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INTRODUCTION

The material in this report has, for the
most part, been adopted from NASA documents
and working papers. In some cases, the infor-
mation is an approximation and is meant to be
used only as a guide.

As additional or more exact information

becomes available, it will be incorporated in
subsequent revisions,
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1. LITTLE JOE II1 LAUNCH VEHICLE

OBJECTIVE

The primary purpose of the Little Joe II launch vehicle will be to
provide trajectory to the Apollo prototype spacecraft for testing the abort
systems at high altitude. Both the launch-escape and service module methods
will be used.

DESCRIPTION

The design of Little Joe II is not yet firm; the descriptions and
configurations given are only approximate.

‘ , - The Little Joe Il is twice as large and four times as heavy as the Little
Joe I booster. It is a staged-fired, fin-stabilized, solid-fuel rocket booster
designed to accommodate up to seven Algol rocket motors with provisions to
c¢liminate motors to change performance characteristics. The booster
consists of three major assemplics: the forward body, the after-body, and
the fins. (See Figure 1.)

The various sequences of staging which may be utilized, depending
upon the performance required, are given in Table 1.

PROPULSION
ROCKET MOTORS

Up to seven Algol (first-stage Scout) solid-fuel rocket motors may
be used, .

SID 62-148
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. PROPELLANT

To perform satisfactorily, the Algol rocket-motor propellant must be
maintained at a temperature of 70 to 90 F before flight.

INSTRUMENT UNIT (NOT APPLICABLE)

GUIDANCE AND CONTROL

A control system will be required; however, these requirements have
not been established.

INSTRUMENTATION ~

DESCRIPTION
MONITORING

MEASUREMENT LIST

Mandatorz

Optional

TELEMETRY AND RADIO FREQUENCY SYSTEMS

ABORT SENSING AND DESTRUCT SYSTEMS

ABORT SYSTEMS

DESTRUCT SYSTEM

SID 62-148
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INTERFACLS

MECHANICAL

ELFCTRICAL
AERODYNAMIC
CONTROL DYNAMICS
MISSION-TRAJECTORY/PAYLOAD CAPABILITIES
ENVIRONMENTAL PROFILES

PHYSICAL CONFIGURATION

OVERALL DIMENSIONS

'

The overall dimensions given in Figure 1 include the Little Joe 1I
booster, adapter section, prototype Apollo spacecraft,” and launch ¢scape
tower.

WEIGHTS AND CEN

Fa Ly

A list of weights and center-of-gravity stations are included in Table 1.

SID 62-148
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LIMITATIONS

SURFACE WIND VELOCITIES
WIND SHEAR
LAUNCH ANGLE

PAYLOAD

Weight

Center-of-Gravity Location

SID 62-148
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11I. C-1 LAUNCH VEHICLE

OBJECTIVE -

The purpose of the C-1 launch vehicle will be to provide the'ApoHo
spacecraft with the necessary guidance and

propulsion for unmanned reentry
and unmanned and manned earth-orbital spa

cecraft missions.

DESCRIPTION

.

The typical two-stage Apollo Saturn C-1 launch v

ehicle, Figure 2,
consists of four major components,

STAGE S-1

The first stage (S-1) is powered by cight Rocketdyne H-1 engines with
a total thrust of 1.5 million pounds,

850, 000 pounds of LO3; and RP-1.
stability of the first-stage flight.
about 257 inches.

" Propellants for these engines consist of
Tail fins are provided to improve the
The diameter of the propellant tanks is

5-1/8-1V INTERSTAGE SECTION

This is a 220-inch-diameter cylindrical section which remains with the
first stage (S-1) after in-flight separation of the second stage (S-1V}.
STAGE $-1V

The second stage (S-1V), shown in Figure 3, will be powered by six
Pratt & Whitney RL10-A-3 engines with a total thrust of 20, 000 pounds,
Propellants for these engines consist of 100, 000 pounds of LO,/LH,. The

rear and forward interfaces of the $-I1V have nominal diameters of 220 inches
and 154 inches respectively,

.

After second-stage hoost into orbit, the S-1V bouster and attached
instrument unit are separated,from the payload.
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. INSTRUMENT UNIT

The instrument unit contains the Saturn C-1 launch vehicle guidance

and instrumentation. It has a nominal diameter of 154 inches. (See Figure 4.)
\ -

PROPULSION <

FIRST STAGE (S-1)

Engines

The S-1 stage power plant consists of eight engines. Four, inboard.
engines, are mounted in a closed square pattern. The other four, outboard
engines, are mounted on the points of a larger square rotated 45 degrees
from the inner pattern. Each outboard engine is designed to permit a
+10 degree square gimbal pattern in any direction from the null position by
means of two hydraulic actuators. This gimbaling establishes proper forces
for pitch, yaw, and roll control of the launch vehicle.

. The Roéketdyne H-1 engine is a greatly simplified and repackaged S-2D
engine. The engine parameters are shown in Table 2.

Propellant

The propellants used in the S-1 stage are RP-1 and LLOy. The RP-1 ‘
iners t ntainers a

containers are pressurized with GN, and the LO, containers are pressurized
Control System
Each outboard engine is equipped with an independent closed-loop o~

hydraulic system which supplies hydraulic pressure for engine girnbaling.
Two electrically controlled, hydraulically operated actuators; a main

hydraulic pump; an auxiliary motor and pump; and an accumulator-re

w

ervoir

assembly are the major components in the S-1 stage control system.

SECOND STAGE (5-1V)

Engines

Six 15, 000-pound vacuum-thrust LOZ/LH2 RI.10-A-3 engines are used
on the S-1V stage. FEach engine is a regeneratively cooled, turbopump-fed
‘ rocket ¢ngine.

1 fonses—
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Table 2. H-1 Engine Performance Parametcrs
(Based on Saturn SA-1 Flight Data)

Nominal engine thrust 188K 1b (seca level)
Thrust variation +3%,

Thrust overshoot 5%

Time from ignition to 90% thrust 1.3 sec

{maximum)

Nominal specific impulse 255.0 lb-sec/lb (sea level)
Engine. mixture ratio 2.26
Cutoff impulse (sea level) 42,000 lb-sec

Cutoff impulse (altitude)

Maximum 98, 400 lb-sec
Minimum 73, 640 lb-sec
Average 82,170 lb-sec
Cutoff impulse variation +7, 500 lb-sec

Maximum (sea level)

1LLO7 pump NPSH (required) 60 ft
Fuel pump NPSH (required) 35 ft
Thrust build-up rate (average) 71, 300 1b/10 ms
Thrust build-up deviation (for 27,200 1b/10 ms

30 confidence level)

S ~EONFBENFE
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Thrust control is accomplished by sensing engine chamber pressure,
Ignition is accomplished by means of an clectric spark ignitor projecting into
the combustion chamber. Starting and stopping are controlled by valving, A
hydraulic pump is used to provide poyesn for the gimbal actuator. )

" .

The RL10-A-3 engine performance parameters are shown in Table 3.
TA)
Propellants ‘ .

The propellants uscd in the S-IV stage are LO, and LH,. The LO,
container is pressurizced by ambient He during ground operation and by heated
GHe during flight,  The L, container is pressurized by ambient He during
ground operation and, in flil-ht, pressurized as required prior to GH, flow
from the cnpines to the pressurization system,

Control System

The S-1V stage contains six independent closed-loop, flight-control
hydraulic ~ystems,. 'wo linear-type hydraulic actuator assemblics arc
connected to cach engine to provide gimbal motion,  Proper pgimbal
pusitioning of the cneines during flight is provided by correction signals

goencrated in the gutdance and control system.

INSTRUNMENT UNIT

The instrument anit is mounted to the forward end of the S5-IV stage.
The forward end of the unit's fusclage provides the interface mount for the
Apollo ~pacceraft. 1n ovder to satisfy the x'urluirvrncrits of nouninterference
with the spaccecratt bady, no portion of the units structure extends above the
interface.  The form of the unit is much like four spokes attached to the hub
of & wheel torming a hollow cavity of five clements.  The oatside diameter
and length of the fusclage rim are 154 inches and 58 inches respectively; the
inside (lamoeter of each spoke tube container is 40 inches.  The inside
diameter and length of the hob container are 70 inches and 103, 134

Y Sy
1 (2994 RS SRR 4 4 HEV R S S § T

respoectively, )

Lhe soven maior items contained 1n the instrument unit are as follows:

1.  Vehicle guidance system )
2. Control svstem

3. Pirie hase scléctor

1. Netwiorrks

<.  Justrumentation and measuring

0. Alr-bearing system
7. Special equipment

510 62148
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COMRRNE.

. Table 3. RL10-A-3 Engine Performance Parameters
Nominal thrust {vacuum) 15,000 1b
Thrust variation (vacuurn) +2%, (£300 1b)
Maximum titne from ignition to 90% thrust 2 sec
Minimum specific impulse “»"P) (racuum) 420 b sec/lb
Frngine mixture ratio 5:1 £1.67%
Cutoff impulse (vacuum) 2500 1b sec
Cutoff impulse variation {vacuum) 140 b sec
LOj pump inlet nominals 46. 5 psia at 163 R
Fuel pump inlet nominals 31.5 psia at 37 R
Rate of thrust increase 250 bims
Nouzzle area ratio 40:1
Chamber pressure 300 psia
LO,» NPSH (required) 15 psi
Fuel NPSH (required) 8 psi

GUIDANCE AND CONTROL

The guidance system for the Saturn C-1 vehicles will be integrated for
all stages, and only switching networks will be necessary within each stage.
The control system utilizes attitude information from the inertial platform,
attitude rate derived from rate gyros or differentiated attitude signals, and
lateral control derived from control accelerometers or ''Q-Ball'' transducer.
These signals are summeéd and amplified in an analog control computer for
transmittal of d-c signals to the actuators of the active stage. The flight

. control system of the vehicle is shown in Figure 5, and the integrated
polarity chart for S-I and S-IV stages are shown in Figure 6. The excitation
voltage for the engine position potentiometer, both for control and measuring
instrumentation, shall be supplied from the instrument unit.

Vehicle control during S-I stage operation is maintained by gimbaling
the four outboard engines to provide pitch, yaw, and roll control forces.
The hydraulic actuators that provide the necessary engine gimbaling forces
are capable of deflecting the engine plus or minus 8 degrees. Vehicle
(attitude, attitude rate, angle-of-attack, or lateral acceleration) signal
errors are sensed and transmitted to the control computer. The control
computer distributes correction signals to the servo-valves on the outboard
engine actuators.

S-1V stage in-flight control is accomplished by gimbaling the six
engines. The hydraulic actuators that provide the necessary engine gimbaling
forces are capable of deflecting the engine *4 degrees. The amount of
deflection is proportional to the command signals furnished by the control
computer in the instrument unit.

The instrument unit will provide vehicle structure for stabilized
platforms, guidance and instrumentation equipment. The design dictates
’ that skin cutouts be made only where mandatory; therefore, all antennas or
‘ other exterior equipment shall be surface mounted.

<17 - SESHEBEN A
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. Table 4. Condensed S-I Measurement List
Parameter Range
Flight sequencer steps On-off
First motion On-off
Cut-off signal On-off
Engine cut-off On-off
LO2 level cut-off On-off
Fuel-level cut-off On-aff
Retrorocket ignition signal (EBW) On-off
Breakwire, retrorocket ignition On-off
Temperature, base, tail 0 to 1500 C
Actuator support temperature -50 to +500 C
Temperature at various inboard and -50 to +900 C
outboard locations '
Outrigger thrust assembly liquid- -50 to +300 C
‘propelkun temperature
Lower thrust ring temperature -50 to +300 C
OQOutrigger support temperature -50 to +300 C
‘ liquid-propellant assembly 4
Engine shroud temperature 0 to 500 C
Thrust frame area temperature -50 to +100 C
Radiation shicld temperature 0 to 800 C
Tank shroud temperature 0 to 300 C
Shroud skin temperature 0 to 800 C
S-1/S-1V interstage temperatures 0 to 825 C
Base pressure tail 0 to 20 psia
Retrorocket pressure 0 to 2500 psia
Surface pressure, various stations 0 to 25 psia
Mounting stud strain 0.0008 to 0.008 in.
Radiation shield longitudinal vibration £50 g '
Strain, top skirt “s 0.0005 to 0.005 in. /in.
Retrorocket longitudinal vibration 0 to 40 g
Spider beam longitudinal vibration 0to40 g
Sound intensity, fine 10 db
Sound intensity, coarse : 110 to 1905ﬁ)
L]
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Table 4. Condensed S-1 Measurement List {Cont)

Parameter

Experimental EBW, voltage
Experimental EBW, trigger
Experimental EBW,. breakwire
EBW voltage

Measuring voltage !
Frequency of inverter

AGC voltage, UDOP

! AGC voltage, command

Beta reference voltage

Commeand voltace

Power transformer bus voltage

[hrast commit voltage
Ban volta o

R Arusa

Do ondput,

AGC voltage, Asusa  *

Frogquency, static inverter
Fuel primp irlet temperature

; AP fuel sleshing, pitch

C Al T sto-hing, vaw
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Table 4. Condensed S-I Measurement List (Cont)
Parameter Range
Fuel temperature 0to 40 C

Main fuel valve position
Main fuel flow rate, dc
Main LOp flow rate, dc
Main LO, valve position

Main fuel flow rate, ac

Main LOZ flow rate, ac

Propellant utilization computer output,
coarse

Propellant utilization computer output,
fine

On-off
0 to 40 gal/sec
0 to 50 gal/sec
On-off

0 to 40 gal/sec
0 to 50 gal/sec

LO2 level, discrete - On-off
Fuel level, discrete On-off
Gas top fuel tank temperature -50 to +50 C

Gas top LO; tank temperature
Skin LO? tank temperature
Skin fuel tank temperature

LO2 temperature
LO, pump inlet temperature

-50,to0 +200 C
-185to 4150 C
0 to 300 C

-190 to -40 C
-200 to -160 C

LOj3 flow rate to heat exchange, ac 33 gpm o
Heat-exchange O2 cutlet temperature 0 to 300 C
High-pressure spheres temperature -70 to +150 C

O2 manifold temperature
Pressurization Gas in fuel tank
Pressurization Gas in LOj tank
Pressurization Gas high-pressure

-200 to +700 C
0 to 30 psi

0 to 100 psi

0 to 3500 psi

spheres
Pressurization O» manifold 0 to 400 psi
Gas generator chamber temperature 0 to 1000 C
Pressurization gas in fuel {_ank 0 to 30 psi

Pressurization gas high-pressure
spheres

Pressurization gas generator LO;
injector

Turbine rpm

0 to 3500 psi
7%

0 to 800 psia

0 to 7000 rpm

- 21 -
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Ta bLle 4.

Condensed S-1 Mea

SEAC R g PNEORNMATION Y= b VS DL IS0

surcment List (Cont)

Parameter

Range

1

LO, pump bearing temporature
Intermediate shelf bearing temperature
High-speea srarings temperature
Turbire shaft bearings temperature

Turbine cxhaust temperature

Gas gencrater chamber temperature
Hydraulic oil temperature

Fohgine compartment tembe rature
Fire wall temperature

Combustion chamber pressure

Furvine inlet pressure

Turbine exhaust pressure

AP turbine outlet to aspirator inlet
(icar case top pressure

Gear casc lubrication high pressure

Pressure gear case lubrication low
\P across aspirator

tail pressure

Iinside
Hvdraulic source pressure

AP vaw actuator

AP pitch actuator

Hydraulic oil return pressure

AP turbine outlet to exhaust nozzle
Combustion chamber pressure
Igaition meritor valve inlet pressure

Thrust chamber dome lateral vibration
Turbine gear box vibration

Thrust ch

)
b derne il
C miber dome !

, Vi
Lemngitudinal

Pitch actuztor pitch vibration

Yaw actuator vaw vibration

-20 to +200 C
Dte 150 C
0to 150 C
0 to 300 C
0 to 800 C

0 to 1000 C
-20 to +135 C
0 tuo 1000 C
0to 1500 C
0 to 600 psia

0 to 650 psia
0 to 40 psi

0 to 20 psid
0 to 30 psi

0 to 800 psia

0 to 200 psia
0 to 10 psid
0 to 25 psia
0 to 3500 psi
+£3000 psid

3000 psid

0 to 100 psi

0 to 20 psid

0 to 6 psia

0 to 1000 psia

BoH W
tJY
o O

N (eI (o

n
<
JT

+40
+40 ¢

a2
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. Table 4. Condensed S-1 Measurement List (Cont)
Parameter Range
Gimbal point support vibration, +50 g
longitudinal
Propulsion unit distribution 9A1 30 g
vibration, longitudinal
Thrust chamber dome lateral *50 g .
vibration ' '
Pitch actuator position 10 deg
Actuator position : 10 deg
Al pitch actuator +10 ma
Al yaw actuator +£10 ma .
Level, hydraulic oil 0-3.75%
LO;, temperature, pump bearing No. 1 -20 to +200 C
Hydraulic oil temperature _ -20 to +135 C -
Gear case lubricant temperature 0-150 C
Turbine spinner case temperature -50 to -100 C
Fire detection temperature
Hydraulic source pressure max 23 psi
. Gas generator fuel injector pressure 0 to 800 psi
Combustion stability monitor 7\ -« +100 g
vibration, longitudinal

- 23 | NN
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Table 5. Condonsed S-IV Measurements List

Paramater Rangc
Prostart signat to scequencer U oto 28 v ode
S-T separation signal Ot 28 v ode
Foogine start pressure switch pickup. Foagine | 0 to 28 v de
Fnglone prestart pressurce switch nickap, Oto 28 v ode

crgine .

Fngine cnt-oft stgnal D to 28 v ode
S5-IV engines start signal 9oto 28 v de
Ullhce rocket Jettison current
Ullage rocket pressure switeh Dt 28 v ode
Ritrorocket pressure switch O to 23 v de
Pavioad abort signal to sequencer 0 to 28 v de
Fogine russ enable signal 0 to 28 v dc
Control switching network start command Hto 28 v de
Tgnite retrorockets signat 1 to 28 v dc
Blow 5-1to 5-IV explosive bolts command 0 to 28 v dc
Payload separation signal D to 28 v e
DBasc calorimoeter tempeoerature, black
Dasc calorimeter temperature, gold
Base preasure
Base tembne rature
S-1Tto 5-1V oxtensiometer 0 to 24 ft

Axial acceleration

Detonation pressure switch

Vibration pickup, engine compartment

: pitch axis
' Vibration pickup, engine compartimoent
Vitration pickup, forward terstoac,

thri <t iNIs

Vibration pickup, Forward Inte cstacc,
siteh axis
Vibration {clectronics packaype In engine
! h d

compartment)

Vibrootion foxidizer fecd Line)
Slorot
Vibroation (tirhanamn)

gy (fue! feod Hine)

r

0

1 to +2 ¢

to
to

to

to

tao
to
to

28 v dc
1200 ¢ps

660 cps
1200 cps

00 ops
20 ¢ rins

20
20 ¢ rms

20

rins

i

T

rmes=

Sie -

ORNBEN
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Table E.

SPACE and INFORMATION SYSTEMS DIVISION

Condensed S-1V Measurements List (Cont)

Parameter

Range

Vibration {(aft skirt, thrust axis)
Vibration (telemetry package)
Vibration (outer tank surface)
Static inverter inner temperature

Battery temperature
Reference voltage, high
Reference voltage, low
Static inverter 115 v voltage
Battery voltage

Range safety AGC voltage
Telemetry antenna SWR

EBW converter output voltage
D-c power signal to interface

pressure
Fuel tank ullage pressure
Oxidizer tank ullage pressure

Aft dome stress

F.ngine mount stress

Vibration (aft skirt, radial direction)

D-c converter negative 6-volt output
D-c converter negative 12-volt output
D-c converter positive 28-volt output

LH? Temperature, suction line inlet
LO;, Temperature, suction manifold
Oxidizer tank ullage temperature, 85% level

Fuel tank ullage temperature 85% level
Temperature probe, LH tank, 40% level
Temperature probe, LH, tank, 5% level
Temperature probe, LHj tank, 1% level
Temperature probe, LO; tank, 40% level

Fuel tank inner skin temperature
Base thrust structure temperature

Side tunnel temperature (internal)

Temperature probe, LO, tank, 5% level
Temperature probe, LO; tank, 1% level
Fuel tank gas supply orifice differential

to 20 g rms
to 20 g rms
to 20 g rms

to 20 g rms
to 160 F

OO O o O

0 to 160 F
+5 v dc

0 v dc

110 to 120 vac
27 to 29ty dc

-5.5 to -6.5v dc
-10 to -14 v dc
26 to 30 v dc

0 to 28 v dc

-100 to -300 F

-200 to -423 F
-323 to -423 F
-413 to 423 F
-413 to -423 F
-187 to 2297 F

-287 to -297 F
-287 to -297 F
0 to 500 psid

0 to 40 psia
0 to 50 psia

_ 25 -
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Table 5. Condensed S-IV Measurcements List (Cont)
Parameter Rangc
Thrust beam stress
LH, tank mass, fine 0 to 5 v dc
LH> tank mass, coarse 0to 5 v dc
LCH tank mass, fine 0 to 5 v dc
LO, tank mass, coarse D to 5 vdc
LH> tank vent valve closed 0 to 28 v dc
LO> tank vent valve closed 0 to 28 v dc
Fuel tank step pressure signal 0 to 28 v dc
LH) point level scnsor 0 to 28 v dc
LO) point level sensor 0 to 28 v dc

Cold helium bottle gas temperature

Cold helium ontlet temperature

Helium heater chamber nressure

Cold helium bottle gas pressure

Cold helium orifice differential pressure

Ambient helium bottle pressure

Ambient helium regulator outlet pressure
Helium heater combustion temperature
Outer surface temperature helium heater
Ambient helium bottle gas temperature
FHelivm heator oxidizer valve closed
Helium heater activate signal

Helium heater fuel valve open

Helium heater fuel valve closed

Helium heater oxidizer valve open

Helium heater ignition exciter command
Thrust chamber pressure

Oxidizer pump speed

Turbine inlet temperature

Fucl pump inducer inlet tempcerature

Oxidizer pump inlet temperature
Fuel pump housing temperature
Oxidizer pump housing temperature
Thrust chamber pressure

Thrust chamber pressure (low range)

-225 to -423 F
-200 to -400 F

0 to
0 to
0 to

T to
0 to
0 to

-100 to +100 F

0 to
0 to
0 to
0 to
0 to

0 to
0 to

(0 to 60 cps)
-100 to 250 F
-415 to -423 F

-275 to -300 F
+110 to -423 F
+110 to -423 F
325 to 375 psia

0 to

20 psia
3500 psia
600 psid

3500 psia
750 paia [

+1500 F

28 v dc
28 v dc
28 v dc !
28 v dc
28 v dc

28 v dc
400 psia

50 psia

SR
JR S

Gl e
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Table 5. Condensed S-1V Measurements List (Cont)

Parameter

Range

Fuel injector differential pressure
Oxidizer injector differential pressure
Venturi inlet pressure

Turbine differential pressure

Fuel pump outlet pressure

Oxidizer pump outlet pressure

Oxidizer pump inlet pressure

Fuel pump inducer inlet pressure

Accumulator GN, pressure, engine yaw
actuator

Accumulator GH? pressure, engine pitch
actuator

Reservoir-oil pressure

High-pressure oil, vehicle pump engine

Hydraulic pump inlet oil temperature-engine

Yaw actuator reservoir surface te\mp;rature,
engine

Pitch actuator reservoir surface temperature,
engine

Engine pitch position

Engine yaw position

Engine position monitor reference voltage
Engine position monitor reference voltage
Propellant utilization ratio valve position

Propellant utilization error signal

Propellant utilization start signal to
sequencer

Propellant utilization depletion signal to
sequencer

Hydraulic accumulators solenoid valve
open ¢ommand

Ignition exciter box output

0 to 50 psid

0 to 80 psid
-1200 psia

0 to 600 psid
0 to 1500 psia

to 600 psia
to 50 psia

to 50 psia

to 3400 psia _

o O O O

0 to 3400 psia

0 to 300 psia
0 to 3400 psia
-40 + 350 F

0 to 500 F

0 to 500 F

A

.

+5 v dc
-5 v de
0 to 5 v dc
0 to 28 v dc
0 to 28 v dc

0 to 28 v dc

0t06vd_c

-

[

- 27 -
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Table 6. Condensed Instrument Unit Measurcement List

Parameter Range
Q Ball, Internal Temperature 0to 150 C
Total temperature 0 to 800 C
Wall temperature, density gage 0to 100 C
Alr temperature, density gage 0 to 100 C
Gas nitrogen manifold temperature -20 to +50 C
Azusa temperature. Internal 10 to 65 C
Instrument compartment pressure 0 to 20 psia
Air bearing supply ST-490 pressure 0 to 60 psid

Control equipment pressure, supply ) to 3500 psi

Control cquipment pressure, to 500 psia

<

regulator

Dynamic pressure (Q) 5to 750 PSFE
Q ball, Differential pressure, 5 psi
pitch
Q bhall, Differential pressure, yaw +5 psi
Differential pressure, Q compensation 15 psi
‘ Pressure instrument compartiment 0 to 20 psia
ST-93, Y Axis Vibration +3 g
Instrument Pancel, Lateral Vibration +5 u
Lower Support, Longitudinal +20 ¢
Vibration
Iistrument Panel, Pitch Vibration +3 ¢
Angcular Velocity, Pitch 10 deg/sec
Angular Velocity, Yaw £10 deg/sec
Longitudinal acceleration 0tooyg
Longitudinal coarse acceleration 0 to e
Longitudinal acceleration +l g
Pitch control acceleration +> m/sce sq
Yaw control acceleration £5 m/sec sq
Pitch controt arcular velocity +]0 deg/sec
Yaw control anpular velocity 10 deg/sec
Roll control angaiar velocity £]10 deyg/sec
Looal avcle - f-attack ‘ 10 deg

s
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Table 6. Condensed Instrument Unit Measurement List (Cont)

Parameter

Range

Pitch angular velocity

Yaw angular velocity

Roll angular velocity

Q ball, angle of attack, pitch
Q ball, angle of attack, yaw

Ram Air Density

Pitch position, ST-90 minus
program

Yaw position, ST-90

Roll position, ST-90

Servo signal, cross range
acceleration

Slant range acceleration, servo
signal v

Slant range, servo signal '

Time base selector output

Time base selector zero indication

Instrument compartment )
temperature

Temperature Inlet Air For Air Bearing
Air-Bearing Supply Pressure
Air-Bearing Supply Pressure ST-90
Control Equipment Pressure, Supply
Control equipment pressure

regulator

+100 deg/séc
+100 deg/sec
+100 deg/sec
+15 deg
+15 deg

10% to 10 >mb, in 5 range
steps

+15 deg

+15 deg
15 deg
+]100 mv

£100 mv

£100 mv
Oto 5v -
on-off -
0 to 60 C

20 to 30 C

0 to 60 psid

0 to 3500 psig
0 to 3500 psig
0 to 800 psi

- 29 -
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Second Stage (5-1V)

The telemetry of the S-IV stage uses three RF links. The links are
threc PDM/FM/FM sets. This telemetry system has 24 standard IRIG
analog channels and 405 commutated channels. The only other R¥ link in the
stage is the range safety command destruct link.

The frequencies are as follows:

Telemetry 251.5 mc

255.1 mc

258. 5 mc
Command {(Classified Secret)

Instrument Unit

The telemetry in the instrument unit consists of three FM/FM sets
and one PCM/FM/FM set. This telemectry system has 48 standard IRIG
analog channels and a PCM bit rate of 36, 000 per second. All of the RF links
for tracking are carried in the instrument compartment.
The frequencies are as follows:
Telemetry 248.6 mc
252.4 mc
256.2 mc
! unassigned
UDOP 900 mc and 450 mc
Azusa 500 mc
Radar altimeter Unassigned
C-band radar 5555 mc
Development

tracking Unassigned

ABORT SENSING AND DESTRUCT SYSTEMS

ARORT SENSING SYSTEM

SiD A2-14dR
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T

DESTRUCT SYSTEMS !

o s
INTERFACES

MECHANICAL

Propellant Systems

Hydraulic Systems

ELECTRICAL

Instrumentation System

Guidance and Control Systems

—

Electrical Power System

Abort Sensing and Destruct Systems

DESIGN CRITERIA

VEHICLE CONFIGURATION

The Saturn C-1 Apollo space vehicle consists of an S-I stage, and S-1V
stage, an instrument unit, and a spacecraft (Figure 7).

The S-I stage has four LO), and four fuel containers mounted
circumferentially around a center LO, container and is loaded with 850, 000
pounds of useable propellants. Fins are provided for flight stability and are
located on the aft section of the stage (Figure 2). :

The S-1IV stage is a cylindrical configuration, 220 inches in diameter
and is loaded with 100, 000 pounds of useable propellants. Exclusive of
engines, the S5-IV stage basically consists of four major units: the
propellant containers, the forward interstage structure, the aft interstage
structure, and the heat shield (Figure 3).

SID 62-1438
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OO .

‘ | The instrument unit is located on top of the S-IV stage and houses the
active and passenger guidance systems and instrumentation, power supplies,
antennas, and an X-shaped pressurized cylindrical section (Figure 4).

The spacecraft consists of a command module, service module, adapter,
and a launch escape system.

MASS CHARACTERISTICS

Preliminary mass characteristics and weight breakdown of the Saturn
C-1 Apollo space vehicle for a 100-nautical-mile orbit are shown in Tables
7, 8, and 9. Mass moments of inertia, center of gravity shift, and decrease
in weight versus burning time are shown in Figures 8 through 11.

DESIGN TRAJECTORIES

Design trajectories of the Saturn C-1 Apollo space vehicles for a-
100-nautical<mile orbit are shown in Tables 10 through 13. Trajectories
are for both 7-engine and 8-engine control of the S-I stage.

ENVIRONMENTAL CONDITIONS

‘ The following natural and induced environments are those experienced
by the Saturn C-1 vehicles during the manufacture, storage, test, transporta-
tion, launch, and flight phases.

Ground Wind Criteria

Vehicle Free Standing on Launcher

While free standing on the launcher at Cape Canaveral, Florida, the
Saturn C-1 vehicle, empty or fueled, will be designed to be structurally
capable of withstanding the conditions stated in Table 14.
Vehicle Secured on Launcher

During periods when ground wind speeds are expected to exceed the
conditions stated in Table 14, the vehicle must be secured to prevent excess
loading. The vehicle may be secured by placing it in a shelter or by tying

it to the service structure with the propellant tanks pressurized.

Vehicle During Launch

The peak wind speeds to be considered for a Saturn C-1 vehicle
‘ 95-percent launch capability are stated in Table 15.

-3 CONPIEN
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Table 7. Preliminary Mass Characteristics During First-Stage Burning

(100-Nautical-Mile Orbit)

Moment of Inertia

1, 124, 14¢

Vehicle (Kg-M-Sec?)
Weight Center of Gravity
Item (1b) (in.) Roll Pitch

Total dry first stage 94, 000 375 30,150 312,700
First interstage 1,879 1060
First stage retro-

rocket cases and

mounts 1,660 922
Residuals 17,423 286
First stage after

retrorocket

burnout 114, 962 380 34,677 379, 719
First-stage retro-

rocket propellant 1, 340 922
First stage at first

separation command 116, 302 387 35, 320 391, 656
Apollo launch escape

propulsion system 3,700 1880
Vehicle at second-

stage ignition 135,018 1242
Vehicle at end of

first-stage thrust

decay 255,020 861 39,549 12,018, 753
First-stage main

propellants {includ-

ing reserve and '

thrust decay) 854, 349 550
Scecond-stage Chill-

down and vented

gases 376 1275
Vchicle at first-stage

lift-off 1,109, 765 22 206,770 | 3,441, 904
First-stage transitior

propellants 15, 331 852
Vehicle at first-siace

ignition 625 210,463 13,474, 05¢

51 -
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Table 8. Preliminary Mass Characteristics During Second-Stage Burning
. (100-Nautical-Mile Orbit)

l\, i Moment of Inertia
) Vehicle (Kg-M-Sec?)
Weight Center of Gravity k
Item (Ib) (in.) y Roll Pitch
Total dry second )
stage 11,700 219 2,268 6,554
Residuals 494 192 .
Reserve propellants 500 157
Second stage at
second separation
command 12, 694 216 2,281 6, 800
Vehicle instrument
unit assembly 4, 405 516
Apollo orbital payload 17, 300 697
Vehicle 'at end of
second stage thrust
decay 34, 399 496 3,955 61,837
. Second-stage main
propellants (includ-
ing thrust decay and
helium heater
propellants) 100, 090 199
Second-stage vehicle
at lift-off* 134, 489 275 3,971 137, 891
Sccond-stage weight
loss between first-
stage separation and
sccond-stage start 529 216
Vehicle at second-
stage ignition 135, 618 275 : 4,106 137,923
wikLift-off = The time at which main stage reaches 90-percent thrust.

SID 62-148
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. Table 9. Instrument Unit Assembly Weight Breakdown
(100-Nuautical-Mile Orbit)

Vehicle
Center of Gravity

Item Weight (1h) (in. )=

Structure 1700 1486
Instrument pancls 119 1177
Guidance and control system 1049 1432

ST-90-S (including rack) 480

ST-124 (including rack) 125

Servo amplifiers 70

Test adapter ‘ 13

Flight control computer 50

Program device 32

Time basce selector 3

Guidance signal processors 80

Platform distributor 20

Guidance computers 174

F'lectrical power supply system 220 1480
1000 VA inverters 60
Control voltage supply 10
Balterics 1 50
Flectrical retwork system 360 1483
Wiring (including clamps) 300
Power distributor 38
Flight sequencer 2
Control distributor 20
Mecsuring network system 850 1476
Meceasuring racks . 60
Measuring distributors 20
Telemeoetry system 293 1486
PON telemeters 59
LTelemeter subcarriers 28
Telemeters (v 04) 58
“1P-F amplifiers 25
Telemeter power divider ]

. Telemeter multicoupler 3

S1D 2o
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Table 9. Instrument Unit Assembly Weight Breakdown
(IOO—Nautic\aI:Mile Orbit) (Cont)

Vehicle
4+ Center of Gravity
Item Weight (1b) (in. )*

Telemetry system (Cont) '

Telemeter for PCM (X 07) 30

Telemeter auxiliary equipment 16

Telemeter antennas 40
Range safety and tracking 230 1481

Azusa transponder 42

Azusa antenna 2

Horizon sensor 60

Horizon sensor power supply 20

C-band radar 11

C-band radar antenna 2

Radar altimeter 16

Radar altimeter antenna 8

UDOP trénsponder 24

UDOP antennas 15

Power dividers 1

Mistram transponder 17

Mistram antenna 2

Command antenna 10
In-flight cooling system 180 1483

LN, cooler (wet) 130

Ducting and valve 50
Air bearing system (2 spheres) 94 1453
Insulation 40 1488
Abort distributor 20 1449
Attaching hardware 20 1472
Total instrument unit 4405 1483

*During first-stage burning

- 37 -
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DN

Table 14, Ground Wind Gradient During Free Standing*

Height Above Steady-5tate

Ground Level Winds Peak Windsiok
(meters) (ft) {m/sec) {knots) (m/sec) {knots)
3.0 10 11.8 23.0 16.6 32.2
a.l 30 14, 8 28.8 20.7 40, 3
18.3 60 17.3 33.6 24.2 47.0
30.5 100 - 19.3 37.5 27.0 52.5
61.0 200 21.9 12.6 30.7 59.6
91.4 300 23.7 46.0 33.2 64. 4
121.9 400 24,9 48.3 34.8 67.6

799, 9-percent probability of occurrence during the strongest wind
month at Cap Canaveral, Florida.

mESteady -State Wind: Average wind speed over a period of one (1)
minute.

wanPoak Wind: Based ona gust factor of 1.4 applied to a steady-state
wind magnitude.

Winds at Altitude

Wind specd profile, wind shear, and wind speed change data for 95 per-
cent probability of vccurrence conditions are presented in Figures 12
through 16.

Induced Environmennts

The following induced environmental criteria are preliminary but
represent the latest available information.

Thne vehicle has been assigned an arbitrary zone breakdown, and the
detailed envircrmental data corresponding to these specific zones are listed
in Figure 17.

Vibration, Shock, and Acoustic Criteria

The vibration criteria levels given in Figure 17 are the input levels

specified for a 10-nminute logarithmic sweep of the frequency range of

SID 62-148
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\ -
Table 15. Ground Wind Gradient During Launch

AN
Height Above Steady-State -
Ground Level Wind:® Peak Windsse .
{(meters) (ft) {m/sec) (knots) (m/sec) (knots)
3.0 10 7.2 14.0 10.1 19.6
9.1 30 9.0 17.5 12.6 24.5
18.3 60 10.8 21.0 15.1 29.4
30.5 100 11.6 22.5 16. 2 31.5
61.0 200 13.3 25.9 18.7 36.3
91.4 300 14. 4 28.0 20.2 39.2
121.9 100 15.1 29.4 21.2 41.2

“*95-percent probability of occurrence during the strongest wind
month at Capé Canaveral, Florida, '

#ESteady-State Wind: Average wind speed over a period of ane (1)
minute.

wniiPeak Wind: Based on a gust factor of 1.4 applied to a steady-state
wind magnitude.

interest (thereby simulating the transient conditions of launch and flight).
These levels are to be divided by two to obtain the levels for a 5-minute
dwell at the major resonances of the hardware under investigation (thereby
simulating the stcady-state or 'mainstage' portion of flight).

The shock criteria levels given in Figure 17 are input levels of a half-sine
shock pulse of 8 milliseconds duration.

The acoustic criteria given in Figures 18 through 21 represent the launch
condition external sound pressure level spectrum for various stations
throughout the complete Saturn C-1 vehicle. The maximum broad band
{0.10 kc) overatil sound pressure levels (SPL) are also shown in thesc
illustrations.

[

Acoustic Environments

During the launch and flight phases of the Saturn vehicle, the following
environments are inducced tor launch complex 37.

ST CBNHDENE
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Figure 13. Vertical Wind Shear Spectrum as Function of Altitude
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E . i.e,, distance (oltitude change)
b below given altitude (h)
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wind profile envelope for
Scturn vehicle studies,
. Cape Canaveral, Florida
20
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Figare 4. Vertical Wind Speed Change Spectrum as Function of Altitude
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ZONE
NO. 5

ZONE ZONE

NO. 4 NO. 3

Zone Area

Vibration Level
(Tronsient Condition)

Shock Level-
ing's Peak

16 to 37 cps at 0.45-in. double amplitude
37 to B4 cps at 32-g peak

84 1o 119 cps at 0.09-in. double amplitude
119 to 2000 cps at 65-g peak

16 to 29 cps at 0.35-in. double amplitude

29 to 100 cps at 15-g peak

100 to 189 cps at 0.029-in. double amplitude
189 to 2000 cps at 52-g peak

100

16 to 35 cps at 0.35-in. double omplitude
35 to 2000 cps at 22-g peak

65

16 to 40 cps at 0.33-in. double amplitude

40 to 100 cps at 27-g peak

100 to 114 cps ot 0.053~in. double amplitude
114 to 2000 cps ot 35-g peck

16 to 42 cps ot 2-g peak
42 to 95 cps ot 0.022-in. double amplitude
95 to 2000 cps at 10-g peak

Figure 17.
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Saturn C-1 Launch Vehicle Vibration
and Shock Environment
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Inodefinine the acoustic enviromnent, thoe values are based on cight

18%, N0 -pe

levels wpecificd in tne Tables 14 through 17 ave the anticipated ot erall sound

provrure levels (SPL) e decibels (Red. 0.0002 c!yrws/cm‘z). All radial

ai=tances are measured from the vertical axis of the vehicle on launch pad

d=thrust engines using a bilateral blast deflector. The acoustic

"B . The sound pressure level profilé is syimmetrical about horizontal
centerlines of the Hhilateral exhaust deflector.  The angular mcasuremeoents
in"LTablivs 14 throph 17 are measured {rom either exhaust stream in cither
direction from 0 to 180 degrcees, The acoustic levels are givern in 1 decibel
moerements measured on radius lines every 10 degrees around the launch
complexs. These tables can be usced to determine the launch phasc overall
sound pressure level of pad "' B7 up to radil of approximately 2500 feet from
the vehicle vertical axis.,

The results in Fable 18 are the launch phase overall sound pressure
tevels for the maior items of Goi and launch facilities already locvated on the

lavwrch complex and pad "B

I'he results 1 Table 19 are the maximum expected flight sound pressure
levels for the GbHIT and launch facilities cquipment due to the flight of the
vehicle, Thesco values do not occur simultancously.  They occur at sonme
definite vehlcle altitude and should be considered presont only for a short

time duration,

The resulls in Table 20 are maximum anticipated sound pressure levels
for the carly {iight phasc (up to 2000 feet altitude) of the Saturn vehicle and

are only present for a short time duration,

AERODYNAMIC CHARACTERISTICS .
»

Gradient of normal force coefficient and center of pressure versus
Mach number are shown in Figures 22 through 25 for first- and sccond-
stage flight configurations. Mean base pressure versus Mach numher is
shown in Figure 26, Total drag codtficient, mean base drag cocfficient, and
forchody drag cocfficient versus Mach numiber are shown in Figures 27
through ZO Distribution of local vormal force cocfficient and viscous
crosstlow nermal force coctfficient are shawn in Figures 30 through 33, TLocal
exial furce coefficient versus veluole station are shown in Figures 34 and 25.

STARILITY ANALYSIS

NMaximum angle of attack @ and the maximum pimbal angle 8 curves used

in the desion of the C-1 launch vehicle were basced ona fin plan form arca of
181, 9 sguare feet, The present concept is to uee a fin plan form area of .

M
P22 square foet. v\

> . . |

[y
Y

’
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Table 20. Maximum Sound Pressure Loading for Major Ground Support
Equipment and Facilities During Launch Phase (Before Lift-Off)

SPACE and INFORMATION SYSTEMS DIVISION

Location From SPLga (db)
Identification Vehicle Axis (ft) | Ref 0.0002 dynes/cm?

Launch pedestal 0
Umbilical tower 58 159.7
Automatic ground control

station 110 154. 4
Periphery camera pad B-1 250 150. 8
Periphery camera pad B-4 250 149.6
Periphery camera pad B-2 285 149. 4
Periphery camera pad B-3 285 149.5
Generator pad 300 145.1
Power pedestal pad 340 148.1
Cooling tower 420 144.0
High pressure gas storage . 500 141.5

area '
RP-1 storage area 680 138.3
L.LO2 storage area 740 139.3
LH, storage area 875 136.6
Camera station 37-2 . 875 139.8
Camera station 37-4 875 139.3
Camera station 37-1 930 139.3
Camera station 37-3 930 139.0
Electrical equipment

building B 960 135.1
Launch control building 1175 136.2
Operations support 1645 133.4

building
*No value listed because of particle impingement in the immediate

exhaust stream.

- 63 —CONHBENFAT
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TN -

lable 21, Maximum Sound Pressure Loading for Major Ground Support
Lquipment and Facilities During Flight Phase (After Lift-Off)

_ SPL,, (db) ,
Identification Ref 0.0002 dyhes/cm=

Launch pedestal

Umbilical tower 157.3

Autumatic ground control station 151.8 .

Periphery camera pad B-1 144, 7

Periphery camera pad B-4 144,77

Periphery camera pad B-2 v 143.5

Poeriphery camera pad B-3 143.5

Generator pad 142, 9

Power pedestal pad 142.0

Coolive tower 140, 2

Ingh pressure gas storage area . 158.7

RIP-1 storaue area 136.0

O, storage, area 135.3

LI, storoge area 133.8

Cimera station 3742 133.8
cCamera station 37-4 133.8

Comera station 37-1 133.3

Camerva station 37-3 13303

Floctrical cquipment building B ' 1330

Foaunch control buailding 131.2

Coocvations support building 128.3

SN ovalue dlisted because of particle Impingemont in the

iminediate exhaust stream,
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OPRRGERERE—

Table 22. Launch Complex 37, Maximum Sound Pressure Loading for
Various Vehicle Altitudes (After Lift-Off) '

Radial Distance
From Vehicle - Max SPLg, (db)
Vehicle Altitude (ft)* Vertical Axis (ft) Ref 0.002 dynes/cm2
80 ' 67.3 156.1
90 75.6 155.1
100 84.0 154, 2
120 100.7 152.6
140 . 117.7 151.7
160 134.6 150.1
180 151.5 149.1
200 168.0 148.1
250 210.0 146. 2
300 - 252.0 144.6
350 294.0 143.3
400 . 336.1 142.1
500 420.0 140. 2
600 504.0 138.6
750 630.0 136.7
1000 840.90 134.2
1500 1257.0 130.6
2000 1680.0 128.3
*Feet above nozzle exit plane.

Maximum angle of attack versus burhing time for a 2 sigma wind is
shown in Figure 36. Maximum gimbal angle versus burning time for a 2
sigma wind is shown in Figure 37.

STRUCTURAL CHARACTERISTICS

Load Data

Curves on shear and bending moment versus vehicle station during
various flight times are shown in Figures 38 through 43. Longitudinal force
versus vehicle station at rebound, liftoff, and various flight times are shown
in Figures 44 through 46.

Bénding Frequencies

Free-free frequency versus flight time curves are shown in Figure 47.
Relative amplitude versus vehicle stations for first and second free-free
bending modes are shown in Figures 48 and 49.

65 SONFIBENHA
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MACH NUMBER
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Figure 23,

C-1 Apollo First Stage,
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I11. C-5 LAUNCH VEHICLE

OBJECTIVE

The primary purpose of the Saturn C-5 vehicle will be to provide the
Apollo spacecrart with the necessary guidance and propulsion for circum-
lunar, circumlunar with lunar orbit, and lunar landing missions.

1.

DESCRIPTION
: PN

The Saturn C-5 vehicle will e capable of performing a two —.stage, .
low -orbit (primary) mission and a three-stage direct-escape {(secondary)
mission. For the primary mission, the C-5 contiguration consists of an
5-1C stage, an S-1I stage, an Apoilo spacecrait {command, service, and
lunar landing modules) and a refueling tanker. The S-1VB is used as the
third stage for the three-stage direct-escape mission. (See Figure 50.)

STAGE S-IC
The {irst stage (S-IC) will be powered by five F-1 engines developing

a total thrust of 7.5 million pounds. Propellants for these engines will
consist of RP-1 and LO,.

€.IC’&-11 INTERSTAGE SECTION
STAGE S-II

The second stage (S-1I) will be powered by five J-£ engines developing
a total thrust of 1 million pounds. Propellants for these engines will consist
of LO, and LHp. The S-1I stage will be 390 inches in diameter.
S-11/S-1VB INTERSTAGE SECTION
STAGE £-1IVB

The third stage (S-IVB) will be powered by one J-2 engine developing
a total thrust of 200, 000 pounds. Propellant for this engine will consist of

SID 62-148
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1.LO, and LH,. The S-1VB stage is 220 inches in diameter, but a 260-inch

diameter configuration is presently under study. . *

Instrumenf’ Unit

STAGING

PROPULSION

]
FIRST STACGE (S-IC)

Engines

The S-IC stage power plant will consist of five engines. Four outer
engines will be mounted parallel to the centerline (zero cant angle) on a
3v4-inch circle and will be gimbaled folr dontrol. The fixed center engine
will be mounted to the thrust structure on the centerline of the stage.

Propellants St
The S-1C stage propellants will be RP-1 and LO,. The fuel {ill rate .

will be 2000 gallons per minute, and the LO, fill rate will be 10, 000 gallons
per minute. The propellant containers will have a capacity for 4,600, 000 .
pounds of propellants.

Control System

The gimbal angle requirement (per engine model specification) is
+5 degrees (square pattern) of unrestricted control travel and 1 degree for
snubbing, overtravel, misalignment, etc. The structural clearance for the
gimbaling engines will be 7 degrees.

SECOND STAGE (S-1I)

Engines

The four outer engines of the S-II will be mounted parallel to the stage
centerline and will be equally spaced on a 210-inch circle. The fifth engine
will be mounted on the stage centerline. Each S-II engine will be vertically
aligned with the corresponding F-1 engine on the S-IC stage. Table 23
summarizes the estimated nominal performance characteristics of the S-1I
stage for the two-stage and three-stage missions.

o~

95 ~CONE—
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and Three-Stage Escape Missions

Nominal Performance Characteristics for Two-Stage Low-Orbit

Two-Stage
Low-Orbit Mission

Three-Stage
Escape Mission

Two-Stage C-5

Three-Stage

Configuration C-5 Configuration i
No
Engine- Engine- No ;
Item Out Out Engine-Out i
S5-1I propellant loading, 1b 800,000 |1,000,000 800, 000
Initial conditions .
Velocity (m/sec) 2803 2410 2670
Altitude (km) 66.728 60. 22 57. 36
Dynamic pressure (kg/sq m) | 58 100.3 169.0
*Flight path angle (deg) 68.47 66. 31 72.28
(T - D)/W ratio 0.718 0.744 0.818
End-boost conditions
Velocity (m/sec) 7391 7391 6836
Altitude (km) 185.2 185.2 120. 60
*Flight path angle (deg) 90.0 90.0 90. 67
(T - D)/W ratio 2.455 2.848 2.437
Mission payload weight (lbpei | 218, 000 |235,720 94, 500
Specific impulse, vacuum (sec) | 422 422 422
Thrust, vacuum (lb) 800, 000 1, 000, 000 1, 000, 000
**Nominal burning time (sec) 413 414 338
Reliability
Mission 95.0 95.0
Systems 99.0 99.0
Manned rating 99.9 99.9

*Measured from local vertical.

iMaximum burning time 422 sec if 100 percent of reserve propellant is

used for correction.

#w%LH, tank sized for actual propellant loading. At 800, 000-1b loading,
scar weight is included for 1, 000, 000-1b propellant loading.

- 96 -
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Propellants

The propellants used in the S-1I stage will be LO2 and LH,. The

propellant containers will have a capacity of 940, 000 pounds.
¥

Control System

The four outer engines will gimbal for control, and the fifth engine
will be fixed. The gimbal angle requirément is 7 degrees for control and
1/2 degree for snubbing, overtravel, misalignment, etc.

v

THIRD STAGE (S-IVB)
Engine

The single J-2 engine will be located on the centerline of the stage
directly in line with the center engines of the S-IC and the S-II stages.

Propellants

\ »
The propellants used in the S-1VB. stage will be LO2 and LHp. The
propellant container will have a capacity of 100, 000 poungs.

Control System

The engine will gimbal #7 degrees for control and 1/2 degree for
snubbing, overtravel, misalighment, etc.

INSTRUMENT UNIT

DESCRIPTION

EQUIPMENT

- 97 - ONEBENE
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GUIDANCE AND CONTROL

DESCRIPTION

CONCEPT

INSTRUMENTATION

DESCRIPTION
MONITORING

Crew

Mission Control Center

MEASUREMENT LIST

Mandatory

Optional

TELEMETRY AND RADIO FREQUENCY |
Description

Frequencies

ABORT SENSING SYSTEM

DESTRUCT SYSTEM
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INTERFACES

MECHANICAL
Propellant
Hydraulic
ELECTRICAL

Instrumentation System

.-
v

Guidance and Control System

Electrical Power Systems St

Abort Sensing and Destruct Systems

AERODYNAMICS
APOLLO SPACECRAFT/C-5 LAUNCH VEHICLE AERODYNAMIC DATA
CONTROL DYNAMICS

RIGID BODY CONTROL PRINCIPLES

!
ELASTIC BODY CONTROL

MISSION-TRAJECTORY/PAY

LOAD CAPARILITIES

CIRCUMLUNAR
'LUNAR ORBITAL

LUNAR LANDING
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Physical Properties

Wind Profiles
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SHOCK

AERODYNAMIC PRESSURE
TEMPERATURE
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PHYSICAL CONFIGURATION

OVERALL DIMENSIONS
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PAYLOAD

Weight

Center of Gravity Locations
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IV. LAUNCH FACILITY CRITERIA

The Saturn C-1 vehicles will be launched from AMR Complexes 34 and
37 under the overall direction of the Marshall Space Flight Center Launch
Operations Directorate. Technical 'responsibility for preparation of each
stage, spacecraft, or section of the total space vehicle to a flight readiness
condition rests with each individual contractor.

LAUNCH COMPLEX

L.aunch Complex 34 basically consists of the launch control center, one
launch pad, one service structure, propellant storage facilities, and one:
long cable mast. Launch Complex 37 basically consists of the launch control
center, two launch pads, one service structure, propellant storage facilities,
and two permanent umbilical towers. Launch Complex 34 service structure
is moved to and from the pad on rails. Complex 37 service structure is
moved from one pad to the other on rails. Hoisting and erecting equipment,
elevators, and work platforms are contained in both service structures.
Launch Complex 34 will be modified to meet the requirement for launching
Saturn C-1 vehicles. Wind shields are provided on the service structure of
Complex 37. An overall plan view of Launch Complex 37 is illustrated in
Figures 51 and 5Z.

S

LAUNCH TASK SEQUENCE

The preliminary major task sequence for the S-I stage and the S-1V

stage is shown in Figure 53. Time values are considered nominal with the
automatic sequence starting 2 minutes before time zeroa.

101 - SONSDPIRTC
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Figure 51. Saturn Facility II, Launch Complex 37
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1 IGHITION COMMAND

B ENGINES 5 AND 7 TURBINE SPINNER SQUIBS FIRE
B PRIMARY IGNITION

- 5 ArND 7
) - AND 8
) 2 AND
) | AND 3
LAUMCH COMMIT §
HOLD-DOWN ARMS RELEASE S
LIFT-OFF §

S-1 SEQUENCE*

P AINSTAGE

2 MIN AUTO SEQUENCE

LO, AND FUEL MASTS, UMBILICALS DISCONNECT §
VEHICLE SINGLE-EPIGINE CUT-OFF CAPABILITY NENEE
MULTIPLE ENGINE CUT-OFF CAPABILITY SIENp
i R | PR WS VR U B B 1 — i PR P
MR SHR  4M@  3HR  2HR 1 HR 4O MI 26 MIN 300 SEC 100 SEC SO SEC O +1 SEC *2SEC +3SEC +3.3 +2.42 +G 42

¢ TIME VALUES ARE NOMINAL

Figure 53. Saturn C-1 Major Task Sequence
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B APPENDIX

MY
-

\
H-1 ENGINE PARAMETERS

’n
H-1 engine parameters are shown in Table 2 and nominal thrust
build-up is shown in Figure A-1. Thrust decay dispersion at altitude for

11-1 engine is shown in Figure A-2,

RLI10-A-3 ENGINE PARAMETERS

RIL.10-A-3 engine parameters are shown in Table 3. Fstimated
starting transient for RL10-A-3 engine is shown in Figure A-3 and ¢stimated
shutdown transient is shown in Figure A-4,

S-1 STAGE RETROROCKETS PARAME TERS

5-1 stage retrorocket parameters are shown in Table A-1. Typical
mean altitude thrust time curve with limits for S-1 stage rectrorockets are
shown in Figure A-5. Location of S-I stage retrorockets is shown in
Figure A-6,

S-1V STAGE ULLAGE ROCKETS AND RETROROCKETS PARAMETERS

S-1V stage ullage rockets and retrorockets parameters are shown in
Table 25 and thrust versus burning time is shown in Figure A-7,
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Table A-1,

é- SPACE and INFORMATION SYSTRAS DIVISTON

Retrorocket Parameters

Length (overall)

Total weight (maximum)

Total weight (nominal)
Propellant weight (nominal)
Time of burning (ty at 60 F)
Thrust (average during t}, at 250, 000 ft)
Total impulse

Propellant designation

Flame temperature (adiabatic)
Ignition

Experimental specific impulse
Theoretical specific impulse

64.28 in
500 1b
481 1b
327 1b
2.15 sec
37,000 1b

74, 500 lb-sec

ANP-512DS Mod 3

4600°F

Exploding bridgewire (EBW)
224 lb-sec/lb

232 lb-sec/1lb

Table A-2. Rocket Parameters

Length (overall)
Total weight (approximate)
Propellant weight

Total impulse (at 100, 000 ft and 70 F)

Nozzle expansion ratio
Nozzle expansion cone configuration

Time of burning (nominal t,, at 100, 000 ft and 70 F)
Thrust (average during ty at 100, 000 ft and 70 F)

Specific impulse (at 100, 000 {t and 70 F)

34.068 in
85.61 1b

59.4 ib

3.776 sec
3450 1b/rocket
14,570 lb-sec
225 lb-sec/1b
20.6:1

Bell
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SR

(|
" 200
180
CURVE EXTRAPOLATED FROM AVAILABLE
, ROCKETDYNE AND TEST DIVISION DATA
160 ON 165 K H-1 ENGINE OPERATION
\ .

140 R

120 .
)
[a)]
z NOMINAL THRUST BUILD-UP
0 RATE = 7130 LB/MS
(o] .
3 100 -
;,
4
o
I
(=4

80 |

60 |+

40 -

20 - NOMINAL Pc TIME = 879 MS

oW
{ |
o | | |
0 0.4 0.8 1.2 1.6 2.0 2.4 2.8

TIME (SEC ONDS)

ieare A-1. Nomninal Thrust Build-up for 158 K -1 Engine
tg ,
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ENGINE THRUST (1000 POUNDS)

AMERICAN AVIATION, INC.

é‘ SPACE and INFORMAYUITON SYSTENS DIN ESTON

240
200
160 -
Note
Maximum cut-off impulse =~ 98,400 lb-sec

120 - Minimum cut-off impulse - 73,640 lb-sec

80

w b—

0 | { | ] I e ————————

0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2
TIME AFTER CUT-OFF SIGNAL (SECONDS)
Figure A-2. Thrust Decay Dispersion at Altitude for 188 K H-1 Engine

(Based on Saturn SA-1 Flight Test Data)
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16

THRUST (POUNDS X 109

] I ] ]
0.3 0.4 0.5 0.6 0.7

TIME (SECONDS)

Figure A-4. Estimated Shut-Down Transient for the RL10-A-3 Engine
(At 200,000-Foot Altitude)
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STA 962,304

—— ‘4——— SEE NOTE 2
— 144,00 ———
ADJUSTMENT
EITHER SIDE OF
VEHICLE CENTERLINE
Notes

1. Retrorockets are located 45° from the fin positions
2. Alignment tolerances are being developed

Figure A-6. Location of S-1 Stage Retrorockets
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18 I8
TN
v ‘.
‘Vg
,“‘ [}
6 - .
C &
'
b 'S ’r"
* Notes -
14 .+
l. Zero seconds taken as time -
of start signal v
2, Start impulse (95% thrust)
= 1760 b-sec
12 -
P
=
x 10}
w
a
b -
2
O
(=
o
= 8 ‘\ -
o
x .
— .
A
6
4
2 an
0 .._g:(’—l/J' R R N W N B N T '
. .

0 01 02 03 04 05 06 0.7 08 0.9 1.0 1.1 1.2

TIME (SECONDS)

Figuree A-7. Thrust Versus Burning Time, Thiokol TX- 280
Solid-Propellant Rocket Motors
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‘Table 6. Condensed Instrument Unit Measurement List

Control equipment pressure, supply
Control equipment pressure,
regulator

Dynamic pressure (Q)
Q ball, Differential pressure,

pitch
Q ball, Differential pressure, yaw
Differential pressure, Q compensation
Pressure instrument compartment

ST-90, Y Axis Vibration

Instrument Panel, Lateral Vibration

Lower Support, Longitudinal
Vibration

Instrument Panel, Pitch Vibration

Angular Velocity, Pitch

Angular Velocity, Yaw

Longitudinal acceleration

Longitudinal coarse acceleration

Longitudinal acceleration

Pitch control acceleration

Yaw control acceleration
Pitch control angular velocity
Yaw control angular velocity
Roll control angular velocity
Local angle-of-attack

Parameter Range
Q Ball, Internal Temperature 0to 150 C
- Total temperature 0to 800 C
Wall temperature, density gage 0to 100 C
Air temperature, density gage 0 to 100 C
Gas nitrogen manifold temperature -50 to +50 C
Azusa temperature, internal 10 to 65 C
Instrument compartment pressure 0 to 20 psia
Air bearing supply ST-90 pressure 0 to 60 psid

0 to 3500 psi
0 to 800 psia

5to 750 PSF
+5 psi

+5 psi
15 psi
0 to 20 psia

+3 g
*5 g
+20 g

+3 g
10 deg/sec

*10 deg/sec
0to5g
OtoS5g

]l g

*5 m/sec sq

+5 m/sec sq
*10 deg/sec
*10 deg/sec
+10 deg/sec
+10 deg.
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