


Preface 
As you know, IBM has the responsibility of assembling the 
lnstrument Units to be used in  the Saturn/Apollo Missions. 
In effect, i t  i s  our job to see that the payloads receive 
proper guidance during the init ial part of Saturn/Apollo 
missions. The lnstrument Unit may appear as a rather small 
part of a very large vehicle, but this small size i s  by no 
means a scale of its importance. In fact, the Instrument 
Unit i s  considered the "brain" or "nerve center" of the 
vehicle. 
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Introduction 
The instrument Unit for The Uprated Saturn I and Saturn V ve- 
hicles i s  a ring 21.6 feet in  diameter, and three feet in heighf. 
O n  the flight-ready Saturn vehicle, i t  i s  located on top of the 
S-IVBStage. Mounted on its inner surface i s  the guidance and 
control equipment which w i l l  guide the vehicle from l i f tof f  into 
a parking orbit around the earth, and from that orbit into a 
lunar trajectory. Also mounted on the inner surface are the 
measuring and communications equipment which monitor and 
transmit to earth information concerning the environment and 
performance of the vehicle. 

0.030 INCH 
TOP 

Q 



Structural Subsystem 
The Structural Subsystem provides the mounting support for the 
Instrument Unit electronic equipment and is, i n  addition, a 
load-carryi ng structural element of the complete Saturn booster. 
The thrust generated during first stage burn i s  transmitted to the 
payload through the Instrument Unit structure, and in  addition 
to withstanding the resulting tremendous forces of thrust and 
vehicle maneuver, the structure must support approximately 
3500 pounds of equipment mounted internally. The required 
strength i s  achieved at a minimum weight penalty by using an 
aluminum alloy honeycomb inner core bonded to inner and outer 
skins of sheet aluminum. The complete structure weighs approxi- 

The aluminum alloy 
honeycomb core of the 
structure is made by 
piling thin sheets of foil 
on top of one another. 
Adhesive is laid in long 
strips between the 
sheets. 

mately 450 pounds, and i s  fabricated i n  three 120 degree seg- 
ments. During assembly of the Instrument Unit, the segments 
are joined by splice plates bolted to the segment at both the 
inner and outer surfaces. This results i n  a structurally solid 
ring which can be easily separated again into its three segments 
i f  necessary for packaging and shipping. 

The sheets are then I Individual stacks having 
bonded using a combina- I the desired thickness are 
tion of heat and pressure. sliced from the large 

bonded pile. 

When each stack is 
pulled apart slightly, the 
result is a structure of 
hexagonal cells. 

Now the honeycomb 
core is rolled to give it a 
curved shape. 
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Environmental Control 
Subsystem 
The Environmental Control Subsystem (ECS) maintains acceptable 
operating conditions for the Instrument Unit components during 
preflight and f l ight operations. The ECS i s  composed of the 
Thermal Conditioning System (TCS), Gas Bearing Supply System 
(GBS) and the Preflight Air/GN2 Purge System. 

The ECS performs the following three functions: 

Thermal Conditioning System - The Thermal Condition- 
ing System cools the astrionics equipment during pre- - ,  

launch and f l ight by maintaining the temperature at 
5 9 O F  * 1 O. 

Gas Bearing Supply System - The Gas Bearing Supply 
System furnishes gaseous nitrogen (GN2) at a regulated 
temperature and pressure for the Gas Bearings in  the 
ST-1 24M Inertial Platform. 

Preflight Air/GN2 Purging System - The Purging 
System maintains a controlled inert environment in  the 
Instrument Unit and S-IVB upper compartment by fur- 
nishing a temperature and pressure regulated supply of 
fi ltered air/GN2. 



IU PREFLIGHT AIR/GNz 
PURGE SYSTEM D U C T I N G 7  

WATER VAPOR 

Environmental Control Block Diagram 



E l e c t r i c a l  S u b s y s t e m  
The electrical power for operation of a l l  systems located within 
the IU i s  furnished by batteries. These batteries contain silver- 
zinc cells wi th potassium hydroxide electrolyte. Each battery 
supplies 28 VDC and can deliver 35 amperes for 10 hours. 

Distribution of the power i s  accomplished through the Power 
Distributor and Auxiliary Power Distributor which act as junc- 
tion boxes and switching points. 

Most cabling withip the Instrument Unit i s  supported on a cable 
rack. With the advancement i n  the f ield of f lat printed wiring, 
some cables connect directly between components and are not 
attached to the support rack. 









Emergency Detection System 
The purpose of the Emergency Detection System (EDS) i s  to 
sense and act upon onboard emergency situations arising during 

Saturn-boosted phases of Apollo-Saturn space flights. Protec- 

tion of the Apollo crew against failure of the Saturn vehicle i s  
the prime function of the EDS. However, for protection of 
personnel at the launch area, certain portions of EDS are de- 
activated until a short interval after l i f toff.  This deactivation 
period prevents EDS cutoff of a l l  engines which would result i n  
the vehicle fal l ing back upon the launch area. 

The EDS reacts to emergency situations i n  one of two ways, 

depending upon the seriousness of the emergency. I f  the EDS 
senses an emergency that w i l l  lead to rapid vehicle breakup, 
the EDS automatically initiates an 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 or not to manually init iate an abort sequence. Once 
initiated, either automatically by the EDS or manually by the 

crew, the abort sequence i s  completed automatically. 
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Guidance and 
Control Subsystem 
The problem of directing a ballistic missile or space vehicle, 
to accomplish a given mission, i s  customarily discussed in  
terms of three separate functions: navigation, guidance, and 
control. The boundaries between these three areas are to some 
extent arbitrary and conventional. The three terms, naviga- 
tion, guidance, and control, are used according to the follow- 
ing definitions: 

r Navigation i s  the determination of position 
and velocity of the vehicle from measure- 
ments made onboard the vehicle 

Guidance i s  the computation of maneuvers 
necessary to achieve the desired end con- 
ditions of a trajectory (e.g. , an insertion 
into orbit). 

a Control i s  the execution of the maneuver 
(determined from the guidance scheme) 
by controlling the proper hardware. 

According to the guidance scheme (programmed into the com- 
puter), the maneuver required to achieve the desired end con- 
ditions i s  determined by the LVDC. The instantaneous position 
and velocity of the vehicle are used as inputs. The result i s  
the required thrust direction (guidance command) and the time 
of engine cutoff. 

Control of the launch vehicle can be divided into attitude con- 
trol and discrete control functions. For attitude control, the 
instantaneous attitude of the vehicle i s  compared with the 
desired vehicle attitude (computed according to the guidance 
scheme). This comparison i s  performed in the LVDC. Attitude 
correction signals are derived from the difference between the 
existing attitude angles (gimbal angles) and the desired atti- 
tude angles. In the Flight Control Computer, these attitude 
correction signals are combined with signals from control sen- 
sors to ,generate the control command for the engine actuators. 
The required thrust direction i s  obtained by gimballing the 
engines in  the propelling stage and thus changing the thrust 
direction of the vehicle. Since the S-IVB Stage has only one 
engine, an auxiliary propulsion system i s  used for roll control 
during powered flight. The auxiliary propulsion system pro- 
vides complete attitude control during coast flight of the 
S-IVB/IU Stage. 

Consider the block diagram of the overall Saturn V Guidance information stored in  the LVDC (e.g., position, 
guidance and control subsystem. (This diagram i s  also true velocity) can be updated through the IU command system by 
for The Uprated Saturn I Vehicle i f  the S - l l  Stage Switch Se- data transmission from ground stations. The IU command system 
lector and engine actuator blocks are omitted.) The three- provides the general capability of changing or inserting infor- 
gimbal stabilized platform (ST-1 24M) provides a space-fixed rnation in the LVDC. 
coordinate reference .frame for attitude control and for naviga- 
tion (acceleration) measurements. Three accelerometers, 
mounted on the gyro-stabilized inner gimbal of the platform, 
measure the three components of velocity resulting from vehi- 
cle propulsion. The accelerometer measurements are sent 
through the LVDA to the LVDC. In the computer, the acceler- 
ometer measurements a n  combined with the computed gravita- 
tional acceleration to obtain velocity and position of the 
vehicle. 

The LVDA i s  the input/output device for the LVDC. I t  per- 
forms the necessary processing of signals to make these sigrmls 
acceptuble to the computer. 
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Navigation Scheme 
Powered Flight 

The acceleration values, measured by the Platform accelero- 
meters, are processed within the LVDA and forwarded to the 
LVDC as increments of velocity. Velocity i s  integrated to 
determine position. The basic navigation scheme i s  shown. 

Acceleration may be defined as the rate-of-change (derivative) 
of velocity. Velocity i s  the rate-of-change of position (dis- 
tance). Velocity is the integral of acceleration, and position 
i s  the integral of velocity. Therefore, position i s  obtained by 
integrating acceleration twice. 

Orbital Flight I 
During orbital coast flight, the navigational program continually 
computes the vehicle position, velocity, and acceleration from 
equations of motion which are based on vehicle conditions at 
the time of orbital insertion. In orbit, navigation and guidance 
information i n  the LVDC can be updated by digital data trans- 
mission through the radio command system. 

Additional navigational computations are used i n  maintaining 
vehicle attitude during orbit. These computations establish a 
local vertical wh7ch i s  used as a reference for attitude control. 
Present plans call  for the attitude of the vehicle rol l  axis to be 





Guidance Computations 
The guidance function of the launch vehicle i s  accomplished 
by computing the necessary flight maneuvers to meet the 
desired end conditions of the flight (e.g., inserting the payload 
into earth orbit). Guidance computations are performed within 
the LVDC by programmed guidance equations which use naviga- 
tion data and mission requirements as their inputs. These com- 
putations are actually a logical progression of computed formu- 
las which have a guidance command as their solution. After 
the desired attitude hos been determined by the "best path" 
program, the guidance computations might be reduced into the 
following equation: X - 0 = $ 

where: 

X is the desired attitude 

0 i s  the vehicle attitude 
J i s  the attitude error command 



X 

CHI 

8 rlt 
- THETA - - P S I  

DESIRED ACTUAL - - ATTITUDE 
ATTITU DE 

MINUS ATT ITU DE ERROR 

B. ITERATIVE GUIDANCE 
C. ORBITAL GUIDANCE 

SPEED RESOLVERS 

GIMBAL PIVOTS 

Solving the Guidance Problem I 
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Control Subsystem Operation 
The Flight Control Computer, which i s  the heart of the Control 
Subsystem, accepts signals from three sources: 

Attitude error signals ( J l )  from the LVDC/ 
LVDA Guidance System. 

Attitude angular rate signals ( 6 )  from 
Control -EDS Rate Gyros. 

Lateral acceleration signals (v) from 
Control Accelerometers. 

The Flight Control Computer uses the angular rate to modify 
the attitude error signals to conform to vehicle limits. These 
command limits are needed to maintain the mte of vehicle 
maneuver and motion within safe limits during al l  phases of the 
flight. 

Because of high aerodynamic lwding pressures and jet-stream 
winds encountered during first-stage burn, lateral acceleration 
measurements are also used in  forming the engine attitude com- 
mand signals. In the subsequent burn and coast phases of the 
flight, lateral acceleration i s  disregarded. 
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ST-124 M lnertial Platform 
Assembly 
The lnertial Platform Assembly, used i n  The Uprated Saturn I 
and V Vehicles, can take either of two configurations. These 
two configurations are designated ST-1 24M3 and ST-1 24M4 
and are three- and four-gimbal systems, respectively. In the 
basic design of the lnertial Platform, the outer, middle, and 
inertial are identical i n  both models. The ST-124M4 
has a fourth, or redundant, gimbal and a larger base structure; 
i t  also requires a different mounting frame. The IU intercabling 
and wiring for these two systems are identical. 

The gimbal configuration of the ST-124M4 offers unlimited 
freedom about a l l  three inertial reference axes, while the 
ST-124M3 i s  limited to f 45 degrees about its Z axis (vehicle 
yaw a t  launch). For the Apollo mission, the ST-124M3 con- 
figuration i s  used. 

The gimbal system allows the inertial gimbal rotational freedom. 
Three single-degree-of-freedom gyroscopes have their input 
axes aligned along an orthogonal inertial coordinate system 
XI, Yl, and ZI of the inertial gimbal. The signal generator, 
which is fixed to the output axis of the gyro, generates electri- 
cal signals proportional to torque disturbances. These signals 
are transmitted through the servoelectronics which terminate i n  
the gimbal pivot servotorque motors. The servoloops maintain 
the inner gimbal rotationally-fixed i n  inertial space. 

The inner gimbal has three pendulous integrating gyro accelero- 
meters oriented along the inertial coordinates XI, YI, and ZI. 
Each accelerometer measuring head contains a pendulous single- 
degree-of-freedom gyro; the rotation of the measuring head i s  a 
measure of acceleration along the input axis of the accelero- 
meter. 

Vehicle attitude i s  measured wi th respect to the lnertial Plat- 
form using dual speed (32:l) resolvers located at  the gimbal 
pivot points. The outputs of these angle encoders are converted 
into a digital count i n  the LVDA. 
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Integrating Gyro 
A single-degree of freedom gyro consists of a gyro rotor and a 
single gimbal. When this gimbal i s  mounted to a base through 
an unrestrained coupling, the gyro i s  called an integrating 

gyro. Such a gyro w i l l  respond to torque about its input axis 
(1A) by precessing about its output axis (OA). A single- 

degree-of-freedom gyro i s  often used to position a signal 
generator, thus converting torque to an electrical analog 
signal. 

I A 0 A 
/ 

SIGNAL 
GENERA 

SRA 

SRA = SPIN REFERENCE AXIS 
IA  = INPUT AXIS 
OA = OUTPUT AXIS 

Single Degree of Freedom Gyro - 

TOR 



Stabilization Gyro 
The ST-124M Stabilizing Gyro has a sealed cylinder as its 
single gimbal. This gimbal rides on a cushion of flowing 
nitrogen gas and is therefore unrestrained. A shorted turn 
signal generator becomes unbalanced by the precession of 
the inner cylinder and generates an electrical output pro- 
portional to the gyro's input torque. 

SRA 
GIMBAL 

l NPUT 
TORQUE GAS BEARING 

i \ I  SRA = SPIN REFERENCE 
IA = INPUT AXlS 
OA = OUTPUT AXlS 

Gas Bearing Gyro 



OUTPUT 
PRECESSION 

AB 3-K8 Accelerometer 
The AB3-K8 Accelerometer i s  used to convert dynamic accele- 
ration to a precession about its output axis. An optical encoder 
monitors this precession and sends this signal to the LVDA. An 

unbalanced mass mounted on the inner cylinder of the clccele- 
rometer behaves l ike a pendulum when exposed to acceleration. 
The pendulum applies an input torque on the gyro resulting i n  
output precession. 

OPTICAL 

/ ENCODER 



Attitude Measurements 
Vehicle attitude i s  measured wi th respect to the Inertial Plat- 

form using dual speed resolvers mounted a t  the gimbal pivot 
points. These resolvers and their associated R-C networks 
shift the phase of the input excitation voltage. The amount of 

phase shift i s  proportional to the mechanical angle about the 
pivot point. Crossover detectors and a digital counter in  the 
LVDA convert the phase shift to a digital count. 

Attitud'e Resolver Network 
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Launch Vehicle Digital 
Computer and Launch Vehicle 
Data Adapter System 
(LVDC/ LVDA) 

The LVDC and LVDA comprise a modern electronic digital com- 
puter system. The LVDC i s  a relatively high-speed computer 

wi th the LVDA serving as its Input/Output (I/O) device. Any 
signal to or from the computer i s  routed through the LVDA. 
The LVDA serves as central equipment for interconnection and 
signal flow between the various systems in  the Instrument Unit. 

The LVDC/LVDA are involved i n  the following main operations: 

Prelaunch checkout 

Navigation and Guidance Computations 

Vehicle sequencing 

Orbital checkout 

The LVDC i s  a general purpose computer which processes data 
under control of a stored program. The computer uses fixed- 
point, two's complement arithmetic. Data i s  processed serially 
i n  two arithmetic sections which can, i f  desired, operate con- 
currently. Addition, Subtraction, and logical extractions are 
performed in  one arithmetic section while multiplication and 
division are performed i n  the other. 

The LVDA i s  the input/output device for the LVDC and the 
central station for signal flow i n  the Saturn Astrionics System. 
The LVDA transforms input and output signals to a form that i s  
compatible wi th the characteristics of the receiving equipment, 
controls the data flow i n  the IU, performs certain simple com- 
putation and logical operations on data, and provides tempo- 
rary storage of data. 
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Launch Vehicle Digital 
Computer Characteristics 

Launch Vehicle Data 
Adapter Characteristics 

Item Description ltem 

Computer input-wtput rate 

Power ruppl ier 

Description I Item 

Tvpe Binaty , serial, general purpose, stored 
progrom. 

512 kHz serial Telemetry 

6 duplexed regulated DC Suppli 
2 AC resolver power supplies 

Command Receiver 
Doto transmitter 

14 bitr for input doto 
38 dato and identification bits 

plus volidity bit  and parity bit 

Accurac)* Add, Subtract ond Multiply; 2-26; 
Divide: 2-24. 

Switch Selector 8-bit Switch Selector input 
15-bit Switch Selector wtput Speed 512,000 bits per second serial; Add: 82 

trrec; Multiply: 328 usec; Divide: 
656 urec. 

Computer Interface 
Unit 

15 bits address plur a data 
request bit  for output doto 

10 bits for input dato data 
ready interrupt 

7 interrupt inpuh from the 1U 
13 discrete outputs 
32 discrete inputs Memory Ferrite core, random access, 4,096 loco- 

tionr of 28 bitr each memory; relf- 
contained memory modules. 

41 dota and identification bitr 
for output dato plur discrete 
outputs 

Output to lounch computer 
Buffer register 
Tab register 
Mode register 

26 bitr 
8 bitr 
6 bitr Arithmetic Fixed Point, 2's complement. 

Input fmm RCA-I10 Gmund 
Contml Computer 

14 bitr for input data plus 
interrupt Programming 18 instruction coder consisting of 10 

arithmetic instructions, 6 program con- 
trol instructions, 1 input/autput inrtruc- 
tian, and 1 store instruction. 

Digitol-to-analog converter 8 bitr plur sign, 2.5 mil l i -  
second operation, three at- 
titude commands, ond two 
spare outputs 

Number of components 
(estimated) 

38, OM) silicon remiconductor., 
cermet resistors, and other 
special components 

Electronics Current-switching diode logic (positive), 
micro-miniature packaging. 

Anolog-todigital converter Equivalent of 17 bitr from a 2- 
speed rerolver 0.99 probability of ruccerr for 

250 hours of operation; user 
TMR logic, duplex special 
circuits, duplex power supplier 

Word Moke-Up Data word: Sign t 25  magnitude bitr; 
Instruction word: 4 operation code +9 
operand addrerr bitr. 

Platform 4 two-speed gimbal angle 
rerolver inputr 

10 single-speed resolver inputs 125 electronic poge osremblier, 
plus special electronic 
arrembl ies 

Spores 

Delay liner 

Packaging 
Timing 4-clock system, clock repetition rote: 

2.048 MHz; bit time: 1.953 micro- 
seconds; phore time: 14 bit timer; 
computer cycle: 3 phase timer. 

3 four-channel deloy liner for 
normal operations 

1 four-channel delay line for 
telemetry operations (DOM) 

80 kilogromr (214 pounds) Weight 

Volume 

Power (without computer) 

Input/Output Program controlled, serial 0.1 cubic meter (3.6 cubic feet) 





Definition of Mnemonic 
Item - Definition 

HOP - Init ial izes the  Computer Opera t ion  

MPY - Multiply 

SUB - Subtract  

DIV - Divide 

T N Z  - Transfer (if accumulator) No t  Zero  

MPH - Multiply (and) Hold 

A N D  - And 

ADD - . A d d  

TRA - Transfer (unconditionally) 

XOR - Exclusive o r  

P I 0  - Process Input-Output 

S T 0  - Store t he  accumulator  

TMI - Transfer (if accumulator) is minus 

RSU - Reverse subtract  

SHF - Shift accumulator 

CDS - Change Data Sector (similar to HOP) 

EXM - Execute Modified Instruction 

CLA - Clea r  and  Add 

Instruction Complement 
Operation 

Code 

00 

01 

02 

03 

04 

05 

06 

07 

10 

11 

12 

13 

14  

15 

1 6 . A 9 - B - A l  

16.A9.=-A2 

1 6 - A 9 . B . A 5  

16-A9.K8.A6 

I ~ . A ~ . K ~ . K ~ . Z . K ~ . K ~  

16-A9.K8-A7 

16-A9.T8.A4 

16.A9.W-A3 

16.K9 

16.A9.A8 

17 

*Symbol Explanations 
A Accumulator 
M Contents of specified memory address - Arrow indicates direction of data movement 

"$:: 
1 

4 

1 

8 

1 

5 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 Plus 

1 

Mnemonic 

HOP 

MPY 

SUB 

DIV 

TNZ 

MPH 

AM> 

ADD 

TRA 

XOR 

P I 0  

ST0  

TMI 

RSU 

SHF 

SHF 

SHF 

SHF 

CDS 

EXM 

C LA 

Description * 

Specifies next instruction 

A x M - PQ register 

A - M - A  

A + M - PQ register 

If A is not zero,  operand address 
specifies next instruction 

A X M - PQ register and A 

A AND'd with M - A 

A + M - A  

Operand address specifies next 
instruction 

A XOR'd with M - A  

LVDC/LVDA input-output 

A - M, A is unchanged 

If A is minus, operand address 
specifies next instruction 

M - A-A 

Shift A one place to right 

Shift A two places to right 

Shift A one place to left 

Shift A two places to  left 

Zero A 

Test memory (er ror  latches) 

Test memory (timing) 

Test memory (parity) 

Change memory data selections 

One machine cycle plus instruc- 
tion from memory 

M-A 





Flight Program 
The Flight Program is defined as a set of instructions which 
controls the LVDC operation from seconds before l i f tof f  until 
the end of the mission. These instructions are stored in  the 
LVDC memory system. 

The LVDC Flight Program may be divided into two main parts: 
the Major Loop and the Minor Loop. The Major Loop contains 
the navigation and guidance calculations, timekeeping, and 
a l l  other repetitive functions which do not occur within the 
Minor Loop. The Minor Loop contains the control system com- 
putations and accelerometer sampling routine. 

Several subroutines or secondary functions are also available 
to  the main program. They are util ized at specific times with- 
i n  the Main Loop or at certain phases of the flight. (e.g., 
boost navigation computations. ) In addition, an interrupt 
routine permits interruption of the normal program operation to 
free the LVDC for priority work. These interrupt operations 
may occur at any time within the program. Actually, the 
Minor Loop i s  an interrupt operation which w i l l  occur at 40 
millisecond intervals. (i.e., every 40 milliseconds, the main 
program i s  interrupted while accelerometer sampling and con- 
trol system routines are processed. ) 

A programmed telemetry feature i s  also provided as a method 
of monitoring LVDC and LVDA operations. The telemetry 
routine transmits specified information and data to the ground 
by way of the Instrument Unit telemetry equipment. 

The execution time for any given Maior Loop, complete with 
Minor Loop computations and interrupts, i s  not fixed. The 
various modes of the Maior Loop and the uncertainties of inter- 
rupt processing make the cycle time unpredictable (several 
interrupts may occur within one cycle of the Maior Loop while 
the very next cycle may have only a few interrupts). The 

longest program cycle should always be less than 1 second in  
duration. 
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Sequencing System 
The Switch Selector i s  a combination solid state and electro- 

mechanical component which ~ r o v i d e s  interstage mode and 

sequence control between the Launch Vehicle Dig i ta l  Com- 

puter/Launch Vehicle Data Adapter (LVDC/LVDA) and the 
stage distributors. One  Switch Selector i s  located i n  each 

stage and i n  the Instrument Uni t  of the Saturn Launch Vehicles. 

By u t i l i z ing  a d ig i ta l  coding-decoding technique, each Switch 
Selector can activate, one at  a time, 1 12 different circuits i n  
the stage i n  which i t  i s  located. Coding of the f l ight  sequence 
commands and the decoding of these commands by the stage 
Switch Selectors has the fol lowing advantages: the number of 
interface lines between stages is reduced; f l ex ib i l i t y  of the 
system w i th  respect to t iming and sequencing i s  increased; and 
the discrete output circuitry of the LVDC/LVDA i s  conserved. 

Commands for f l ight  sequence control are generated i n  the 
LVDC according to  a stored program. These commands are 
transferred through the LVDA to the Switch Selector o f  the 
corresponding vehicle stage. Examples of f l ight  sequence con- 
trol  are engine ignit ion, cutoff, and stage separation. The 
Switch Selector i n  the addressed stage activates the necessary 
c i rcu i t  to perform the commanded function. 





Switch Selector Processing 
The 8 verify lines are sampled to ensure that 

a l l  stage select relays have been reset, thereby 
ensuring an unwanted stage i s  not selected. 
Zero voltage on a l l  lines indicates that this - 
condition exists. The presence of Instrument 
Unit + 28 VDC on the verifv lines indicates 
that the verify lines are enabled because a 
stage Switch Selector i s  not reset. Having 
detected this situation, the LVDC commands a 
"force reset" and then rechecks the verify lines. 

The LVDC inserts the 8-bit f l ight command into 
the LVDA switch selector register. A t  the same 
time, a stage select command i s  sent to the ap- 
propriate Switch Selector. Application of the 
stage select command completes the signal return 
path for the input relays and allows the 8-bit 
command to be stored in  the Switch Selector 
input relays. 

The verification lines are sampled to determine 
i f  the command transfer was correct. 

If the verification i s  correct, the LVDC sends 
a read command to the Switch Selector; acti- 
vating i t ,  and causing the proper output to 
occur. 

I f  the verification i s  not correct, the LVDC 
initiates a reset command to prepare the Switch 
Selector to receive the complement of the origi- 
nal command. 

After the forced reset is completed, the LVDC 
loads the stage select command, and the com- 
plement of the previously sent command, into 
the LVDA switch selector register. 

Neglecting the verification information that 
occurs after the complement command i s  
inserted, the LVDC initiates a read command 
which produces an output from the selected 
switch selector channel. The read command 
also energizes the automatic reset circuitry 
which returns the Switch Selector to the reset 
condition to prepare i t  for a new cycle. 



1 1 5 - ~ i t  Serial t 8-Bit Serial 

I '"", h 

Fliqht 

1 .  22 lines between each Switch Selector and 4. 30 lines (maximum number)available to Switch 

LVDA. Selectors from LVDA (5 Switch Selectors). 

2. 26 lines between a l l  Switch Selectors and 5. 4 lines (IU + 28 Vdc and signal return) to a l l  
LVDA (Uprated Saturn 1) (3 Switch Selectors). Switch Selectors from Control Distributor 

(Uprated Saturn I and V). 
3. 28 lines between a l l  Switch Selectors and LVDC - Switch Selector 

LVDA (Saturn V) (4 Switch Selectors). Interconnection Diagram 



I L a t e r l  Acceleration I I I 1  
Input Channel 

* Time-varying functions that determine which of 
the three terms of the control equation will be 
dominant. The control equation is defined as: 
P C  = a o J I + a l  $ ( + g 2  ?*for sat urn^^) 1 

Symbol 

Pitch 

Yaw 

Angular Rate 

Pitch 

Yaw 

Roll 

Attitude Error 

Pitch 

Yaw 

Roll 

Input Signals to the Flight Control Computer 

Control System 
Gain * 
Factor 

. . " 
y Y '. 
4 R 

The attitude control requirement of the Saturn Launch Vehicle 
can be divided into attitude control during powered flight and 
attitude control during coast fl ight. Attitude control and 
stabilization during powered f l ight are accomplished by swivel- 
l ing of the propulsion engines to control thrust vector direction. 
During coast fl ight (in orbit and after translunar injection), 
attitude control i s  provided by the auxiliary propulsion system 
of the S-IVB Stage. This auxiliary propulsion system i s  used 

also during powered f l ight of the S-IVB Stage for rol l  control 
which cannot be achieved wi th the single engine of the S-IVB 
Stage. 

Signal 
Sources 

Control of the launch vehicle during ascent into earth orbit 
can be divided into two phoses. During first-stage powered 
flight, the vehicle traverses the dense portion of the atmosphere. 
Large side forces (resulting from aerodynamic flow and wind) 
can act on the vehicle. Maneuvers during this f l ight phase are 
limited because of structural constraints. Structural loads from 
aerodynamic forces are kept within a tolerable range by con- 
trol l ing the vehicle to achieve a minimum angle of attack. 
The basic control scheme i s  an attitude/attitude-rate scheme. 

LVDA/LVDC 

J/ R 

)2 

} 

The control law for the thrust vector deflection angle ( P )  i s :  

Saturn IB 
Control Accel- 
erometers 

Control-EDS 
Flate Gyros 

/3= a. $ + a l  ib (Saturn V)  

Where a0 and a1 are gain factors, +and $are attitude error 
angle and attitude angular rate respectively, Y i s  the lateral 
acceleration measured by the accelerometers wi th its sensitive 
axis perpendicular to the vehicle longitudinal axis, and 92 i s  
the corresponding gain factor. The attitude error angle ( +)  i s  

obtained from the LVDC/LVDA, the attitude rate ( iP)  from the 
rate gyros, and the lateral acceleration (ii) from control ac- 
celerometers. 

The lateral acceleration control i s  used during first-stagepro- 
pulsion to reduce structural loads from aerodynamic forces and 
to provide drift-minimum control. 



SIGNAL 
GENERATOR 

\ 

Rate Gyro 
A single degree of freedom gyro which i s  restrained by 
spring torque i s  classified as a rate gyro. In this configura- 
tion, the gyro responds to angular rate about its input axis 
by developing torque about its output axis. The output 
torque working into a torsion bar or coil spring ollows the 
gimbal to displace proportionally to the input rate. 

SRA = SPIN REFERENCE AXlS 
IA = INPUT AXlS 
OA = OUTPUT AXlS 

Rate Gyro 

1A 

SRA 

TOR 



Control Signal Processor 
The Control Signal Processor serves as a power source, de- 
modulator, comparator, and distributor for the Control/EDS 
Rate Gyros. Demodulators convert AC outputs of the gyros 
to DC signals. These DC signals are compared to determine i f  
a malfunction has occurred. If a malfunction has occurred, 
the spare signal channel wi l l  be used. Rate switches signal 
the Emergency Detection System when excessive rates of ma- 
neuver are experienced. 













Flight Control 
Computer - S-I8 Burn 
The circuit configuration of the Flight Control Computer i s  
dictated by the hardware requirements of the powered stage. 
The S-IB Stage has four gimballed engines; each i s  controlled 
by two hydraulic actuators, one for yaw control and one for 
p i tch control. Twelve milliamps of input to one of these 
actuators results i n  maximum deflection of the engine i n  that 
axis. 





Flight Control 
Computer - S-IVB Burn 
The S-IVB Stage i s  powered by a single engine having only one 
yaw actuator and one   itch actuator. To assure high reliability, 
the Flight Control Computer develops the command in three 
identical (redundant) channels. Comparator circuitry selects 
the channel to be used. 





Flight Control 
Computer-Coast 
To maintain the desired attitude during the coast phase (also 
during S-IVB Burn for roll), Auxiliary Propulsion System noz- 
zles are fired as required. This requires the Flight Control 
Computer to have a discrete (engine ON/engine OFF) cap- 
abi l i ty. This capability i s  accomplished using Spatial Ampli- 
fiers. When the sum of the inputs to this amplifier exceeds a 
given "threshold", an "ON" signal i s  generated to fire the 
proper nozzle. 
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Measuring and Telemetry 
For monitoring physical parameters, i t  i s  necessary to use sens- 
ing devices (transducers) to reduce the physical quantity to 
electrical intelligence. Conditions already i n  acceptable 
electrical form wi l l  allow direct pick-off of the quantity. 
Since various electrical forms wi l l  be picked off, they must be 
conditioned to values acceptable to the telemetry equipment. 
This signal conditioning i s  performed i n  measuring racks. 

The quantity and variety of monitored conditions are great, 
thus i t  i s  necessary to integrate these measurements into limited 
transmitting paths. This i s  accomplished by the telemetry func- 
tions of time and frequency sharing techniques. Various com- 
binations of the following multiplexing techniques are employed: 

a Frequency Modulation I 
a Pulse Amplitude Modulation I 
a Single Sideband Modulation 

a Pulse Code Modulation I 
The following two methods are util ized for transferring intel li - 
gence from the vehicle to an accessible location: 

hardwire through umbilical cords 

through space 

At the Earth stations, the received intelligence is:  I 
1 Used for vehicle checkout I 
2 Reduced for real time evaluation 

3 Used to verify commands I 
4 Recorded for future use 



VEHICLE MEASURING 

VEH I CLE TELEMETRY 

VEH l CLE 
DDAS OUTPUT GROUND 

TELEMETRY VEH I CLE 
GROUND 4 CHECKOUT 
STATION FACIL ITY  

i ? 

Vehicle Measuring System 

L -- A 



Measuring 
Transducer 

Generally, transducers change energy from one form to another. 
In measuring techniques, they are used as electromechanical 
measuring instruments which contain sensing devices for con- 
verting mechanical and environmental quantities into electrical 
signals. Evaluation of vehicle performance and inflight moni- 
toring requires the measurement of a large variety of physical 
quantities onboard the vehicle. Therefore, many different 
types of transducers are used. Some typical transducers and 
the corresponding measurements are listed below. 

Parameter Transducer 

Vibration Piezoelectric Accelerometer 

Acoustic energy Piezoelectric Mi crophone 

Pressure Bellows and Bourdin Tube 
Pressure Gauges 

Temperature Thermistors and Resistance 
Thermometers 

a Flow Rate Turbine Flowmeters 

Acceleration Force Balance Accelerometer 

a Position Potentiometers 

Signal Conditioning 

The signal conditioning system takes the measured signal and 
converts i t  to a signal that i s  acceptable to telemetry. The 
signal may be a raw electrical signal from the vehicle of i t  
may be the output from a transducer. Certain transducers have 
output signals which do not require signal conditioning. The 
signals are then fed directly to the Measuring Distributor. The 
following lists transducers located i n  the Instrument Unit i n  
relation to the type of signal conditioning required. 

Transducer 

Type of 
Signal Conditioner 

Piezoelectric Accelerometer AC Amplifiers 

Piezoelectric Microphone AC Amplifiers 

Pressure Gauges None 

Temperature Transducers DC Amplifiers 

Flowmeters Frequency -to-DC 
Converters 

Force Balance Accelerometers Servo Accelero- 
meter Units 

One analog measurement needing signal conditioning , that i s  
not listed, i s  the direct pick-off of the 400 Hz output of the 
excitation source for the platform gyro motors. This requires 
the use of a signal conditioning module called a Frequency 
Measuring Adaptor. 





Distribution 
In the routing of the various measurements to the proper tele- 
metry equipment, f lexibi l i ty i s  needed i n  assignment of paths. 
To provide this flexibi lity, measurements are routed through 
measuring distributors. The distributors provide the following 
three types of signal routings: 

Hardwire patching 

Pre-flight relay switching 

Inter-stage relay switching 





Telemetry 
The primary responsibility of telemetry i s  to integrate as many 

measurements as possible onto the least amount of transmitting 
frequencies and retain the accuracies of the measurements. 
This can be referred to as adding efficiency to the information 
transfer path from the vehicle to earth. 

Frequency Sharing 

The frequency sharing techniques used within the Instrument 
Unit are Single Side Band (S1 path), Frequency Modulation 

(F1 and F2 paths), and Frequency Modulated-Frequency 
Modulation (F1 and F2 paths). 

Time Sharing 

The time sharing (sampling) techniques used within the Instru- 

ment Unit are Slow-Speed Multiplexing, Pulse Amplitude Mod- 
ulation, and Pulse Code Modulation (PI path). 

When a l l  these various outputs are channeled to the transmitters, 
the vol tage-control led transmitting oscillator provides another 
frequency modulation step to the techniques. The results are 
referred to as SS/FM, FM/FM/FM, FM/FM, PAM/FM/FM, and 
PCM/FM. 

Slow Speed Multiplexer 

The purpose of the Model 245 Slow Speed Multiplexer i s  to 
time-share up to 80 high-frequency measurements. The mea- 

surement capacity of the telemetry equipment i s  increased by 
this method. The inputs may come from transducen, signal 

conditioners, or other sources. These inputs are mu1 tiplexed 

into 17 output channels which may be sent to the S1, F1, or 
F2 Telemeters. 

S1 Single Sideband Telemeter 

The S1  Single Sideband Telemeter provides 17 modulation chan- 
nels of wide-frequency-band data to a FM transmitter. Mea- 

surements data i s  routed through 15 of these bands while the 
other two are used for synchronizing signals. The channels ore 

spaced i n  a manner to produce a nominal band-spread to the 
transmitter while retaining high frequency response. The single 

sideband modulation method i s  used to improve the measure- 
ment handling capacity of the transmitter. The 17 modulation 

channels of the Single Sideband Telemeter are summed and 
applied to the voltage control oscillator of the S1  transmitter. 













PCM/DDAS Telemeter Computer lnterface Unit 

The Pulse Code Modulation/Digital Data Acquisition (System) The Model 501 Computer lnterface Unit (CIU) assists in  the 
(PCM/DDAS) i s  an encoder-multiplexer assembly that w i l l  transfer of telemetry data to the LVDA/LVDC for storage. A l l  
accept and time-integrate PAM analog signals, discrete sig- instrumentation data from the PCM/DDAS Telemeter i s  furnished 
nals, and digital signals into a single output. The single out- to the CIU and on request from the LVDA/LVDC selected words 
put i s  furnished to other components i n  three different forms. of this data are transferred to the LVDA/LVDC for storage. 
The PCM/DDAS Telemeter i s  the key component for telemetry 
synchronization. The PCM/DDAS houses the master clock. Calibration 

The three forms of the PCM/DDAS Telemeter output are: Several portions of telemetry are equipped wi th circuits 
that permit calibration signals to be applied. These cal i- 

A serial, digital pulse train that i s  sent to an brations signals are applied both prior to launch and during 
FM transmitter for broadcast to ground receiving flight. A t  the receiving stations, the normal broadcast data 
stations. i s  compared to the calibrated broadcast data to determine 

system accuracy. 
A series of paralle-I, digital 10-bit groups that is 
sent to the Computer Interface Unit for transfer 
to Guidance and Control. 

a A 600 kHz FM carrier, modulated by the serial 
pulse train, that i s  sent to the ground Electrical 
Support Equipment by way of the umbilical. 

Remote Digital Multiplexer I 
The Model 410 Remote Digital Multiplexer (RDM) accepts up 
to 100 bits of digital data, or up to 100 individual discrete5 
or a combination of the two and temporarily stores them as ten 
10-bit digital words. The words are sent in  a repeating se- 
quence to the PCM/DDAS Telemeter. The unit i s  pre-program- 
med to determine the order of monitoring the inputs and the 
order of sending the words to the PCM/DDAS Telemeter. The 
unit i s  synchronized wi th the PCM/DDAS Telemeter to cause 
the output words to appear at the instant the PCM/DDAS Tele- 
meter i s  programmed to accept them. 





RF Transmission Components 
The RF transmission components transfer the carrier signals from 
the four telemetry transmitters to ground receiving stations. 
The signals may be radiated through antennas or carried by 
coaxial cable through the umbilical. The components are the 
RF Coupler, Coaxial Switch, Coaxial Termination, Power 
Divider, and two Telemetry Antennas. 



TRANSMITTER ONANT 2597MHz 

TRANSMITTER 

: TRANSMITTER 

TRANSMITTER 

-- 

RF Transmission Components Functional Diagram 
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BITS- 

Command 
The purpose of the Saturn Instrument Unit Command Function i s  
to provide a radio frequency/digital data transmission l ink 
from various Manned Space Flight Network stations to the on- 
board Launch Vehicle Digital Computer (LVDC). The LVDC 
uses the transmitted data to update the mission guidance para- 
meters or to perform certain orbital (S-IVB/IU) checkout func- 
tions. The command function w i l l  be used to update guidance 
information or to command certain vehicle functions such as 
stage selector switch operations, review of data i n  certain 
locations of the Launch Vehicle Digital Computer memory, 
and out-of-sequence telemetering of S-IVB pressures, tempera- 
tures, etc. , for orbital checkout. In every case access to these 

functions i s  through the Launch Vehicle Digital Computer. 

3 . . . . .  . . . . .  . . . .  . .  . . . . . . . .  . . . .  . . . . .'3 
ADDRESS BITS: 

/ ? I  + I + 4 + I + 5 . 1 4  - 
UB 17 
TAL 

8 v 
INFORMATION BITS: 4 + 3 + 6 + 5 . . . .  ..-- 

T O ~ A L  35 

Command Word in  IU Command 





Command and 
Communications 
The IU Command and Communication (CCS) i s  a phase- 
coherent receiver-transmitter capable of establishing a com- 
munication l ink between the Unified S-Band (USB) ground 
stations and the lnstrument Unit of the Saturn V Launch 
Vehicle. Specifically, the CCS wi l l :  

a Receive and demodulate command up-data for the 
guidance computer i n  the Instrument Unit 

a Transmit pulse code-modulated (PCM) mission control 
measurements originating i n  the S-IVB and the 
Instrument Unit to the USB ground stations for pro- 
cessing 

a Retransmit the range code that i s  received from the 
USB ground stations for tracking purposes. 
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Tracking 
The Saturn Vehic le is tracked for the fo l lowing three pr incipal  

reasons : 

To evaluate the vehicle's Guidance and Control 

Subsystem. 

To guidance corrections after the primary 

inert ia l  in ject ion.  

To ensure range safety. 

Several tracking systems are used to determine the vehicle tra- 
jectory during powered ascent and orbital f l ight. Redundant 

tracking data provides the best possible trajectory information 
and increased mission re l iab i l i t y .  The Instrument Uni t  equip- 
ment includes the AZUSA Tracking System and the C-Band 

Tracking System. 

C-Band Rodar Transponder (Model SST-135C) 

The function o f  the Saturn Instrument Un i t  C-Band Radar Trans- 

ponder is to extend the tracking range o f  the AN/FPS-16 
Tracking Radar and similar C-Band tracking ground radar sta- 

tions. The transponder receives coded (dual) pulse or single 

pulse interrogations from ground stations and transmits a single 
pulse reply in  the same frequency band (5000 MHz  to 5900 

MHz). A common antenna i s  used for receiving and transmitting. 

Interrogation pulses are directed from the antenna to the re- 
ceiver, and reply pulses are directed from the transmitter to 
the antenna. The preselector attenuates a l l  radio frequency 
signals outside the receiv ing band. The mixer and local oscil- 

lator converts the interrogation signal to an intermediate fre- 

quency of 50 MHz.  The receiver uti l izes a l ineor-logarithmic 
intermediate frequency amplif ier for transponder delay stabil i ty, 

large input signal dynamic ronge capabil i ty, and short recovery 
time. A decoder is employed for decoding a 1 or 2 pulse inter-  
rogation code and to  trigger the modulator i f  the code i s  wi th in 
acceptance limits. A pulsed magnetron functions as the trans- 

ponder transmitter. 



C-Band Transponder Block Diagram 

-- 



AZUSA Type C Transponder 
The AZUSA Type C Transponder, an integral part of the AZUSA 
tracking equipment, i s  designed for installation i n  the Instru- 
ment Unit of the Saturn Vehicle. AZUSA i s  a high-precision, 

trajectory-measuring equipment consisting of a single ground 
station and a transponder. The equipment determines position 

by measuring slcnt ranqe and direction cosine values from the 
ground station to the vehicle bcrne transponder. These values 

are measured by continuous phase conparison between signals 
transmitted to and received from the vehicle transponder. 
Ground station receiving antennas are arranged along two 
mutually perpendicular coordinate axes. The path lengths 
from the transponder to each antenna differ, thus reply signals 
arrive at separate antennas out of phase. By applying basic 
principles of geometry, the phase differences of the carrier can 

be used to obtain two direction cosines with respect to bose- 
lines collinear with the X and Y coordinate axes. By rnodulot- 
ing the carriers and measuring total phase deloy of the rnodula- 

tion frequencies over the propagation path length, the system 
determines slant range. 





The AZUSA Type C Transponder contains a Frequency Modula- 

t ion receiver and a 5000-MHz klystron power oscil lator. The 
klystron frequency is controlled by automatic frequency and 

phase loops. The high-gain automatic-frequency -control loop 
modulates the klystron wi th  the received range modulation and 

controls the output frequency to fo l low the incoming carrier 

w i t h  a constant 60. 194-MHz offset. The automotic-phase- 
control loop provides a coherent carrier by phase-locking the 
offset to a mult ip le (612 times) of the 98.356-KHz fine-range 
modulation. The Type C Transponder i s  a solid-state device 

except for the klystron power oscillator. The transponder has 
a minimum receiver sensitivity of -90 dbm and a minimum 

power output of 2.5 watts into a 50 ohm load. The AZUSA 
Type C Transponder draws 125 watts, including blower power, 
from a 28 VDC supply. 



5060.194 MHz 

5000 MHz 
PHASE 

I 1  ERROR 

5000.0 MHz 

+ 
60.194 MHz 

MULTIPLIER 
(612 TIMES) 

98.356 KHz 
98.356 KHz 4 

COMPENSATION A 
RANGE SIGNALS 

I I Azusa Type C Transponder Simplified Block Diagram 
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