO 6C-102 

EMERGENCY DETECTION B W E M  

I. INTRODUCTION 

A. The purpose of this document is to describe the Apallo-Saturn AS-503 
Emergency Detection System (EDS) design. The design is a coordinated effort 
by the Crew Safety Panel members and represents technical inputs from several 
NASA Centers and is binding on all participating centers;. The system defined 
in this document conforms to the "Design cri teria far %turn-V *-Board 
Emergency Detection Syetem , ICD (#13M65001), 

B. This document defines interfaces between modulecr and stagea in functional terms 
only. Detailed interface information ia contained in other intwface documents. The 
document drawing numbers and other pertinent information may be obkrfaed from the 
"Inter-Center Interface Control Dscument Log. 

C. This document does not refleet scll the EDS 
oireuita. 

For use with this doorunent the fallowing abbreviations shall apply: 

1. ACE Automatic Checkout Equipment 
2. AP GBE Access Paint Monitored by Apallo ACE 
3. AUTO Automatic 
4. BATT Battery 
8.  BME Bench Maintenance Equement 

* The ICD in this Appendix was dated February  1, 1946 and included Revision A 
dated June 21, 1966. Pages  of the ICD that were  modified for  this Appendix 
do not retain the ICD drawing number. 

Added 1 Jsnuary I967 



52. 
53. 
T i .  

CB 
CMD 
CO 
COM 
COMB 
COMP 
CTL 
DC 
D M S  
DEACT 
DISCH 
DISTR 
EDS 
ENG 
FCM 
FTP 
FWD 
GPI 
GSE 
IND 
INSTR 
IU 
JETT 
LECO 
LES 
LET 

rJI2 
LOX 
LV 
MCP 
MEAG 
MESC 
MS 
NC 
NO 
No. 
PRESS 
PWR 
RECIRC 
REQ 
S 
SC 
SCS 
SEC 
SEQ 
SPS 
SUPV 
TM 
US116 

Circuit Breaker 
Command 
Cutoff 
Common Return 
Combustion 
Component 
Control 
Direct Current 
Digital Data Aquieition System 
Deactivate 
Discharge 
Dietributor 
Emergency Detection Syatem 
Engine 
Flight Combustion Monitor 
Fuel Tank Pressure 
Forward 
Gimbal Position Indication 
Ground Support Equipment 
Indication 
Instrumentation 
Instrument Unit 
Jettison 
Lox Engine Cutoff 
Launch Escape System 
Launch Escape Tower 
Liquid Hydrogen 
Liquid Oxygen 
hunch  Vehicle 
Mission Control Programmer 
Measurement 
Master Event Sequence Controller 
Millisecond 
Normally Closed 
Normally Open 
Number 
Pressure 
Power 
Recirculation 
Request 
Switch 
Spacecraft 
Stabilization and Control Syetem 
Second 
Sequencer 
Service Propulsfan System 
Supervision 
Telemetry 
Apollo ACE Monitor-at 8earviob Module Umbilical 

APOLLO INTERFACE DOCUMENT 



111 E LE CTRICAL SYMBOLS 

(Refer to Section III in Appendix A) 

W INTERFTAGE SIGNALS 

(Refer to Section IY in Appendix A) 

V DESCRIPTTm OF 28 VOLT BUSES 

(Refer to Section V inApp%ndix A) 

VI RELAY CROSS REFERENCE WST 
SATURN V 

ED5 Relay Functions 

NOTE: &lay nrannbers ahown we fer 
reference only and da ract car- 
reopand t s  actual hsrctsome 
referenee designatim~. 

Added 1 January 1967 



E M  Descrlptlon 
Appendix C 

SATURN v 
E M  RELAY FUNCTIONS 

5-IG Engine No, 1 Thrust 
Voting Relay A 

S-IC Engine No. 2 Thrust 
Voting Relay A 

5-IC Engine No. 3 T h w t  
Voting Relay A 

6-IC Engine No. 4 Thrust 
Voting Relay A 

5-I@ Engine No. 5 Thrust 
Voting Relay A 

 ria M ~ ~ / A U ~ O  cutoff of LV 
Engines A 

El23 Manusll/Auto Cutoff of LV 
Engines A 

E M  Manual/Auto Cutoff of LV 
Engines B 

EDS ~snuak/Auto Cutoff of LV 
Engines B 

8-IC Engine No. 1 Thrust 
Voting Relay B 

5-IC Engine No. 2 Thrust 
Voting Relay B 

S-fC Engine No. 3 Thrust 
Vatlng; Relay B 

S-IC Engine No. 4 Thrust 
Vating Relay 3 

S-IC Engf ne No. 5 Thrust 
Voting Relay B 
Em or Manual Cutoff of LV 

Engines Armed A 

APOLLO INTERFACE 
3 z a 

DOCUMENT 

Added 1 Jsnuary 1987 



EDS Description 
Appendix C 

Relay # Function 
Contacts - Schematic ;Sheet No. 

NC NO NC NO NC NO Coil 

Kl9-2 EDS or Manual Cutoff of LV 
Engines Armed B 3 2 2 

K20-1 LV Engines Cutoff No. 1 
from Apollo Spacecraft 3 8 10 

K20-2 LV Engines Cutoff No. 2 
from Apollo Spacecraft 3 3 3 10 

K20-3 LV Engines Cutoff No. 3 
from Apollo Spacecraft 3 3 10 

K20-4 LV Engines Cutoff No. 2 
from Apollo Spacecraft 3 3 3 10 

K21-1 S-IC Engine No, 1 Thrust 
Monitor A 7 2 

K21-2 S-IC Engine No. 1 Thrust 
Monitor B 7 2 2  2  

K22-1 S-IC Engine No. 2 Thrust 
Monitor A 7 2 2  2 

K22-2 S-IC Engine No. 2 Thrust 
Monitor B 7 2 2  2 

K23-1 -5-IC Engine No. 3 Thrust 
Monitor A 7 2 2  2 

KZ3-2 6-IC Engine No. 3 Thrust 
Mbnjtar B 7 2 3  2 

K24-1 S-IC Engine No. 4 Thrust 
Monitor A 7 2 2  2 

K24-2 S-IC Engine No. 4 Thrust 
Monitor B 7 2 2  2 

K25-1 S-Ic' Engine No. 5 Thrust 
Monitor A 7 2 2  2 

K25-2 S I C  Engine No. 5 Thrust 
Monitor B 7  2 

K29-1 Auto-Abort 1A to Apollo 
Spacecraft 10 10 10 16 

K2Q-2 Auto-Abort l B  to Apollo 
Spacecraft 10 LO 10 

K29-3 Auto-Abort 2A to Apollo 
Spacecraft 10 10 10 10 

K29-4 Auto -Abort 233 to Apollo 
Spacecraft 10 10 10 

K29-5 Auto-Abort 3A to Apollo 
Spacecraft 10 10 10 10 

APOLLO INTERFACE DOCUMENT 
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ZRS Dgl~eription 
Appendix C 

Relay # Function 

40M37 557A 
Contacts - Sohematic 8heet No. 

NC NO NC NO NC NO Coil 

Auto-Abort 33 to Apollo 
Spacecraft 10 10 10 

HIM5 Monitor to GSE 10 10 
6-IC Engine No. 1 Thrust 

Monitor No. 1 3 3 2 
S-IC Engine No. 1 Thruat 

Monitor No. 2 3 B 2 3 2 
S-If2 Engine No. 1 Thruat 

Monitor No. 3 3 3 3 3 2 
S-IC Engine No. 2 Thrust 

Monitor No. 1 
S I C  Engine No. 2 Thrust 

Monitor No. 2 
5-IC Engine No. 3 Thrust 

Monitor No. 3 
5-IC Engine.No. 3 Thruat 

Monitor No. 1 
5-IC Engine No. 3 Thrust 

Monitor No. 2 
S-IC Engine No, 3 Thrust 

Monitor No. 3 
S I C  Engine No. 4 Thrust 

Monitor No. 1 
S-IC Engine No. 4 Thrust 

Monitor No. 2 
S-IC Engine No. 4 Thrust 

Monitor No. 3 
S-IC Engine No. 5 Thrust 

Monitor No. 1 
S-IC Engine No. 5 Thrust 

Monitor No. 2 
S-IC Engine No. ti Thrust 

Monitor No. 3 
EaS Bus Changeover B 
Excessive Rate Auto-Abort 

Inhibit (P, Y, & R) 
Exccssivo Rate Auto-Abon 

Inhibit (Roll) 
S-IC Two Engine Out Auto- 

Abort Inhibit 

APOLLO INTERFACE DOCUMENT 
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Contacts - Schematic Sheet No. 
Relay # Function NC NO NC NO NC NO Coil 

KJO 

S-IC Two Engine Out Auto- 
Abort Inhibit No. 1 

S-IC Two Engine Out Auto- 
Abort Inhibit No. 2 

8-IC Two Engine Out Auto- 
Abort Inhibit No. 3 

LET Jettisioneel I31 
5-IVB Engine Thrust 

Monitor B 
Excessive Rate Auto-Abort 

Inhibit (P & Y) No. 1 
Exoessive Rate Auto-Abort 

tnhlbit (P & Y) Na. 2 
Excessive Rate Auto-Abort 

Inhibit (P & Y) No. 3 
Excessive Rate Auto- Abort 

Inhibit (Roll) No. 1 
Excessive Rate Auto-Abort 

Inhibit (RQII) No. 2 
Excessive Rate Auto-Abort 

Inhibit (Roll) No, 3 
LET Jettisoned B2 
Range Safety Destruct Armed 

A from 9-NB 
Range Safety Deatruct Armed 

B from S-IVB 
S-IVB Thrust Monitor A 

Indicator 
E m  Manwl/Auto Cutoff A 

of S-IC Engines 
EDS Manutrl/Auto Cutoff B 

af S-IC Engines 
EDS Manurrl/Auto Cutoff B 

of S d C  Engines 
S-IC Engines Cutoff Enable 
S-IC Engines Cutoff Enable 
S-WE3 Engine Start Command 
S-IVB EnSEine Prevent 8hrt 
S -1C All Enme OK A 

APOLLO INTERFACE DOCUMENT 



Relay # 

K60 

Function 

40M37557A 
Catacts - Sohematlc Sheet No. 

NC NO NC NO NC NO Coil 

Excessive Roll Rate 
Voting Relay A 

Excehl~ive Roll Rate Vottng 
Relay B 

Excessive Pitch Rate Vding 
Relay A 

Excessive Bitch Rate 
Voting Relay B 

Excessive Yaw 'Rate 
Vatfng Relay A 

Exoassive Yaw Rate 
Vatfng Relay B 

EDS Arming of S-IVB Engine 
Thrust Mication A 

6-II/S-IVB Separatian Simulate 
6-IIiS-IVB Separation ;Simulate 
Range Safety S-IVJ3 Iketruct 

Arm I3 
Range Safety S-WE Destruct 

Arm A 
Pad Abort Request 
S-IVB Thrust Monitor A 
EDS Bus Changeover A 
LES Abort Lock-up Al 
LES Abort Lock-up A2 
Normal 8-IVB E%lne Cutoff 
Cutoff S-IC Inboard Engine 
Cutoff S-IC Outboard Engine 
S-II AU Eagines Normal Cutoff 
S-I1 Engine No. 1 Thnr~t 

Monitor A 
S-11 Engine No. 2 Thrust 

Monitor A 
5-11 Engine No. 3 Thluet 

Monitor A 
8-11 Engine No. 4 Thrust 

Monitor A 

APOLLO INTERFACE DOCUMENT 
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EDS Description 
Appendix C 

Relay # 

K103 
K10.1 
K105 
KlOG 
Kl 07 
K108 
KlO9 
KllO 
Klll 
K112 
K113 

Function 
Contacts - Sobemattic Sheet No. 

NC NO NC NO NC NO Coil 

s-n Engine NO. 5 ~ h r w t  
Monitor A 7 

EDS Liftoff Inhibit A 9  10 
EDS Liftoff Inhibit B 9 10 
EDS LiEtoff Enable A 10 9 10 
EDS Liftoff Enable B 10 9 10 
LV Attitude Reference Fail A 5 6 5 
LV Attitude Reference Fail B 5 5 
LET Jetti~oned A1 9 9 9 9  
LET Jettisoned A2 9 9 8 9  
EDS Abort Voting Logic 

Input A1 10 9 9 10 
EDS Abort Voting Logic 

hput  A2 10 9 9 10 
EDS Abort Votfng Logics 

Input A3 10 9 9  10 
ED8 Abort Voting Logic 

Input I31 10 9 9  10 
ED5 Abort Voting Loglo 

Input B2 10 9  9 10 
EDS Abort Voting Logio 

Input B3 10 9 Q 10 
Abort 31 10 10 9 9  
Abort B2 10 LO 9  9  
Abort Al 10 10 9 9  
Abort A2 10 10 B 9  
Auto-Abort Syetem Eaabls A1 9  9 9 9 9  
Auto-Abort System Enable A2 9 9 9 9 9  
Auto-Abort System Enable B1 B 9 9 9 9  
Auto-Abrt System Enable B2 9  9 9 9 9  
LES Abort Lock-up B1 9 9 9 0  
LES Abort Lock-up B2 9 9 9 9  
Excessive Rate Auto-Abort 

Inhibit (P, Y, & R) G o 6  
Excessive Rate Aub-Abort 

Inhibit @loll) 6 6 6  

APOLLO 

Added 1 J m w y  1987 
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Relay # 

K116 

Function 

9-IC Two Engine Out Auto- 
Abort Inhibit Enable 

iOm1 Bus ESE Disable 
em2 Bus GSE Disable 
+GIN3 Bus GSE Disable 
S-I1 Engine No. 1 Thrust 

Monitor A (Type 1 of 5) 
S-I1 Engine No. 1 Thrust 

Monitor B (Type 1 of 5) 
Excessive Pitch Rate Output 

No. 1 
Excessive Pitch Relay Output 

Nu. 2 
Excessive Pitch Rate Output 

No. 3 
Excessive Yaw Rate Output 

No. 1 
Excessive Yaw Rate Output 

NU. a 
Excesaive Yaw a t e  Output 

No. 3 
Exceesive Roll Rate Output 

No, 1 
Excesaive Roll Rate Output 
No. 9: 

Exceesive Roll Rste Output 
No. 3 

RF  Link Abort Request A 
RF Link Abort Request B 
S-IVB Thrust OK Monitor B 

Indication 
Rate Gyro High Rate On A1 
Rate Gyro High Rate On A2 
Rate Gyro High Rate On B1 
Rate Gyro High ; h e  On B2 
Logic A Bus Arm A 
Logic A Bus Arm B 
Logic B Bus Arm A 
Logic D Bus Arm B 

APOLLO 

C o n t ~ ~ t s  - Schematic Sheet No. 
NC NO NC NO NC NO Coil 

INTERFACE DOCUMENT 
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E m  Beeerlgtion 
Appendix C 

Contacts - &hematla Sheet SQ. 
irelay n Function NC NO NC NO NC NO Coil 

S-II Second Plane Separation 
Simulate 5 5 5 

s-n L H ~  Prevalves Close 
Command 4 4 

S-II Engine No. 1 Thrust 
Monitor 3 7 4 

S-II Engine No. 2 Thrust 
Monitor B 7 

S-II Engine No. 3 Thrust 
Monitor B 

8-11 Engine No. 4 Thrust 
Monitor B 

S-11 Engine No. 5 Thrust 
Monitor B 

S-I1 Range Safety No. 1 Engines 
Cutoff 

8-11 Sttfety NO, 2 Egginst8 
Cutoff 

S I C  Engine No. 1 Prevalves 
Close 

S-IC Engine No. 1 Cutoff 
EDS ~anual/Auta Cutoff A1 of 

3-II Engines 
EDS Manualkuto Cutoff Bl of 

S-11 Engines 
ED8 Manual/Auto Cutaff A2 of 

S-I1 Enginea 
EDS &Ianual/Auto Cutoff B2 af 

S-I1 Engines 
S-I1 LH2 Prevalvcs Close 

Command from Engines 
Prcvcnt Start 

S-II LHZ Prevlrlves Close 
Command from Engines 
Prevent Start 

S-I1 LH2 Pravalves Close 
Commnnd fro? Eqfnee 

. u 4 -  . 
Prevent Start li5 , - 

A ., 8 '  

I -  ,- - 

APOLLO INTERFACE DOCUMENT 
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Coatacts - Schematic Sbeet No. 
Relay # Fuinction NC NO NC NO NC NO Coil 

S-11 start Phase Limiter 
cutoff Arm 

Engine S t a t  fnterlcrck 
By-p~&@s 

ED8 Arming of 5-ZVB Engine! 
Thrufit Indication I3 

GSE Engias Thrwt WioaUso 
Ennbb A 
GEE Engine Thrust Lndicatioa 

Enable 33 
ERS A R ~ M  ~f s-n TIWUB~ 

fndf oation A 
ED9 Arm- of 8-II Thrust 

Indication B 
8-RFl3 Frevalve Control 

Ceaunand 
5-XVB C h U l d o ~ n  Ehtoff 

Command 
S-IX bcond Plane Beparatlan A 
S-U Second Plane Separation B 
8-IC Range Safety Engines 

Cutoff A 
S-IC R q e  Safe@ Engines 

Cutoff B1 
6-IC Range SafetJr Engines 

C~offf  B2 
S-I1 Engine No. 5. Cutoff 
S-If Engine No. 1 Lox and 
LWz Prevalvea Control 

3-11 Prevalve Lookout 
Cammand f r ~ m  GSE 

Timers Test 
Nomnal S-I1 Engines Cutoff Bl 
Normal 8-11 Engines Cutaff B2 
Normal 8-II Engines Cutoff A1 
Normal S-II Engines Cutoff A2 
8-Zf All Enginee Stsrt Command 

APOLLO INTERFACE DOCUMENT 

Added 1 January ~ r e ' r  



Relay H Function 

KS17 S-I1 Engines Prevent Start 
KdllS 8-11 Engines Prevent Start 

By- pas6 Command 
KZLS 3-16 Ah Engine OK I3 

EDS DescripBan 
Appendix C 

Contacts - Schematic Sheet No. 
NC NO NC NO NC NO Coil 

APOLLO INTERFACE DOCUMENT 
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EDS I3eswipticm 
Appendix C 

DRAWING NOTES: 

The Auto-Abort bw, +f3DBS, om be 
energized from tbe excessive rate 
circuit as well 88 the two engine out 
circuit. 

Ibi. £unction 1. not proplmmed on the 
switch selector for thie miseim. 

 hie circdt ie not wtivs 0x1 this mission 
d the function i s  inhibited. 

APOLLO INTERFACE DOCUMENT 
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GEORGE C. MARSHALL SPACE FLIGHT CENTER 

INTERFACE CONTROL DOCUMENT 
DESCRIPTIDN O F  SATURN 6A-504 AND APOLLQ SC-103 

EMERGENCY DETECTION SYSTEM 

A. Tho purpose of &is document Is tQ describe the Apollo-Saturn AS-504 
Emergency Detection wetem (EDS) design. The design L a coordhted effort 
by ths Crew Safety Panel members and represents techtlical inputs from several 
NASA Centera and ia binding a4 all partkipating centers, Tbt! system defined 
in &Is; document ccmfams to the 'T~esign Criteria for & ~ - Y  O n - B d  
Emergency Detection System, ICD @13MB5001). T v  

B, This document defines interfaces between modulea and stages hulctional 
terms only, Detailed interface informatian i s  cantafnad in other inOerfaoe dscummts. 
The. document drawing numbers and other pertinent InfoPmation may be a b M  
&am the vInter-Center Interface Cantroi Document Log, 

C. The document does not reflect dl connectians from other qryatemg fnto the 
EBS circuits. 

11. ABBREVIATIONS 

For use with this document the following abbreviations shall apply: 

1. ACE Automatic Checkout Equipment 
2. A P  GSE Access Point Monitored by Apollo ACE 
9. AUTO Automatic 
4. BATT 
5, BME Bench Maintenance Equipment 

Added 1 July 1967 
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7. CMD 
8. CO 

L 9. COM 
10. COMB 
11. COMP 
12. CTL 
13. DC 
14. DDAS 

Command 
Cutoff 
 comma^ Return 
Cambuatim 
Component 
Control 
Direct Current 
Digital Data Acquisition System 

1.7. DEACT Deactivate 
16. DISCH Discharge 

I '  I 
17. DLSTR Distributor . .,<-, - . 
18. EDS Emeqency Detecaapl &stem - : - -. 8, - 1 
19. ENG E n g b  .:- . I  ,P, 

20. FCM Flight Combustion Monitor ' . 
21. FTP Fuel Tank Pressure , I . , r 1" / 

22. FWD Forward , ,  . s 

23. GP1 Gimbal Position Indicatign ' 5 : - - * ,  

24. GSE Ground Support Equipment ,. -: - -. , . 
I , P  ' 

m 

... , '1 . , -  
: ,:;, 
'9 

, .$j 
.,I.. 

. . A '; .& 
- 7'.4 

I ' b .  I 

. .  . -  
: 'I, . . . - . .. 
,1 I 

. '  .;y 
2 8 - 3 . 2  -* L - -  , - I ' L A  25. IND Micatian -. 

!-%"- $;; >. , <;.. +:?jig -tA$ < -; -; *'  - 26. INSTR -. Instrumentation 
. A . ? L ' -  

Z . 7 7  27. IU Instrument Unit , 
- ,-- L! -' 

28. JETT Jettison - a? % 

29. LECO LOX Engine C U M  -> A 
. - - .-*- - b 

30. LES hunch  Escape Sys@n\, d$~-,~*&T~+$~i~ky~r~' Li r t * 72 * U  ';$ ' 8 ~ ~ 1  : - 
31. LET Launch Escape Tower. L - , c ~ - . ~  I ~ L  :d . 
32. LHz 

I .  

Liquid Hydrogen - . $5 & 
33. LOX . ~ l q u i d  Oxygen 
34. Lv Launch Vehicle. -' . - w , v > d  
35. MCP Mission C&trol Programmer ;:, #;; ---<: q, +.G* ,. 
36. MEAS Measurement + G ~  i a ? 5 3 L : A + < ? ~ ' 7  --[. 

37. MESC Master Event 
38. M S  Millisecond , -r +, 
39. NC 
40. NO 
41. No. 
42. PRESS 
43. PWR Power 
44. RECZRC 
45. REQ 

. 46. S 
, 47. SC Spacecraft 6' 1- 48 SCS - Stabilization and Control System - T 

49. SEC Second I 1 - 8. - 8 -  ;? t * - ' , ,  , .- ;*.- , . -  I+- 50. SEQ Sequencer - 
51. SPS Service Propulsion System , 
52. SUPV Supervision , 

6 53. T M  Telemetry Lf3 
54. USM Apolto ACE Monitor at %mice Module Umbilical -' ?A 

Added 1 July 1967 
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Trnnsbtor - NPN 

-Q- 
Trans fatar -PNP 

Q 
Indicating Lamp 

Explos lvc !3qufb 

Bur 

Pressure Switch 
Tr~nsfc9r with Incmacle 
in Presaum 

Muter 
(Biased) 

Termlnal 
Solder or Crimped 

Circuit Branker 

Meter 

Single Throw Swlteh 

Double Throw SwUah 

Push Rutton 
.Swltch/hlalntafncd 

Motor Switoh 

APOLLO INTERFACE DOCUMENT *- 
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The method used in trmsmitting signals between stages will be ss 
follaws: Sf stage "A" requires a signal from stage "BU it will furnish stage 
''B" with a plus 28 volts, and stage "Btt will awitch the plus 28 volts and 
return the switched eignal to stage "A". [See figure 1. ] The plus 28 voltr 
for signal transmission need only be furnished one time for a se t  of slgaals 
between stages. This method of transmitting signals allows the d. c. pawer 
of ewh stage to be completely independent apd eliminaWs the problems of 
curren.t transfer in the negative side of B e  d. c. power systems. 

V. DESCRIPTION OF 28 VOLT BUSES 

+ID10 The +ID10 bus is supplied directly from S-IC Battery Number One 

+ID11 The +ID11 bus fsJ supplied from the. +ID111 b w  before power 
transfer or  the +1DlO bus after power transfer. 

* - 
b' 5 ,\.. 4 '  

a +lWO The +ID20 bus is supplied directly from S-IC Battery Number , ,>,>( 
Two (115A20). i - ,  . . : *  *?I' .' J k  6 1  

: <., > - < ; 5;s 
; - L. - , A *: 

+ID21 The +lD21 bus is supplied from the +ID211 bus before pawer - 8 r. ,.G 
+. ;- tsanafer or the +ID20 bue tlfter power Ssanafer. I _  --,. 3 
4-, ' : , :tk 

- ,  -"v: - ; ~-2f 
+ID111 The +ID111 bus ia supplied from the G8E mtworka and supplies . ,  - :. .$ 

the +ID11 bus during vehicle cheokout and prelaunoh arsque8.08 . . . , i f  ',-. ?: - 
prior to power trmfer . ' * A -  .J$ 

-- .: -2.M 
. . 

+ID119 The +ID119 bars Is aupplled from tfie +1D11B supply in the GSE. .a .*? 
1. t,>h+ 

r L  
J 1 '  

+ID211 The +ID211 bua is supplied from tbe G8E networks and supplies . ? I  
tbe +ID2 1 bus during vehicle checkout aed prelaunch sequence ., :,-': -3 
prior to pawer transfer. 

- ?&J . 
+2D11 The +2011 bus k supplied fro111 of tbe foI10wfng: 

P 
'2 

(a) GEE RegulaW +28 VDC Main Power Supply 4! '4 
t -4). 

before power transfer. ": *< 
(b) S-A Main Ba#ery ZBOAlAl aftar power - i 

transfer. 
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+28 VOLTS D.C. 
Uf" 

->TO CONTROLLED 

- -  I f - STAGE " A  --- 
STAGE " €3" 

.A - EONTROLLING CONTACTS 

F i y r e  I. Interstagesignals 

+2D2 1 The +2D21 bus is supplied from any of the following: 
(a) GSE Regulated +28 VDC Instrumentation 

Power Supply before power transfer. 
@) S-II Instrumentation Battery 207AlA2 

after power transfer. 

+$Dl1 The + 4 ~ l l  bus is supplied from the +4Dlll  bus before 
power transfer or the +$Dl0 bus after power transfer. 

+4D15 The 4D15 bus is supplied from the 4 D 1 1  bus after the 9-IVB 
receives the "Sequencer Power ON Command" from GBE. 

+4D31 The +4D31 bus is supplied from the ++ID131 bug before power 
transfer or  the AD30 bus after power transfer. 

The +6D10 bu5 is supplied directly from the IU Battery 601A7. 

The @Dl1 bus is  supplied from the *Dl11 bus before power 
r power transfer. 

APOLLO INTERFACE DOCUMENT 
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+&ID30 The 4 l B b  hm is supplied rjirectly fram the It! Battery bOMB. 

+8D31 ?Ire +$D91 bm is s~tpgPled from the +6D211 bus Befare p m r  
tm.nSfet or the +§a30 bus after power transfer. .. - ,  s - ,  'q-7 . ; *:.i 

b - 
+@I340 'The ~ ~ k 0  bus is supplied directly from the IU Battery 601A10. 

r .A T 

- .  
+6D41 ' . The +&I341 trus is supplied from the +GI2211 bus before power 

transfer oF the +6D40 bus after pwer transfer. 

+rtEDgl TIm +BZ)Srl bllgl id supplied frem the WD11 bw arrd 181 rn OI . 
three El38 bums umd &i in@ ZU far EDS cirauitry. 

+BIB$ The +6E)9a by8 is &upplied f~.om tiw t.6D31 bus and La anet a£ 
Ehsee Mes used kn the llT fm ERS circuftxy. . .I 

' ,  . 

+6W3 2 _ Tbe -15D83 bua L satfp1Ifx-i from #e +fiDQl bus sad k anct d 
+' '. three buaw used in the N fm ED8 cirmitv.. 

C,_r 
+f$13159 Th% c6D119 bus itr mpplfed b t31e IU ficm GSE. -' - . 
&Wry Bw A awry A 19upp,Ued frcsm thie Ap@B@ -'try 

Battary A firatgh a circuit breaker, 

Eaattsry Buat 3 Batteqr &a B is supplied fram the Ap~I lo  Entry. 
Baatery B throqgh a cirauft breriker. * .  

-- - 
EDS 6r+b %I, k The EDS Bus Na, 1 is supplied from B%tkr,ry B%S 

, .  , - , d through a ofmuit be&r and the EDB p~ower swtteb. 
: k > . - l ~  1 '  - , -  

I - ' L , l  . . 
EDS Bus No, 2 The. EDS IBls Na. 2 is  supplied from Bathry C 

I* -r a efmult brecitlber and EDS pmmr iitwikh, 
I : 

mf3 BW ETP. 3 The ED$ Bw$ Nrr. 3 ia supplied from the BiWB 
through a cjroait breaker and tSle ED8 Power swfteh, 

rn . 
ED8 . I '  The EDS Cbs~rgeovef Bth A Is etl~r@& fmm ED8 E W  

HQ. 5 extzept ~ B e n  Ens Bus No* 1 f&ib (beconuess d m * )  
Bu it automaticaw a w f b b s  aver to ED9 Ba No. 2 

,, 7 ; , <---: - 
. - 

E M  - T h e E D S ~ ~ w t 3 . r B u a B i s e n e r g U d f p ~ E g S W l s  
Chargeaver - -: ' No. 3 except when EZ)H Btm No. 3 fails (beaamcre deem --I) 
Bus33 ' it s~uhrnafAcaUy switches aver ta El BIB No. Z . , ,  .: .,>> , - ,  

I 
, I  _ 

Logtc' , ,$ ,,.2-e ..!' < SuppUed from Ehttew B w  A th-raw a lctrrmft ImalPer and 
klcls A . logic btts arm relay. This W, wbiah is user4 to trot&& 

- : eDs oircui* I. tb. MEW A, rimy be a d  or sded . ,;:,-: , ' - m-lly wit& either of ttte two reW-t logic bus ~trm 

.,. 4 .  

switches whfch opprraba the lagic bus arm relay, 
I C  .* . 

Added 1 July 1967 D-7 
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Reset 
Bus NQ. 1 

Reset 
Bus No. 2 

Relay #. 

Supplied from Battery Bus B through a circuit breaker and 
logic bus arm relay. This bus, which is used to activate 
ED5 circuitry in the MESC 3, may be armed or safed 
manually with either sf the two redundant logic bus arm 
switches which operate the logic bus arm relay. 

Supplied from tbe GSE networks and is used to reset  critical EDS 
magnetic latch relays prior to launch. It may also be used during 
vehicle checkout to return these relays to their normal position, 

,? Supplied from the GSE networks and is  used to reset critical EDS 
-' .magnetic latch relays prior to launch. It may also he used during 

, ( 

.- L ' , ,  

* vehicle checkout to return these relays to their normal position. 
I *  ' 4:: 

. . - .  s 
- 3- VX. RELAY CROSS REFERENCE LET - .  

-' I..' ,. 
.'i& ;, ...... 

<. : , .y - , -.,-.. ,, 8 ,.7' . . 
- .  , . , 8Lr.,-l !.. - :- 

' $ - . d . . i  * ; ... -,; ,:. . . . - -a . , , : I  fl : h  - .. SATURN V . - , I  - '-f..'.., . . . . .  
'--,?',', . ED$REmY FUNCTIONS :'::,', i r , - i ;  7~b.::.i.:- ... .: 

L ". Contacts - Schematic Sheet No. 
Functron . j -- r * I. NC NO NC NO NC NO Coil 

C .  

" . { ' , "  , 
. . - - . . , . S-TC Engine No. I ~ h r u s i  , 7 ~ g + ' 1 .  ' _rCiC . 

Voting Relay A 

F.4 
S-IC Eneine No. 2 Thrust;+': " 

Voting Relay A 
.> d 

S-IC ~ n ~ h e  %b. 5 
Voting Relay A 

1 

S-IC Engine No. 4 Thrust 
Voting Relay A : 

S-IC Engine No. 5 
Voting Relay A 

EDS Manual/Auto Cutoff of LV 
Engines A 

- &  i 

EC10-1 EDS ~anual/Auto Cutoff of LV , +', *; 
. - 

-! .. - . . 
Engines B - . A ' ,  4 

',r '<+ 2 

APOLLO INTERFACE DOC'JMENT 



Relay 6 

K10-2 EDS ~auual/Auto Cutoff d LV 
Engines B 

K11 5-IC Engine No. 1 Thruet 
Voting Relay B 

K12 S-IC Engine No. 2 Thrust 
Voting Relay B L 

K13 S-IC Engine No. 3 Thrust$ P:-L 
Voting Relay B 

RIY S-IC Englne No. 4 Thrust 
Voting Relay B 

K15 S-IC Engine No. 5 Thrust 
Voting Relay B 

K19-1 EDS or Manual Cutoff of LV 
Engines Armed A 

K19-2 EDS or Manual Cutoff of LV 
Engines Armed I3 

K20-1 LV Engines Cutoff No. 1 
from Apollo Spacecraft 

K20-2 LV Engines Cutoff No. 2 
from Apollo Spacecraft 

K20-3 LV Engines Cutoff No. 3 
from Apollo Spacecraft 

K20-4 LV Engines Cutoff No. 2 
from Apollo Spacecraft 

K21-1 S-IC Engine No. 1 Thrust 
Monitor A 

K21-2 S-IC Engine No. 1 Thrust 
Monitor B 

K22-1 S-IC Engine No. 2 Thrmt 
Monitor A 

S-IC Engine No. 2 Thrust 
Monitor B 

Contacts - Schematic Sfieet No. 
NC NO NC NO NC NO Coil 

APOLLO INTERFACE DOCUMENT 



K23-1 S-IC Engine No. 3 Thrust 
Monitor A 

K23-2 S-XC E w e  No. 3 Thrust 
Monitor B 

E24-1 S-IC Engine No. 4 Thrust 

I K24-2 8-fC Engine No. 4 Thrust 
Monitor B 

K25-1 S-IC Engine No. 5 Thrust 
Mcmihr A 

IC25-2 S-IC Engine No. 5 Thrust 
Monitor B 

IC29-1 Auto-Abort 1A to Apollo 
Spacecraft 

UQ-2 Auta-Abort 1B to Apollo 
Spacecraft 

K29-3 Auto-Abort 2A to Apollo 
Spacecraft 

K29-4 Auto-Abort 2B to Apollo 
Spacecraft 

K29-5 Auto-Abort 3A to Apollo 
Spacecraft 

I K29-6 Auto-Abort 3B to Apollo 

Spacecraft 

K30 +6D95 Mcmitor to GSE 

K31-1 5-IC Engine No. 1 Thrust 
Monitor No. 1 



, 

Added 1 Jul: 

K35-2 S-fC Engine No. 5 Thrurrt 
Monitor No. 2 

Kf6-3 S-IC Engine No. 5 Thrust 
Mollitor No. 3 



EDS Bus Changeover B 

Excessive Rate Auto-Abort 
Inhibit (P, Y, & R) 

' .  
:, - <<H, 
. J -  . . 

K4 1 Excessive Rate Auto-Abort 
- - -.+, . 
, .- . ,  " ,inhibit (Roll) 6 6 6 

. . 
S-IC Two Engine Out Auto- . .  

Abort Inhibit I 
., . . . 6  6 .. . 

. . 
K43-1 S-IC TWO E n g h  Out Auto- ,.:: < 

. .. . . - 
Abort Inhibit No. 5 I . 2 2 6 

. . 
9 . .  

K43-2 8-IC Two Engine Out Auto- 
Abort Inhibit No. 2 2 2 6 

K43-3 S-IC Two Engine Out Auto&' 
Abort; Inhibit . . No. 3 . .. , . . .  . .  . . , 

. . - 8 - :  

2 . . 6  
8 'F-,j; ;;;- ,. :,:; : . . 

- 7 ) .  . I . , ' .  .. . ' LET ~ettis&ii BI . t , L  . -:ff8, :.+Y .: + ., .: , . ,, - !. , .%, = B  9 
. . ',:.' . : . , . ' i.. 

. . 
' -  ' - :.. 7.' 8 ..,,>, ,' 1. ' 8 .. .. .; >... . . .  , 

. .  ... 

Inhibit (Roll) No. 1 

. .  - 

July 1967. 



Func t i m  

Excessive Rate Auto-Abolrt 
Inhibit (Roll) No. 3 

LET Jettisoned Ba 

Range Safety Destruct Armed 
A from S-IVB 

KSO Range Safcty Destruct Armed 
B fram S-NB 

KS 3 EDS Mm:rl/Auto Cutoff A 
of S-IC Engines 

Kb4-1 ED5 MnnuaVAuto Cutoff B 
of S I C  Engines 

K54-2 EDS MWUUI~/AU~Q Cutoff B 
of S-IC Engines 

KSB 5-IC Engines Cutaff Enable 

US G S-IC J9igfncs Cutaff Enable 

It37 S-Ivn Engine Start Command 

#58 S-NB Engine Prevent Start 

K59 5-IC All Engines OK A 

KG 0 Excessbe Roll Rate Votlng 
Relay A 

KG1 Excessive Roll Rate Voting 
Relay B 

OLLO INTERFACE 

,ctB - Schematic Wet No. 
NC NO NC NO Coil 
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Y . ,* , ,?>* , < .  - -  
I i-II All En@es Normal Cut& , - r ;+ .a ,>< 4 1 

, - k: 
.r ,i. 

S-II Engine No. 1 Thrust . r - 1_ 

Moaitor A. 7 

S-II Engine No. 2 Thrust 
Monitar A 

5-U Engine No, 3 Thrust 
, - * + .  Monitor A 

, ., ' 
i-' 

- .  --r: - KB4 S-11 Eagine NO. 4 Thm~t  s ( Monitor A 
5-  
I '_ - ,  
- 
r:, 

KEl5 S-U Engine He. 5 Thrust 
krt,b .- 
. . Monitor A 

&- - 
5-< , 

KJ)O ED8 Lift& fnhibit A 
- .  . - 

J - 8  r 
K91 EDS Liftaft Inhibit B 

> 
24 :' - 
$ -. ~ 9 2  EDS Liftaff Enable A 
. ." 

L 
K93 EDS Liftoff Enable B 

-1. ' 
,r ;*!". 

dW. ' K94-I LV Attitude Reference Fail A - A 5 ? . '  

4. 
I'E;. K94-2 LV Attitude Reference Fail B 
4 

k:--:.. K95 LET Jettisoned A1 

K97 ED5 Abort Voting Logic 
Input A1 

EDS Abort Voting Logic 
Input A2 

^"led 1 July 1967 
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EDS Abort Voting Logic 
Input B1 

EDS Abort Vat- Logic 
hput B2 10 9 

a 0 3  

K104 

K105 

K106 

K107 

KlO8 

K109 

KllO 

K l l l  

EDS Abort Voting Logic 
Input B3 10 9 10 

I _  

. 9  
, ' <  , 

Abort B1 

Abort B2 

Abort Al 

._ - 
Abort A2 I -5.k +e f$iFi.Aa 9 ' 8 :... - -  10- - 10 9 .- . y ~  qq9$ # 

- 3 -:cAa.;m:*, Auto-Abort System Enable A1 , ; , 9 9 9  9 
- = , . 

Auto-Abort Syatem Enable A2 - .+h . s. :-:; - - ' 
' 

.I , 1 

--.9 9 -9 :; 8 z, .-- 9 
' - I ' 

. . - . # l  

Auto-Abort System Enable B1 :' 3,  . i;+ 1,:; :;').- 97 .>?, 9 . 9 , 9 
I - , -  I 

, T L ~  p*$niv2f'lr - 
F ~ ~ I - '  -2 ''9 

Auto-Abort System ~na%le B L .>-. . I L h  :- 9 

LES Abort Lockup B1 

LES Abort Lac- B2 

Excessive Rate Auto-A 
Inhibit (P, Y, L R )  

Excessive Rate Auto-A 
Inhibit (Roll) 

.'I.. . . . - 

*t. , ,. , , . 
5.h ; ' .*-'.** :. 7. 

: . , ,: 

. . 

. 8 

CE D'O%UME 

Added 

I 

1 July 1987 



5-IC TWO Engine Oyt Auto- 
Abort Inhibit Enable 

+6D91 Bus CSE Disable 

+6D92 B w  GQE Disable 

&D93 Bus GSE Disable 

8-II Engine No. 1 Thrust 
' Monitor A (Type 1 of 5) 

S-II Engine No. 1 !r$rust 
Monitor B (Type 1 of 5) 

Excessive Pitch Rate Output 
No. 1 

Excessive Pitoh. Rate Output 
No. 2 

Exceeslve Pitch Rate Output 
No. 3 

Excessive Yaw Rate Output 
No. 1 

Excessive Yaw Rate  Output 
No. 2 

Excessive Yaw Rate Output 
No. 3 

Excessive Roll Rate  Output 
No. 1 

Excessive Roll Rote Output 
No. 2 

Excessive Roll Rnte Output 
No. 9 

APOLLO INTERFACE 

Sheet No, 
NO Coll 

DOCUMENT 
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K131 RF L h k  Abort Request A , - , . 2 n - 7 7 

K132 R F  Link Abort Request B 

K134 S-IVB Thrust OK Monitor B 
Indication 

K135-1 Rate Gyro High Rate On A l  

K135-2 Rate Gyro High Rate C)n A2 

K136-1 Rate Gyro High Rate On B1 - .,-by -:{- 8 6 
I - , , 

L 
I .  . < .  . . ,- . .  .- '" I : 

K136-2 Rate Gyro High Rate On B2 f ' " 7 '  .' ..8 6 - 8 .,,N 
I _  . I 

I * - .  . C , 1 

K137 ::km : 1 
1 1 

I[.; 2: 
Logic A Bus Arm A . .; ,+;p, , .. : p ,  

K138 Lwic A Bus Arm 

, 7 ,  . _ -._ . ' . : .  . .<'i-- " :- , . . . n,.lL::. 7 , .  . ,.. .,. - ,,~j;~~-,'s,? , '  ' .. .'. 
Logic B Bus Arm 33 , . ,  

. - ' ,.. ,2 , '  - '  1 1 

S-II Second Plane 
Simulate . . 

8 ,  . 
5 

. .  , 
. . 

Command 

. .  . . . 

S-II Engine No. 2 Thrust 

. I 

. .  . 

Monitor B 

,' . .Lm 

Monitor ' 3 
n ! , - > , : .  . . , i . * ' *  
" L ' .  - : , I . .  . .  , .. 

APOLLO INTERFACE DOCUMEN- ., 
21 . 

8 .  L .  
0 
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Kl56 S-II Rnnge Wety No. 1 Engines 
Cutoff r. . r . . 

K157 S-M Range Safety No. 2 Engines 
Cutoff 

< a  

9:. 

K l 5 8  S-IC Englnc No. 1 Prevalves 
Clnsc 

K159 S-IC Engine Na. 1 Cutoff 

K160- 1 EDS Manunl/Auta Cutoff A1 of 
S-XI Englnes 

Kl60-2 EDS Mmut%l/Auto Cutoff B l  of 
S-II Engines 

K1Gl-l EDS Manual/Auta Cutoff A2 of 
s-a Engines 

KlG 1-2 EDS Mnnual/Auto Cutgff B2 of 
S-I1 Engines 

Kl ( i2 - l  S-Il LH2 Prevalves Clwe 
Command from Engines 
Prevent S&rt 

K162-2 S-II LH2 Frevalvea Clme 
Command from Engines 
Prevent Start 

Added 1 Julv 1967 
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8 T ' )  

Contacw - Plicbema Sheet he. 
Lq'  NC NO NC NO L NO Coil ,. wd 

- .  
K163 8-11 Start Phase Limiter I I. I ' ?  

Cutoff Arm 4 4 

Kl66 Engin@ Start Interlock 
By-pass 

K187 EDS Arming of 8-IVB Engine 
Thrust Mioation B 

K171 G8E Engine Thrust ~ndic'ation ' _ 
Enable A 

. . 
K172 GSE Engine Thrust Indication 

Enable B 

K173 EDS Arming of 5-II T b w t  
Indication A --_ , 5 7 4  4 

. - , > , ' . I  . 
> ' 

K174 EDS Arming of S-II Thrust . IS  

-. 
r ,  ., . I 

Jndication B - - . , - - 5  7 4 4 - . ,, , *,.-') 

' .  
Kl88 8-IVB Prevalve Control. . i A . I  

-. 
L ' . I  .. ' -  Command , - . I  'I 8 

I -. I , : 
8 -. +'.. 1 .-,..T 7 , -. . . . . , . - . .  . 

K199 S-IVB chilldorn shutoff.).' 4 I G.$.sL~i-& A .":: j. '!; .'. . 
. ; . v , j - . - l  -,.- .*.>  i if>^>.-'.: 

Command r ' ' ' ' ,-, hd:&-+:-:. ., L b k  .- sC ,-. , I;: . ,, . . 8 
, 

. , .  I .  - .: n:.$;i.,+-:7.< . ,. 7 6 
. < -.-->: . ., . .,;, ::.j .+-., . ., . I ,  . . - .  4 .  - - . 7 .  

K201-1 5-II Second Plane %paratias R - :, ,-,, , 
+,J; .:-.. . . ,, . ;, .,.. .. :, ,,'<; " 5 4. 

, s .  - . A , -:. 6 ~.'f~/*-4;$:..;~,'?-ik-!: ! :.~, 
K201-2 8-11 Second Plane Separation B ..?:'. --. .. L, ;-: ' '. . t !? l . .  . ,.. I s  .,: ' I . :  

. I - .  - _  . . 5 @ 
. .  - . . 

..;-,. 
. . ' ; , , , . I :  *!.::.-I .y!.8,: .::.:I ..,, . .:-. .,, 

, , . . . S-IC Range Safety Engines -";., ; ' . ' y , -73 . - .~~ . . . ' .  .. .:- .4,++Fm.8- . , .. 
..'I .,.- Cutoff A 2 .. L 1  , : -:. , 'n, , ; . : ; '~f  .I.-,: .*, , , _; 1,$, , > ,  , Q ., '.., , vy:, ,:. c :!r-m$$~"\~3~ < +-., ! ;: ,,?-., .-. , ,. , 

-. ' . . : , -  . ,L, . :> ' . ' * . ' ,. 
. . ,  ' .' . . 

. . 8-ICRange Safety~nginea'-- :':r.:r.:.-+;- n,c. . ;c;A.. :  1. . .. 

Cutoff B1 
- 8 ,  .-, . ' .,. , 8 .. - 

. .  - 
7-. . .i .,. # I - . ,  .--, . - d; . :,,, '( ; .zt;,+ . -. 2; - , . -. 'l,fl<.-;. .;< ,;: ;,-.: ,.); .. - t  . ; . . . -A- 

. . 
' I  L , - <--;;*;, ;r~.l~7:!,:--.,;,! '- . + . . , I  . . . .  S-IC Range Safety Engfnes , . .:- L T,---<.E "-.; ,. . . . 

+ . . r -  .-...: ,! :.a>$ ::.?:-: 

Cutoff B2 ,-,.::* , , , . , ..";r.; ??-:w: : 3 
. . , >.,!-, L*+r' r. ;. : , :; :d --': -.'- : ' . ' , 

. . - . .  
.-, . ., . . 

. . 
- . - . . I . . . . 

2 - -  
,.I . I  I #I. 

, 
- .  

C . '  . . , , - . .* I-' 
I .I. : .  . . ' .r . . . . 

I t  . 
. . 

_ . . I ,  . . .  t '  . . " 

- 2 ' -  , 
. .  . . .  . . 

. . , . 
. . . . . . .  . - .. . . , . 
. . . . , . 

. . , .  . . ,  
, .  b .  : . . 

. , 
. .. , , - 8  ; ;. ' 

I.., : 
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Contacts - Schematic Sbeet No. 
NC 'NO NC NO NC NO Coil 

9-11 Engiue No, 1 Cutoff 4 4 4 

S-II Engine No. 1 LOX and 
LfI2 Prevalves Control 

5-11 Prevalve Lockout 
Command from GSE 

Timers Test 

Normal S-II Engines Cutoff B1 

Normal S-I1 Engines Cutoff B2 

Normal S-11 Engines Cutoff A1  

K215-2 Normd S-II Engines Cutoff A2 

K3L6 S-II All Engines Start Command 

K21? S-11 Engines Prevent Start 

K218 S-ll Engines Prevent Start 
By-pass Command 

KZ19 S-IC All Engines OK B 

K220 Excessive Roll Rate Indication 

K221 Exceacive Piteh and Yaw Rate 
Indication A 

K222 Excessive Pitch and Yaw Rate 
Mication B 
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DRAWING NOTES; 

The Auto-Abort bue, eD95, can be 
energized from the exoessive rate 
circuit as well aa the two engine out 
circuit. 

This function is not programmed on the 
svitoh selectcr for this mission. 

Thia circuit is not active on this mission 
and the function is inhibited. 
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