Launch Vehicle Systems

» Case Study: Saturn V

* Data is from SA-503 Saturn V Flight Manual, MSFC-
MAN-H503, NASA TM-X-72151, November 1968

* Trajectory and dynamics
* Onboard systems
* Ground systems
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Mass Changes During Launch
| TYPICAL VEHICLE WEIGHT DURING BOOST T0 PARKING ORBIT
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Pitch Attitude Angle During Launch
TYPICAL PITCH ATTITUDE ANGLE DURING BOOST TO PARKING ORBIT
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Aerodynamic Pressure During Launch

DYNAMIC PRESSURE-POUNDS/SQUARE FOOT
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Velocity as a Function of Time
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Acceleration as a Function of Time
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Altitude vs. Time

TYPICAL ALTITUDE DURING BOOST TO PARKING ORBIT
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Down-Range Distance vs. Time
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Angle of Attack in Trajectory
TYPICAL ANGLE OF ATTACK DURING BOOST T0 PARKING ORBIT
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First Stage Thrust vs. Time
TYPICAL §-IC VEHICLE THRUST VS TIME HISTORY
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S-IC First Stage Internal Configuration
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Hydrogen Leak Sensors

HAZARDOUS GAS DETECTION - '
THRUST STRUCTURE
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Pogo Suppression

System

POGO SUPPRESSION

AFT UMBILICAL
NO. 2

LOX TANK

GSE
He
FILL

B

10 FUEL O
PRESSURI ZATION
SYSTEM

-—

POGO SUPPRESSION

VISOR

LOX
PREVALVES
(5 EACH)

gt

ENGINE NO. 5

. l lglllllllll!llllllllIIIITIIIllllllllllllllllllllllﬁlllllll

CONTROL VALVES 0-150 PSI RANGE "}
H s—r — — :
:l.lllllllllllllllllll.lllll.llllllllllIllll"l.l.llllll.lllllllllllllllllllll.l9.l.llll.llllllllllllllllz !

T0 TLM 2 ’ 2 5 % i

P O—,

LIQUID LEVEL FROM FROM FROM FROM FROM  §

RESISTANCE LOX = LOX = LOX = LOX T Lox

THERMETERS TANK e TANK [_Tr] ANk, |

(TYPICAL-5 PLACES) 3 (TYPICAL)S !

R4 R3 R2 RI “ “, /

—

(TYPICAL)

COLD HELIUM

1T et

PRESSURE TRANSDUCER
0-800 PSI RANGE

PRESSURE TRANSDUCER

- — ——t

gt

ENGINE NO. 4 ENGINE NO. 3

ENGINE NO. 2 ENGINE NO. 1

nenene GASEQUS HELTUM

[ ] LOX
SENSE LINE

——

UNIVERSITY OF

 MARYLAND

Launch Vehicle Systems
Launch and Entry Vehicle Design



S-IC LOX Feed System
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S-1I Stage Structure
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S-II LOX Tank Configuration
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S-II Tank Purge and Leak Detection
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J-2 Rocket Engine (S-II Stage)
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S-ITI Flight Control System Block Diagram
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S-II Propellant Pressurization Systems
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Range Safety System (S-IC/S-IT)
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Safe and Arm Switch
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Stage Separation
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Retro and Ullage Rockets (Stage Separation)
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S-IVB Configuration
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0O2/H2 Burner (6He Heater)

IGNITER
INJECTOR
NO. 2 INJECTOR
s NO. 1
S
by,
U 1.5'
—
-
HELIUM —
OUTLET -
(LHp TANK) 5:5{‘11}:
coIL
LH2 INLET ) @
‘ LOX INLET
/4 : /
SECONDARY [ ) e aceny
HELIUM OUTLET Ny I . GASEQUS
(LOX TANK) S \\s\“.\ S !"5 OXYGEN
s’% \ W» - OUTLETS
SECONDARY ﬁ A 54(;3'-\///
HELIUM OUTLET & L’._..":‘. 7, SHUTDOWN
(LH2 TANK) .(.%!‘;”;.% VALVE
e = HELIUM
ELTUM
SECONDARY S5 = SECONDARY
HELIUM INLET COILS

(LH2 TANK)
NOZZLE
SECONDARY HELIUM

INLET (LOX TANK) NOZZLE DIRECTION

50 9

STA.
143.90 TANKS PRESSURIZED

NOZZLE EXIT Te + 342 SEC
( ) I C & N

OXYGEN/HYDROGEN BURNER THRUST

»
(<)
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UNIVERSITY OF

Launch Vehicle Systems
y M ARYL AND Launch and Entry Vehicle Design

0 50 100 150 200 250 300 350 40C
TIME FROM BURNER IGNITION (SEC)




S-IVB Auxiliary Propulsion System
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APS Plumbing and Control
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S-IVB Battery System

S-IVB BATTERY CHARACTERISTICS
TYPE Dry charge
MATERIAL Zinc/silver-oxide
ELECTROLYTE|Potassium hydroxide (KOH) in pure
water
CELLS 20,with taps for selecting 18 or
19 to reduce output voltage as
required
NOMINAL 1.5 vdc per cell
VOLTAGE 28 (+2) vdc per 18 to 20 cell group
OUTPUT Aft Battery No. 2 is made up of two
regular 28 (+2) vdc batteries and
has an output of 56 (+4) vdc
FORWARD | FORWARD AFT AFT
NO. 1 NO. 2 NO. 1 |NO. 2
CURRENT 179 AH 12.2 MW 179 AH|49.6 AH
RATING
Two units:
Gross 90 1bs 20 Tbs ea.| 90 1bs|75 1bs
Weight
(Design target weight)

L7

UNIVERSITY OF

MARYLAND .

BATTERY LOCATIONS AND LOADS

FORWARD
BATTERY
NO. |

TELEMETRY

SECURE
RANGE
RECEIVER
NO. 1

SWITCH
SELECTOR

AFT
BATTERY
NO. 1

J-2 ENGINE

PRESSUR-
IZATION
SYSTEM

ATTITUDE
CONTROL
SYSTEM

ELECTRICAL
SEQUENCER

FORWARD
BATTERY

’//—'NO.Z
PROPELLANT
. UTILIZATION

INVERTER-
CONVERTER

SECURE
RANGE
RECEIVER
NO. 2

APS MODULE

AFT
BATTERY
NO. 2

AUXTLIARY
HYDRAULIC
PUMP MOTOR

LHp AND
LOX

CHILLDOWN
INVERTERS
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S-IVB Pyrotechnics

(

CDF F

ASSEMBLIES
a ) o
EyeTen FIRING UNITS
COF
MANI FOLDS
EBW
ULLAGE FIRING UNITS
ROCKET DETONATOR
JETTISON BLOCK
SYSTEM

COF
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MAJOR ORDNANCE COMPONENTS [ .

-—— §-11
T~ RETROROCKETS
(TYP 4 PLACES)

\:ﬁ\r\\_.EXPLODIHG BRIDGE
WIRE (EBW) FIRING
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|

‘ LHy TANK
LINEAR SHAPED

| CHARGE (LSC)

\\/

PROPELLANT
DISPERSION
SYSTEM

LOX TANK
LINEAR SHAPED
CHARGE (LSC)

EBW
FIRING UNITS

DETONATOR
~ THIRD PLANE

AR

DUAL MDF TRAIN §$§TEQT'°“
(SEPARAT ION

SYSTEM)

ULLAGE
. ROCKET
v (TYP 2 PLACES) -
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S-IVB Ordinance Control

MAJOR ORDNANCE COMPONENTS

be——ELECTRICAL—=1
EBW INPUTS EBW
FIRING FIRING
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EBW
TONATORS

COF CDF
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PLUG

SAFING

PLUG | CONTROLLER
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Saturn Instrument Unit

SATURN INSTRUMENT UNIT
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»w

MARYLAND . Launch and Entry Vehicle Design



IU Structural Details

INSTRUMENT UNIT STRUCTURAL DETAILS
% ?\'ﬂ

EQUIPMENT BN CABLE
MOUNT ING TRAY
PADS SUPPORTS —

COLD PLATE

SLA INTERFACE

e UPPER
% MOUNTING
RING

FULL WALL
THICKNESS

HORIZONTAL
SPLICE PLATE

INNER
SPLICE PLATE

HIGH DENSITY |
CORE

v/ e— LOW DENSITY
CORE

e—0.030 ALUM
7075-T6
72, OUTER SKIN

X 0.020 ALUM
% ALLOY

~ 7075-T6
N INNER SKIN

LOWER
/_MOUNTING
RING

M| S-1v8 INTERFACE
TYPICAL SPLICE PLATE 2 TYPICAL SECTIONAL
ATTACHMENT boen e

- in.
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IU Equipment Locations

INSTRUMENT UNIT EQUIPMENT LOCATIONS

AUXILIARY MEASURING
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IU Thermal Con
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ditioning System
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IU Thermal Conditioning Sublimator

SUBLIMATOR DETAILS
VACUUM PASSAGE /" COOLANT PASSAGE WATER
|mEEEEE | C mZEEE W) (w2 EEZ
' - 4 Z _14 ICE
SSS/EN Scs
4 7 %
/ 5 Z % 5 2 VAPOR
; ==
'_ - >
7 7 7 2 7
1 1 1 %/
/: % f 77 o o=
Z Z % s
7 %2 Z k.,; < SURFACE
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/ 7 7 Z -7 METHANOL WATER
/ 7 —
ZhmZm)| = mZzEEZE) W ZEEZ
WATER PASSAG[—/ \-po:zous PLATE
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GN&C System Block Diagram
NAVIGATION, GUIDANCE & CONTROL SYSTEM BLOCK DIAGRAM
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Vehicle Control Actuators

1.

w N

NOTE

S:
ALL SIGNAL ARROWS INDICATE POSITIVE VEHICLE
MOVEMENTS.

VEHICLE PITCHES AROUND THE *
ENGINE ACTUATOR LAYOUTS SHOWN
FROM AFT VEHICLE.
DIRECTIONS POLARITIES SHOWN ARE TYPICAL
FOR ALL STAGES.
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VEHICLE MOVEMENT.
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UNIT
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Ground Handling of Components

SATURN TRANSPORTATION

‘‘‘‘‘

......

@ UNIVERSITY OF
9 MARYLAND

89

Launch Vehicle Systems

Launch and Entry Vehicle Design



Launch Pad Interfaces
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TAIL SERVICE
MAST 3-4

HOLDDOWN ARM
(TYP 4 PLACES)

HOLDDOWN ARM

HOLDDOWN ARMS/TAIL SERVICE MAST

vy
. U
ENGINE/HOLDDOWN ARM/TAIL SERVICE MAST ORIENTATION

VEHICLE
‘._):sm 13.31

#.
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Emergency Pad Egress
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