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ACTUATION SYSTEM DATA SUMMARY FOR
MISSILES AND LAUNCH VEHICLES

during the

order.

. 3. VEHICLE INDEX:

missile and launch vehicle actuation systems has been formulated to
data base that should be useful in the initial design stages of ca.-ne

2. SCOPE: The gcope of this document includes all missile and Yaunch v
actuation sysgtems, including electrohydraulic, electropneumatic, and
electromechanrical types.  The data for many systems are{not complete
more information becomes available, periodic updates will be issued
complete exigting data sheets and to add new ones.

An index by #ype of vehicle and by type of actuation system is inclu
actual data gheets in the body of the report are organized in alphab

C

3.1 Type of Vehjcle:

3.1.1 Missile:

- Hawk

- AMRAAM|(Advanced Development)
- ASAIM
= Condor
- Copperhead

- Dragon

brovid
W syst

chicle
. As

Fo

Hed.
btical

- Falcon (Aim 4D, F and G)

- GBU-15

1. PURPOSE: A survey of ex1st1ng designs (past and present) is a valuable aid
report on

e a
em,
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3.1.1 Missile (Continued):

Hellfire
HOBOS (GBU-~8)

Hornet

Maverick

Nike Hercules

Patriot

Pershing (P-la)
Phoenix

S[AM

Slidewinder
Sparrow

Stinger Alternate

alos

DW

3.1.2 Booster/Space Vehicle:

klas (Booster, SustaineY, Vernier)

entaur

A
C
Delta (lst Stage)
Ips

T

itan (lst\(Stage, 2nd Stage Main and Roll Engines)

3.1.3 ICBM/ABME

Minuteman I, II, III (Stages 1, 2, 3)

T
Thmahawk (Rocket Motor, Rocket Motor Improved, and Cruise)
T

Peacekeeper (Stages 1 and 3)
Spartan

Sprint (Stages 1 and 2)

3.2 Type of Actuation System:

3.2.1 Electrohydraulic:

ASAIM
Atlas (Booster, Sustainer, Vernier)

Centaur
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Electrohydraulic (Continued):

~ Delta (lst Stage)

~ Falcon (Aim 4D, F, and G)

- Hawk

- Maverick

- Minuteman I, II, III (Stages 1, 2, and 3)

- Nike Hercules

- Patriot

-~ Peag¢ekeeper (Stages 1 and 3)

~ Pershing (P-la)

~ Phog¢nix

- Sparrow

- Spartan

- Sprint (Stages 1 and 2)

- Talg¢s

- Titan III (lst Stage, 2nd Stage Mdin and Roll Engines)

- Tomshawk (Rocket Motor and Rocket Motor Improved)

Electrppneumatic:

- Copperhead

~ Dragon

- GBUt15

~ Hellfire

- HOBDS (GBU-8)

-~ Hornet

- SIAM

- Sidewinder

- Stinger Alternate
- TOW
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Electromechanical:

~ AMRAAM (Advanced Development)
- ASAIM

- Condor

- 1Ius

- Tomahawk (Cruise)

PREPARED BY
THE MISSILE AND SPACE SYSTEMS PANEL
OF SAE SUBCOMMITTEE A-6A,
FLUID POWER SYSTEMS OF SAE COMMITTEE A-6,
AEROSPACE FLUID POWER AND CONTROL TECHNOLOGIES
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 ]GENERAL DESCRIPTION

4 ,HYDRAULIC

VEHICLE  pppiicable to Advanced SYSTEM
- NAME: Medium Range Air-Air Missile (AMRAAM) - TYPE:
- TYPE: - PRESSURE:
- CONTROL: _Propulsion Control Valve (1 actuator) - FLOW:
- COMPANY: - FLUID:
- PROGRAM: - SEALS:
ACTUATION SYSTEM - FILTER:
- COMPANY: United Technologies SERVD VALVE
- TYPE PROGRAM: Development, 1978 - QPERATION:
- TYPE DESIGN: Electromechanical - CONFIGURATION:
- AXES: ACTUATOR
- COMPENSATION: Electronic - LINEAR:
- REDUNDARCY: Mo = ROTARYT
- TEMP.| RANGE: -55° to +250°F POWER SUPPLY
LOAD - PUMP
- TRAVEL: 45 degq e TYPE:
- TYPE: Coulomh friction, aerg ¢ POWER SOURCE:
- INERTIIA: - ENERGY SQURCE
- fp: o BATTERY:
- Otherf _perg: 50 1b-in o OTHER:
Friction: 50 lb-in - STORED GAS:
2 [acuaioly svsTem oesien - GAS GEN/AT(UM:
RATED CONDITIONS __JiJ PNEUMATIC/WARM GAS
- DESIGN LOAD: 150 1lb-in SYSTEM
- STALL| LDAD: 300 Ib-in -~ \STORED GAS
- DESIGN RATE: _30 deg/sec o TYPE GAS:
- ND LDAD RATE: _ 400 deg/sec ® SUPPLY PRESS:
DUTY CYCLE o PRODF PRESS:
g - DURATION: 180 sec ® BURST PRESS:
: - DESCRIPTIDN: Hold~ramp open-hold-ramp_<closed-hofd o VESSEL TYPE:
e VESSEL vOL:
DYNAMIC PERFORMANCE o SEALS:
- BANDW[DTH: 15 Hz based on -3 dB - GAS GENERATOR
- STEP RESPONSE: 5 deg step _in 20 msec; 10% o PROPELLANT:
STATIC PERFORMANCE OVETShoot o FLOWRATE:
- RESOLY1iGi: 0.2 deg o REG. VALVE:
- THRESHOLD: 0.05 deg o TEMP @ ACT:
- HYSTERESIS: _ <0.05 deg e PRESS @ ACT:
- CLOSE® LOOP STIRFNESS: >50,000 1b-in /deg CONTROL VALVE
STROKE: 45_deg - OPERATION:
WEIGHT: | G-lbs - CONFIGURATION:
FEEDBACK ACTUATOR
- TYPE: __Position - LINEAR:
- METHOD: Film potentiometer - ROTARY
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TYPE: _PWM at 3 KHz | 6 |sToRED GAS VESSEL sHipMENT
- SIGNAL LEVEL: _ 28V; 10A ~ TYPE BAs:
LOOP ELECTRONICS: Analog

3 ,ELECTROMECHAN]CAL

MOTOR
e DC:

Brush motor rated at 27V & 20A

GAS PRESSURE:

BURST FACTOR:

DOT APPROVAL:

e AC:

7 ISELECTION CRITERIA AND/OR SPECIAL FEATURES

o STEPPER:

Planetary or harmonic gearing drives high speed

ACTUATOR
LINEAR:

servomotor and hot gas butterfly valve

e RDTARY: Servomotor
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

GENERAL DESCRIPTION

r_d

4 IHYDRAULKC

VEHICLE SYSTEM
- NAME: ASALM (Advanced Strategic Air Launched - TYPE:
- TYPE: Air-to-surface HissiTe) ~ PRESSURE:
- CONTPOL: Aerodynamic_fin (4 actuators) - FLOW:
- COMPANY: _ Martin/Orlando_ - FLUID:
- PROGRAM: Development, 1978-1980 - SEALS:
ACTUATION SYSTEM - FILTER:
| - COMPANY: __ Marcin/Orlando SERVO VALVE
i - TYPE PROGRAM: _pevelopment, 1978-1980 - OQPERATION:
| - TYPE DESIGN: __ giecrromechanical - CONFIGURATION:
| - AXES: Pitch, yaw, roll ACTUATOR
| - COMPENSATION:  Electromic - LINEAR:
- RjDUNDANCY: o — ROTARY:
; - THMP. RANGE: -6Q tag +600°F POWER SUPPLY
! LOAD - PuMP
] - THAVEL: +26.5 deg o TYPE:
1 - TYPE: Areo and inertia o POWER SOURCE:
{ - INERTIA: __ (.46 lb-in-sec? - ENERGY SOURCE
{ - fd: e BATTERY:
1 - Other: Aerq; 3700 lb-in o OTHER:
i Coulomb friction: 90 lb-in - STORED_ 6AS:

ACTUATION SYSTEM DESIGN

GAS . GEN/ACCUM:

5 lPNEUMATlC/HARM GAS

LOOP ELECTRONICS: Digital and analog with D/A

| RATEQ CONDITIONS
| - DHSIGN LOAD:  _1200 1b-in SYSTEM
- STALL LOAD: 3000 lb-in - STORED GAS
- DYSIGN RATE: 180 deg/sec o TYPE GAS:
1 - NO LOAD RATE: 250 deg/sec e SUPPLY PRESS:
[ ourvfeveee e PROOF PRESS:
- DYRATION: 1000 sec o BURST PRESS:
- DESCRIPTION: _ 120 in-1lbs/deg, 5 Hzy 40.40 deg e VESSEL TYPE:
e VESSEL vOL:
DYNAMIC PERFORMANCE e SEALS:
- BANDWIDTH: 30 Hz based”on\ ¢ = 90° ] - GAS GENERATOR
| - S[EP RESPONSE: _#5°, g20%-bvershoot o PROPELLANT:
| STAT|C PERFORMANCE o FLOWRATE:
! - RESOLUTION. _ 0-10"deg o REG. VALVE:
- THRESHOLD: _ (70,02 deg o TEMP @ ACT:
- HYSTERESIS: 0.38 deg o PRESS @ ACT:
; - ClOSED COOR STIFFNESS: __ 9950 1b-in/deg CONTROL VALVE
| STROKE; 27 deg - OPERATION:
! WEIGHT: =55 1hg - CONFIGURATION:
FEEDBACK ACTUATDR
- TYPE: Position - LINEAR:
- METHOD: Film potentiometer - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
S AC | 6 |sToRED Gas vESSEL SHIPMENT
- SIGNAL LEVEL: 2.5 deg/volt +10% — TYPE GAS:

GAS PRESSURE:

l converter
3 J ELECTROMECHANICAL

BURST FACTCR:

DOT APPROVAL:

7 ISELECTION CRITERIA AND/OR SPECIAL FEATURES

Samarium cobalt magnets resulted in competitive

- MOTOR
Brushless with 8 VDC @ 3200 Hz
e OC: and 0,07 amps
o AC:
o STEPPER:
- ACTUATOR
o LINEAR: Ballscrew with linear to rotary link

e ROTARY:

EM performance.
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

.L]GENERAL DESCRIPTION __4__J HYDRAULIC
VEHICLE SYSTEM
- NAME: ASALM (Advanced Strategic Air Launched - TYPE: Recirculating
- TYPE: Air-to-surface Missile) - PRESSURE: 3500 psi
- CDNTRDL: Aerodynamic fin (4 actuators) - FLDW: 2 gpm
- CDMPANY: Martin/Orlando - FLUID: Chevron M2-Y
- PROGRAM: ___ povelopment, 1978-1980 - SEALS: Fluorocarbon
ACTUATION SYSTEM - FILTER: 40 micron
- COMPANY: Martin/Orlando SERVO VALVE

- TYPE PROGRAM: Development, 1978-1980 -
- TYPE DESIGN: Hydraulic -

OPERATION: 4-yay flow control
CONFIGURATION: 2-5tagge single nozzle flapper

- AXES: Pitch, yaw, roll ACTUATOR
- COMPENSATION: w1ocrronic - | INEAR:
- REDUNDRNCY: _ mNo - ROTARY: Rack and pinion with 0.67 in effective |
- TEMP, RANGE: -12 to +600°F PONER SUPPLY qrea
LOAD - PUMP
-~ TRAVEL: +22 deg o TYPE: Fixed pistoh
- TYPE: Inertia and areo o POWER SOURCE: Gas turbine
- INERTIR: 0.46 1b-in-sec? - ENERGY SOURCE
- fn e BATTERY:
- Other: Aero: 3700 lb-in o OTHER:
Coulomb fric: <400 1b-in - STORED GAS: Stored gas_accumulator
__Z_JACTUATXGN SYSTEM DESIGN - GAS GEN/AGCUM: Gas generator bleed ai
RATED CONDITIONS _S_J PNEUMATICZHARM GAS
- DESIGN LOAD: 1200 1b-in SYSTEM
- STALL |LDAD: 3000 1b-in - ~STOREC GAS
~ DESIGM RATE: 180 deg/sec o TYPE GAS: Ny
- NO LOAD RATE: 25 dep/sec e SUPPLY PRESS: 3500 psi
DUTY CYCLE o PROOF PRESS: 5300 psi
- DURATION: 1000 sec e BURST PRISS: 15000 psi
- DESCRIPTION: _yax activity of 600 deg in~IND sec o VESSEL TYPE: _ gulipnder
(sum of & fins) e VESSEL VOL:
DYNAMIC PERFORMANCE o SEALS: Fluorocarbon
- BANDWIDTH: 30 Hz hased on ¢"=190° - GAS GENERATOR
- STEP RESPONSE: +5°, < 20% oyersheot o PROPELLANT: Ammonia Nitrate
STATIC PERFORMANCE e FLOWRATE: 0.2 lbs/sec
- RESOLUTION:  0.05 deg o REG. VALVE: _ po
- THRESHOLD: 0.05-deg e TEMP @ ACT: 1500°F at turbine
- HYSTERESIS: 1.00deg e PRESS @ ACT:
- CLOSEQ LOOP STIFPNESS: 97 Hz at 100°F fluid temp. CONTROL VALVE
STROKE: ¥26 deg - OPERATION:
WEIGHT: 100_1hs ~ CONFIGURATION:
FEEDBACK ACTUATOR
- TYPE: Position ~ LINEAR:
- METHOD: RVDT - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TvRE: o | 6 |STORED GAS VESSEL SHIPMENT
- SIGNAL LEVEL: <13.5 ma - TYPE GAS:
LOOP ELECTRONICS: Digital snd analog with D/A - GAS PRESSURE:
3 pecTRomEcHanicaL ST - BURST FACTOR:
- MOTOR - DOT APPROVAL:
¢ DC: 7 |SELECTION CRITERIA AND/OR SPECIAL FEATURES
e« AC: T )
. stepn Selaceion besed iy e Mah tempereee
- ACTUATOR
& LINEAR:

e ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 IGENERAL OESCRIPTION

4 IHYDRAULIC

VEHICLE SYSTEM

- NAME: Bo L - TYPE: Recirculating

- TYPE: Space Launch Vehicle - PRESSURE: 3000 psi

- CONTROL: Gimbaled nozzles(4 actuators)’ - FLOW: 22.5 spm

- COMPANY: Convair - FLUID: MIL-H-5606

- PROGRAM: Production 1957 - - SEALS:

ACTUATION SYSTEM - FILTER:

- COMPANY: Convair & Hydraulic Research SERVO VALVE

-~ TYPE PROGRAM: Production, 1957 - - QPERATION: 4-way flow control

- TYPE DESIGN: _Hydraulic - CDNFIGURATION: 2-stage dual noz flapper
- AXES: Pitch, vaw, roll ACTUATOR
- COMPENSATION: - LINEAR: 1.5 in2 balanced area
- RED[NDANCY: __ wNone - ROTARY:
- TEMP. RANGE: POWER SUPPLY
LOAD - PUMP
:—_;RA EL: +5 deg e TYPE: Variable volume
- TYPE: o POWER SOURCE: Tgrbine driven géarbox
- INERTIA: - ENERGY SQURCE
- fn: e BATTERY:
- Othpr: o OTHER: Epgine fuel
- STOREQ_GAS:

2 !ACTUATION SYSTEM OESIGN
RATED LONDITIONS

- BGAS(GEN/ACCUM:

5 IPNEUMATIC/NARM GAS

- DESREGN LOAD: _ 75 470 lb-im SYSTEM

- STALL LOAD: 226,410 lb~in =~ STORED GAS

- DESJGN RATE: 24.0 deg/sec e TYPE GAS:

- NO LOAD RATE: 27.5 deglaac e SUPPLY PRESS:

DUTY CYCLE o PROOF PRESS:

- DURRTION: ¢ BURST PRCSS:

- DESERIPTION: e VESSEL TYPE:
¢ VESSEL VOL:

DYNAMIE PERFORMANCE o SEALS:

- BANDWIDTH: - GAS GENERATOR

- STEP RESPONSE: ¢ PROPELLANT:

STATIc| PERFORMANCE o FLONRATE:

- RESPLUTION: ¢ REG. VALVE:

- THRESKOLD: Q.1 ma e TEMP @ ACT:

- HYS[TERESIS: 0.2 ma e PRESS @ ACT:

- CLOSED LOOPR” STIFFNESS: CONTROL VALVE

STROKE: +(1.85 in. - QPERATION:

WEIGHTL CONELGURATLON:

FEEDBACK ACTUATOR

- TYPE: Position -~ LINEAR:

- METHOD: Variable reluctance - ROTARY:

ELECTRONIC CONTROLLER - ROTARY/LINEAR:

- TYPE: DC 6 [STORED GAS VESSEL SHIPMENT

- SIGNAL LEVEL: 4.0 ma . 1ype s,

LOCP ELECTRONICS: Analog

3 | ELECTROMECHANICAL

- MOTCR
e DC:

- GAS PRESSURE:

- BURST FACTOR:

- DDT APPROVAL:

7 ISELECTXON CRITERIA AND/OR SPECIAL FEATURES

o AC:

e STEPPER:

Fuel/hydraulic interface valve to provide fuel to
back up limited hydraulic fluid supply in the event

- ACTUATOR
o LINEAR:

of system leakage.

o ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 |GENERAL DESCRIPTION 14 | HYDRAULIC
VEHICLE SYSTEM
- NAME: Atlas Sustainer (1 engine) - TYPE: Recirculating
- TYPE: Space Launch Vehicle - PRESSURE: 1000 osi
- CONTROL: Gimbaled nozzle (2 actuators) - FLOW: MIL-H-5606
- CDMPANY: Convair - FLUID:
- PROGRAM: Production 1957 - - SEALS:
ACTUATION SYSTEM - FILTER:
- CDMPANY: Convair SERVO VALVE
- TYPE PROGRAM: producrion 1957 - - OPERATION: 4-way flow control
- TYPE DESIGN: _ yydraulic - CONFIGURATION: 2-stage dual nozezle flapper
- AXES: Pitch, vaw, : ACTUATOR
- COMPENSATION: - LINEAR: 5.9 in2 balanced area
- REDUNDANEY- o = ROTARY:
- TEMP. RANGE: POWER SUPPLY
L0AD - puMp
- TRAVEL} 13 deg o TYPE: Variable.vélume
- TYPE: ¢ POWER SOURCE: _1,rpine‘driven gearbbx
- INERTIp: - ENERGY SQURCE
-t o BATTERY:
- Other: o OTHER: Engine fuel

- STORED GAS:
|z Jcruation| svsten oesion - GAS GEN/fslM:

RATED CONDITIONS _SJPNEUMAT]C/UARH GAS
- DESIGN| LOAD: _ 49,300 1b-in SYSTEM

T - STALL LOAD: 177,120 1b-in - USTORED GAS

- DESIGN| RATE: _ 7.9 deg/sec

o TYPE GAS:
- ND LOAD RATE: 14.2 deg/sec e SUPPLY PRESS:
DUTY CYCLE o PRODF PRESS:
- DURATIpPN: ¢ BURST PRESS:
- DESCRIPTION: e VESSEL TYPE:
e VESSEL VOQL:
DYNAMIC PERFORMANCE o SEALS:

~  BANDWIDTH: - GAS GENERATOR

- STEP RESPONSE: o PROPELLANT:
STATIC PERFORMANCE o FLOWRATE:

- RESOLUJTION: o REG. VALVE:
- THRESHpLD: 0.1-ma o TEMP @ ACT:
- HYSTERESIS: 0.2 ma o PRESS @ ACT:
- CLOSED|LOCP STIFFNESS: i CONTROL VALVE
STROKE: +0.51 in. - OPERATION:
WEIGHT: ~ CONFIGURATION:
FEEDBACK ACTUATOR

- TYPE: Position - LINEAR:

- METHDD: Variable xeluctance - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TYPE: D, 6 lSTORED GAS VESSEL SHIPMENT

- SIGNAL LEVEL: 4 0 ma

- TYPE GAS:
LOOP ELECTRDNICS: Analog = GAS PRESSURE:
3 IELECTROMECHANICAL - BURST FACTDR:
- MDTOR - DOT APPRDVAL:
¢ 0C: 7 JSELECTION CRITERIA AND/DR SPECIAL FEATURES
e AC: .
Fuel/hydraulic interface valve to provide fuel to
o STEPPER: back up limited hydraulic fluid supply in the event
- ACTUATDR of system leakage
o LINEAR:

e ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 IGENERAL DESCRIPTI

VEHICLE
- NAME:

ON

Atlas Vernier (2 engines)

__deHYDRAULIC

- TYPE:

space Launch Vehicle

- CONTROL:

Gimbaled nozzles(4 actuators)

- COMPANY:

Convair

- PROGRAM:

Production, 1957 -

ACTUATION SYSTEM
- COMPANY:

Convair

- TYPE PROGRAM:

Production 1957 -

SYSTEM

- TYPE: Blowdown

- PRESSURE: 3000 to 1000 psi

- FLOW: 4$.85 gpm

- FLUID: MIL-H-5606

- SEALS:

- FILTER:

SERVO_VALVE

- QPERATION: 4-way flow control

Inboard: +70 deg
OQurhnard: +25 deg

- TYPE DESIGN: _Hydraulic - CONFIGURATION: _ 3-stage dual nozzle flapper
- AXES: Pitch, vaw, roll ACTUATOR
- COMPENSATION: - LINEAR: 0.5 inZ balanced
No - KUTAKT?
POWER SUPPLY
- PUMP

¢ TYPE: variable volume (Bustaingr engine opera

ion)

¢ POWER SOURCE:

- ENERGY SOURCE

o BATTERY:

e OTHER:
- STORED GAS: Accumulator (:g :; ﬁgﬁﬁge

__g_JAcrun1xou SYSTEM

DESIGN - GAS GEN/ACCUM:
RATED [cono1 710N __;;J PNEUMATIC/WARM GAS
- DEYIGN LOAD: _ 3430 1b-in SYSTEM
- STALL LOAD: __ 4)2¢ 1b-in - STORED GAS
- DEYIGN RATE: 393 deg/sec o TYPE GAS:
- NO[LOAD RATE: 436 deg/sec o SUPPLY PRESS:
DUTY dYCLE o PROOF PRESS:
, - DURATION: o BURST PRESS:
1 - DEJCRIPTION: o VESSEL TYPE:
e VESSEL voL:
. DYNAM|C PERFORMANCE o SEALS:
- BAROWIDTH: - GAS GENERATOR
- STEP RESPONSE: o PROPELLANT:
STATI{ PERFORMANCE s FLOWRATE:
- REPDLUTION: » REG. VALVE:
- THRESHOLD: Ouloma o TEMP @ ACT:
- HYBTERESIS:_ \o72 ma o PRESS @ ACT:
- CLPSED LOOP STIFFNESS: CONTROL VALVE
STROKE: Inboard, + 1.5 in; Outboard, + 0.5 in. - QOPERATION:
WEIGH]: - CONFIGURATION:
FEEDBACK ACTUATOR
- TYPE: Positian - LINEAR:
- METHOD: Variable reluctance - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TYRE: 2l h~§_JSTORED GAS_VESSEL SHIPMENT
- SIGNAL LEVEL: _4 ma  TYPE GAS:
LOOP ELECTRONICS: _analog

-~ MOTOR
o DC:

3 IELECTROMECHANICAL

- GAS PRESSURE:

- BURST FACTDR:

~ DOT APPROVAL:

o AC:

7 ISELECTION CRITERIA ANO/OR_SPECIAL FEATURES

o STEPPER:

Fuel/hydraulic interface valve provides fuel to backup

- ACTUATOR
¢ LINEAR:

limited hydraulic fluid supply in the event of system
leakage during engine powered flight.

¢ ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

__}_]GENERAL DESCRIPTION

4 | HYDRAULIC

LOOP ELECTRONICS: Analog

VEHICLE SYSTEM
- NAME: Centaur - TYPE: Recirculating
- TYPE: Space Launch.Vehicle - PRESSURE: 1000 psi
- CONTROL: imballed nozzle (2 nozzles, 2 act/mnofzle) - FLOW: 1.64 gpm
- COMPANY: . Convair - FLYlD: MIL-H-5606
- PROGRAM: Production, 1958 - - SEALS: Nitrile
ACTUATION SYSTEM - FILTER: 10 micron
- COMPANY: Convair SERVO VALVE
- TYPE PROGRAM: Production, 1958 =~ - OQPERATION: 4-vay flow control
- TYPE DESIGN: Hydraulic - CONFIGURATION: 2-stage jet pipe
-« AXES: Pitch, yaw, roll ACTUATOR
- COMPENSATION: _Ejlectronic - LINEAR: 1.5 in? balanced area
- REDUNDARTY: NG - ROTARY:
- TEMP| RANGE: _ -30 to +275°F PONER SUPPLY
LOAD - PuMP
- TRAVEL: 13 deg o TYPE: Fixed vane
- TYPE e POWER SOURCE: Tycbipe @riven pearbok
- INERTIA: - ENERGY SOURCE
- fn: o BATTERY:
- Othey: o OTHER: Engine fuel
- STORED GAS:
'_Z_JACTUATI N SYSTEM DESIGN - GAS GEN/AGRQM:
RATED CINDITIONS _5‘ PNEUMATIC/WARM GAS
- DESIEN LOAD: _s5y44 1b-in SYSTEM
- STALL LOAD: 15.447 1b-in - \STORED GAS
- DESIBN RATE: _ 8.1 deg/sec e TYPE GAS:
- NO LPAD RATE: 14.1 deg/sec o SUPPLY PRESS:
DUTY CYELE o PRODF PRESS:
- DURAFION: 10_min o BURST PRESS:
- DESCRIPTION: e VESSEL TYPE:
e VESSEL VOL:
DYNAMIC| PERFORMANCE e SEALS:
- BANDNIDTH: - GAS GENERATDR
- STEP| RESPONSE: e PROPELLANT:
STATIC PERFDRMANCE o FLOWRATE:
- RESOLUTION: e REG. VALVE:
- THREpHOLD: 0.10v83 e TEMP @ ACT:
- HYSTERESIS: 0220/ na o PRESS @ ACT:
- CLOSED LOOP_STIFFNESS: CONTROL VALVE
STROKE: F0.75 in - OPERATIDN:
WEIGHT: - CONFIGURATION:
FEEDBAC ACTHATOR
- TYPE: Position - LINEAR:
- METHDD: Variable reluctance - RDTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- YRR nc | 6 |5TORED GAS VESSEL SHIPMENT
- SIGNAL LEVEL: _4 ma - TYPE GAS:

- MDTOR
e [DC:

3 J ELECTROMECHANTICAL

- GAS PRESSURE:

- BURST FACTOR:

- DDT APPROVAL:

e AC:

7 |SELECTION CRITERIA AND/OR SPECIAL FEATURES

- ACTUATOR
e LINEAR

e STEPPER:

Performance; hydraulic fluid used to maintain

e RDTARY:

actuator temperature during orbit coast phase
via a second electrically driven pump.
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 IGENERAL DESCRIPTION 4 IHYDRAULIC

VEHICLE SYSTEM

- NAME: Condor - TYPE:

- TYPE: Air-to-surface -~ PRESSURE:

- CONTROL: Aerodynamic fin (4 actuators) - FLOW:

- COMPANY: _Rockwell - FLUID:

- PRDGRAM: Development, 1964-1977 - SEALS:

ACTUATIDN SYSTEM - FILTER:

- COMPANY: conductron SERVQ VALVE

- TYPE PRCGRAM: Development, 1964-1977 - OPERATION:

- TYPE DESIGN: Electromechanical - CONFIGURATION:

- AXES: Pitch, yaw, roll ACTUATOR

- CDMPENSATION: _ Electronic - LINEAR:

- RED Y: No - RDTARY:

- TEMH. RANGE: __ -65 to +195°F POWER SUPPLY

LOAD - PUMP

- TRAMEL: +3D deg o TYPE:

- TYPH: Inertia o POWER SOURCE:

- INERTIA: 1.56 lb—in-sec2 - ENERGY SDURCE

- e BATTERY:

- QOthgr: ¢ OTHER:

- STORED GAS:

|2 facruarfon svstem oesien ~_GAS GROfRCCUN:

RATED GONDITIONS |5 |pheungic maan oas

- DESIGN LOAD: , SYSTEM

- STAYL LOAD: 1000 1b-in = STORED GAS

DESIGN RATE:

o TYPE GAS:
AD RATE: _85 deg/sec o SUPPLY PRESS:
o PRDDF PRESS:
I0N: 12 min o BURST PRESS:
IPTIDN e VESSEL TYPE:
e VESSEL VOL:
DYNAMI(] PERFDRMANCE o SEALS:
- BANOWIDTH: - GAS GENERATDR
- STEH RESPDNSE: o PROPELLANT:
STATIC [PERFORMANCE o FLOWRATE:
- RESJLUTION: e REG. VALVE:
- THRESHDLD: o TEMP @ ACT:
- HYST[ERESIS: e PRESS @ ACT:
- CLOYED LDDP/STIFFNESS: CONTRDL VALVE
STROKE:| #30\deg - OPERATIDN:
WE IGHT CONELGUHRAT-BN-:
FEEDBACK ACTUATDR
- TYPE: _ppcition - LINEAR:
- METHOD: Film potentiometer - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TYPE: _DC 6 |STDRED GAS VESSEL SHIPMENT
- SIGNAL LEVEL: - TYPE GAS:
LODP ELECTRONICS: Analog - GAS PRESSURE:
___QJ ELECTRDMECHANICAL - BURST FACTDR:
- MOTOR - DOT APPROVAL:
o DC: _28 V compound brush 7 1SELECTION CRITERIA AND/OR SPECIAL FEATURES
e AC:
e STEPPER:
- ACTUATDR
o LINEAR:

o ROTARY: Mag particle clutch
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

I |GENERAL DESCRIPTION . 4 | HYDRAULIC

VEHICLE SYSTEN
- NAME: Copperhead (M-712) - TYPE:
- TYPE: Battlefield Support (Gun Launched) - PRESSURE:
- CONTROL: aerodynamic fin (4 fins/3 actuators) - FLOW:
- COMPANY: Martin/Orlando - FLUID:
- PROGRAM: producrion, 1981 - - SEALS:
ACTUATION SYSTEM - FILTER:
- COMPANY: Chandler Evans SERVD VALVE
- TYPE PROGRAM: _ Production, 1981 - - OPERATION:
- TYPE DESIGN: Pneumatic - CONFIGURATIDN:
- AXES: Pitch, yaw, roll ACTUATOR
- COMPENSATION: _ None - LINEAR:
- REDUNDANCY: No - ROTARY:
- TEMP| RANGE: -25_to +145°F POWER SUPPLY
LOAD ' - PUNP
- TRAVEL: Pitch: +16 deg; yaw & roll: 420 deg o TYPE:
- TYPE Inertia and aerog o POWER SOURCE:
- INER[IA: pypch .0052 Lb-in-see’ - ENERGY SOURCE
Vauw & rall: 0026 1b-in-sec’ ¢ BATTERY:
- Dthef: Aern: 1.25 1b-in/deg ¢ OTHER:
- STORED GAS:
2 acruariw svstem oeston - GAS GER/AQuM:
RATED CONDITIDNS __§_] PNEUMATZG/WARM GAS

- DESIEN LOAD: pjrch: 190 lb-in ; Yaw & roll: 95 1b-in  SySTEM
- sTALl LOAD:Pitch: 150 lb-in ; Yaw & roll: 75 lb-in "

~\\STORED GAS
- DESIEN RATE: 120 deg/sec o TYPE GAS: _ Helium regulated to 550
- MO LPAD RATE:Bitch: 309 degfsces o SUPPLY PRESS: _ 10,000 psi '
0UTY CYELE o PROOF PRESS: 15,000 psi
- DURAFION: 65 sec @ -25°F ¢ BURST PRESS: 23,600 psi min.
- DESCRIPTION: +5° deflection at 1 Hez o VESSEL TYPE: Cylinder
o VESSEL VOL: 25 in3
DYNAMIC| PERFORMANCE o SEALS: Nitrile
- BANDWIDTH: 12 Rz baged on -3 db - GAS GENERATOR
- STEP|RESPONSE: gg7 max overshoot at +5 and +10° steps ¢ PROPELLANT:
STATIC PERFORMANCE o FLOWRATE:
- RESOLUTION: pjech: +l%~deg. Yaw & roll: +20 deg o REG. VALVE:
- THREBHOLD: 175 1bs (with fins) o TEMP @ ACT:
- HYSTERESIS: o PRESS @ ACT:
- CLOSED LOOP,/STIFFNESS: CONTROL VALVE
STROKE:| Piteh: 416 deg.s Yaw & roll: +20 deg - OPERATION: _ 3-yay Solenoid
WEIGHT: 17.5 1bs (with fins) - CONFIGURATION: gpen ceuter
FEEDBACK ACTUATOR
- TYPE: Position - LINEAR: 2/1 unbalanced area
- METHOD: Film potentiometer - ROTARY:
ELECTRDNIC CONTROLLER - ROTARY/LINEAR:
- TYPE: bl _SJSTORED GAS VESSEL SHIPMENT
- SIGNAL LEVEL: A0V & 4 amps - TYPE GAS: j
LOGP ELECTRONICS: Analog - GAS PRESSURE: 10.000 psi
_3_] ELEC TROMECHANICAL - BURST FACTOR: 5 3¢

- MOTOR - DOT APPROVAL: pOT-E 6672

» OC: _L_]SELECTION CRITERIA AND/OR SPECIAL FEATURES

* AC:

- 10 year storage

» STEPPER:
- ACTUATOR - 10,000 G's launch shock

o LINEAR:

¢ ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

| 1 |GENERAL DESCRIPTION

4 | HYDRAULIC

VEHICLE SYSTEM

- NAME: Delta, lst stage - TYPE: Recirculating

- TYPE: Stage Launch Vehicle - PRESSURE: 3200 psi

- CONTROL: Gimballed mozzle (2 actuators) | - FLOW: 4 gpm

- COMPANY: McDonnell Douglas/Huntington Beach - FLUID: MII-H-5606

- PROGRAM: Pproduction, 1958 - - SEALS: Nitrile

ACTUATION SYSTEM ‘ - FILTER: 15 micron

- COMPANY: Mcponnell Douglas/Huntington Beach | SERVO VALVE

- TYPE PROGRAM: _producrion, 1958 - - OPERATION: 4_uay flow control

- TYPE DESIGN: Hydraulic - CONFIGURATION: 2-stage jet pipe

- AXES: Pitch, yaw ACTUATOR

- COMPENSATIDN: - LINEAR: 2 in2 balanced

- REDUNBANCY: NG ROTARY-

- | TEMP. RANGE: -65 to +275°F POWER SUPPLY

LgAD - PUMP

- | TRAVEL: +7 deg e TYPE: Variable piston

- | TYPE: Combination o POWER SOURCE: _Tdrbine driven gearbox

- | INERTIA: 5, 880 Ib-in-sec’ - ENERGY SOURCE

- | fa: ¢ BATTERY:

- | Other: fero: . 27,400 th-ia o OTHER: Engine fuel
Coulomb fric: 10,600 1lb-in - STORED(GAS:

TUATION SYSTEM DESIGN

GAS GEN/ACCUM:

5 |PNEUMATIC/WARM GAS

RATED CONDITIONS

- | DESIGN LOAD: __ 96,000 lb-in SYSTEM

- | STALL LOAD: _ 153,500 lb-in - STORED GAS

- | DESIGN RATE: 17 _deg/sec e TYPE GAS:

~| NO LOAD RATE: 30 deg/sec o SUPPLY PRESS:

DYTY CYCLE o PROOF PRESS:

- | DURATION: 225 sec ® BURST PRESS:

-| DESCRIPTION: _ +0.5 deg. at 0.5 HZ for full o VESSEL TYPE:
duration e VESSEL VOL:

DYNAMIC PERFORMANCE e SEALS:

- | BANDWIDTH: 10 Hz baseéd-op -3 dB - GAS GENERATOR

- | STEP RESPONSE: ¢ PROPELLANT:

STATIC PERFORMANCE e FLOWRATE:

-| RESOLUTION: .04 1a e REG. VALVE:

-| THRESHoLG: 0.04 ma o TEMP @ ACT:

-| HYSTERESIS{ 0.40 ma o PRESS @ ACT:

-| CLOSED, LDOP. STIFFNESS: _ >200,000 1b-in/deg CONTROL VALVE

STROKE: 3.3 in. - OPERATION:

WEIGHT: 136 1bs - CONFIGURATION:

FEEORACK ACTUATOR

- TYPE: Position - LINEAR:

- METHOD: Wire wound potentionometer - ROTARY:

ELECTRONIC CONTROLLER - ROTARY/LINEAR:

- TYRE: pe 6 JSTORED GAS VESSEL SHIPMENT

- SIGNAL LEVEL: 20 v

LOOP ELECTRONICS: Analog

TYPE GAS:

3 l ELECTROMECHANICAL

MOTOR

e DC:

GAS PRESSURE:

BURST FACTOR:

DOT APPROVAL:

7

o AC:

SELECTION CRITERIA AND/OR SPECIAL FEATURES

¢ STEPPER:

ACTUATOR

o LINEAR:

¢ ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

L IGENERAL DESCRIPTION
I

4 l HYDRAULIC
ST

VEHICLE SYSTEM

- NAME: Dragon - TYPE:
TYPE: Battlefield Support - PRESSURE:

- CDNTROL: _soljd Rocket Thrusters - FLOW:
COMPANY:  Ravtheon - FLULD:
PRCGRAM: Production, 1978 - - SEALS:

SCTUATION SYSTEM - FILTER:

- COMPANY: Raytheon SERVD VALVE

~ TYPE PROGRAM: Production, 1978 - - OPERATION:

- TYPE DESIGN: - CONFIGURATION:

- AXES: Pitch, yaw ACTUATOR
COMPENSATION: - LINEAR:

- REDUNpANEY- - ROTARY:

- TEMP | RANGE: POWER SUPPLY

LOAD - PUMP

- TRAVEL: e TYPE:

- TYpE: o POWER SQURCE:

- INERT[A: - ENERGY SOURCE

- fp: o BATTERY:
Gther ¢ OTHER:

- STORED GAS:

2 [&CTUATIO' SYSTEM DESIGN
RATED COBDITIONS

- GAS GEN/ACCUM:
5 IPNEUMATIC/HARM GAS

OESIGR LOAO: SYSTEM
- STALL|LOAD: SV STORED GAS
DESIGN RATE: o TYPE GAS:
- NO LORD RATE: e SUPPLY PRESS:
DUTY CYCLE o PROOF PRESS:
- DURATJON: ]

BURST PRESS:

- OESCREPTION:

o VESSEL TYPE:

e VESSEL VOL:

JYNAMIC PERFORMANCE
BANDWJOTH:

e SEALS:
- GAS GENERATDR

- STEP RESPONSE:

¢ PROPELLANT:

STATIC PERFORMANCE

o FLOWRATE:

RESOLQTION: ® REG. VALVE:
- THRESHOLD: o TEMP @ ACT: ]
- HYSTERESIS: ¢ PRESS @ ACT:
- CLOSED LOOP STIFFNESS: CONTROL VALVE
STROKE: - OPERATION:
WEIGHT: - CONFIGURATION:
“EEDBACK ACTUATOR

TYPE: None - LINEAR:

METHOOC: - ROTARY: ]
ZLECTRONIC CONTROLLER - ROTARY/LINEAR:

TYPE: DOC with 50 gysec pulse

SIGNAL LEVEL: _22-41v

6 JSTORED GAS VESSEL SHIPMENT

~COP ELECTRONICS:

- TYPE GAS:

KA l ZLECTROMECHANICAL

MOTOR
s OC:

- GAS PRESSURE:
~ BURST FACTOR:
- DOT APPROVAL:

¢ AC:

7 JSELECTION CRITERIA AND/OR SPECIAL FEATURES

e STEPPER:

- ACTUATOR
¢ LINEAR:

Spinning vehicle with small thrusters that provide
steering and sustaining thrust

o ROTARY:

- Thrusters are fired in pairs

- Near equilibrium maintained between sustaining
thrusters and aerodynamic drag.
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 |GENERAL DESCRIPTION

4 | HYDRAULIC

VEHICLE SYSTEM
- NAME: Falcon (AIM - 4D) - TYPE: Blowdown
- TYPE: Air to air - PRESSURE: 2000 psi
- CONTROL: peyodypamic fin (2 actuators) - FLOW: 0.093 gpm
- COMPANY: Hughes/Tucson - FLUID: Brayco 762
- PROGRAM: Production, 1952 - 1961 - SEALS: Nitrile
ACTUATION SYSTEM - FILTER: No
- COMPANY: Hughes/Tucson SERYD VALVE
- TYPE PROGRAM: Production, 1952-1961 - OQPERATION: 3-yay
- TYPE DESIGN: .“Ydr-’“lic - CONFIGURATION: l-stage.
| - AXES: Pitch, yaw, roll ACTUATOR
- COMPENSATION: - LINEAR:
f . REOUNDANCY: _ no - ROTARY: Push-push
POWER SUPPLY
- PumMp
o TYPE:

o POWER SOURCE:

- ENERGY SOURCE

o BATTERY:

o OTHER:

- STORED GAS: He at 7600 psi adcumulator

- GAS GEN/ACCUM:

5 | PNEUMATICYWARM GAS

LOOP ELECTRONICS: _Analog

SYSTEM
15¢ 1lb-in <\ STORED GAS
o TYPE GAS:
600-750 deg/sec o SUPPLY PRESS:
o PROQF PRESS:
X o BURST PRESS:
o VESSEL TYPE:
o VESSEL VOL:
DYNAMIC PERFORMANGE o SEALS:
- HANDWIDTH: - GAS GENERATOR
- 4TEP RESPONSE: ¢ PROPELLANT:
] STATIC PERFORMANCE o FLOWRATE:
1 - desowrion. o REG. VALVE:
i - THRESHOLD: 0. 3-na o TEMP @ ACT:
- WYSTERESIS: » PRESS @ ACT:
- QLOSED LOOP\STLFFNESS: CONTROL VALVE
STRJKE: - OPERATION:
WELGHT: - CONFIGURATION:
FEEQBACK ACTUATOR
- PP Posiiion - LINEAR:
- METHOD: _ Wire wound potentiometer - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TvPe: e | 6 |STORED GAS VESSEL SHIPMENT
- SIGNAL LEVEL: ~TYPE 6As:

3 ] ELECTROMECHARICAL

- MOTOR
¢ DC:

- GAS PRESSURE:

- BURST FACTOR:

- DOT APPROVAL:

7 |SELECTION CRITERIA AND/OR SPECIAL FEATURES

¢ AC:

e STEPPER:

- ACTUATOR
¢ LINEAR:

o ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET
_1JGENERAL DESCRIPTION _4,HYDRAULIC
VEHICLE SYSTEM
- NAME: Falcon (AIM - F&G) - TYPE: Recirculating
- TYPE: Air-to-air - PRESSURE: 2090 psi
- CONTROL: Aerodynamic fin (2 actuators) - FLOW:
- COMPANY: Huohes/Tucson - FLUID: Brayco 762
- PROGRAM: Production, 1955 - 1961 - SEALS: Nitrile
ACTUATION SYSTEM - FILTER: 5-15 Micron
- COMPANY: Hughes/Tucson SERVO VALVE
- TYPE PROGRAM: Production, 1955-1961 - OQPERATION: 3-way
- TYPE DESIGN: Hydraulic - CONFIGURATION: 1-stage
- AXES: Pitch, yaw, roll ACTUATOR
- COMPENSATION: - LINEAR:
- REDUNDANCY: No - ROTARY: Push-push
- TEMP. RANGE: POWER SUPPLY
L0AD - PUMP
- TRAYEL: e TYPE: Fixed pistdn
- TYPE: e POWER SOURCE: Turbine
- INERTIA: - ENERGY SOURCE
- fur o BATTERY:
- Other: o OTHER:
- STORED GAS:
|2 | scTuatjon svsTem pesin - BAS GEN/AQUR
RATED £ONDITIONS __SJPNEUMATIC/WARM GAS
- DES[GN LOAD: SYSTEM
- STALL LOAD: 150 1lb-in - 'STORED GAS
- DES|GN RATE: e TYPE GAS:
- NO [OAD RATE: 275-375 deg/sec o SUPPLY PRESS:
QUTY CJCLE o PROOF PRESS:
! - DURRTION: o BURST PRESS:
1 - DESCRIPTION: o VESSEL TYPE:
e VESSEL VOL:
DYNAMI{ PERFORMANCE o SEALS:
- BANDWIDTH: - GAS GENERATOR
- STEP RESPONSE: e PROPELLANT:
STATIC| PERFORMANCE o FLOWRATE:
- RESPLUTION: o REG. VALVE:
- THRESHOLD: 0.3 ma o TEMP @ ACT:
- HYSTERESIS: e PRESS @ ACT:
- CLOBED LOOP STIRENESS: CONTROL VALVE
STROKE - OPERATION:
WEIGHT - CONFIGURATION:
FEEDBALK ACTUATOR
- TYPET Posirion - LINEAR:
- METHOD: Wire wound potentiometer - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TwE: nC _6_]5TORED GAS_VESSEL SHIPMENT
- SIGNAL LEVEL:  TePE ohss

LOOP ELECTRONICS:

Analog

3 J ELECTROMECHANICAL

- MDTOR
e DC:

- GAS PRESSURE:

- BURST FACTOR:

- DOT APPROVAL:

7 |SELECTION CRITERIA AND/OR SPECIAL FEATURES

o AC:

e STEPPER:

- ACTUATOR
o LINEAR:

o ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 |GENERAL DESCRIPTION 4 | HYDRAULIC

VEHICLE SYSTEM

- NAME: GBU-15 - TYPE:

- TYPE: Air-to-surface - PRESSURE:

- CONTROL: Aerodynamic fin (4 actuators) ~ FLOW:

- CDMPANY: Rockwell - FLUID

- PROGRAM: Production, 1974 - - SEALS:

ACTUATION SYSTEM - FILTER:

- COMPANY: Garrett/Phoenix SERVO VALVE

- TYPE PROGRAM: Production, 1974 - — OPERATION:

- TYPE DESIGN: _Pneumatic - CONFIGURATION:

- AXgs: _ Pitch, yaw, roll ACTUATOR

- COMPENSATION: Electronic . - LINEAR:

- REDUNDANCY: No - ROTARY:

- [EMP. RANGE: _ -65 to +130°F POWER SUPPLY

L0AD - - PUMP

- JRAVEL: +10 deg o TYPE:

- FYPE: Inertia o POWER SQURCE:

- NERTIA: 0.05 1b'i“'secz - ENERGY SQURCE

- fn: o BATTERY:

- Pther: e OTHER:

- STOREDGAS;

F_g_JACT ATION SYSTEM DESIGN - GAS GENAACCUM:

RATED CONDITIONS 5 | PNEUMATIC/WARM GAS

40 1b-in opposing and

- DESIGN LOAD: 20 lb-in ajding SYSTEM
- BTALL LOAD: _625 1b-in > STORED GAS
- PESIGN RATE: ¢ TYPE GAS: He regulated td 775 pst
- ED LOAD RATE: _ 100 deb/sec » SUPPLY PRESS: 7800 psi
DUTK CYCLE ® PROOF PRESS:
- PDURATION: 16 min » BURST PRESS:
- PESCRIPTION: ® VESSEL TYPE: Sphere
o VESSEL voL: 230 in’
DYNRMIC PERFORMANCE » SEALS:
- PBANDWIDTH: 9 Hz based on_-3.dB - GAS GENERATOR
- BTEP RESPONSE: » PROPELLANT:
STATIC PERFORMANCE o FLOWRATE:
- RESOLUTION: 0.5 deg max o REG. VALVE:
- [THRESHDLD: 0.5 deg max o TEMP @ ACT:
- HYSTERESIS: 0.5 deg max o PRESS @ ACT:
- ELOSED LOOP-STIFFNESS: CONTROL VALVE
STROKE: 420 deg - OPERATION: Proportional solenoi
WEIGHT: 63 1bs - CONFIGURATIONClosed center
FEEDBACK AGTUATOR
- Type: _Position - LINEAR: _2/1 unbalanced area
- METHOD: Film potentiometer - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TRE o TR | 6 |STORED GAS VESSEL SHIPMENT
- SIGNAL LEVEL: an P " TYPE GAS:
LOOP ELECTRONICS: Analog - GAS PRESSURE:
___gJ ELEC TROMECHANICAL - BURST FACTOR:
- MOTOR . - DOT APPROVAL:
o DC: 7 ]schcrxon CRITERIA AND/OR_SPECIAL FEATURES
¢ AC:
o STEPPER: 10 year storage and wide temperature range
- ACTUATOR
¢ LINEAR:

o ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 |GENERAL DESCRIPTIDN

4 | HYDRAULIC

VEHICLE SYSTEM

- NAME: HAWK - TYPE: Blowdown

- TYPE: Surface-to-air - PRESSURE: 2000 psi

- CONTROL: Aerodynamic fin (4 actuators) - FLOW: 8 gpm

- COMPANY: Raytheon - FLUID: MIL-H-5606
- PROGRAM: Production, 1959 - - SEALS: Polyurethane

ACTUATION SYSTEM
- COMPANY: Raytheon

- FILTER: None

SERVO_VALVE

- TYPE PROGRAM: Production, 1959 -

- TYPE DESIGN: Hydraulic

- OPERATION: 3-way flow control

- CONFIGURATIDN: 2-stage

2 | ACTUATIPN SYSTEM DESIGN
RATED CDNDITIONS

- AXES: Pitch, yaw, roll ACTUATOR
- COMPENSATION: No - LINEAR: 2:1 unbalanced push-push
- REDUNGANGY- - ROFARY-:
| - TEWP| RANGE: __-25 ro +165°F POKER SUPPLY
LOAD - PUMP
- TRAVEL: 130 deg s TYPE
- TYPE i mb_friction e POWER SQOURCE:
- INER[IA: _ 0.1 lb-in-sec - ENERGY SOURCE
- fp o BATTERY:
- Othef: Canlomb friction: 230 lb-in o OTHER:
- STORED GAS: ) ' _Np Accumulator

- GAS GEN/ACCUM:

5 | PNEUMATIC/WARM GAS

- DESIBN LDAD: 1670 1b—in SYSTEM
- STAUL LOAD: 2300 1b-in - STCRED GAS
- DESIGN RATE: 300 deg/sec ¢ TYPE GAS:

- NO UOAD RATE: 450 deg/sec

o SUPPLY PRESS:

PROOF PRESS:

DUTY CYELE
- OURATION: >80 sec
- DESQRIPTION: 6000 deg total travel

.
o BURST PRESS:
e VESSEL TYPE:

o VESSEL VoL:

DYNAMIQ PERFORMANCE
- BANIOWIDTH: 20 Hz based on & _=\90°

o SEALS:

- GAS GENERATOR

- STEH RESPONSE:

STATIC |PERFORMANCE

¢ PROPELLANT:

- HYSTERESIS: <0.50 deg

o FLOWRATE:
- RESQLUTION: 0.01 dep ¢ REG. VALVE:
- THRESHOLD: 0.02) deg o TEMP @ ACT:

¢ PRESS @ ACT:

- CLOJED LOOP SIIRFNESS: >12,000 psi/ma

CONTROL VALVE

STROKE +30 deg - OPERATION:
WEIGHT 18 1bs - CONFIGURATION:
FEEDBACK ACTUATOR

- TYPE: Position - LINEAR:

- METHOD: Film type potentiometer - ROTARY:
ELECTRONIC CONTRDLLER - ROTARY/LINEAR:

—1 6 |STORED GAS VESSEL SHIPMENT

- TYPE: e
- SIGNAL LEVEL: +15 ma
LOOP ELECTRONICS: Analog

- TYPE GAS:

3 | ELECTROMECHANICAL

- MOTOR
s DC:

- GAS PRESSURE:

- BURST FACTOR:

- DOT APPRDVAL:

® AC:

7 |SELECTION CRITERIA AND/DR SPECIAL FEATURES

e STEPPER:

- ACTUATOR
o LINEAR:

o ROTARY:

- Low leakage servo valves

- Bladder type accumulator
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

__I_IGENERAL DESCRIPTION _4'HYDRAULIC
VEHICLE SYSTEM
- NAME: Hellfire - TYPE:
- TYPE: Air-to-surface - PRESSURE:
- CONTROL: Aerodynamic fin (4 actuators) - FLOW:
- COMPANY: Rockwell - FLUID:
— PROGRAM: Production, 1977 - - SEALS:
ACTUATION SYSTEM - FILTER:
- COMPANY: Rockwell SERYO VALVE
- TYPE PROGRAM: Production, 1977 - - OPERATION:
- TYPE DESIGN: _Pneumatic - CONFIGURATION:
- AXES: _ Pitch, yaw, roll ACTUATOR
| - coMPENSATION: _ Electronic - LINEAR:
5 - REDUNDANCY: No - ROTARY:
- JTEMP. RANGE: _ -45 to +148°F POWER SUPPLY
Lodo - PUMP
- [TRAVEL: *20 deg o TYPE:
- |TYPE: Inertia s POWER SOURCE:
- |INERTIA: 0.01 1b-tn-sec® - ENERGY SOURCE
- » BATTERY:
- |Other: » OTHER:
- STORED GAS:
__ZJAC UATION SYSTEM DESIGN - GAS GEN/ACCUM:
RATED CONDITIONS jPNEUMAT[C/HARM GAS
- |bESiGN LoAD: SYSTEM
- |STALL LoAD: 120 1b-in 2 'STORED GAS
- |DESIGN RATE: o TYPE GAS: N_ regulated to 600 lpsi
- N0 LoaD RaTE: 400 deg/sec o SUPPLY PRESS: g0on psi
DUY CYCLE o PRDOF PRESS:
- |ouRATION: 46 sec e BURST PRESS:
- | DESCRIPTION: e VESSEL TYPE: Sphere
o VESSEL VOL: 50 in°
DYNAMIC PERFORMANCE o SEALS: Teflon, Nitrile, §ilicone

- | BANDWIDTH: 16 Hz based on ¢ += 90° - GAS GENERATOR

- | sTEP RESPONSE: o PROPELLANT:
STRTIC PERFORMANCE o FLOWRATE:
- | kesuLuTion. 0.2 deg max e REG. VALVE:
- | THRESKOLD: 0.2, deg) max o TEMP @ ACT:
- | nysTERESIS: ~0¥2 deg max s PRESS @ ACT:
- | CLOSED LDOP.STIFFNESS: 2500 lb-in/rad CONTROL VALVE
STROKE: 10,38 in - OPERATION: 3-way solenoid
WEEGHT:(»9-1 Tbs - CONFIGURATION: Open center
FEEDBACK ACTUATOR
- TYPE: Position .. - LINEAR: 2/1 unbalanced area
- METHOD: Film potentiometer - RDTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- Typg: _PM at 129 Hz _GJSTORED GAS VESSEL SHIPMENT
- SIGNAL LEVEL: 28 VDC & 1.5 amps " TYPE GAS:
LOOP ELECTRONICS: Analog - GAS PRESSLRE:
_3_] ELECTROMECHANICAL - BURST FACTOR:
- MOTOR ' - DOT APPROVAL:
e DC: | 7 |SELECTION CRITERIA AND/OR SPECIAL FEATURES
e AC: :
o STERPER: T e i otone ani sctaater hoverngs
- ACTUATOR
o LINEAR:

o RDTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

| 1 JeeneraL DESCRIPTION 4 | HYoRAULLC
VEHICLE SYSTEM
- NAME: HOBOS (GBU-B) - TYPE:
- TYPE: Air-to-surface - PRESSURE:
- CONTROL: Aerodynamic fin (4 actuators) - FLOM:
- COMPANY: _Rockwell - FLUID:
- PROGRAM: Production, 1967-1975 - SEALS:
ACTUATION_SYSTEM - FILTER:
- COMPANY: Chandler Evans SERVO VALVE
- TYPE PROGRAM: Production, 1967-1975 - QPERATION:
- TYPE DESIGN: Pneumatic - CONFIGURATION:
- AXES: _ pitch. yaw, roll ACTUATOR
- COMPENSATION: _ Electronic - LINEAR:
- REDUNDANCY: No - ROTARY:
- TEfP. RANGE: _ -13 to +131°F ’ POWER_SUPPLY
LORD - PUMP
- TRAVEL: 420 deg ¢ TYPE:
- TYPE: Ipertia and aero e POWER SQURCE:
- INRTIA: - ENERGY SOURCE
- g e BATTERY:
- Otper: Aero: 7.0 lb-in/deg o OTHER:
- STORED GAS:
|2 | acTuafrion syste pesien - GAS GEN/ACCUM:
‘ raren| conoITIONS jPNEUMATIC/NARM GAS
- DEpIGN LOAD: 350 lb-in SYSTEM
- STALL LOAD: _ 540 1b-in -\ "STORED GAS
- DEBIGN RATE: g0 dea/sec o TYPE GAS: N, regulated to 550 pqi
- no|{ L0AD RATE: _100 Ib-in o SUPPLY PRESS: 7000 psi
L outykvae « PROOF PRESS: 11,900 psi
| - DURATION: 120 sec e BURST PRESS: 15,400 psi
‘ - DYSCRIPTION: ¢ VESSEL TYPE: Sphere
! o VESSEL VOL: 225 in’
| DYNAMIC PERFORMANCE o SEALS: Nitrile
- BANDWIDTH: 9 Hz based on ¢ = 90° - GAS GENERATOR
- squ RESPONSE: o PROPELLANT:
STATIC PERFORMANCE » FLOWRATE:
- RESOLUTION: 0.5 deg max » REG. VALVE:
- THRESHOLD: 0.5 deg.max o TEMP @ ACT:
- H{STERESIS: _ 0.8 deq max ¢ PRESS @ ACT:
- cfosED LOOP STIFENESS: CONTROL VALVE
STRORE: +21.deg - OPERATION: _3.way snlenpid
WEIGHT: o d€10bs - CONFIGURATION: Ogen center
FEEDRACK ACTUATOR
- THE Fosition AR —P - —tnbatanced—ar
- METHOD: Film potentiometer - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TYPE: __PWM at 10D Mz | 6 JsToreD oas vesseL swipMenT
- SIGNAL LEVEL: _ 28 VDC TYPE GAS:
LOOP_ELECTRONICS: _Analog — GAS PRESSURE:
_BJELECTROMECHANICAL - BURST FACTOR:
- NOTOR - DOT APPROVAL:
e OC: | 7 |SELECTIDN CRITERIA AND/OR SPECIAL FEATURES
e AC:
¢ STEPPER: Cost primary factor
- ACTUATOR
» LINEAR:
¢ ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 |GENERAL DESCRIPTION

4 | HYDRAULIC

VEHICLE SYSTEM

- NAME: Hornet - TYPE:

- TYpg: _Air-to-surface - PRESSURE:
. CONTROL: Aerodynamic fin (4 actuators) - FLOW:

- (COMPANY: Rockwell - FLUID:

- PROGRAM: Development, 1961-1969 - SEALS:
ACTUATION SYSTEM - FILTER:

- CDMPANY: Chandler Evans SERVO VALVE

. TYPE PROGRAM: Development, 1961-1969 - OPERATION:
- TYPE DESIGN; _Pneumatic - CONFIGURATION:
- AXES: Pitch, yaw, roll ACTUATOR

- COMPENSATION: Electronic - LINEAR:

- REDUNDANCY: _ﬂg - ROTARY:

- TEMP. RANGE: POWER SUPPLY
LOAD - PUMP

- AVEL: +20 degq e TYPE:

PE:

e POWER SOURCE:

- ENERGY SOURCE

o BATTERY:

T
T
- IRERTIA:
£l
0

her:

o OTHER:

- STORED GAS:

2 JACTURTION SYSTEM DESIGN
RATED CONDITIONS

- GAS GEN/ACCUM:

5 | PNEUMAT.IC/WARM GAS

- DESIGN LOAD: SYSTEM
- SPALL LOAD: _100 lb-in =" STORED GAS
- DESIGN RATE: e TYPE GAS: N, requlated to 500|psi
- Np LOAD RATE: _ 400 deg/sec o SUPPLY PRESS: 8000 psi
DUTY| CYCLE e PRODF PRESS:
- DURATION: o BURST PRESS:
- DESCRIPTION: e VESSEL TYPE: Sphere
o VESSEL VOL:
DYNAMIC PERFORMANCE o SEALS:
- BANDWIDTH: 8 Wz based on_ . A\ = 90° - GAS GENERATOR
o PROPELLART:
o FLOWRATE:
o REG. VALVE:
o TEMP @ ACT:

e PRESS @ ACT:

- (LOSED LOGP-~STIFFNESS:

CONTROL VALVE

STROKE: +2Q deg

- OPERATION: 2-way

WEIQHT® 10 Tbs

- CONFIGURATION: solenoid

ﬁﬂ ACTUATOR

- TYPE: _ Nope - LINEAR: _Balanced

- METHOD: - ROTARY:
ELECTRONIC_CONTROLLER - ROTARY/LINEAR:

-y TYPE:_DC | 6 |STORED GAS VESSEL SHIPHENT
- SIGNAL LEVEL: T IYPE s

LOOP ELECTRONICS: _Analog

- GAS PRESSURE:

3 | ELECTROMECHANICAL

- MOTOR
¢ 0OC:

- BURST FACTOR:

- 00T APPROVAL:

7 |SELECTION CRITERIA AND/OR SPECIAL FEATURES

o AC:

e

o STEPPER:

- ACTUATQR
e LINEAR:

o ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 |GENERAL DESCRIPTIDN
YEHICLE

4 | HYDRAULIC

ACTUATION SYSTEM

- TRAVEL: + 7 deq

SYSTEM
- NAME: IUS {Inertial Upper Stage) - TYPE:
- TYPE: Space Launch Vehicle - PRESSURE:
- CONTROL: Gimballed Nozzle (2 actuators) - FLOK:
- COMPANY: United Technology - FLUID:
- PROGRAM: Production, 1979- - SEALS:

- FILTER:
- CDMPANY: United Technology SERVO VALVE
- TYPE PRDGRAM: Production, 1979- - OPERATIQN:
- TYPE DESIGN: Electromechanical - CONFIGURATION:
- AXES: Pitch, Yaw ACTUATOR
- COMPENSATION: Electronic - LINEAR:
- Rstuﬂﬁ*ncl. Yes = ROTARY:
- TEWMP. RANGE: -34 to +72°C POWER SUPPLY

- PUMP

o TYPE:

- TYPE: Combination

o PDWER SOURCE:

- INFRTIA: _84Q |b-in-sec?

- ENERGY SOURCE

o BATTERY:

- Other: Spring: 600 1b-in/deg

o OTHER:

TouTomb fric: 2000 -1
GFfset: 1800 tb-in o "

- STORED, GAS:

2 LACTUAFION SYSTEM DESIGN

RATED| CONDITIDNS
- DEPIGN LOAD: 1000 ib-in

- GAS, GEN/ACCUM:

5 | PNEUMATIC/WARM GAS

- STALL LOAD: _1000 ib-in

SYSTEM
- STORED GAS

- DEPIGN RATE: 20 deg/sec

o~ TYPE GAS:

- NO|LoAD RATE: 20 deg/sec

e SUPPLY PRESS:

DUTY pYCLE
- DURATION: 200 sec

PROOF PRESS:

BURST PRESS:

- DEPCRIPTION: 20% for 50 sec

VESSEL TYPE:

VESSEL VOL:

DYNAMEC PERFORMANCE
- BANDWIDTH: 5 Hz based on -3-d8

SEALS:

wn

TEP RESPONSE: _0.016 in- step: 0.4 sec to 90%

- GAS GENERATOR
PROPELLANT:

STATIL PERFORMANCE
- RepuLution: 0.001~ing

FLOWRATE:

REG. VALVE:

- THRESHOLD: _0.001\in.

TEMP @ ACT:

- HYPTERESIS:__6.001 in.

o PRESS @ ACT:

- CLPSED LOOP STIFFNESS:

CONTROL VALVE

- TYPE: DC and variable freq. PWM

STROKE: .2 i - OPERATION:
WELGH]T: )30 1bs - CONFIGURATION:
FEEDBACK ACTUATOR

- TYPE: _Position and estimated rate - LINEAR:

- METHOD: Film potentiometer - ROTARY:
ELECTRONIC CONTROLLER - RCTARY/LINEAR:

- SIGNAL LEVEL: _26-32 V @ 30 amp max

6 |STORED GAS VESSEL SHIPMENT

LOOP_ELECTRONICS: Analog

- TYPE GAS:

- GAS PRESSURE:

3 J ELECTROMECHANICAL

- MOTOR
e DC: Brush motor @ 10 V and 35 A

- BURST FACTOR:

- DOT APPROVAL:

7 |SELECTIDN CRITERIA AND/OR SPECIAL FEATURES

s AC:

e STEPPER:

- Performance and cleanliness

- ACTUATOR
e LINEAR: Ballscrew with brake

- Dual motors for redundancy

e ROTARY:
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MISSILE/SPACE VEHICLE

1 |GENERAL DESCRIPTION

ACTUATION SYSTEM DATA SHEET

4 lHYDRAULlC

VEHICLE SYSTEm

- NAME: Maverick - TYPE: Recirculating

- TYPE: Air-to-surface - PRESSURE: 3200 psi

- CONTPROL: perodvnamic fin (& actuators) - FLOW: 0.2 gpm __

- COMPANY: Hughes/Tucson - FLUIO: Brayco #762

- PROGRAM: Production, 1969 - - SEALS: Nitrile, fluorosilicone, teflon
ACTUATION SYSTEM - FILTER: 3 micron

- COMPANY: National Water Lift SERVD VALVE

- TYPE PROGRAM: Production, 1969 - - OPERATION: 3-way

- TYPE DESIGN: Hydraulic - CONFIGURATION: L-stage (direct drive)
- AXES: Pitch, yaw, roll ACTUATOR
- COMPENSATION: Electromic - LINEAR: 2.1 upbalanced area
- REDUNDANCY: No - ROTARY:
- TEMP. RANGE: -65 to +160°F POWER SUPPLY
LOAD - PUMP
- TRAVEL: +30 deg o TYPE: Free piston intensifier
- TyPE: Aero _and inertia e POWER SDURCE: He tegulated tq 500 psi
- IQERTIA: .009 1b-in-sec? - ENERGY SOURCE
- f ) ¢ BATTERY:
- Other: Aero: 125 lb-in o OTHER:
- STORED GAS: 7500 psi He
_ZJACTU TION SYSTEM DESIGN - GAS GEN/ACCUM: pccum. pressurized with 500 psi He
CONDITIONS _llPNEUMATlC/HARM GAS
- DESIGN LDAD: 125 1b-in SYSTEM
- S[FALL LOAD 350 lb-in =" STORED GAS
- DESIGN RATE 300 deg/sec e TYPE GAS: Helium
ND LOAD RATE: _ 350 deg/sec o SUPPLY PRESS: _7500 psi
DUTY] CYCLE o PROOF PRESS: 13,460 psi
- DURATION: 105 _sec i e BURST PRESS: 16,440 psi
- TESCRIPTION: 300°/sec @ 125 lb=in  for 0v5 sec e VESSEL TYPE: _ Steel reservoilr
50°/sec @ 200 Wb-in/” for 0.5 sec e VESSEL VOL: 68 in3
DYNAMIC PERFORMAREE /o€ @ 130 b-in ffor duration o SEALS: Crush type metal |
- @ANDWIDTH: 13 Hz based on &\ = 90° - GAS GENERATOR
- YTEP RESPONSE: 3° crep Gith <15% -overshoot e PROPELLANT:
STAYIC PERFDRMANCE e FLOWRATE:
- HESOLUTION: 1S dég e REG. VALVE:
- HRESHOLD: <0.05 deg o TEMP @ ACT:
- YSTERESIS: <0.42 deg e PRESS @ ACT:
- GLDSED LODP-STIFFNESS: _ >15001b-in/deg CONTROL VALVE
STROKE: +30 deg - QOPERATION:
WEIGHT: 47 1bs - CONFIGURATION:
FEE SACK ACTURATAR
- TYPE: Position mR:
- METHDD: Film potentiometer (rotary) - ROTARY:
ELECTRONIC CONTRODLLER - ROTARY/LINEAR: B
) ;‘:me LEVEL:DC r—— |6 |STORED GAS VESSEL SHIPMENT
- TYPE GAS: Helium
LOOP ELECTRONICS: _ Analog - GAS PRESSURE: __ 7500 psi
_3_1 ELECTROMECHANICAL - BURST FACTOR: 2.2
- MOTOR - DOT APPROVAL: Yes
e DC: _7__5ELECT10N CRITERIA AND/OR SPECIAL FEATURES
e AC:
o STEPPER: - Free piston pump strokes upon demand
- ACTUATOR - Flexible actuator connecting rod
o LINEAR:

- Self filling accumulator prior to system activation
o ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 JGENERAL DESCRIPTION

4 | HYDRAULIC

TYPE: PWM @ 5000 Hz

VEHICLE SYSTEM
- NAME: Minuteman I, 1st Stage - TYPE: Recirculating
- TYPE: Surface-to-Surface (ICBM) —  PRESSURE: 3000 psig
- CONTROL: 4 hinged nozzles (1 actuator per nozzle - FLOW: 3.72 GPM
- COMPANY: _ Autonetics - FLUID: MIL-H-5606
- PROGRAM: Production, 1959-1966 - SEALS: Nitrile
ACTUATION SYSTEM - FILTER: 15 u absolute
- COMPANY: Autonetics SERVO VALVE
- TYPE PROGRAM: Production, 1959-1966 - OPERATION: 3-way flow control
- TYPE DESIGN: Hydraulic - CONFIGURATION: 2-stage dual nozzle flapper or
- AXES: Pitch, yaw, roll ACTUATOR jet pipe
- COMPENSATION: No - LINEAR: 2:1 unbalanced area
- REDUNDANCY: ___No = ROTARY:
- TEMPA. RANGE: +40°F to +275°F POWER SUPPLY
LOAD - PuMpP
- TRAVEL: *8 deg o TYPE: Variable piston
- TYpe: Primarily inertia & coulomb friction e POWER SOQURCE: 28 VDC motor, 320 ampgs
- INERTIA: - ENERGY SOURCE
- fp: e BATTERY: silyer(-)zinc
- Qthgr: ¢ QTHER:
- STORED GAS:
2 AcTURTION SYsTEm DESIGN - GAS GEN/AGQUS
RATED dONDITIONS _SJPNEUMATIC/NARM GAS
- DESIGN LOAD: _ 14,600 1b-in SYSTEM
- STAUL LOAD: 26,000 1b-in - . STORED GAS
- DESIGN RATE: _ 20 deg/sec o TYPE GAS:
- NO JOAD RATE: 28.8 deg/sec ~ ¢ SUPPLY PRESS:
OUTY CYCLE o PROOF PRESS:
- DURATION: 60 sec e BURST PRESS:
- DESURIPTION: Considerable activity at stagings o VESSEL TYPE
very little at other timesw e VESSEL VOL:
OYNAMIQ PERFORMANCE e SEALS:
- BANOWIDTH: _B Hz based on -3 db - GAS GENERATOR
- STEHR RESPONSE: ® PROPELLANT:
STATIC |PERFORMANCE o FLOWRATE:
- RESQLUTION: e REG. VALVE:
- THRYSHOLD: o TEMP @ ACT:
- HYSTERESIS: e PRESS @ ACT:
- CLOYED LOOP SIIRFNESS: CONTROL VALVE
STROKE] 3 IN - OPERATION:
WEIGHT{ Actuators-5.4 1b ea; motor/pump - 29.0 1bs - CONFIGURATION:
FEEDBAJK ACTUATOR
- TYPE: Position - LINEAR:
- METHOD: LvDT - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:

8 ma

SIGNAL LEVEL:

6 jSTORED GAS VESSEL SHIPMENT

LOOP ELECTRONICS: Analog

TYPE GAS:

3 | ELECTROMECHANICAL

MDTOR
o DC:

GAS PRESSURE:

BURST FACTOR:

DOT APPROVAL:

7 |SELECTION CRITERIA AND/OR SPECIAL FEATURES

s AC:

o STEPPER:

Ability to perform full system checkout with
vehicle installed in silo was primary criteria.

ACTUATOR
e LINEAR:

o ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

F 1 IGENERAL DESCRIPTION

4 | HYDRAULIC

VEHICLE SYSTEM
- NAME: Minuteman I, 2nd Stage - TYPE: Recirculating
: - TYPE: Surface-to-surface (ICBM) - PRESSURE: 3000 psi
; - CONTROL: 4 hinged nozzles (1 actuator per mozzle) - FLOW: 2.49 GPM
- COMPANY: Autonetics - FLUID: MIL-H-5606
- PROGRAM: Production, 1959-1966 - SEALS: Nitrile
ACTUATION SYSTEM - FILTER: 15y absolute
- COMPANY: Autonetics SERVO VALVE
- TYPE PROGRAM: Production, 1959-1966 - QPERATION: 4-way flow control
- TYPE DESIGN: Hydraulic - CONFIGURATION: 2-grage dual nozzle flapper or
- AXES: Pitch, yaw, roll ACTUATOR jet pipe
- COMPENSATION: __No - LINEAR: 2.1 unbalanced area
- REDUNDANCY: No - ROTARY:
+40°F to +215°F POWER SUPPLY
- PUMP
+6 deg o TYPE: Variable pistou

- TYPE: Primarily inertia & coulomb friction

e PDWER SDURCE:

28.VDC motor; 195 amps

- INERTIA: - ENERGY SDURCE
- fq: o BATTERY: siivers zinc
- Dtfher: o OTHER:

- STORED GAS:

2 JACTUATIDN SYSTEM DESIGN

- GAS GEN/ACCUM:

5 , PNEUMATIC/WARM GAS

RATE] CONDITIONS
- DYSIGN LOAD: g 500 1b-in SYSTEM
- STALL LOAD: 13,500 1b-in -\ STORED GAS
- DHSIGN RATE: 20 deg/sec e TYPE GAS:
NQ LOAD RATE: 37 deg/sec o SUPPLY PRESS:
DUTY|CYCLE ¢ PRODF PRESS:
DYRATION: 60 sec o BURST PRESS:
SCRIPTION: _consjderable activity at staging, o VESSEL TYPE:
very little at other times o VESSEL VOL:
DYNABIC PERFORMANCE o SEALS:
- BANDWIDTH: 8 Hz based on -3 db - GAS GENERATOR
- S|EP RESPONSE: ¢ PRDPELLANT:
STATIC PERFORMANCE ¢ FLDWRATE:
- RESOLUTION: e REG. VALVE:
- THRESHOLD: e TEMP @ ACT:
- HYSTERESIS: o PRESS @ ACT:
- C|DSED LDOP STIFFNESS: CONTROL VALVE
STROKE: 2 in. - OPERATION:
WEIGHT: _Act@iator-3.4 1lbs. ea.; m;tor/pump-lS.l 1bs. - CONFIGURATION:
FEEDBAGK ACTUATOR
- TKPE: Position - 1 INFAR:
- METHOD: LVDT - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TreE PVM € 5000 Hz | 6 JSTORED GAS VESSEL SHIPHENT
- SIGNAL LEVEL: 8 ma - TYPE GAS:
LOOP ELECTRONICS: Analog

3 j ELECTROMECHANICAL
- MOTOR
¢ OC:

- GAS PRESSURE:

- BURST FACTOR:

- DOT APPROVAL:

¢ AC:

| 7 |SELECTION CRITERIA AND/OR SPECIAL FEATURES

o STEPPER:

- ACTUATQR
o LINEAR:

Ability to perform full system checkout with
vehicle installed in silo was primary critieria.

o ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 JGENERAL DESCRIPTION

4 [ HYDRAULIC

3 | ELECTROMECHANICAL

MOTOR

DC:

AC:
STEPPER:
ACTUATOR
LINEAR:
ROTARY:

VEHICLE SYSTEM
- NAME: Minuteman I, 3rd Stage - TYPE: Recirculating
- TYPE: Surface-to-surface {ICBM) - PRESSURE: 1500 psi
- CONTROL: _4 hinged nozzles; (1 actuator per nozzle]) - FLOW: 1.0 GPM
- COMPANY: Autonetic - FLUlD: MIL-K-3606
- PROGRAM: Production, 1959-1966 - SEALS: Nitrile
ACTUATION SYSTEM - FILTER: 15 4 _absolute
- COMPANY: 4uconetics SERVO VALVE
- TYPE PROGRAM: Production, 1959-1966 - OPERATION: 3-way flow control
- TYPE DESIGN: Hydraulic - CONFIGURATION: ,-grage dual nozzle flapper or je
E - AXES: Pitch, yaw, roll ACTUATOR pipe
- COMPENSATION: No. - LINEAR: 2:1 unbalanced area
- REDUNDANCY: No - ROTARY:
- TpMPTRANGET FGU°F €0 F275°F POWER SUPPLY
LOAD) - PuMp
- TRAVEL: *4 deg o TYPE: Variahle pistof
- T[PE: Primarily inertia & coulomb friction | o POMER SOURCE: 28 VDC{motor; 80|amps
- IRERTIA: - ENERGY SOURCE
- f e BATTERY: Silver - zinc
- Ofher: e OTHER:
- STORED GAS:
2 Jactulrion svstem oesion - GAS GEN/ACCUM:
RATED CONDITIONS _5_|PNEUMATIC/NARM GAS
- DESIGN LOAD: 3,7001b-in SYSTEM
- SFALL LOAD: 6,3751b-1n =\ STORED GAS
- DESIGN RATE: 10 _deg/sec ¢ TYPE GAS:
- NP LOAD RATE: 18 deg/sec ¢ SUPPLY PRESS:
DUTYJCYCLE e PRDOF PRESS:
- DYRATION: 60 sec e BURST PRESS:
- DESCRiPTIDN: cConsiderable activity at staging, o VESSEL TYPE:
very little at other.times. e VESSEL VOL:
DYNAHIC PERFORMANCE o SEALS:
- BANDWIDTH: 8 Hz based on -3 db - GAS GENERATOR
- SEP RESPONSE: ¢ PROPELLANT:
STATIC PERFORMANCE o FLDWRATE:
- RESOLUTION: e REG. VALVE:
- THRESHOLD: ¢ TEMP @ ACT:
- HFSTERESIS: e PRESS @ ACT:
- ClOSED LOOP STIFENESS: CONTROL VALVE
STROKE: OPERATIDN:
WEIGHT: Actiw@eor - 2.8 lbs. ea.; motor/pump=11.5 lbs - CONFIGURATION:
FEEDEAC!{ ACTUATOR
- THRE: Rositi HHNEAR:
- METHOD: LVDT - ROTARY:
ELECTRONIC CONTROLLER ROTARY/LINEAR:
- TVE 2 @ 5000 Be | 6 JsToReD oas vesseL sarpuENT
- SIGNAL LEVEL: _ 8 ma TTVPE ons:
LOOP ELECTRONICS:  Analog

GAS PRESSURE:
BURST FACTOR:
DOT APPROVAL:

7

SELECTION CRITERIA AND/OR SPECIAL FEATURES

Ability to perform full system chechout with vehicle
installed in silo was primary critieria.
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 JGENERAL DESCRIPTION

4 | HYDRAULIC

VEHICLE SYSTEM
- NAME: Minuteman 1L, 2nd Stage - TYPE: Recirculating
- TYPE: Surface-to-surface (ICBM) - PRESSURE: 425 psi
- CONTROL: Secondary injection (4 actuators) - FLOW: 1.1 gpm
- COMPANY: Autonectics - FLUID: MIL-H-5606
- PRDGRAM: production, 1964 - - SEALS: Nitrile
ACTUATION SYSTEM - FILTER: 15y _ absolute
- COMPANY: Autonegtics SERVD VALVE
- TYPE PROGRAM: production - OPERATION: A-way flow control
- TYPE DESIGN: Hydraulic - CONFIGURATION: 2-srage dual nozzle flapper or jet
- AXES: __ piren. yaw ACTUATOR pipe
- COMPENSATION: None - LINEAR: 2:1 unbalanced area
- REDUNDANCY: None - RDTARY:
- TP RANGE. _¥4U to FIT5°F POWER SUPPLY
LOAD ‘ - Pump
- TRAVEL: o TYPE: Variable piston
- TYPE: Spring o POWER SOURCE: _ 28 “yfc motor
- IfERTIA: - ENERGY SOURCE
- e BATTERY: _ Silyex\~ zinc
- Other: _ rluid flow forces e OTHER:
- STORED GAS:
_z]ACTU TION SYSTEM DESIGN - GAS GEN/ReCuM:

RATED CONDITIONS | 5 | eNEUMATIC/WARM Ghs
- DESIGN LOAD: 220 1bs. SYSTEM
- SJALL LOCAD: 300 lbs. = \STORED GAS
- DESIGN RATE: 1.5 in/sec o TYPE GAS:

LOAD RATE: _2.8 in/sec e SUPPLY PRESS:

e PROOF PRESS:
RATION: 60 sec o BURST PRESS:

- DESCRISTIDN: Gongiderable activity at staging, o VESSEL TYPE:
very little at other times e VESSEL VOL:

0YNAWIC PERFORMANCE o SEALS:

- BANDMIDTH: _ 8 He based on -.3 db - GAS GENERATOR

- SFEP RESPONSE: o PROPELLANT:

STAT[IC PERFORMANCE o FLOWRATE:

- RESOLUTION: * REG. VALVE:

- THRESHOLD: o TEMP @ ACT:

- HYSTERESIS: o PRESS @ ACT:

- CLoSED LOOP STIFFNESS: CONTROL VALVE

STROKE : 0537 in - OPERATION:

WEIGHT: - bs each; Motor/Pum - CONFIGURATION:

FEEDEACK 6.5 1bs ACTUATOR

- YRE Toaition = LINEART

- METHOD: _pypr - ROTARY:

ELECTRONIC_CONTROLLER - ROTARY/LINEAR:

- TYPE: WM @ 5000 R | 6 JSTORED GAS VESSEL SHIPHENT

- SIGNAL LEVEL: 8 ma T YPE oies

LOOP ELECTRONICS: Analos

3 | ELECTROMECHANICAL
MOTOR

GAS PRESSURE:
BURST FACTOR:
DOT APPROVAL:

¢ OC:

7 |SELECTIDN CRITERIA AND/OR SPECIAL FEATURES

s AC:

o STEPPER:

- 1st & 3rd stages same as Minuteman I

ACTUATOR
LINEAR:

o ROTARY:

- Freon l14-B2 injection fluid
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 |GENERAL DESCRIPTIDN

4 | HYDRAULIC

VEHICLE SYSTEM
- NAME: Minuteman III, 3rd stage - TYPE:
- TYPE: Surface- to surface - PRESSURE:
- CDNTROL: Secondary injection (4 actuators) - FLOW:
- COMPANY: Autonetics - FLUID:
- PROGRAM: Production, 1969 - - SEALS:
ACTUATION SYSTEM - FILTER:
- COMPANY: Autonetics SERVD VALYVE
- TYPE PROGRAM: pyodyuction, 1969 — - OPERATIDN:
- TYPE DESIGN: Electromechanjcal - CONFIGURATION:
- AXES: Pitch, vaw ACTUATOR
- COMPENSATION: None - LINEAR:
- REDUNDANCY: None - ROTARY:
- TYRPRANGET _¥4U to FZ/5 F POWER SUPPLY
LOAD - PUMP
- THAVEL: e TYPE:
- TYPE: Spring ¢ POWER SOURCE:
- INERTIA: - ENERGY SOURCE
- ff: o BATTERY:
- Other: Fluid flow forces e OTHER:
- STORED GAS:

2 ]ACTUITXON SYSTEM DESIGN
RATEQ CONDITIONS

- GAS GEN/ACCUM:

5 | PNEUMATIC/WARM GAS

- DHSIGN LDAD: _ 60 jbg SYSTEM
- STALL LOAD: «'STORED GAS
- DHSIGN RATE: 1.85 jn/sec e TYPE GAS:
LOAD RATE: ¢ SUPPLY PRESS:
¢ PROOF PRESS:
| 60 sec ® BURST PRESS:
- DBSCRIPTIDN: _ Considerable activity at staging, e VESSEL TYPE:
very little at other times o VESSEL VOL:
o SEALS:

- GAS GENERATOR

o PROPELLANT:

o FLOWRATE:

¢ REG. VALVE:

o TEMP @ ACT:

o PRESS @ ACT:

CONTRDL VALVE

0.25 in - OPERATION:
Serro injector = 3,5 1bs - CONFIGURATIDN:
ACTUATOR
Positian LINEAR.:
- METHOD: LVDT - ROTARY:
ELECTRCNIC CONTYROLLER - ROTARY/LINEAR:
- TVPE: EWH @ 5000 He | 5 |sTORED Gas vessEL suipMeNT
- SIGNAL LEVEL: 26 vnc - TYPE GAS:

LODP ELECTRONICS: Analog

3 | ELECTROMECHANICAL

- MDTOR
¢ DC: 26 VDC Torque motor

- GAS PRESSURE:

- BURST FACTOR:

- DOT APPROVAL:

o AC:

7 JSELECTION CRITERIA AND/OR SPECIAL FEATURES

e STEPPER:

-lst stage same as Minuteman I
-20nd stage same as Minuteman I1

- ACTUATOR
e LINEAR:

Ball screw

-Strontium-perchlorate injection fluid

¢ ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 |GENERAL DESCRIPTIDN

4 | HYDRAULIC

VEHICLE SYSTEM
- NAME: Nike Hercules - TYPE: Recirculating
- TYPE: Surface-to-air - PRESSURE: 3000 psi
- CONTROL: _Aerodynamic fin (3 actuator) - FLOW: 2.5 opm
- COMPANY: McDonnell Douglas/Huntington Beach - FLUID: MIL-H-5606
- PROGRAM: _production. 1954-1962 - SEALS: Nitrile
ACTUATION SYSTEM - FILTER: 25 micron
- COMPANY: _Mceponnell Douglas/Huntington Beach SERYQ VALVE
- TYPE PROGRAM: _ production, 1954-1962 - OPERATION: 4-way flow comtrol
- TYPE DESIGN: Hydraulic - CONFIGURATION: 2-stase jet pipe
- AXES: Pitch, vaw, roll ACTUATOR
- COMPENSATION: Electronic - LINEAR: 0.64 in? halanced area
-__REDUNDANCY: o - _ROTARY:
- TEMP. RANGE: -65 to +165°F POWER SUPPLY
LOAD - PUMP
- TRAVEL: +25° for pitch & yaw; 115° for roll o TYPE: Vadinbls oiskan
- TYPE: Aero apd_inertia o POWER SOURCE: "< pc moror
- INERTIA: 0.19 lb-in-sec’ - ENERGY SQURCE
- fn: » BATTERY:
- DOther: o OTHER:
- STOREQ“GAS:

ACTUATION SYSTEM DESIGN
RATED CONDITIONS

GAS GEN/ACCUM:

5 | PNEUMATIC/WARM GAS

- DESIGN LOAD: 3g820 1lb-in SYSTEM

- STALL LOAG: _55p0 lb-in - STDRED GAS

- DESIGN RATE: 2926 des/sec o TYPE GAS:

- NO LOAD RATE: 358 deg/sec o SUPPLY PRESS:

DUTY CYCLE @ PROOF PRESS:

- DURATIDN: & min @ BURST PRESS:

- DESCRIPTION: 31 9 gpn for 400 sec~2.5 gom for e VESSEL TYPE:
15 sec, 1.0 gpm~fox s sec e VESSEL VOL:

DYNAMIC PERFORMANCE e SEALS:

- BANDWIDTH: 15-20 Hz bdsed‘on -3 dB - GAS GENERATOR

- STEP RESPONSE: e PROPELLANT:

STATIC_ PERFQRMANCE e FLOWRATE:

- RESOLUTION: o REG. VALVE:

- THRESHOLD: 045 ma_max. o TEMP @ ACT:

- HYSTERESAS: 0.70 ma max. e PRESS @ ACT

- CLOSEONLOGP STIFFNESS: CONTROL VALVE

STROKE: 2.5 in. for pitch & yaw; *+1.5 in. for roll - QPERATION:

WE IGHT - CONFIGURATION:

FEEDBACK ACTUATOR

- TYPE: Position - LINEAR:

- METHOD: Film Potentionmeter - ROTARY:

ELECTRONIC CONTROLLER - ROTARY/LINEAR:

- TYPE: DC

- SIGNAL LEVEL: 318 pa

6 JSTORED GAS VESSEL SHIPMENT

LO0P ELECTRONICS:

Analog

3 ) ELECTRDMECHANICAL

- MOTOR
o DC:

TYPE GAS:

GAS PRESSURE:

BURST FACTOR:

00T APPROVAL:

7 ,SELECTION CRITERIA AND/OR SPECIAL FEATURES

e AC:

e STEPPER:

- ACTUATOR
o LINEAR:

¢ ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

4 | HYDRAULIC

1 lGENERi\L DESCRIPTION

YEHICLE . SYSTEM

- NAME: Patriot - TYPE: Recirculating

- TYPE: Surface-to-air - PRESSURE: 3000 psi

- CONTROL: Aerodynamic fin (4 actuators) - FLDW: 4_gpm

- COMPANY: | Martin/Orlando & Raytheon - FLUID: MIL-H-560&

- PROGRAM: Production, 1983 - - SEALS: Nitrile
ACTUATION SYSTEM - FILTER: 10 micron

- COMPANY: Martin/Orlando & Raytheon SERVO VALVE

- TYPE PROGRAM: Production, 1983 - - DPERATION: 4-way flow control

- TYPE DESIGN: Hydraulic - CONFIGURATION: 2-stage dual nozzle flapper

- AXES: Pitch, yaw, roll ACTUATOR
i - COMPENSATION: Electronic - LINEAR: _1.29 in? balanced area with rocker arm
{ - REDUNDANCY: No - ROTARY:
, - Tewd RANGE: ___-30 to +130°F PONER SUPPLY

LOAD - PuMp

- TRAVEL: 131 deg o TYPE: Variable piston

- Typg: Combination o POWER SOURCE: _ 48-62 VBC.motor

- INERTIA: 1.2 ib-in-sec? - ENERGY SOURCE

- fp: 90_Hz o BATTERY: _silver/zinc (6 Amp-Hr)
- ownde _feror 6100 1RTIY see o OTHER:

Viscous fric: 6,0 {p-jn-sec/Tad - STORED GAS: ~“ug) accupulator

|2 acruatdon svstem oesten - GAS GEN/ACCUM;

RATED (ONDITIONS s ] preuraricpuinh ous

- DESIGN LOAD: 4000 1b=ig SYSTEM

- STAUL LOAD: 4500 1b-in - STORED GAS

- DESIGN RATE: 100 deg/sec o TYPE GAS:

- NO LOAD RATE: 350 deg/sec o SUPPLY PRESS:

DUTY CYCLE e PROOF PRESS:

- DURATION: 180 sec e BURST PRESS:

- DESQRIPTION: 56 deg/sec max for 9.3 sec per/fin e VESSEL TYPE:

e VESSEL VOL:
DYNAMIQ PERFORMANCE o SEALS:

- BANOWIDTH: _32.5 Hz based on & 3 $0° - GAS GENERATOR
- STEH RESPONSE: _ #5 deg < 30% quershoot o PROPELLANT:

STATIC |PERFORMANCE

e FLOWRATE:
- RESQLUTION: 0.038 deg ¢ REG. VALVE:
- THRYSHOLD: 0.035 deg o TEMP @ ACT:
- HYSTERESIS: 02077 deg o PRESS @ ACT:
- CLOYED LOOP STIFENESS: _>10.000 lb-in/deg CONTRDL VALVE
STROKE 132 deg - OPERATION:
WEIGHT] 171.1bs”control section (includes struct. & - CONFIGURATION:
FEEDBAQK fins) ACTUATOR
- TYPE PoEitIoN - LINEAR:
- METHOD: Film potentiometer - ROTARY:
ELECTRONIC CONTROLLER - RDTARY/LINEAR:
- TYPE: A¢ | 6 |STORED 6As VESSEL SHIPHENT
- SIGNAL LEVEL: 30 ma - TYPE GAS: He
LOOP ELECTRONICS: Digital and analoic):‘i,zttle)iA - GAS PRESSURE: 1200 oni @ 20°F
__i] ELECTROMECHANICAL - BURST FACTOR: 2.5
- MOTOR - DOT APPROVAL: Yes
e DC: _7]SELECTION CRITERIA AND/DR SPECIAL FEATURES
o AC:
o STEPPER: Performance and stiffness with minimum risk
- ACTUATDR
o LINEAR:

e RDTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

JJGENERAL DESCRIPTION _4] HYDRAULIC
VEHICLE SYSTEM
- NAME: Peacekeeper, lst stage ] - TYPE: Recirculating
- TYPE: Surface-ro-surface - PRESSURE: 3300psi 2000 psi
- CONTROL: _Gimbaled nozzle (2 actuators) - FLOM: 42 oom 70 opm !
- CDMPANY: _Moog - FLUID: MIL-H-83282
- PROGRAM: _Production, 1984 - - SEALS: Fluorocarbon
ACTUATION SYSTEM - FILTER: No
- COMPANY: Moog SERVO VALVE .
- TYPE PROGRAM: _ production, 1984 - - OQPERATION:  g1ow conrral !
- TYPE DESIGN: Hydraulic - CONFIGURATION: D-srage diverrer jet |
- AXES: Pitch, yaw ACTUATOR :
- COMPENSATIDN: Electronic - LINEAR: in2 d area |
- REDUNDANCY: No - ROTARY: |
- TEMP. RANGE: +40 to +450°F POWER SUPPLY i
LOAD - PUMP
- TRAVEL: 16 deg e TYPE: Cepntrifugal
- TYpE: Comhination; moment arm=16.2 in o POWER SOURCE: __ Turbihe
- INERTIA: 1972 1b-in-sec? - ENERGY SOURCE
- fy , - | o BATTERY:
- Other: Si’ii:.gm Fl?gfoogqlg;&)ﬂ{gf%n @ 40 deg/se o OTHER: _ s 1id propelant gas genkrator
Offset torque: 11,000 1b-in - STORED GAS:
|2 ] acTudrion svsTem pesten - GAS GEN/ACCUM:
RaTEd] CONDITIONS __SJPNEUMATIC/NARM GAS
- DYSIGN LOAD: 667,000 1b-in SYSTEM
- STALL LOAD: 800,000 1b-in % \STORED GAS
- DHSIGN RATE: 40 deg/sec o TYPE GAS:
- NO LOAD RATE: 100 _deg/sec e SUPPLY PRESS:
DUTY [CYCLE e PRODF PRESS:
- DYRATION: 60 sec o BURST PRESS:
-~ DYSCR1PTION: e VESSEL TYPE:
e VESSEL VOL:
DYNANIC PERFORMANCE e SEALS:
- BANDWIDTRH: 5.5 Hz based on ¢ .~ 45° - GAS GENERATOR
- STEP RESPONSE: _6° in 40 msec3; <10% overshoot ¢ PROPELLANT:
STAT]C PERFORMANCE e FLOWRATE:
- RYSOLUTION: <0.J0 ‘deg e REG. VALVE:
- THRESHOLD: <010 deg e TEMP @ ACT:
- HYSTERESIS: <0.15 deg e PRESS @ ACT:
- CYOSED LOOP STIEFNESS: CONTROL VALVE
STRDKE: H1.75 in. - OPERATIDN:
WEIGHT: - CONFIGURATION:
FEEDBACK ACTUATOR
- TYPE: Position - LINEAR:
- METHOD: LVDT - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TYPE: PUM at_3000 He | 6 JSTORED GAS VESSEL SHIPMENT
- SIGNAL LEVEL: - TYPE GAS:
LOOP ELECTRDNICS: Digital _ GAS PRESSURE:
_3J ELECTROMECHANICAL - BURST FACTOR:
- MOTOR - DOT APPRDVAL:
e DC: _L]SELECTION CRITERIA AND/OR SPECIAL FEATURES
e AC:
e STEPPER: - Enable time of 1.35 sec.
- ACTUATOR - System uses pump-turbine inertia to supply high
e LINEAR: rates at low loads

e ROTARY:
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MISSILE/SPACE VEHICLE

_33_

ACTUATION SYSTEM DATA SHEET
_I_JGENERAL DESCRIPTION _4_} HYDRAULIC
VEHICLE SYSTEM
- NAME: Peacekeeper, 3rd Stage - TYPE: Recirculating
- TYPE: Surface-to-surface - PRESSURE: 1850 psi
- CONTPOL: Gimbaled nozzle (2 actuators) - FLOW: 10.5 gpm
- COMPANY: _ HR - Textron - FLUID: MIL-K-83282
- PROGRAM: Production, 1984 - - SEALS: Fluorocarbon
ACTUATION SYSTEM - FILTER: No
- COMPANY: HR. - Textrron SERVO VALVE
- TYPE PROGRAM: Production, 1984 - - QOPERATION: 4-way flow control
- TYPE DESIGN: Hydraulic - CONFIGURATION:  5_craoe iet pive
- AXES: Pirch, yaw ACTUATOR
- COMPENSATION: Electronic - LINEAR: 5.48 in? balanced area
- REDUNDANCY: Na - ROTARY:
- TEMP.| RANGE: 453 - 99°F POWER SUPPLY
L0AD - PUMP
- TRAVEL: +3 deg o TYPE: Centrifugdl
- TYPE: Combination: moment arm = 13.5 in. o POWER SOURCE: Turbiné
- INERT[IA: 664 1b-in-sec? - ENERGY SOURCE
-t , o BATTERY:
- Otheds _Sprine; 1.89 x T0° choiplrad max o OTHER: Solid prapellant sab gemerator
Viscous friction coeft: L L0 Thiiwseclked cronep aas:
r_g_]ACTU/m SYSTEM DESIGN - GAS GEN/ASUUM:
RATED CONDITIONS __EJPNEUMATIC/HARM GAS
- DESIGN LOAD: SYSTEM
- STALY LOAD: 136,000 1lb-in 5\ STORED GAS
- DESIQN RATE: o TYPE GAS:
- NO LQAD RATE: o SUPPLY PRESS:
DUTY CYJQLE o PROOF PRESS:
- DURATION 60-90 sec ¢ BURST PRESS:
- DESCRIPTION: jvity at stagingi\full o VESSEL TYPE:
capability for mission duration o VESSEL VOL:
DYNAMIC | PERFORMANCE o SEALS:
- BANDWIDTH: 1 Hz based on e '="%-7.5° - GAS GENERATOR
- STEP|RESPONSE: 3°, 15°/g€¢ ‘min. ave between e PROPELLANT:
STATIC peRFoRMANCE 0 & °0° o FLOWRATE: _
- RESCLUTION. 0. 14 ‘deg e REG. VALVE:
- THREPHOLD: o TEMP @ ACT:
- HYSTERESIS: e PRESS @ ACT:
- CLOSED LOOR/STIFFNESS: CONTROL YALVE
STROKE: 0.92 in - CPERATION:
WEIGHT: 65 lbs - CONFIGURATION:
FEEDBACK ACTUATOR
- TYPE: Position - LINEAR:
- METHOD: LVDT - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
©TRE PH a1 2000 Nz | 6 |STORED GAS VESSEL SHIPHENT
- SIGUAL LEVEL: __gn unc. g ags 1a00 ohe griver Iy s,
LOOP ELECTRONICS: Digital - GAS PRESSURE:
__}j ELECTROMECHANICAL - BURST FACTOR:
- MOTOR - DOT APPRQVAL:
e DC: 7 ISELECTION CRITERIA AND/OR SPECIAL FEATURES
e AC:
o STEPPER: Min. risk and cost using existing state-of-art
- ACTUATOR
o LINEAR:
o ROTARY:
l
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 |GENERAL DESCRIPTION

4 | HYDRAULIC

LooP ELECTRON[CS:Digital and analog with D/A converte]

VEHICLE SYSTEM
- NAME: Pershing (P-Ta) - TYPE: Recirculating
- TYPE: Surface-to-anrface - PRESSURE: 3150 psi
- CONTROL: Aero_and jet vanes (3 actuators) - FLOW: 0.34 gpm
- CDMPANY: Martin-Orlando - FLUID: MIL-H-5606
- PROGRAM: Production, 1976- - SEALS: Fluorosilicon
1 ACTUATION SYSTEM - FILTER: 10 micron
1 - CDMPANY: Singer/Kearfott SERVO VALVE
- TYPE PROGRAM: Production, 1976 - - OPERATION: 4-yay flow control
- TYPE DESIGN: Hydraulic - CONFIGURATION: 2-stage single nozzle flapper
i - AXES: Pitch, yaw, roll ACTUATOR
! - COMPENSATION: Electronic - LINEAR: 0.7 in? balanced area with rocker arm
- REDUNDANCY: No - ROTARY:
- JEMP. RANGE: -65 to +160°F POWER SUPPLY
LOAD ‘ - pUMP
- JRAVEL: £26.5 deg e TYPE: Fixed pistdn of gea
- FYPE: Combination e POWER SQURCE: 28.¥DC motor
- [INERTIA: 0.093 1b-in-sec? - ENERGY SOURCE
N 'Y e BATTERY:
- Pther: Aerg: 4800 lb-in o OTHER:
Coulomb fric: 75 1b-in - STORED GAS:
2 | acrjaTion svsTeM pesion - _GAS GEN/ACCUM: 2000 psi N accumplator
RATED CONDITIONS __E_I%NEUMATIC/WARM GAS
- PESIGN LOAD: 2750 1lb-in SYSTEM
- [PBTALL LOAD: 3790 lb-in = STORED GAS
- PESIGH RATE: 150 deg/sec e TYPE GAS:
- [NO LOAD RATE: 288 deg/sec o SUPPLY PRESS:
buTY CYCLE o PROQF PRESS
DURATION: 120 scc e BURST PRESS
- |DESCRIPTION: o VESSEL TYPE
e VESSEL VvOL:
OYNAMIC PERFORMANCE » SEALS:
- [BANCWIDTH: 30 _Hz basedhon ¢ = 90° - GAS GENERATOR
- |STEP RESPONSE: __ +5 deg, 20%-overshoot o PROPELLANT:
STATIC PERFORMANCE o FLOWRATE:
- |RESOLUTION: o REG. VALVE:
- | THRESHOLD: D+1'ma (includes deadband) o TEMP @ ACT:
- |HYSTERESIS: 0.3 ma e PRESS @ ACT:
- |CLOSED LOOR 'SIIFFNESS: CONTROL VALVE
STHOKE: 28.5 deg - OPERATION:
WE]GHT: 86 1bs - CONFIGURATION:
FE4DBACK ACTUATOR
- CITPET Position - LINEAR:
- METHOD: Film potentiometer - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TYPE: AC at 60 He | 6 JsToReD 6as vessEL sHipMENT
- SIGNAL LEVEL: 5 ma (11 ma max) - TYPE GAS:

3 J ELECTROMECHANICAL
MOTOR

GAS PRESSURE:
BURST FACTOR:
00T APPROVAL:

s OC:

o AC:

7 |SELECTION CRITERIA AND/OR SPECIAL FEATURES

o STEPPER:

Combination of aero and jet vanes driven from same

ACTUATOR
LINEAR:

actuation system which can be replaced with missile
in launch ready position.

o ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

1 |GENERAL DESCRIPTION
VEHICLE

4 JMYDRAULIC

SYSTEM .
- NAME: Phoenix - TYPE: Recirculating
I TYPE: __atr-to-air - PRESSURE: 3200 psi
; - CONTROL: _pprodynamic fin (2 actuators) - FLOW: 1.5 gpm
- COMPANY: _ ppecsmiceon - FLUID: Brayco 762
- PROGRAM: Production, 1975 - - SEALS: Nitrile
ACTUATION SYSTEM - FILTER: 3 _micron
- COMPANY: Hughes/Tucson SERVO VALVE
- TYPE PROGRAM: Productionm, 1975 - - OPERATION: 4-way flow control
- TYPE DESIGN: Hydraulic - CONFIGURATION:  o-crape
i - AXES: Pitch, yaw, roll ACTUATOR
‘ - COMPENSATION: - LINEAR:
! - REOUNDANCY: _ no = ROTARY: Prrsh—prrsh
- TENP. RANGE: POWER SUPPLY
LOAD - PUMP
- TRAVEL: e TYPE: Variable piston
1 - TYJE: ¢ POWER SDURCE: _ pc motdr
; - INHRTIA: - ENERGY SQURCE
- fp o BATTERY:
- OtHer: o OTHER:
- STORED GAS:

2 JACTUATION SYSTEM DESIGN
RATED |CONDITIONS

- GAS GEN/ACCUM:

5 lPNEUMATlC/HARM GAS

i - OQtYIGN LOAD: 1060 1b-in L‘I’EM

I - STALL LOAD: 1575 lb-in - “STORED GAS

‘ - DEYIGN RATE: 60 deg/sec o TYPE GAS:

: - NO |LOAD RATE: 120-148 deg/sec o SUPPLY PRESS:

I DuTY dvcie o PROOF PRESS:

Y- oudation: 150 sec ¢ BURST PRESS:

i - DEYCRIPTION: »  VESSEL TYPE:

[ » VESSEL VOL:

| DYNAMIC PERFORMANCE » SEALS:

! - BANDWIDTH: 8 Hz based on &3 dB - GAS GENERATOR
- STHP RESPONSE: 50% rated curremt in 3 msec o PRDPELLANT:
STATIC| PERFORMANCE o FLOWRATE:

- RESPLUTIOH. o REG. VALVE
- THRESHOLO: 0. 06ima. o TEMP @ ACT:
- HYS|TERESIS: e PRESS @ ACT
- CLOBED LOOP STIRFNESS: CONTROL VALVE
STRDKE} 32 deg - OPERATION:

! WE 1GHTJ: 27 lbs - CONFIGURATION:
FEEDBALK ACTUATOR
- TYPET Position - LINEAR:

- METHOD: Film potentiometer - ROTARY:

ELECTRONIC CONTROLLER - ROTARY/LINEAR:

- TYeE b | 6 JSTORED GAS VESSEL SHipHENT
- SIGNAL LEVEL: 12 ma  TYPE oA

LOOP ELECTRONICS: Analog

3 J ELECTROMECHANICAL

- MOTOR
o OC:

- GAS PRESSURE:

- BURST FACTOR:

~ DOT APPROVAL:

7 JSELECTION CRITERIA AND/OR SPECIAL FEATURES

s AC:

® STEPPER:

- ACTUATOR
s LINEAR:

8 ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET
| 1 JGENERAL DESCRIPTION |4 HrorauLic
VEHICLE SYSTE
- NAME: STAM - TYPE:
- TYPE: Surface-to-air -~ PRESSURE:
- CONTROL: Aerodynamic Fir (4 actuators) - FLOW:
- COMPANY: Ford Aerospace - FLUID:
- PROGRAM: _ _ pevelopment, 1979-1980 - SEALS:
ACTUATION SYSTEM - FILTER:
- COMPANY: Fard Aerospace SERVO VALVE
- TYPE PROGRAM: Development, 1979-1980 | - OPERATION:
- TYPE OESIGN: _—Preumatic - CONFIGURATION:
- AXES: Pitch, yaw, xoll ACTUATOR
- COMPENSATION: Electronic - LINEAR:
P ROTARY-
EMP. RANGE: _agbient POWER SUPPLY
- PUMP
+20 deg. e TYPE:
Aero, igertia, friction o POWER SOURCE:
- ENERGY SOURCE
=~ T 281 Hz s BATTERY:
- Qther: Coulomb friction: 15 lb-in » OTHER:
- STORED“GAS:
|2 Jcrfation svsten oestan - GAS SQU/ACCUN:
RATED CONOITIONS 5 | PEUMATIC/MaR Gas
- QESIGN LOAD: SYSTEM
~ STALL LOAD: 150 1b-in - STDRED GAS
- [ESIGN RATE: o TYPE GAS:
- NO LOAD RATE: 2000 deg/sec ¢ SUPPLY PRESS:
ouTy CYCLE s PROOF PRESS:
- [QURATION: 25 sec e BURST PRESS:
- DQESCRIPTION: 100% perf, for fyll doration o VESSEL TYPE:
e VESSEL VOL:
DYNAMIC PERFORMANCE ® SEALS:
- HANDWIDTH: 10 Hz hased pno - = 90° - GAS GENERATOR
- YTeP RESPONSE: o PROPELLANT: Ammoninm Nitrdte
STAJIC PERFORMANCE o FLDWRATE: 0.02 lbs/sec
- BESOLUTION. 025dep e REG. VALVE: No
- THRESHOLD: o TEMP @ ACT: 1500°F
- HYSTERESIS\NcQ.S deg e PRESS @ ACT: 2000 psi
- (QLOSED LOOP, STIFFNESS: CONTROL VALVE
STRQKE: +20 deg - OPERATION: 3-way solenoifl
WEIQHT: - CONFIGURATION: Open center
FEEDBACK ACTUATOR
- TYPE: - LINEAR:
- METHDO: - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR: 2:l unbalanced piston; push-push
- TIPE: 2o @ 100 Hz | 6 |sTORED GAS VESSEL SHIPMENT
- SIGNAL LEVEL: 28v TYPE Ch:
LOOP ELECTRONICS: Digital - GAS PRESSURE:
__QJ ELECTROMECHANICAL - BURST FACTOR:
. MOTOR - DOT APPRDVAL:
¢ DC: __Z_JSELECTION CRITERIA AND/OR SPECIAL FEATURES
e AC:
Size and weight advantages
e STEPPER:
- ACTUATDR
o LINEAR:
o ROTARY:
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

LOOP ELECTRONICS: Analog

|1 |GENERAL DESCRIPTION o | HvorauLc
VEHICLE SYSTEM
- NAME: Sidewinder - TYPE:
- TYPE: Air-to-air - PRESSURE:
- CDNTROL: Aerodynamic canard {2 actuators) - FLOW:
- COMPANY: Ford Aerospace - FLUID:
- PROGRAM: Production, 1965 - - SEALS:
ACTUATION SYSTEM - FILTER:
- COMPANY: __ Farg screcoscac® © SERVO VALVE
- TYPE PROGRAM: progicrion, 1965 - - OPERATION:
-~ TYPE DESIGN: _proypmaric - CONFIGURATION:
- AXES: Pitch, yau ACTUATOR
- COMPENSATION: Electronic - LINEAR:
- REDUNBANE¥- No -~ ROTARY:
- TEMPJS RANGE: -65° to + 160°F POWER SUPPLY
LDAD - PUMP
- TRAVEL: +20 deg o TYPE:
- TYPE: Aero and inertia o POWER SOURCE:
- INERT|IA: ~ ENERGY SOURCE .
- fn 78 Hz o BATTERY:
- Otherf: Aero: 1000 lb=-in o OTHER:
- STORED GAS:
2 Jactuaridy svsTem oesien - GAS GER/ACCUM:
RATED CONDITIDNS _S_JPNEUMATIC/HARM GAS
- DESIGN LDAD: SYSTEM
- STALL| LOAD: 1400 1b-in <\ STORED GAS
- DESIGN RATE: o TYPE GAS:
- NO LORD RATE: B8 deg/sec ¢ SUPPLY PRESS:
DUTY CYCLE o PROOF PRESS:
- DURAT[ION: 60 sec o BURST PRESS:
, - DESCRI[PTION: _100% perf. over full duty.eycle ® VESSEL TYPE:
e VESSEL vOL:
DYNAMIC PERFORMANCE e SEALS:
- BANDWEDTH: 4 Hz based on -3 @b - GAS GENERATOR
- STEP RESPONSE: Typically 7 deg /in 165 msec. e PROPELLANT: Ammonium Nitrate
STATIC_PERFORMANCE o FLOWRATE: 0.02 1b/sec
- RESOLPTIGH. ¢ REG. VALVE: No
- THRESHOLD: o TEMP @ ACT: 1000°F
- HYSTERESIS: o PRESS @ ACT: _ 1000 psi ave.
- CLOSEpP LODP STIFFNESS: CONTROL VALVE
STROKE : - OPERATION: 2-way solencid
WEIGHT: 13.7 1bs - CONFIGURATION: Qpen center
FEEDBACK ACTUATOR
- TYPE: None - LINEAR:
- METHOD:. - ROTARY: Push-push balapced piston
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TP RC | 6 |STORED GAS VESSEL SHIPMENT
- SIGNAL LEVEL: 400 pa. max - TYPE GAS:

3 l ELECTROMECHANICAL

- MOTOR
o OC:

- GAS PRESSURE:

- BURST FACTOR:

- DOT APPROVAL:

7 !SELECTION CRITERIA AND/OR SPECIAL FEATURES

¢ AC:

o STEPPER:

- ACTUATOR
¢ LINEAR:

e ROTARY:



https://saenorm.com/api/?name=259348ca9c25091e9bed38f9b0b3058d

_38_

MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET

T

_}__;’GENERAL DESCRIPTION __QIHYDRAULIC
VEHICLE SYSTEM
- NAME: Sparrow - TYPE: Blowdown
- TYPE: Air-to-air & surface-to-air - PRESSURE: 3250 psi
- CONTROL: _Aerodynamic canard (2 actuators) - FLOW: 1.6 gpm
- COMPANY: _Raytheon - FLUID: MIL-H-5606E
PROGRAM: _ Production, 1955 - - SEALS: Folyurethane.
ACTUATIDN SYSTEM - FILTER: None
- COMPANY: Raytheon SERVO VALVE
- TYPE PROGRAM: Production, 1955 - - OPERATION: 4-way flow control
- TYPE DESIGN: _ mydraulic - CONFIGURATION: _,_crooo
- AXES: Pitch, yaw, roll ACTUATOR
- COMPENSATION: No - LINFAR: 0.52 inZ balanced
- REDUNDANCY: No - RDTARY:
- YEMP. RANGE: -35 to +165°F P POWER SUPPLY
LOAl - PUMP
- YRAVEL: __ #22.5 deg o TYPE:
- YPE: Inertia & coulomb friction e POWER SDURCE:
- INERTIA: 0.2 1b—in‘5532 - ENERGY SDURCE
L o BATTERY:
- ther: Coulomb friction: 140 1b-in o OTHER:
- STORED GAS: He accumulator .
|2 i rcTaTION SysTeM DESIGN - GAS GEN/ACCUM:
RATHD CONDITIONS __S]PNEUMATIC/NARM GAS
- DESIGN LOAD: 1800 1p-in SYSTEM
- {TALL LOAD: 2400 1b-in <\ STORED GAS
- QESIGN RATE: 350 deg/sec o TYPE GAS:
- J0 LOAD RATE: 500 deg/sec e SUPPLY PRESS:
DUTY CYCLE e PROOF PRESS:
- URATIDN: 60 sec ¢ BURST PRESS:
- ESCRIPTION: 4000 deg total travel e VESSEL TYPE:
o VESSEL VOL:
DYNAMIC PERFORMANCE o SEALS:
- BANDWIDTH: 40 Hz based on ¢ = 90° - GAS GENERATOR
- TEP RESPONSE: e PROPELLANT:
STATIC PERFORMANCE ¢ FLOWRATE:
- ESOLUTION: 0.01 deg o REG. VALVE:
- HRESHOLD: 20.02"deg o TEMP @ ACT:
- YSTERESIS: £0.50 deg o PRESS @ ACT:
LOSED LDOP STIRFNESS: >40,000 psi/deg CONTROL VALVE
STRQKE: *22.5 deg - OPERATION:
WEIGHT: 52 1bs - CONFIGURATION:
FEEQBACK ACTUATOR
- PR pegies EHEAR
- METHDD: Film type potentiometer - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
A | 6 Jstoren eas vessew swipmenT
- SIGNAL LEVEL: +30 ma - TYPE GAS:
) LDOP ELECTRONICS: Analog - GAS PRESSURE: '
|3} ELECTROMECKANICAL - BURST FACTOR: ]‘
~ MoToR - 00T APPRDVAL:
o OC: }_LJSELECTION CRITERIA AND/OR SPECIAL FEATURES
o AC:
¢ STEPPER: - High torque with good dynamic performance
- ACTUATOR
¢ LINEAR: - Bladder type accumulator :
o ROTARY:
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_l_‘GENERAL DESCRIPTIDN _4_] HYDRAULIC
VEHICLE SYSTEM
- NAME: Spartan - TYPE: Recirculation
- TYPE: Surface-to-air - PRESSURE: 3600 psi
- CONTROL: _perg canard & gimbaled nozzle (4 actuatdrs) - FLOW: 23.5 gpm
- COMPANY: McDonnell Douglas/Huntington Beach - FLUID: 0S-45-1IV
- PROGRAM: Production, 1971-1975 - SEALS: Nitrile
ACTUATION SYSTEM - FILTER: 80 microns absolute
- COMPANY: ___ McDonnell Douglas/Huntington Beach SERVO VALVE
- TYPE PROGRAM: production, 1971-1975 - OPERATION: 4-way flow control
- TYPE DESIGN: hygraulic - CONFIGURATION: 2-stage spool
- AXES: Pitch, yaw, roll ACTUATOR
- COMPENSATION: giect onic - LINEAR: 4.6 inZ balanced area
- REDUNDANCY: N ROFARY-
- TEMP. RANGE: + 60 to + 450°F POWER SUPPLY
LOAD (Hydraulic Fluid) - PUMP
- TRAYEL: +40 deg o TYPE: Fixed piston
- TYPf: Aero_and inertia o POWER SOURCE: _ ¢ pif2
- INERTIA: 12.7 Ib-in-sec’ - ENERGY SOURCE
- 60 Hz o BATTERY:
- Othgr: Aero - 42,000 1b-in ¢ OTHER: Cas _generatar
- STORED GAS:
2 | acTust{on s¥sTem pes e - GAS GEN/ACCUM:
RATED QONDITIONS 5 | meuaTichn o1s
- DESIGN LOAD: 35,000 1b-in SYSTEM
- STAUL LOAD: _ 55,000 1lb-in -« STORED GAS
- DESIGN RATE: 200 deg/sec o TYPE GAS:
- ND UOAD RATE: 450 deg/sec e SUPPLY PRESS:
DUTY CMCLE e PROOF PRESS:
- DURATION: 120 sec o BURST PRESS:
- DESQRIPTION: o VESSEL TYPE:
o VESSEL VOL:
DYNAMIC| PERFORMANCE e SEALS:
- BANDWIDTH: 29 Hz based on ¢ ='9Q° - GAS GENERATOR
- STEP RESPONSE: o PROPELLANT:
STATIC PERFORMANCE o FLOWRATE:
= RESDLUTION: _ 0.095 deglma o REG. VALVE:
- THRERHOLD: 5.8 w4 e TEMP @ ACT:
- HYSTERESIS: e PRESS @ ACT:
- CLOSED LOOP STIFENESS: _ .16 x 106 Ib-in/deg CONTROL VALVE
STROKE: +2 in - OPERATION:
WEIGHT: 460 1hs - CONFIGURATIDN:
FEEDBACK ACTUATOR
- TYPE: Position - LINEAR:
- METHOD: LYDT - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
T TYRE: g | 6 JsToRen as vesseL suipmeNT
- SIGNAL LEVEL: 5,00 oo - TYPE GAS: N,
LODP ELECTRONICS: Apalae - GAS PRESSURE: 6000 psi
r—:i—J ELECTROMECHANI CAL - BURST FACTOR: 4
- MOTOR - DOT APPRDVAL: DOT _SP7033
o DC: __7_]SELECTIDN CRITERIA AND/OR SPECIAL FEATURES
o AC:
e STEPPER: -Nozzles are integral with canards
-~ ACTUATOR -Insensitive to servo valve contamination
e LINEAR:
o RDTARY:
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1 IGENERAL DESCRIPTION 4 | HYDRAULIC

VEHICLE SYSTEM
- NAME: Sprint, 1 st stage - TYPE: Blowdown
- TYPE: Surface-to-air ABM - PRESSURE: 1000 psi
- CONTROL: TVC - Freon Secondary Injection - FLOW: 20 gpm
- COMPANY: Martin/Orlando - FLUID: MIL-K-5606
- PRDGRAM: Production, 1972 - - SEALS: Elastromeric
ACTUATIDN SYSTEM - FILTER: 40 micron
- COMPANY: Martin/Orlando SERVD VALVE
- TYPEL PROGRAM: Production, 1972 - - QPERATION: 4-way flow control
- TYPE DESIGN: Hydraulic - CONFIGURATIDN: 2-stage dual nozzle flapper
- AXES: Pitch, vaw ACTUATOR
- COMPENSATIDN: Electronic - LINEAR: 1.27 in2 balanced area
- REDPMBANE———Nome = ROTARYT
- TEMP. RANGE: +40 to +275°F POWER SUPPLY
LDAD - PuMP
- TRAMEL: 0.46 in, o TYPE:
- TYPE: Freon injection valves e POWER SOURCE:
- INERTIA: - ENERGY SOURCE
- fp s BATTERY:
- Dthpr: o DTHER:

- STORED GAS:

|2 Jacruathion svsTen oesten -_GAS GEN/ACCUM: Ammonium mitrare rpes i oo
RATED FONDITIONS _§_‘PNEUMATIC/NARM GAS
- DES[IGN LOAD: SYSTEM
- STALL LOAD: - STORED GAS
- DESJIGN RATE: e TYPE GAS:
- NO LOAD RATE: ¢ SUPPLY PRESS:
DUTY QYcLE ¢ PROOF PRESS:
- DURATIDN: 2 sec e BURST PRESS:
- DEYCRIPTION: 100% for 0.4 sec; 107 for\lv6 sec o VESSEL TYPE:
e VESSEL VOL:

DYNAMIIC PERFDRMANCE e SEALS:
- BANDWIDTH: 30 Hz - GAS GENERATDR
- STHP RESPONSE: .02 sec o PROPELLANT: _ Ammonium nitrate/lepoxy
STATI]Q PEZRFORMANCE ¢ FLOWRATE: si
- REJOLUTION: o REG. VALVE: Yes |
- THAESHOLD: s TEMP @ ACT: 2160°F ar turbine
- HYYTERESIS: e PRESS @ ACT:
- CLQSED LO@P, STIFFNESS: CONTROL VALVE
STRDKY: 0.46 in. - OPERATION:
WEIGH]: “=)137 lbs (integrated hyd. & freon systems) - CONFIGURATION:
FEEDBACK ACTUATOR
- TYPE: Position - LINEAR:
- METHOD: LVDT - ROTARY:
ELECTRONIC CONTROLLER - ROTARY/LINEAR:
- TYPE: DC

6 |STORED GAS VESSEL SHIPMENT
- SIGNAL LEVEL: 80 ma

- TYPE GAS:
LOOP ELECTRONICS: _ Analog - GAS PRESSURE:
3 | ELECTROMECHANICAL - BURST FACTOR:

- MOTOR - DOT APPROVAL:
e 0C: — LJSELECTION CRITERIA AND/DR SPECIAL FEATURES
o AC: —

. Control is provided by metering Freon through injection

o STEPPER: valves which are positioned hydraulically.

- ACTUATOR
o LINEAR:
e ROTARY:
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