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ACTUATION SYSTEM DATA SUMMARY FOR 
MISSILES AND LAUNCH VEHICLES 

1. PURPOSE: A survey of existing designs (past and present) is a valuable aid 
during the concept formulation stage of a new design. This summary report on 
missile and launch vehicle actuation systems has been formulated to provide a 
data base that should be useful in the initial design stages of a new system. 

2. SCOPE: The scope of this document includes all missile and launch vehicle 
actuation systems, including electrohydraulic, electropneumatic, and 
electromechanical types. The data for many systems are not complete. As 
more information becomes available, periodic updates will be issued to 
complete existing data sheets and to add new ones. 

An index by type of vehicle and by type of actuation system is included. The 
actual data sheets in the body of the report are organized in alphabetical 
order. 

r 	3. VEHICLE INDEX: 
3.1 Type of Vehicle: 

3.1.1 Missile: 

- AMRAAM (Advanced Development) 

- ASALM 

- Condor 

- Copperhead 

- Dragon 

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

- GBU-15 

- Hawk 

SAE Technical Board Rules provide that: "This report is published by SAE to advance the state of technical and 
engineering sciences. The use of this report is entirely voluntary, and its applicability and suitability tor any particular 
use, including any patent infringement arising therefrom, is the sole responsibility of the user." 

, 
SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. 
SAE invites your written comments and suggestions. 

Copyright 1985 Society of Automotive Engineers, Inc. 	 Printed in U.S.A. 
All rights reserved. 
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3,1.1 Missile (Continued): 

- Hellfire 

- HOBOS (GBU-8) 

- Hornet 

- Maverick 

- Nike Hercules 

- Patriot 

- Pershing (P-la) 

- Phoenix 

- SIAM 

- Sidewinder 

- Sparrow 

- Stinger Alternate 

- Talos 

- Tomahawk (Rocket Motor, Rocket Motor Improved, and Cruise) 

- TOW 	

/ 
3.1.2 Sooster/Space Vehicle: 

- Atlas (Booster, Sustainer, Vernier) 

- Centaur 

- Delta (lst Stage) 

- IUS 

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

3.1.3 ICBM/ABM: 

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

- Peacekeeper (Stages 1 and 3) 

- Spartan 

- Sprint (Stages 1 and 2) 

3.2 Type of Actuation System: 

3.2.1 Electrohydraulic: 

- ASALM 

- Atlas (Booster, Sustainer, Vernier} 

- Centaur 
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3.2.1 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 

- Peacekeeper (Stages 1 and 3) 

- Pershing (P-la) 

- Phoenix 

- Sparrow 

- Spartan 

- Sprint (Stages 1 and 2) 

- Talos 

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

- Tomahawk (Rocket Motor and Rocket Motor Improved) 

3.2.2 Electropneumatic: 

- Copperhead 

- Dragon 

- GBU-15 

- Hellfire 

- HOBOS (GBU-8) 

- Hornet 

- SIAM 

- Sidewinder 

- Stinger Alternate 

- TOW 

, 

~ 
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3.2.3 Electromechanical: 

- AMRAAM (Advanced Development) 

- ASALM 

- Condor 

- IUS 

- 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 

~ 

. 

~ 

GENERAL DESCRIPTION 

VEHICLE Applicable to Advanced 
- NAME: Medium Range Air-Air hissile (nnxaarf) 

- TYPE: 

- CONTP,OL: 	Pro~ulsion Control Valve (1 actua 

- COMPANY: 

- PROGRAM: 

ALTUATION SYSTEM 

- LOMPANY: 	United Technologies 

- TYPE PROGRAM: Develooment, 1978 

- TYPE DESIGN:Flectromechanical 

- AXES: 

- COMPENSA?ION:Elartronic 

- RE~UNDANCY: 	No 

- TEMP. RANGE: 	-65° to +p50°F 

LOA~ 

- TRAVEL: 45 defl 

- TYPE: 	[nu7nmh frirtinn aaro 

- 	1NERTIA: 

_ f~; 

- Other: _ Aero: SD 16-in 

Fri~t;n~• Sn lb-in 

ACTUATION SYSTEM DESIGN 

RATED CONDITIONS 

- DES[GN LOAO: 150 lb-in 

- STALL LOAD: 	300 Ib-in 

- DESIGN RATE: 30 deg/sec 

- NO LOAD RATE: 400 deg/sec 

DUTY CYCLE 

- DURATION: ~g0 sec 

- DESCRIPTION: 	Hold-ramp open-hold-ramp cl 

DYNAMIL PERFORMANCE 

- BANDWIDTH: 15 Hz based on -3 d6 

- STEP RESPONSE: 	5 deg step in 20 msec; 10% 

STATIC VERFORMANCE overs oot 

- RESOLUIIVir: 0.2 deg 

- THRESHOLD: 	0.05 deg 

- HYSTERESIS: 	<0.05 deq 

- CLOSED LOOP STIFFNESS: >50,000 lb-in /deg 

STROKE: 	 aS ~p9 

NEIGHT: 	3 lbs 

FEEDBACK 

- TYPE: 	Position 

- METHOD: Film potentiometer 

ELECTRONIC CONTROLLER 

- TYPE: 	PWM at 3 KHz 

- SIGNAL LEVEL: 	28V; l0A 

LOOP ELECTRONICS: Analog 

ELECTROMECNANICAI 

- MOTOR 

• DC: 	Brush motor rated at 27V & 20A 

• AC: 

• STEPPER: 

- ACTUATOR 

• LINEAR: 

• ROTARY: $ervomotor 

HYDRAULIC 

SYSTEM 

- TYPE: 

- PRESSURE: 

- FLOW: 

- FLUID: 

- SEALS: 

- FILTER: 

SERVO VALVE 

- OPERATION: 

CDNFIGURATION: 

~ LIhLNK: 

- ROTARY: 

POWER SUPPLY 

- PUMP 

• TYPE: 

• POWER SOURCE: 

- ENERGY SOURCE 

• BATTERY: 

• OTHER: 

- STORED GAS: 

- GAS GEN/ACCUM: 

5 PNEUMATIC/WARM GAS 

SYSTEM 

- STORED GAS 

• TYPE 6AS: 

• SUPPLY PRESS: 

• PROOF PRESS: 

• BURST PRESS: 

d • VESSE~ TYPE: 

• VESSEL VOL: 

• SEALS: 

- GAS GENERATOR 

• PROPELLANT: 

• FLOWRATE: 

• REG. VALVE: 

• TEMP @ ACT: 

~ PRESS @ ACT: 

CONTROL VALYE 

- OPERATION: 

- CONFIGURATION: 

ACTUATOR 

- LINEAR: 

- ROTARY: 

- ROTARY/LINEAR: 

6 STORED GAS YESSEL SHIPMENT 

- TYPE GAS: 

- GAS PRESSURE: 

- BURST FACTOR: 

- DOT APPROVA~: 

Planetary or harmonic gearing drives high speed 
servomotor and hot gas butterfly valve 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

1 	GENERAL DESCRIPTION 4 	HYDRAU UC 

VENICLE SYSTEM 

- 	NAME: 	ASALM (Advanced Strategic Air Launche - 	TYPE: 
Missile 

- 	TYPE: 	Air-to-surEace - 	PRESSURE: 

- 	CONTP.OL: 	Aerodvnamic fin (4 actuators) _ - 	FLON: 

- 	COMPANY: 	Martin/Orlando - 	fLUID: 

- 	PROGRAM: 	Develovment, 	1978-1980 - 	$EALS: 

ACTUATION SYSTEM - 	F]LTER: 

- 	COMPANY: 	Martin/Orlando SERVO VALVE 

- 	TYPE PR06RAM: 	Develoomen[, 	1978-1980 - 	OPERATION: 

I 	- 	TYPE DESIGN: 	FiarrromPChanical - 	CONfIGURATION: 

- 	AXES: 	a;r~ti_ 	~aW 	r~t1 ACTUATOR 

- 	COMPENSA?[ON: 	Electronic - 	~INEAR: 	 ~ 

- 	REDUNOANCY: 	N~ - 	ROTARY: 

- 	TEMP. 	RANGE: 	-bo eo +600°F POWER SUPPLY 

LOAD 
— 

- 	PUMP 

~~ 	- 	TRAVEL: 	+26.5 deg ~ 	TYPE: 

- 	TYPE: 	 • 	ertia • 	POWER $OURCE: 

- 	INERT[A: 	4 	6-'n-sec 2  - 	ENER6Y SOURCE 

- 	f~: • 	BATTERY: 

- 	Other: 	 lb-in • 	OTHER: 

i 	 ; 	gp 	16-in - 	STORED GAS: 

- 	GAS GEN/ACCUM: 2 	ACTUATION SYSTEM DESIGN 

5 	PNEUMATIC/MARM GAS ~ 	RATED CONDITIONS 

- 	DESIGN LOAD: 	1200 	lb-in SYSTEM 

- 	STALL LOAD: 	3000 lb-in - 	STORED GAS 

- 	DESIGN RATE: 	180 deg/sec • 	TYPE 6AS: 

- 	NO LOAD RRTE: 	250 deg/sec • 	SUPPLY PRESS: 

DUTY CYCLE ~ 	PROOF PRESS: 

- 	DURATION: 	innn se • 	BURST PRESS: 

- 	DESCRIPTION: 	120 	Cn-lbs/de 	, 	5 Hz, +0.40 deg ~ 	VE$$EL TYPE: 

• 	YESSEL VOL: 

DYNAMIC PERFORMANCE • 	SEAlS: 

- 	BANDWIDTH: 	30 Hz based on 	P= 90° - 	GAS GENERFTOR 

~ 	- 	STEP RESPONSE: 	+5°, 	< 20q overshoot ~ 	PROPELLANT: 

i 	STATIC DERFORMANCE • 	FLOWRATE: 
i 

- 	RESULUiivii. 	D.LO deg • 	REG. 	YALVE: 

- 	THRESHOLD: 	D.02 dee • 	TEMP @ ACT: 

~ 	- 	HYSTERESIS: 	0.38 deA • 	PRE55 @ ALT: 

- 	CLOSED LOOP STIFFNESS: 	9950 	lb-in/de ~ONTROL VALVE 

STROKE: 	 27 dey - 	OPERATION: 

- 	CONFIGURATION: WEIGHT: 	 =ss 	tes 

FEEDBACK ACTUATOR 

- 	TYPE: - 	~INEAR: 

- 	METHOD: 	 r - 	ROTARY: 

ELECTRONIC CONTROLLER - 	ROTARY/~INEAR: 

- 	TYPE: 
6 	STORED GAS VESSEL SHIPMENT 

- 	SIGNAL LEVEC: 	2.5 deg/volt +107. 
- 	TYPE GAS: 

LOOP ELECTRONICS: 	 vieh D n _ 	GAS PRESSURE: 
conver[er 

3 	ELECTROMELHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAL: 

Brushless vi[h 8 VDC @ 3200 Nz 
7 	SELECTION CRITERIA AND/OR SPECIAL FEATURES • 	~~~ 	 ~~a n.m ama 

• 	AC: 

• 	STEPPER: Samarium cobalt magnets resul[ed in compe[i[ive 

- 	ACTUATOR EM performance. 

• 	LINEAR: 	Ballscrew vith 	linear to rocary 	link 

• 	ROTARY: 

, 

. 
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MISSILE/SPACE VEHICLE ACTUATIaN SYSTEM DATA SHEET 

~ 

. 

~ 

1 	GENERAL DESCRIPTION 4 HYDRAULIC 

VEHICLE SYSTEM 

- 	NAME: ASALM (Advanced Strategic A1r Launched - 	7YPE; circulatin 
Missile) ~ 

- 	TYPE: 	Air-to-surface 
_ 	

PRESSURE: 350o psi 

- 	CONTP.DL: - 	FLOW: Z Spm 

- 	COMPANY: 	Martin/Orlando - 	FLUID: M2-v 

- 	PROGRAM: _ 	 - - 	SEALS: Fluomcarbon 

ACTUATION SYSTEM - 	FILTER: iczon 

- 	COMPANY: SERVO VALVE 

- 	TYPE PROGRAM: Develo ment 	1978-1980 - 	OPERATION: rol 

- 	TYPE DESIGN: 	Hydraulic - 	CONFI6URATION: i 	le nozzle fla 	er 

- 	AXES: 	 Pitch 	aw 	roll ACTUATOR 

- 	COMPENSATION: - 	LINEAR: 

- 	REDUNDANCY: 	No - 	ROTARY: .Rack and oinion with 0.67 in2  effective 

- 	TEMP. 	RANGE: 	-12 to +600°F POWER SUPPLY area 

LOAD - 	PUMP 

- 	TRAVEL: 	+22 deg • 	TYPE: Fixed 	iston 

- 	TYPE: 	 Inertia and areo • 	POWER $OURCE: Gas turbine 

- 	INERTIA: 	0.46 	lb-in-sec2 - 	ENERGY SOURCE 

- 	fn~ • 	BATTERY: 

- 	Oth2r: 	Aero: 	3700 	lb-1n • 	OTHER: 

Coulomb Eric: 	<400 	lb-in - 	STORED GAS: 

- 	GA$ 6EN/ACCUM: 

S[ored 	as accumuLator 

Gas 	enerator bleed air 2 	ACTUATION SYSTEM DESIGN 

5 PNEUMATIC/WARM GAS RATED CONOITIONS 

- 	DESIGN LOAD: 	1200 	lb-in SYSTEM 

- 	STALL LOAD: 	3000 	lb-in - 	STORED 6A5 

- 	DESIGN RATE: 	180 de 	sec • 	TYPE GAS: N 

- 	NO LOAO RATE: 	25 	de 	sec • 	SUPPLY PRESS: 

DUTY CYCLE • 	PROOF PRESS: si 

- 	OURATION: 	L000 sec • 	BURST PRESS: 15000 psi 
- 	DESCRIPTION: 	 f 600 de 	in 	1.0 sec • 	YESSEL TYPE: r 

• 	VESSEL VOL: 

DYNAMIC PERFORMANCE • 	SEALS: Fluo mcarbon 

- 	BANDWIDTH: 	30 xz 6ased on d= 90° - 	GAS 6ENERATOR 

- 	STEP RESPONSE: 	+5°, 	<_ 20% overshoot • 	PROPELLANT: Ammonia Nitrate 

STATIC PERFORMANCE • 	FLOWRATE: sec 
- 	RESOLUTION: 	0.05 deg • 	REG. 	VALVE: 

- 	THRESHOLD: 	0.05 deg • 	TEMP @ ACT: urbine 

- 	HYSTERESIS: _ 	1.00 deg • 	PRESS @ ACT: 

- 	CLOSED LOOP $TIFFNESS: 	97 Hz at 100°F fluid temp. CONTROL VALVE 

STROKE: 	 +24 deg 
- 	OPERATION: 

WEIGHT: 	 inn 	ir,s - 	CONFIGURATION: 

FEEDBACK ACTUATOR 

- 	TYPE: 	 P~G;r;~n - 	LINEAR: 

- 	METHOD: 	avnz - 	ROTARY: 

ELECTRONIC CONTROLLER - 	ROTARY/LINEAR: 

- 	TYPE: 	 nr. 
6 STORED GAS VESSEL SHIPMENT 

- 	$IGNAL LEVEL: 	< 13.5 ma 
- 	TYPE GAS: 

LOOP ELECTRONICS: 	Di ital and analog with D/A 
- 	6AS PRESSURE: 

~ 
-.— 

conver[er 
3 	ELECTROMECNANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAL: 

1 SELECTION CRITERIA AND/OR SPEC[AL FEATURES • 	DC: 

~ 	AC: 

• 	STEPPER: Selec[ion 6ased primarily upon high temperature 

performance end stiffness. 
- 	ACTUATOR 

~ 	LINEAR: 

~ 	ROTARY: 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

1 	GENERAL DESCRIPTION 4 	HYDRAULIC 

VEHILLE SYSTEM 

- 	NAME: 	 Bo 	r - 	TYPE: 	 Recirculatin 

- 	iYPE: _ 	cpa 	a~ 	h V hicle - 	PRESSURE: 	3000 	si 

- 	CONTP.OL: 	Gimbaled nozzles(4 actuatozs)~ - 	FLOW: 	 22,5 eom 

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

- 	PROGRAM: 	Production 1957 - - 	SEALS: 

ACTUATION SYSTEM - 	F[ITER: 

- 	COMPANY: 	Convair & H draulic Research $ERVO VALVE 

- 	TYDE PROGFAM: 	Production 	1957 - - 	OPERATION: 	 flow control 

- 	TYPE DESIGN: 	Hydraulic - 	LONFIGURATION: 	2-.~taee dual noz 	Ela 	er 

- 	AXES: 	 Pitch 	aw 	roll ACTUATOR 

- 	COMPENSATION: - 	LINEAR: 	 • 	Z b 	ced area 

- 	REDUNDANCY: 	None - 	ROTARY: 

- 	TEMP. 	RANGE: PpWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: 	+5 deg ~ 	TYPE: 	 Variable volume 

- 	TYPE: • 	POWER $OURCE: 	•n 	driven 	earbox 

- 	INERTIA: - 	ENERGY SOURGE 

- 	fn~ • 	BATTERY: 

- 	Other: • 	OTHER: 	 ' 	e 	fuel 

- 	STORED GAS: 

- 	GAS GEN/ACCUM: 2 	ACTUATION SYSTEM DESIGN 

5 	PNEUMATIC/WARM GAS RATED COND(TIONS 

- 	OESIGN LOAD: 	 lb-in SYSTEM 

- 	STALL LOAD: 	226.410 lb-in -$TORED GAS 

- 	DESIGN RATE: • 	TYPE GAS: 

- 	NO LOAD RATE: • 	SUPPLY PRESS: 

DUTY LYCLE • 	PROOf PRESS: 

- 	DURATION: • 	BURST PR:SS: 

- 	DESCRIPTION: • 	VESSEL TYPE: 

• 	VESSEL YOL: 

DYNFMIG PERFORMANGE • 	$EALS: 

- 	BANDWIDTH: - 	GAS GENERATOR 

- 	STEP RESPONSE: • 	PROPELLANT: 
crnrrr ocRFORMANCE ~ 	FLOWRATE: 

- 	RESOLUTION: • 	REG. 	VALVE: 

- 	THRESHOLD: • 	TEMP @ ACT: 

- 	HYSTERESIS: 	 0.2 ma • 	PRESS @ ACT: 

- 	CLOSEO LOOP STIFFNESS: CpNTROL YALYE 

STROKE: 	+ 1.85 in. - 	OPERATION: 

WEIGHT: - 	CONFIGURATION: 

FEEDBACK ACTUATOR 

- 	TYPE: 	 Position - 	LINEAR: 

- 	METHOD: 	 Varia6le reluctance - 	qQ7ARY: 

ELECTRONIC CONTROLLER - 	ROTARY/LINEAR: 

- 	TYPE: 	 nc 
6 	STORED GAS VESSEL SHIPMENT 

- 	SIGNAL LEYEL: 	4.0 ma _ 	TYPE GAS: 
LOOP ELECTRONICS: 	nnaloe 

- 	GAS PRESSURE: 

3 	ELECTROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	OOT APPROVRL: 

7 	SELELTION GRI7ERIA AND/OR SPECIAL fEATURES • 	DC: 

Fuel/hydraulic interEace valve to provide fuel to 
back up limited hydra~lic fluid supply in the even[ 

• 	AC: 

• 	STEPPER: 

- 	ACTUATOR of system leakage. 

• 	LINEAR: 

• 	ROTARY: 

. 

~ 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

~ 

, 

~ 

GENERAL DESCRIPTION 

VEHICLE 

- NAME: 	 Atlas ; 

- TYPE: 	 Space : 

- CONTP,OL: 	Gimbal~ 

- COMPANY: 	Convai 

- PROGRAM: 	produc 

RCTUATION SYSTEM 

- CDMPANY: 	Convai 

- TYPE PROGRAM: FT~ 

- TYPE DESIGN: 	xvdrau 

- AXES: 	 Piech. 

- COMGENSATION: 

- REDIINOANCY: 	pa 

- TEMP. RANGE: 

LOAD 

- TRAVEL: 	+3 deg 

- TYPE: 

- INERTIA: 

_ q~; 

- Other: 

ACTUATION SYSTEM DESIGN 

RATED CONDITIONS 

- DESIGN LOA~: 	49,100 lb-in 

- STALL LOAD: 	177,120 lb-in 

- DESIGN RATE: 	7_9_deg/sec_ 

- NO LOAD RATE: 14.2 dert/sec 

- DESCRIPTION: 

DYNAMIC PERFORMANCE 

- BANDWIDTH: 

- STEP RESCONSE: 

STATIC PERFORMANCE 

- RESOLUTION: 

- THRESHOLD: 	0.1 ma 

- HYSTERESIS: 	0.2 ma 

- CLOSED LOOP STIFFNESS: 

STROKE: 	 + ~,SL i, 

WEIGHT: 

FEEDBACK 

- TYPE: 	 rositi~ 

- METHOD: 	variah 

ELECTRONIC CONTROLLER 

- TYPE: 	 nr 

- SIGNAL LEVEL•  ~_n ma 

LOOP ELECTRONICS: Analog 

ELECTROMECHANICAL 

- MOTOR 

• DC: 

• AC: 

• STEPPER: 

- ALTUATOR 

• LINEAR: 

• ROTARY: 

4 HYDRAULIC 

SYSTEM 

(1 engine) 	 - TYPE: 	 Recirculating 

icle 	 - PRESSURE: 	 znnn ~ 

(2 actuators) 	 - FLOW: 	 p~Tr._H - S606 

- FLUID: 

- 	 - SEAlS: 

- FILTER: 

SERVO VALYE 

- 	 - OPERATION: 	 4-way flow control 

- CONFIGURATION: 	~_nea¢a a~~ai nozzl 

ACTUATOR 

- LINEAR • 	 s.9 .n z  balanced a 

- ROTARY: 

POWER SUPPLY 

- PUMP 

• TYPE: 	 Variable volume 

• POWER SOURLE: T„rhinr driven eea 

- ENERGY SOURCE 

• BRTTERY: 

• OTHER: 	Engine fuel 

- STORED GAS: 

- GAS GEN/ACCUM: 

5 PNEUMATIC/WARM GAS 

SYSTEM 

- STORED GAS 

• TYPE GAS: 

• SUPPLY PRESS: 

• PROOF PRE55: 

• BURST PRESS: 

• VESSEL TYPE: 

• VESSEL VOL: 

• SEALS: 

- GAS GENERATOR 

~ PROPELLANT: 

• FLOWRATE: 

• REG. YALVE: 

• TEMP @ ACT: 

• PRESS @ ACT: 

CONTROL VALVE 

- OPERATION: 

- CONFIGURATION: 

ACTUATOR 

- LINEAR: 

e 	 -  ROTARY: 

- ROTARY/LINEAR: 

6 STORED GAS VESSEL SHIPMENT 

- TYPE GAS: 

- GAS PRESSURE: 

- BURST FACTOR: 

- DOT APPROVAL: 

Fuel/hydraulic incerface valve co provide fuel ro 
back up Limited hydraulic fluid supply Ln [he even[ 
of system leakage 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

L 	GENERAL DESCRIPTION 4 	HYDRAULIt 

VEHICLE SYSTEM 

- 	NAME: 	 A[las Vernier (2 engines) - 	TYPE: 	 Blowdown 

- 	TYPE: 	 Space Launch Vehicle - 	PRESSURE: 	3000 to 1000 	si 

- 	~~NTP,QL: 	Gimbaled nozzles<4 actuators) - 	F~OW: 	 4.85 

- 	LOMPANY: 	Convair - 	FLUID: 	 MIL-H-5606 

- 	PROGRAM: 	Production, 	1957 - - 	$EALS: 

ACTUATION SYSTEM - 	FILTER: 

- 	LOMPANY: 	Convair SERYO VAIYE 

- 	TYPE PROGRAM: 	Production 1957 - - 	OPERATION: _~-va 	flov control 

- 	TYPE DESIGN: 	Hydraulic - 	CONFiGURATION: 	a e dual nozzle fla 	er 

- 	AXES: 	 Pitch 	aw 	roll ACTUATOR 

- 	COMPENSATION: - 	LINEAR: 	 0.5 in2  balanced 

- 	REDUNDANCY: 	No - 	ROTARY: 

- 	TEMP. 	RANGE: POWER SUPPLY 

LOAD - 	PUMP 
Inboard: 	+70 deg 

- 	TRAYEL: • 	TYPE: 	 v 	me 	sustainer en ine o era ion) 

- 	TYPE: • 	POMER SOURCE: 

- 	INERTIA: - 	ENERGY SOURCE 

- 	f~: ~ 	BATTERY: 

- 	Other: • 	OTHER: 
a ter engine 

- 	STORED 6AS: 	Accumula[or 	Shu~ 

2 	ACTUATION SYSTEM DESIGN 
- 	GAS GEN/ACCUM: 

5 	PNEUMATIC/MARM 6AS 
RATED COND[T[ONS 

- 	DESIGN LOAD: 	430 lb-in SYSTEM 

- 	STALL LOAD: 	4120 lb-in - 	STORED GAS 

- 	DESIGN RATE: 	de 	sec • 	TYPE GAS: 

- 	NO LOAD RATE: 	4 6 de 	sec • 	SUPPLY PRESS: 

DUTY CYCLE • 	PROOf PRESS: 

- 	DURATfON: • 	BURST PRESS: 

- 	DESCRIPTION: • 	VESSEL TYPE: 

• 	VESSEL VOL: 

i 	DYNAMIC PERFORMANCE • 	SEALS: 

- 	BANOWIDTH: - 	GAS GENERATOR 

I- 	STEP RESPONSE: • 	PROPELLANT: 

~j 	STATIC GERFORMANCE ~ 	FLOWRATE: 

~ 	- 	RESOLUTION: • 	REG. 	YALVE: 

I 	- 	THRESHOLD: ~ 	TEMP @ ACT: 

- 	HYSTERESIS: • 	PRESS @ ACT: 

- 	CLOSED LOOP STIFFNE55: CONTROI VALVE 

STROKE: 	Inboard, t 1.5 in; Outboacd, ± D.5 in. _ 	OPERATION: 

NEIGHT: - 	CONFIGURATION: 

FEEDBACK ALTUATOR 

- 	TYPE: - 	LINEAR: 

- 	METH00: 	Variable reluc[ance - 	ROTARY: 

ELECTRONIC CONTROILER - 	ROTARY/LINEAR: 

- 	TYPE: 	 ~c 6 	STORED GAS VESSEL SN[PMENT 
- 	SIGNAL LEVEL: 	4 ma - 	TYPE GAS: 
LOOP EIECTRONICS: 	Analo 

- 	GAS PRESSURE: 

3 	ELECTROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROYAL: 

7 	SELECTION CRITERIA AND/OR SPECIAL FEATURES • 	DC: 

• 	AC: 

• 	STEPPER• 
Fuel/hydra~lic interface valve provides fuel to backup 

limited hydraulic 	fluid supply in the event of system 
- 	ACTUATOR Leakage during engirte powered flighc. 

• 	L[NEAR: 

• 	ROTARY: 

~ 

/ 

~ 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

. 

. 

~ 

1 	GENERAL DESCRIPTION ~ 4 HYDRAULIL 

VEHICLE SYSTEM 

- 	NAME: - 	TYPE: 	 Recirculatin 

- 	TYPE: _ 	S~~p T~„nrh vPh;~tP - 	PRESSURE: 	1000 psi 

- 	CONTP.OL: 	'mballed nozzl 	2 nozzles 2 act no zle) - 	FLON: 	 1.64 ~nm 

- 	COMPANY:. 	conva+r - 	FLUID: 	 MIL-H-5606 

- 	PROGRAM: - 	SEALS: 	 Nitrile 

ACTUATION SYSTEM - 	FILTER: 	 10 micron 

- 	COMPANY: SERVO VALVE 

- 	TYPE PROGRAM: 	Production, 	1958 - - 	OPERATION: 	4-va 	flow control 

- 	TVPE DESIGN: 	Hvdraulic - 	CONfIGURATION: 	p-sta e'et 	i e 

- 	AXES: 	~ 	cti 	aw 	roll ACTUATOR 

- 	COMPENSATION: 	E e 	r nic - 	LINEAR: 	 1.5 	inz  balanced area 

- 	REDUNDANCY: 	No - 	ROTARY: 

- 	TEMP. 	RANGE: 	-30 to +275°F POWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: 	+3 deg • 	TVPE: 	 v 	e 

- 	TYPE: • 	POWER SOURCE: 	b' 	e driven 	ear6ox 

- 	INERTIA: - 	ENERGY SOURCE 

- 	f~: • 	BATTERY: 

- 	Other: • 	OTHER: 	 ne fuel 

- 	STORED GAS: 

- 	GAS GEN/ACCUM: 2 	ACTUATION SYSTEM ~ESIGN 

5 VNEUMATIC/WARM GAS 
RATED CONDITIONS 

- 	DESIGN LOAD: 	lb-in SYSTEM 

- 	$TALL LOAD: 	7q~47 lb-in - 	$TORED GA$ 

- 	DESIGN RATE: • 	TYPE GAS: 

- 	NO LOAD RATE: • 	SUPPLY PRESS: 

DUTY CYCLE • 	PROOF PRESS: 

- 	DURA710N: • 	BURST PR~SS: 

- 	DESCRIPTION: • 	VESSEL TYPE: 

• 	VESSEL VOL: 

DYNAM[C PERFORMANCE • 	SEALS: 

- 	BANDNIDTH: - 	GAS GENERATOR 

- 	STEP RESPONSE: • 	PROPELLANT: 

STATif. PERFORMANCE • 	FLOWRATE: 

- 	RESOLUTION: • 	REG. 	VALVE: 

- 	THRESHOLD: • 	TEMP @ ACT: 

- 	HYSTERESIS: • 	PRESS @ ACT: 

- 	CLOSED LOOP STIFFNESS: CONTROL VALVE 

STRDKE: 	 ± n - 	OPERATION: 

WEIGHT: - 	LONFIGURATION: 

ACTUATOR FEEDBRCK 

- 	TYPE: 	 Position - 	LINEAR: 

- 	METHOD: 	Variable reluctance - 	ROTARY: 

ELECTRONIC CONTROLLER - 	ROTARY/LINEAR: 

- 	TYPE: 	 nc 
6 STORED GAS VESSEL SHIDMENT 

- 	SIGNAL LEVEL: 	4 ma 
- 	TYPE GAS: 

LOOP ELECTRONICS: 	Analo 
- 	GAS PRESSURE: 

3 	ELECTROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAL: 

7 SELECTION GR[TER[A AND/OR SPECIAL FEATURES • 	DG: 

~ 	AC: 
Performance; hydraulic fluid used to maintain 

• 	STEPPER: ac[uator temperature during orbit coast phase 

- 	ACTUATOR via a second electrically driven pump. 

• 	LINEAR: 

• 	ROTARY: 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

1 	GENEKAL ~ESCRIDTION 4 	HYDRAULIC 	 i 

YEHICLE SYSTEM 

- 	NAME: 	Condor - 	TYPE: 

- 	TYPE: 	Air-to-surface - 	PRESSURE: 

- 	CONTP,OL: 	Aerodynamic fin (4 actuators) - 	FLON: 

- 	COMPANY: 	Rockwell - 	fLUID: 

- 	PROGRAM: 	Development, 1964-1977 - 	SEALS: 

ACTUATION SVSTEM - 	FIITER: 

- 	COMPANY: 	Cond ctron SERVO VALVE 

- 	TYPE PROGRAM: 	Develo ment, 1964-1977 - 	OPERATION: 

- 	TYPE DESIGN: 	Electromechanical - 	LONFIGURAT[ON: 

- 	AXES: 	Pitch, 	aw, roll ACTUATOR 

- 	COMPENSA710N: 	Electronic - 	LINEAR: 

- 	REDUNOANCY: 	No - 	ROTARY: 

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

LOAD - 	PUMP 

- 	TRAVEL: 	+30 deg • 	TYPE: 

- 	TYPE: ~ 	POWER SOURCE: 

- 	INERTIA: 	1.56 lb-in-sec Z 	__ - 	ENERGY SOURCE 

' 	fn~ • 	BATTERY: 

- 	Other: • 	OTNER: 

- 	STORED GAS: 

-. 	GAS GEN/ACCUM: 2 	ACTUATION SYSTEM OESIGN 

5 	PNEUMATIC/WARM GAS RATED CONDITIONS 

- 	DESIGN LOAD: SYSTEM 

- 	STALL LOAD: 	1000 	lb-in - 	STORED GAS 

- 	DESIGN RATE: • 	TYPE GAS: 

- 	NO LOAO RATE: 	85 deg/sec • 	SUVPLY PRESS: 

DUTY CYCIE • 	PROOF PRESS: 

- 	DURATION: 	12 min • 	BURST PRESS: 

- 	DESCRIPTION: • 	VESSEL TYPE: 

• 	VESSEL YOL: 

DYNAMIL PERFORMANCE • 	SEALS: 

- 	BANOWIDTH: - 	GAS GENERATOR 

- 	STEP RESPONSE: • 	PROPELLANT: 

STATIC PERFORMANCE • 	FLOWRATE: 

- 	n~~~~v7'.QN: ~ 	REG. 	YALVE: 

- 	THRESHOLD: • 	TEMP @ ACT: 

- 	HYSTERESiS: • 	PRESS @ ACT: 

- 	CIOSED LOOP STIFFNESS: CONTROL VALVE 

STROKE: 	+30 de - 	OPERATION: 

wEIGHT: - 	CONfIGURATION: 

FEEDBALK ACTUATOR 

- 	TYPE: 	p~~;r;~~ - 	LINEAR: 

- 	METHOD: 	Film potentiometer 	 _ - 	ROTARY: 

EIECTRONIC CONTROLLER - 	ROTARY/LINEAR: 

- 	TYPE: 	DC 
6 	STORED GAS VESSEL SHIPMENT 

- 	SIGNAL LEVEL: 
- 	TYPE GAS: 

LOOP E~ECTRONICS: 	Analoa 
- 	GAS PRESSURE: 

3 	ELECTROMECHANICAL - 	BURST FALTOR: 

- 	MOTOR - 	DOT APPROYAL: 

• 	DC: 	28 V com ound brush 7 	SELECTION CRITERIA AND/OR SPECIAL FEATURES 

• 	AC: 

• 	STEPPER: 

- 	ACTUATOR 

• 	LINEAR: 

• 	ROTARY: 	Ma 	article clutch 

~ 

. 
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— — + 	 ~ 	 ~ • 	 DMIICKI: 

- 	 Other: 	 aPr~. 	1_25 lb-in/de • 	OTHER: 

- 	STORED GAS: 

ACTUATION SYSTEM DESIGN - 	GAS GEN/ACCUM: 

5 PNEUMATIC/WARM GAS RATED CONDITIONS 

- 	DESIGN LOAD: 	pitch: 	190 	lb-in ; Yam ~ roll: 	95 	1b-in SYSTEM 

-$TALL LOAD:Pitch: 	150 16-in 	; Yaw S roll: 	75 lb-in _ 
_ 	

STORED GAS 

- 	DESIGN RATE: 	 sec 

- 	NO LOAD RATE:eitch: 	5 D deq/sec; y 

• 	TYPE GAS: 	x 
— 

• 	SUPPLY PRESS: 

DUTY CYCLE • 	PROOF PRESS: 

- 	DURATION: 	 ec 	-25°F • 	BURST PRESS: 

- 	DESCRIPTION: 	+5° deflection at 1 Hz ~ 	VESSEL TYPE: 

• 	VESSEL VOL: 

DYNAMIC PERFORMANCE • 	SEALS: 

- 	BANDW[DTH: 	 -3 ab - 	GAS GENERATOR 

- 	STEP RESPONSE: 	 hoot at +5 and +10° s eps ~ 	PROPELI.ANT: 

STATIC PERFORMANCE • 	FLOWRATE: 

- 	RESOLUTION: 	pic~h: ±15 deR. Yaw 6 roll: +20 deg • 	REG. 	VAI.VE 

- 	THRESHOLD: 	17.5 	lbs 	(with fins) • 	TEMP @ ACT: 

- 	HYSTERE515: _ • 	PRESS @ ACT: 

- 	CLOSED LOOP STIFFNESS: CONTROL VALVE 

$TROKE: 	Pitch: +16 deg.> Yaw 6 roll: 	+2o deg _ 	OPERATION: _~ 

- 	CONFIGURATION: p~ WEIGHT: 	 17_S 	lbs 	(vith fins) 

FEEDBAf,K ACTUATOR 

- 	TYPE: 	 Position - 	LINEAR: 	2, 

- 	ROTARY: - 	METHOD: 	 Film 	otentiome[er 

ELECTRONIC CONTROLLER - 	ROTARY/LINEAR: 

- 	TYPE: 	 nr. __ 
6 STORE~ GAS VESSEL S 

- 	SIGNAL LEVEL: 	3nv t. 4 amos - 	TYPE GAS: _g 
LOOP ELECTRONICS: 	Analog 

- 	GAS PRESSURE: 1 

ELECTROMECHANICAL - 	BURST FIICTOR: ~ 

- 	MOTOR - 	DOT APPROVAL: ~ 

7 SELECTION CRITERIA ~ 	DC: 

r regulated to 550 

000 psi 

000 psi 

600 psi min. 

inder 

in3 

1 unbalanced area 

• AC: 

• STEPPER: 

- ACTUATOR 

• LINEAR: 	 _ 

~ ROTARY: 

- 10 year s[orage 

- 10,000 G's launch shock 

~ 

-13 - 

MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

. GENEnAL DESCRIPTION 4 	HYDRAULIC 

VENICLE SYSTEM 

- 	NAME: Co 	erhead (M-712) - 	TYPE: 

- 	PRESSURE: 

- 	FLOW: 

- 	TYPE: 	 f'e d 	u 	ort 	Gun Launched) 

- 	CONTRO L• 	 'ns 3 ac[uators) 

- 	COMPANY: M,rrin - 	FLUID: 

- 	PROGRAM: 1 	- - 	SEALS: 

ACTUATION SYSTEM - 	FIITER: 

- 	COMPANY: chandler evans SERVO VALVE 

- 	TYPE PROGRAM: Production 	1981 - - 	OPERATION: 

- 	TYPE DESIGN: Pneumatic - 	CONFIGURATION: 

- 	AXES: Pitch 	aw 	zoll ACTUATOR 

- 	LINEAR• - 	COMPENSATION: 	None 

- 	REDUNDANCY: No - 	ROTARY: 

- 	TEMP. 	RANGE: -25 to +145°F POWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: 	Pitch: 	+16 deg; 	yaw 6 roll: 	+20 deg — — • 	TYPE: 

- 	TYPE: r • 	POWER SOURCE: 

_ 	cucor.v crniorc - 	INERTIA: 	v:r~r,~ 	.nn5~ lb-in-sec z  
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

1 	GENERAL DESCRIPTION 4 HYDRAULIC 	 ~ 

VEHICLE SYSTEM 

- 	NAME: 	Delta 	lst sta e - 	TYPE: 	Recirculating 

- 	TYPE: 	StaRe Launch Vehicle - 	PRESSURE: 	3200 	si 

- 	CONTROL: 	Gimballed nozzle 	2 ac[ua[ors - 	FLOM: 	4 	m 

- 	COMPANY: 	Mc➢onne 	D 	s Flu tin ton Beach - 	FLUID: 

- 	PROGRAM: - 	SEALS: 	Nitrile 

ACTUATION SYSTEM - 	FILTER: 

- 	COMPANV: SERVO VALVE 

- 	TYPE PROGRAM: - 	OPERATION: 

- 	TYPE DESIGN: ~ydraulic - 	CONFIGURATION: 	2-sta e'et 	i e 

- 	AXES: ACTUATOR 

- 	COMPENSATION: - 	IINEAR: 	2 in 2 	balancee 

- 	REDUNOANCY: 	No - 	ROTARY: 

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

LOAD - 	PUMP 

- 	TRAVEL: 	+7 deg • 	TYPE: 	variable 	iston 

- 	TYPE: 	 Combina[ion • 	PONER SQURCE: 	Turbinc driven gearbox 

- 	INERTIA: 	5,880 lb-in-sec 2  - 	ENERGY SOURGE 

- 	f~: • 	BATTERY: 

- 	Other • 	 s~~~o, 	2~,400 }$=~n • 	OTHER: 
coulomb fric: 	10,600 lb-in 

_ 	STORED GAS: 

- 	GAS GEN/ACCUM: 2 	ACTUATION SYSTEM DESIGN 

5 PNEUMATIC/WARM GAS RATED CONDITIONS 

- 	OES16N LOAD: 	96 000 16-in $YSTEM 

- 	STALL LOAD: 	153 500 lb-in - 	STORED GAS 

- 	DESIGN RATE: 	17 dez/sec • 	TYPE GAS: 

- 	NO LOAD RATE: 	30 de 	sec • 	SUPPLY PRESS: 

OUTY CYCLE • 	PROOF PRESS: 

- 	DURATION: 	225 sec • 	BURST PR~SS: 

- 	DESCRIVTION: 	+0.5 deg. 	at 0.5 HZ for 	full • 	VESSEL TYPE: 

• 	VESSEL VOL: 

DYNAMIC PERFORMANCE • 	SEALS: 

- 	BANDWIDTH: - 	6A5 GENERATOR 

- 	STEP RESPONSE: • 	PR07ELLANT: 

STATif. GERfORMANCE • 	FLOWRATE: 

- 	RESOLUTION: • 	REG. 	VALVE: 

- 	THRESHOLD: 	0.04 ma • 	TEMP @ ACT: 

- 	HYSTERESIS: 	0.40 ma • 	PRESS @ ACT: 

- 	CLOSED LOOP STIFFNESS: 	>200 000 	16-i.n/de CONTROL VALVE 

$TROKE: 	 3.3 	in. - 	OPERAT[ON: 

WE[GHT: 	 136 	Lbs - 	CONFIGURATION: 

ACTUATOR FEEDBACK 

- 	TYPE: 	 Position - 	LINEAR: 

- 	METHOD: 	Wire wound 	otentionometer - 	ROTARY: 

ELECTRONIC LONTROLLER - 	ROTARY/LINEAR: 

- 	TYPE: 	 uc 
6 STORED GAS VESSEL SHIPMENT 

- 	SIGNAL LEVEL: 	20 v - 	TYPE 6AS: 
LOOP ELECTRONICS: 	Analo - 	6AS PRESSURE: 

3 	ELECTROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAL: 

7 SELELTION CRITERIA AND/OR SPECIAL FEATURES • 	DC: 

• 	AC: 

• 	STEPPER: 

- 	ACTUATOR 

• 	LINEAR: 

• 	ROTARY: 

i 

~ 
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MISSILE/SPACE VEHICLE ACTUATTON GVCTFM nmm~ ev~~m 

~ 

. 

~ 

ENERA~ DESCRIPTION 

~~HICL: 

- NAME: 	DraROn 

~ TYP~: _ gattlefield Support 

- CDNTROI: Solid Rocket Thrusters 

- COMPANY: Raytheon 

- PRC'GRAM' 	Production, 1978 - 

;~TUF~:ON SYSTEM 

- CDMPANY: Ray[heon 

- TYPE PROGRAM: Production, 1978 - 

- 	TYPE DES[GN: 

- AKES: 	Pi[ch, yav 

- COMPENSAT]ON: 

- 	REDUNDAPICY: 

- TEMP. RANGE: 

LOAD 

- 	TRAVEL: 

- 	TYP~: 

- 	!NERTIA: 

' 	fn 

- 	Cther: 

~CTUATiON SYSTEM DESIGN 

~ATED CO~IDITIONS 

~ESiGN LOAD: 

- STALI LO~D: 

- 	GESiGN ~ATE: 

- NO lOAD RATE: 

DUTY CYLIE 

- DURATION: 

- DESCRIPTION: 

JYNAMIC PERFORMANCE 

- BANDWID?H~ 

- STEP RESPONSE: 

iiATIC PERFORMA~CE 

- RESOWTION: 

- THRESHOLD: 

- 	HYSTERESIS: 

- CLOSEO LOOP STIFFNESS: 

STROKE: 

M1~iGHT: 

=~EDBFCK 

- TYP~: 	None 

- METHOD: 

=_=CTRGNIC CONTROLLER 

- TYPE: 	DC with 50 µsec pulse 

- SIGhAL LEVEL• 	2z-41v 

:COP ELECTRONICS: 

=IECTROMECHANICAL 

MOTOR 

~ DC: 

~ AC: 

• STEPPER: 

- ACTUATOR 

• 11NEAR: 

~ RDTAP.Y: 

NYDRAULIC 

SYSTEM 

- TYPE: 

- 	PRESSURE: 

- 	FLOW: 

- 	FLUI~: 

- SEALS: 

- 	FILTER: 

SERVO VA~VE 

- OPERATION: 

- CONFIGURATION: 

ACTUATOR 

- LINEAR: 

- ROTARY: 

POWER SUPPLY 

- PUMP 

• TYPE: 

• POWER SOURCE: 

- ENERGY SOURCE 

• BATTERY: 

• OTHER: 

- STORED GAS: 

- GAS 6EN/ACCUM: 

PNEUMATIC/WARM GAS 

SYSTEM 

- STORED GAS 

~ TYPE GAS: 

• SUPPLY PRESS: 

• PROOF PRESS: 

~ BURST PRESS: 

~ VESSEL TYFE: 

• VESSEL VOL: 

• SEALS: 

- GAS GENERATOR 

• PROPELLANT: 

~ fLOWRATE: 

• REG. VAIVE 

~ TEMP @ ACT; 

• PRESS @ ACT: 

CONTROL VALVE 

- OPERATION: 

- CONFIGURATION: 

ACTUAIOR 

- LINEAR: 

- ROTARY: 

- ROTARY/LINEAR: 

STORED GAS VESSEL SHIPMENT 

- TYPE GAS: 

- GAS PRESSURE: 

- BURST FACTOR: 

- DOT APPROVAL: 

SELECTION CRITERIA AND/OR SPECIA 

- Spinning vehicle with small thrusters that provide 
steering and sustaining thrust 

- Thrus[ers are fired in pairs 

- Near equilibrium maintained betveen sus[aining 
_ Chrus[ers and aerodvnamic drae. 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

1 	GENERAL DESCRIPTION 4 HYDRAULIC 

VEHILLE SYSTEM 

{ 	- 	NAME: 	Falcon 	(AIM - 4~ - 	TYPE: Blowdown 

ITYPE: 	~ir to air 

— 

PRESSURE: 

- 	CONTP.OL' 	mic fin 	2 actua[ors) - 	FL~W: 0.093 	m 

- 	LOMPANY: 	H~~hes/Tucson - 	FLUID: Bra co 762 

- 	PR06RAM: 	 2- 	1961 - 	SEALS: Nitrile 

ALTURTION SYSTEM - 	FILTER: 

- 	COMPANY: SERVO VALVE 

- 	TYPE PROGRAM: 	duction 	1952-1961 - 	OPERATION: 

- 	TYPE DESIGN: 	Hydraulic - 	CONFIGURATION: 

I 	- 	A%ES: 	 Pitch, 	yaw, 	roll ACTUATOR 

COMPENSATION: LINEAR: 

~ 	- 	REDUNDANCY: - 	ROTARY: r~sh-Push 

- 	TEMP. 	RANGE: POWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: • 	TYPE: 

I- 
	TYPE: • 	POWER SOURLE: 

- 	INERTIA: - 	ENERGY SOURCE 

' 	fn~ • 	BATTERY: 

- 	Other: • 	OTHER: 

- 	ST~RED GA$: 

- 	GAS GEN/ACCUM: 

4 0 	si accumi~la[or 

2 	ALTUATION SYSTEM DESIGN 

5 PNEUMATIC/WARM GAS RATED CONDITIONS 

- 	DESIGN LOAD: SYSTEM 

i 	- 	STALL LOA~: 	16-in - 	STORED GAS 

( 	- 	DESIGN RATE: • 	TYPE 6AS: 

ND LOAD RATE: 	 d 	sec ~' 	SUPPIY PRESS: 

DUTY CYCLE • 	PROOF PRESS: 

~ 	- 	DURATION: • 	BURST PRESS: 

j 	- 	DESCRIPTION: • 	VESSEL TYPE: 

~ • 	VESSEL VOL: 

DYNAMIC PERFORMANCE • 	SEALS: ~ 	

- 	BANDWIDTH: - 	6AS GENERATOR 

- 	STEP RESPONSE: I~ • 	PROPELLANT: 

STAT[C PERFORMANCE • 	FLONRATE: 

~ 	- 	RESDLUTiOii. • 	REG. 	VALVE: 

~ 	- 	THRESHOLD: 	0.3 ma • 	TEMP @ ACT: 

~ 	- 	HYSTERE515: • 	PRESS @ ALT: 

- 	CLOSED LOOD STIFFNE55: CONTROL VALVE 

STROKE: - 	OPERATION; 

WEIGHT: - 	CONFIGURATION: 

FEEDBACK ACTUATOR 

- 	TYPE: - 	LINEAR: 

- 	METHOD: 	wire W ~nd 	oteotiometer - 	ROTARY: 

ELECTRONIC CONTROLLER - 	ROTARY/LINEAR: 

- 	TYVE: 	oc 
6 STORED GAS VESSEL SHIPMENT 

- 	S1GNAl LEVEL: 
- 	TYPE GAS: 

LOOP ELECTRONICS: 	Analo 
- 	GAS PRESSURE: 

3 	ELECTROMECHANICAI - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAL: 

1 SELELTION CRITERIA AND/OR SPECIAL FEATURES • 	~~~ 

• 	AC: 

• 	STEPGER: 

- 	ACTUATOR 

• 	LINEAR: 

• 	ROTARY: 

~ 

/ 

~ 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

~ 

~ 

1 	GENERAL DESCRIPT[ON 4 	HYDRAULIC ! 

E VEHICLE SYSTEM 

- 	NAME: 	Falcon (AIM - FfiG) - 	TYPE: Recirculatin 

- 	TYPE: _ 	Air-to-air - 	PRESSURE •  2090 	si 

- 	CONTROL: 	Aerod namic fin (2 actuators) - 	FLOW: 

- 	COMPANY: 	x«Qhes/Tucson - 	FLU1D: sra co 762 

- 	PROGRAM: 	Production, 	1955 - 1961 -$EALS: Nitrile 

ACTUATION SYSTEM - 	FILTER: 5-15 Micron 

- 	COMPANY: 	Hughes/Tucson SERVO VALVE 

- 	TYPE PROGRAM: 	Production, 	1955-1961 - 	OPERATION: 3-Wa 

- 	TYPE DESIGN: 	xyaraulic - 	CONFIGURATION: 1-sta e 

- 	AXES: 	Picch, yaw, 	roll ACTUATOR 

- 	COMPENSATION: - 	LINEAR: 

- 	REDUNDANCY: 	No - 	ROTARY: Push- ush 

- 	TEMP. 	RANGE: POWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: • 	TYPE: Fixed 	iston 

- 	TYPE: • 	POWER $OURCE: Turbine 

- 	INERTIA: - 	ENERGY SOURCE 

" 	fn~ • 	BATTERY: 

- 	Other: • 	DTNER: 

- 	STORED GAS: 

- 	GAS GEN/ALCUM: 2 	ACTUATIDN SYSTEM DESIGN 

5 	PNEUMATIC/WARM GAS RATED CONDITIONS 

- 	DESIGN LOAD: SYSTEM 

- 	STRLL LOAD: 	150 	1b-in - 	STORED GAS 

- 	DESIGN RATE: • 	TYPE GAS: 

- 	NO LOAD RATE' 	275-375 deR/sec • 	SUPPLY PRE$$: 

DUTY CYCLE • 	PROOF PRESS: 

Ii 	- 	DURAT[ON: • 	BURST PRESS: 

- 	DESCRIPTION: • 	VESSEL TYPE: 

• 	VESSEL VOL: 

DYNAMIC PERFORMANCE • 	SEALS: 

- 	BANDWIDTH: - 	GRS GENERATOR 

- 	STEP RESPONSE: • 	PROPELLANT: 

STATIC PERFORMANCE • 	FLOWRATE: 

~ 	 - 	 Ht~ULUliui:: 
• 	 REG. 	VALVE: 

- 	THRESHOLD: 	 a • 	TEMP @ ACT: 

- 	HYSTERESIS: • 	PRESS @ ACT: 

- 	CLOSED LOOP STIFFNESS: CONTROL VALVE 

STROKE: - 	OPERATION: 

- 	CONFIGURATION: 

ACTURTOR 

WEIGHT: 

FEEDBACK 

- 	TYPE: - 	LINEAR: 

- 	METHDD: 	 eter - 	ROTARY: 

ELECTRONIC LONTROLLER - 	ROTARY/LINEAR: 

- 	TYPE: 
6 	STORED GAS VESSEL SHIPMENT 

- 	SIGNq L LEVEL: 
- 	TYPE GAS: 

LOOP ELECTRONICS: 	~n,,l~e_ 
_ 	GRS PRESSURE: __ 

3 	ELECTROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAI: 

1 	SELELTION CRITERIA AN~/OR SPECIAL FEATURES • 	DC: 

• 	AC: 

• 	STEPPER: 

- 	ACTUATOR 

• 	LINEAR: 

• 	ROTARY: 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

I 	GENERAL DESGRIPTION 4 HYDRAULIC 

VEHILLE SYSTEM 

- 	NAME: 	GBU-15 - 	TYPE: 

- 	TYPE: 	Air-to-surface - 	PRESSURE: 

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

- 	COMPANY: 	Rockwell - 	FLUID: 

- 	PROGRAM: 	Production, 	1974 - - 	SEALS: 

ACTUATfON SYSTEM - 	FILTER: 

- 	COMPANY: 	6arrett/Phoenix SERVO VALVE 

- 	TYPE PROGRAM: 	Production, 	1974 - - 	OPERATION: 

- 	TYPE DESIGN: 	Pneumatic - 	CONFIGURATION: 

- 	AKES: 	Pitch, yaw, 	roll ACTUATOR 

- 	COMPENSA?ION: 	Electronic - 	LINEAR: 

- 	REDUN~ANLY: 	No - 	ROTARY: 

- 	TEMP. 	RANGE: 	-65 to +130°F POWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: 	+10 deg • 	TYPE: 

- 	TYPE: 	Inertia • 	POWER SOURCE: 

- 	INERTIA: 	0.05 lb-in-sec - 	ENERGY SOURGE 

- 	fn~ • 	BATTERY: 

- 	Other: ~ 	OTHER: 

- 	STORED GAS: 

- 	GAS GEN/ACCUM: 2 	ACTUATION SYSTEM OESIGN 

5 PNEUMATIC/WARM GAS RATED CONOITIONS 40 lb-in 	opposing and 
- 	DESIGN LOAD: 	20 lb-in 	aidin SYSTEM 

- 	STALL LOAD: 	625 lb-in - 	STORED GAS 

- 	DES[GN RATE: • 	TYPE GAS: 	He regulated to 775 psi 

- 	NO LOAD RATE: 	100 tleb/sec • 	SUPPLY PRES5:7800 	si 

DUTY CYCLE • 	PROOF PRESS: 

- 	DURATION: 	16 min • 	BURST PRESS: 

- 	DESGR[PTION: • 	VESSEL TYPE:S here 

• 	VESSEL VOL: 	230 in 

DYNAMIC PERfORMANCE • 	SEALS: 

- 	BANDWIDTH: 	9 Hz based on -3 dB - 	GAS GENERATOR 

- 	STEP RESPONSE: • 	PROPELLANT: 

STATIC PERFORMANCE • 	FIOWRATE: 

- 	RESDLUTION: 	 0.5 deg max • 	REG. 	VALVE: 

- 	THRESHOLD: 	0.5 deg max • 	TEMP @ ACT: 

- 	HYSTERESIS: 	0.5 deg max ~ 	PRESS @ ACT: 

- 	ELOSED LOOP STIFFNESS: CONTROL VALVE 

STROKE: 	+p0 de - 	OPERATION: Pro ortional 	solenoid 

WEIGHT: 	63 lbs - 	LONF[GURAT10N~losed center 

ACTUATOR FEEDBACK 

- 	TYPE: 	Position - 	LINEAR: 	2/1 unbalanced area 

- 	METHOD: 	Film potentiometer - 	ROTARY: 

ELECTRONIC CONTROILER - 	ROTARY/LINEAR: 

- 	TYPE: 	 ~~ 
6 STORED GAS VESSEL SHIPMENT 

- 	SIGNAL LEVEL: 	28 Y and 4 amps 
- 	TYPE GAS: 

LOOP ELECTRONICS: 	Analog 
- 	6A5 PRESSURE: 

3 	ELECTROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROYAL: 

7 SELECTION CRITERIA AND/OR SPECIAL fEATURES • 	DC: 

• 	AC: 

• 	STEPGER: 10 year storage and wide temperature range 

- 	ACTUATOR 

• 	LINEAR: 

• 	kOTARY: 

~ 

~ 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

~ 

~ 

~ 

GENERAL DESCRIPTION 

VEHICLE 

- NAME: 	xnwx 

- TYPE: 	Surface-to-air 

- CONTROL: 	Aerodvnamic fin (4 actuators) 

- COMPANY: 	Ravtheon 

- PROGRAM: 	Production, 1959 - 

ACTUATION SYSTEM 

- COMPANY: 	Raveheon 

- TYPE PROGRAM: 	Production, 1959 - 

- TYPE DESIGN: Hvdraulic 

- AXES: 	Pitch, vaw, roll 

- COMPENSATION: 	No 

- REDUNDANCY: 	No 

- TEMP. RANGE: 	-25 to +165°F 

LOAD 

- TRAVEL: 	+30 deg 

- TYPE: 	Tnertia & coulomb fr~ 

- INERTIA: 	0.1 lb-in-sec 

f~. - 

- OLhBY: 	c~~~lnmh fricrion: 230 lb-in 

ACTUATION SYSTEM DESI6N 

RATED CONDITIONS 

- DESIGN LOAD: 	1670 lb-in 

- STA~L LOAD: 	2300 lb-in 

- DESI6N RATE: 	300 deA/sec 

- NO LOAD RATE: 	450 dee/sec 

DUTY CYCLE 

- DURATION: 	> g0 sec 

- DESCRIPTION: 	6000 de~ total travel 

DYNAMIC PERFORMANCE 

- BANDWIDTH: 	20 Hz based on G= 90° 

- STEP RESPONSE: 

STATIC PERFORMANCE 

- RESOLUTION: 	0.01 dea 

- THRESHOLD: 	0.02 deg 

- HYSTERESIS: 	<0.50 deg 

- CLOSED LOOP STIFFNESS: 	>12,000 psi/ma 

STROKE: 	+30 deg 

WEIGNT: 	i8 lbs 

FEEDBACK 

- TYPE: 	Position 

- METH~D: 	Film tvne notentiometer 

ELECTRONIC CONTROLIER 

- TYPE: 	Dc 

- SIGNAL LEVEL: 	+15 ma 

tMD FIFfTRllNiff• 	Analoe 

ELECTROMECHANICAL 

- MOTOR 

• DC: 

~ AC: 

• STEPPER: 

- ACTUATOR 

• LINEAR: _ 

~ ROTAP,Y: 

HYDRAULIC 

SYSTEM 

- TYPE: 	Blowdown 

- PRESSURE: 2000 osi 

- FLOW: 	8 enm 

- FLUID: 	MIL-H-5606 

- $EALS: 	R~lyurethane 

- FILTER: 	None 

SERVO VALVE 

- OPERATION: 	7-wav flow control 

- CONFIGURATIDN: 	2-staee 

ACTUATOR 

- LINEAR: 	2:1 unbalanced push-push 

- ROTARY: 

POWER SUPPLY 

- PUMP 

• TYPE: 

• POWER SOURCE: 

- ENERGY SOURCE 

• BATTERY: 

• OTNER: 

- STORED GAS: __ _ N~ Accumulator 

- GAS GEN/ACCUM: 

PNEUMATIC/WARM GAS 

SYSTEM 

- STORED GAS 

• TYPE GAS: 

~ SUPPLY PRESS: 

• PROOF PRE55: 

• BURST PRESS: 

• VESSEL TYPE: 

~ VESSEL VOL: 

• SEALS: 

- GAS GENERATOR 

• PROPELLANT: 

• FLOWRATE: 

• REG. VALVE: 

• TEMP @ ACT: 

• PRESS @ AGT: 

CONTROL VALVE 

- OPERATION: 

- CONFIGURAT[ON: 

ACTUATOR 

- LINEAR: 

- ROTARY: 

- ROTARY/LINEAR: 

'̀~TORED GAS YESSEL SHIPMENT 

- TYPE GAS: 

- GAS PRESSURE: 

- BURST FACTOR: 

- DOT APPROVAL: 

J.ELECTI~N CRITERIA ANO/OR SPELIAL FEATURES 

- Low leakage servo valves 

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

~ 

GENERAL DESCRIPTION 

VEHICLE 

- NAME: Hellfire 

- TYPE: Air-to-surface 

- CONTP.OL: Aerodynamic fin (4 actuators 

- LOMPANY: Rockwell 

- PROGRAM: Production, 1917 - 

ACTUAT[ON SYSTEM 

- LOMPANY: Rockwell 

- TYPE PROGRAM: Production, 1977 - 

- TYPE DESIGN: Pneumatic 

- AXES: 	P~tch, yaw, roll 

- GOMPENSATION: 	Electronic 

- REDUNDANCY: No 

- TEMP. RANGE: 	-45 to +145°F 

LOAD 

- TRAVEL: +z0 deg 

- TYPE: 	Inertia 

- INERTIA: 0.01 lb-in-secZ 

_ f~; 

- Other: 

ACTUATION SYSTEM DESIGN 

RATED CONDITIONS 

- DESlGN LOAD: 

- STALL LOAD: 120 lb-in 

- DESIGN RATE: 

- NO LOAD RATE: 400 deg/sec 

DUTY CYCLE 

- DURATION: 46 sec 

- DESCRIPTION: 

DYNAMIC PERFORMANCE 

- BANOWIDTH: 16 Hz based on 	~= 90° 

- STEP RESPONSE: 

STATIC PERFORMANCE 

- Ht~U~uTiu"~~: 0.2 deg max 

- THRESHOLD: 0.2 deg max 

- HYSTERESIS: 	0.2 deg max 

- CLOSED LOOP STIFFNESS: z500 lb-in/rad 

STROKE: +0.38 in 

WEIGHT: 	9.1 lbs 

FEEDBACK 

- TYPE: 	Position 

- METHOD: Film potentiometer 

EIECTRDNIC CONTROLLER 

- TYPE: PWM at 125 Hz 

- SIGNAL LEVEL: 	28 VDC & 1.5 amps 

I OOP FI FCTRONiLS: AOdIOq 

ELECTROMECHANICAL 

- MOTOR 

e OC: 

• AC: 

• STEPPER: 

- ACTUATOR 

~ LINEAR: _ 

• ROTARY: 

HYDRAULIC 

SYSTEM 

- TYVE: 

- PRESSURE: 

- FLOW: 

- FLUID: 

- SEALS: 

- FILTER: 

SERVO VALVE 

- OPERATION: 

- CONFIGURATION: 

ACTUATOR 

- LINEAR: 

- ROTARY: 

POWER SUPPLY 

- PUMP 

• TYPE: 

• POWER SOURCE: 

- ENERGY SOURCE 

~ BATTERY: _ 

• OTHER: 

- STORED GRS: 

- GAS GEN/ACCUM: 

PNEUMATIC/WARM GAS 

SYSTEM 

- STORED GRS 

• TYPE GAS: T r~gulated tc 

• SUPPLY PRESS:g~~p s~_ 

• PROOF PRESS: 

• BURST PRESS: 

• VESSEL TYPE:Sphere 

• VESSEL VOL: 50 i~ 

• $EA~$: 	Teflon, Nitri 
	

Silicone 

- GAS GENERATOR 

• PROPELLANT: 

• FLOWRATE: 

• REG. VALVE: 

• TEMP @ ACT: 

• PRESS @ ACT: 

LONTROL VALVE 

- OPERATION: 3-way solenoid 

- CONFIGURATION: Ooen center 

ACTUATOR 

- LINEAR: 2/1 unbalanced area 

- ROTARY: 

- ROTARY/LINEAR: 

STORED GAS VESSEL SHIPMENT 

- TYPE GAS: 

- GAS PRESSURE: 

- BURST FACTOR: 

- DOT APPROVAL: 

SELECTION CRITERIA AND/OR SPECIAL FEATURES 

10 year storage, cost and packaging - thermo 
setting plastic pistons and actuator housings 

~ 

, 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

~ 

~ 

~ 

GENERAL DESCRIPTION 

VEHICLE 

- NAME: HOBOS (GBU-8) 

- TYPE: A ir-to-surface 

- CONTP.OL: Aerodynamic fin (4 actuators) 

- COMPANY: Rockwell 

- PROGRAM: P roduction, 1967-1975 

ACTUATION SYSTEM 

- COMPANY: Ghandler Evans 

- TYPE PROGRAM: Production, 1967-197 5  

- TYPE DESIGN: 	Pneumatic 

- AXES: 	p~t~h vaw rol l  

- COMPENSATION: 	Electronic 

- REDUNDRNCY: _~~ 

- TEMP. RANGE: 	-13 to +131°F 

LOFD 

- TRAVEL: +20 de ❑ 

- TYPE: 	Inertia ana aero 

- INERTIA: 

_ 	f~; 

- Other: 	Aero: 7.0 	lb-i~n/deg 

J ACTUATION SYSTEM DES[GN 

RATED CONDITIONS 

- DES]GN LOAD: 350 lb-in 

- STALL LOAD: 	540 lb-in 

- DESIGN RATE: pp ~P~cp~ 

- NO LOAD RATE: 	100 lU-in 

DUTY CYLLE 

- DURAT]ON: 7 p~ cec 

- DESCRIPTION: 

DYNAMIC PERFORMANCE 

- BANDWIDTH: g Hz based on 0= 90' 

- STEP RESPONSE: 

STA71C PERFORMANCE 

- RESOLUTIUn: 0.5 deg max 

- THRESNOLD: 	0.5 deg max 

- HYSTERESIS: 	0 5 deg max 

- CLOSED LOOP STIFFNESS: 

STROKE: ±21 deq 

WEIGHT: 	46 lbs 

fEEDBACK 

- TYPE: 	onc;r;on 

- METHOD: Film potentiometer 

ELECTRONIC CONTROLLER 

- TYPE: 	PWM at 100 Hz 

- SIGNAL LEYEL: 	28 VDC 

LOOP ELECTRONICS: Analoq 

ELECTROMECHANICAL 

- MOTOR 

• DC: 

~ AC: 

• STEPPER: 

- ACTUATOR 

• LINEAR: 

• ROTARY: 

HYDRAULIC 

SYSTEM 

- TYPE: 

- PRESSURE: 

- FLOW: 

- F~UID: 

- SEALS: 

- FILTER: 

SERVO VALYE 

- OPERATION: 

- LONFIGURATION: 

ACTUATOR 

- LINEAR: 

- ROTARY: 

POWER SUPPLY 

- PUMP 

• TYPE: 

• POWER SOURCE: 

- ENERGY SOURCE 

• BATTERY: 

~ OTHER: 

- STORED GAS: 

- GAS 6EN/ACCUM: 

PNEUMATIC/WARM GAS 

SYSTEM 

- STORED GAS 

• TYPE GAS: 	N~ reaulated to 550 psi 

• SUPPLY PRESS: 7000 psi 

• PROOF PRESS: 11.900 Qsi 

• BURST PRESS: 15,400 psi 

~ VESSEL TYPE: Sphere 

• VESSEL VOL: 225 in3 

• SEALS: 	Nitrile 

- GAS GENERATOR 

• PROFELLANT: 

• FLOWRATE: 

• RE6. VALVE: 

• TEMP @ ACT: 

• PRESS @ ACT: 

CONTROL VALVE 

- OPERATfON: 	z_way cnlanoid 

- CONFIGURATION: 	Onan cPnter 

ACTUATOR 

- LINEAR: 2/1 unbalanced area 

- ROTARY: 

- ROTARY/LINEAR: 

STORED GAS VESSEL SHIPMENT 

- TYPE GAS: 

- GAS PRESSURE: 

- BURST FACTOR: 

- DOT APPROVAL: 

Cost primary factor 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

1 	GENERAL DESGRIPTION 4 	HYDRAULIC 

VEHICLE SYSTEM 

- 	NAME: 	Hornet - 	TYPE: 

- 	TYPE: 	p~r-to-surface - 	PRESSURE: 

- 	CONTP,OL: 	Aerodynamic fin 	(4 actuators) - 	FLOW: 

- 	COMPANY: 	Rockwell 	 ___ - 	FLUID: 

- 	PROGRAM: 	Development, 1961-1969 - 	SEALS: 

ACTUATION SYSTEM - 	FILTER: 

- 	COMPANY: 	Chandler Evans SER40 VALVE 

- 	TYGE PROGRAM: 	Development, 1961-1969 - 	OPERA710N: 

- 	TYPE DESIGN: 	
Pneumatic - 	CONFIGURATION: 

- 	AXES: 	Pitch 	aw, roll ACTUATOR 

- 	COMPENSATION: 	Etectronic - 	LINEAR: 

- 	REDUNDANCY: 	No - 	ROTARY: 

- 	TEMP. RANGE: POWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: 	+2_ Q deg • 	TYPE: 

- 	TYPE: • 	POWER SOURLE: 

- 	INERTIA: - 	ENERGY SOURCE 

- 	f~: • 	BATTERY: 

- 	Other: • 	OTHER: 

- 	STORED GAS: 

- 	GAS GEN/ACLUM: 
2 	ACTUATION SYSTEM DESIGN 

5 	PNEUMATIG/WARM GAS 
RATED CONDITIONS 

- 	OESIGN LOAD: SYSTEM 

- 	STALL LOAD: 	100 lb-in -$TORED 6A5 

- 	DESIGN RATE: • 	TYPE GAS: N 	re ulated to 500 	si 

- 	NO LOAO ~ATE: 	qpp dPg/~ae • 	SUPPLY FRESS: 8000 	si 

DUTY CYCLE • 	PROOF PRESS: 

- 	DURATION: • 	BURST PRESS: 

- 	DESCRIPTION: • 	VESSEL TYPE: Sphere 

• 	VESSEL VOL: 

DYNAMIC PERFORMANCE • 	SEALS: 

- 	BANDWIDTH: 	Hz based on 	= 90° - 	GAS GENERATOR 

- 	STEP RESPONSE: • 	PROPEILANT: 

STATlC PERFORMANCE • 	fIOWRATE: 

- 	RESOLUIIUn: • 	REG. 	VALVE: 

- 	iHRESHOLD: • 	TEMP @ ACT: 

- 	NYSTERESIS: • 	PRESS @ ACT: 

- 	CLOSED 100F STIFFNESS: CONTROL VALYE 

STROKE: 	+20 deg - 	OPERATION: 2-wa 

wEIGHT: 	10 lbs - 	CONFI6URATION: 	enoid 

FEEDBACK ACTUATOR 

- 	TYPE: 	x~ne - 	LINEAR: 	Balanced 

- 	METHOD: - 	ROTARY: 

ELECTRONIC CONTROLLER - 	ROTARY/LINEAR: 

-, 	TYPE: 	DC 
6 	STORED GAS VESSEL SH[PMENT 

- 	SIGNAL LEVEL: - 	TYPE GAS: 
100P ELECTRONICS: 	Analog - 	GAS PRESSURE: 

3 	ELECTROMECHANICA~ - 	BURST FACTOR: 

- 	MOTOR - 	OOT APPROVAL: 

7 	SELECTION CRITERIA AND/OR SPECIAL FEATURES • 	DC: 

• 	AC: 

• 	STEPPER: 

- 	ACTUATOR 

• 	LINEAR: 

• 	ROTARY: 

~-.~~~ 

/ 

. 

~ 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

~ 

~ 

. 

1 	GENERAL DESCRIPTION 4 HYDRAULIC 

VEHICLE SYSTEM 

- 	NAME: 	IUS (Inertial 	Upper Stage) - 	TYPE: 

- 	TYPE: 	Space Launch Vehicle - 	PRESSURE: 

- 	CONTP.OL: 	Gimballed Nozzle 	(2 actuators) - 	FLOW: 

- 	COMPANY: 	United Technology - 	FLUID: 

- 	PROGRAM: 	Production, 1979- - 	SEALS: 

ACTUATION SYSTEM - 	FILTER: 

- 	COMPANY: 	United Technology SERVO VALVE 

- 	TYFE PROGRAM: 	Production, 1979- - 	OPERATIQN: 

- 	TYPE DESIGN: 	Electromechanical - 	~pNFIGURAT[OR: 

- 	AXES: 	 Pitch, Yaw ACTUATOR 

- 	COMPENSATION: 	Electronic - 	LiNEAR: 

- 	REDUNDANCY: 	Yes - 	ROTARY: 

- 	TEMP. RANGE: 	-34 to +72°C POMER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: 	+ 7 de • 	TYDE: 

- 	TYPE: 	Combination • 	POWER SOURCE: 

- 	INERTIA: 	 Z - 	ENEAGY SOURCE 

' 	fn~ • 	BATTERY: 

- 	Othe r. 	
~Pring: 	600 16-tn/aeg 

~ 	aTMER: 
ou om 	r C: 	lb-in 

Offset: 	1800 lb-in - 	STORED GAS: 

- 	GAS GEN/ACCUM: ACTUATION SYSTEM DESIGN 

5 PNE~MATIC/WARM GAS RATED CONDITIONS 

- 	DESIGN LOAD: 	1000 lb-in SYSTEM 

-$TALL LOAD: 	1000 lb-in - 	STORED GAS 

- 	DESIGN RATE: •- 	TYPE GAS: 

- 	NO LOAD RATE: 	20 de /sec • 	SUPPLY PRESS: 

DUTY CYCLE • 	PROOF PRESS: 

- 	DURATION: • 	BURST PRESS: 

- 	DESGRIPTION: 	20% for 50 sec • 	VESSEL TYPE: 

• 	VESSEL VOL: 

DYNAMIC PERFORMANCE • 	SEALS: 

- 	BANDwIDTH: 	5 Hz based on -3 d6 - 	GAS GENERATOR 

- 	STEP RESPONSE: 	0.016 in. 	ste 	; 0.4 sec to 90% • 	PROPELLANT: 

STAT[C PERFORMANCE ~ 	fIOWRATE: 

- 	HtJULUTiu'i~: 	0.001 	in. • 	REG. 	VALVE: 

- 	TNRESHOLD: 	0.001 	in. • 	TEMP @ ACT: 

- 	HYSTERESIS: 	0.001 	in. • 	PRESS @ AGT: 

- 	CLOSED LOOP STIFFNESS: CONTROL VALVE 

STROKE: 	2 	in. - 	OPERATION: 

- 	CONFIGURAT[ON: WEIGHT: 	30 lbs 

FEEDBACK ACTUATOR 

- 	TYPE: 	 ted rate - 	LINEAR: 

- 	METHOD: 	film potentiometer - 	ROTARY: 

ELECTRONIL CONTROLLER - 	ROTARY/LINEAR: 

- 	TYPE: 	DC and variable freq. 	PWM 
6 STORED GAS VESSEL SNIPMENT 

- 	SlGNAL LEVEL: 	26-32 V@ 30 amp max 
' - 	TYPE GAS: 

LOOP ELECTRONILS: 	Analog 
- 	GAS PRESSURE: 

3 	ELECTROMELHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAL: 

7 SELELTION GRITERiA AND/OR SPECIAL FEATURES • 	DC: 	Brush motor @ 10 V and 35 A 

• 	AC: 

• 	STEPPER: 
- Performance and cleanliness 

- 	AC7UATOR - Dual motors for redundancy 
• 	LINEAR: 	Ballscrew with brake 

• 	ROTARY: 
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HYDRAULIC 

SYSTEM 

- TYPE: 	RecirculatinR 

- PRESSURE: 3200 psi 

- FLOW: 	0 2 om 	 — 

- FLUID: 	Bravco Ik762 

- SEALS: 	Ni[rile fluorosilicone, te£lon 

- FI~TER: 	3 micron 

SERVO VALVE 

- OVERATION: 3-vav 

- CONFIGURAT[ON: 	1-staee (direct drive) 

ACTUATOR 

- LINEAR: 	2•1 ~nbalanced area 	 _ 

- ROTARV: 

POWER SUPPLY 

- PUMP 

• TYPE: 	Free oiston intensifier 

• POWER $OURCE: He reRulated to S00 psi 

- ENERGY SOURCE 

• BATTERY: 

• OTHER: 

- STORED GAS: 	7500 vsi Ne 

- 6A5 GEN/ACCUM: Accum. vressurized With 500 psi 

PNEUMATIC/WARM GAS 

SYSTEM 

- STORED GAS 

• TYPE GAS: 	Helium 

• SUPPLY PRESS: 	7500 nsi 

• GROOF PRE55: 	13.460 osi 	 _ 

• BURST PRESS: 	16,440 pai 

• VESSEL TYPE: 	Steel reservoir 

• VESSEI VOL: 	68 in 3 	 _ 

• SEALS: 	Crush tvne metal 

- GAS GENERATOR 

• PROPELLANT: 

~ FLOWRATE: 

• REG. VALVE: 

• TEMP @ ACT: 

• PRESS @ ACT: 

CONTROL VALVE 

- OPERATION: 

- CONFIGURATION: 

ACTUATOR 

- LINEAR: 

- ROTARY: 

- ROTARY/LINEAR: 

STORED GAS VESSEL SNIPMENT 

- TYPE GAS: 	Helium 

- GAS PRESSURE: 	7500 psi 

- BURST FACTOR: 	2.2 

- DOT APPROVAL: 	Yes 

A AND/OR SPEC 

- Free piston pump strokes upon demand 

- Flexible ac[uator connec[ing rod 

- Self filling accumula[or prior to system activation 

~ 

~ 

-24- 

MTSRTi.F./SPA~E VEHICLE ACTUATION SYSTEM DATA SHEET 

GENERAL DESCRIPTION 

VEH[LLE 

- NAME: 	Maverick 

- TYPE: 	Air-to-surface 

- CONTP,~L: 	A odvnamic fin ~4 a 

- COMPANY: 	Hughes/Tucson 

- PROGRAM: 	Production, 1969 - 

ACTl1ATI0N SYSTEM 

- COMPANY: 	Na[ional Water Lift 

- TYPE PROGRAM: Production, 1969 - 

- TYPE DESIGN: y~,~.a„i;~ 

- AXES: 	Pitch, yav, roll 

- COMPENSA?fON: 	Electronic 

- REDUNDANCV: 	No 

- TEMP. RRNGE: 	-65 co +16o°F 

LOAD 

- TRAVEL: 	+30 deg 

- TYPE: 	Aero and inertia 

- INERTIA: 	.009 16-in-secz 

_ {~; 

- Oth2r: 	Aero: 125 lb-in 

ACTUATION SYSTEM DESIGN 

RATED CONDITIONS 

- DESIGN LOAD: 	125 lb-in 

- STALL LOAO: 	350 lb-in 

- DESIGN RATE: 	300 dea/; 

- NO LOAO RATE: 	350 de¢/! 

DUTY CYCLE 

- DURATION: 	105 sec 

- DESCRIPTION: ann°~~P~_ 2 1: 

OYNAMIC PERFORMAIV~~~sec @ 13016-in for d~ 

- fiANDWIDTH: 	13 Hz based on $= 90° 

- STEP RESPONSE: 3~ ~~y with <15%-oversl 

STATIG PERFORMANCE 

- RESOLUTION: 	1 5 deE 

- THRESHOLD: 	<0.05 deg 

- HYSTERES[S: 	<0.42 deg 

- CLOSED LOOP STIFFNESS: 	>15001b-in/deg_ 

STROKE: 	 +30 deg 

WEIGHT: 	 47 lbs 

FEEDBACK 

- TYPE: 	Posi[ion 

- METHOD: 	Film potentiometer ~rotary) 

ELELTRONIC CONTROLLER 

- TYPE: 	DC 

- SIGNAL LEVEL: 	28 VDC~ 600 ma 

100P ELECTRONICS: 	[+nalog 

ELECTROMECHANICAL 

- MOTOR 

• DC: 

~ AC: 

• STEPPER: 

- ACTUATOR 

~ LINEAR: 

• ROTARY: 	 _ 
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MISSILE/SPACE VEHICLE ACTIIATION SYSTEM DATA SHEET 

~ 

~ 

r 

1 	GENERAL DESCRIPTION 4 HYDRAULIC 

VEHICLE SYSTEM 

- 	NAME: 	Minuteman I, lst Stage - 	TYPE: 	Recirculating 

- 	TYPE: 	Surface-to-Surface (ICBM) - 	PRESSURE: 	3000 psig 

- 	CONTROL: 	4 hinged nozzles (1 actuator per nozzle - 	FLOW: 	3 J 2 GPM 

- 	COMPANY: 	Autonetics - 	fLUID: 	MIL-H-5606 

- 	PROGRAM: 	Production, 1959-1966 - 	SEALS: 	Nitriie 

ACTUATION SYSTEM - 	FILTER: 	15 µ 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: 

- 	TEMP. 	RANGE: 	+40°F to +275°F POWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: 	'8 deg • 	TYPE: 	Variable piston 

- 	TYPE: Primarily inertia & coulomb friction • 	POWER SOURCE: 	z$ VDC motor, 320 amps 

- 	INERTIA: - 	ENERGY SOURCE 

- 	fn~ • 	BATTERY: 	silver - zinc 

- 	Other: • 	OTHER: 

- 	STORED GAS: 

- 	GAS 6EN/ACCUM: 2 	ACTUATION SYSTEM DESIGN 

5 PNEUMATIC/WARM GAS RATED CONDITIONS 

- 	DESIGN LOAD: 	14,600 lb-in $YSTEM 

- 	STALL LOAD: 	26,000 lb-in - 	STORED GAS 

- 	DESIGN RATE: 	2a deg/sec • 	TYPE GAS: 

- 	NO LOAD RATE: 	z8•8 deg/sec ~ • 	SUPPLY PRESS: 

DUTY CYCLE • 	PROOF PRESS: 

- 	DURAT[ON: 	60 sec • 	BURST PRESS: 

- 	DESCRIPTION: Considerable activity at staging, ~ 	VESSEL TYPE: 

ver 	little at other times. • 	VESSEL VOL: 

DYNAMIC PERFORMANCE • 	SEALS: 

- 	BANDWIDTH: 	8 Hz based on -3 db - 	GAS GENERATOR 

- 	STEP RESPONSE: • 	PROPELLANT: 

STATIC PERFORMANCE • 	FLOWRATE: 

- 	RESDLUTION: • 	RE6. 	VALVE: 

- 	THRESHOLD: • 	TEMP @ AGT: 

- 	HYSTERESIS: • 	PRESS @ ACT: 

- 	CLOSED LOOP STIFFNESS: CONTROL VALVE 

STROKE: 	3 	IN - 	OPERATION: 

- 	CONFIGURA7ION: 

ACTUATOR 

WEIGHT: Actuators-5.4 lb ea; motor/ um 	- 29.0 lbs 

FEEDBACK 

- 	TYPE: 	Position - 	LINEAR: 

- 	METHOD: 	LVDT - 	ROTARY: 

ELECTRONIC CONTROLLER - 	ROTARY/LINEAR: 

- 	TYPE: 	PWM @ 5000 Hz 
6 STORED GAS VESSEL SHIPMENT 

- 	SIGNAL LEVEL: 	S ma 
- 	TYPE GAS: 

LOOP ELECTRONILS: 	Analo 
- 	GAS PRESSURE: 

3 	ELECTROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAL; 

7 SELECTION CRITERIA AND/OR SPECIAL FEATURES • 	DC: 

Ability to perform full 	system checkout with 
~ 	AC: 

• 	STEPPER: vehicle installed in silo was primary criteria. 

- 	ACTUATOR 

• 	LINEAR: 

• 	ROTARY: 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

6ENERAL DESCRIPTION 

VEHICLE 

- NAME: 

- TYPE: 

- CONTROL: 4 hinee 

- COMPANY: 

- PROGRAM: 

ACTUATION SYSTEM 

- COMPANY; 

- TYPE PROGRAM: 
	

on. 1959-1966 

- TYPE DESIGN: 

- AXES: 

- COMPENSATION: 

- REDUNDANCY: 

- TEMP. RANGE: 

LOAD 

- TRAVEL: 

- TYPt: 	Primari 

- 	INFRT[A: 

- 	f~: 

- Other: 

ACTUATION SYSTEM OESIGN 

RATED CONDITIONS 

- DESIGN LOAD: 	Q_5 

- STALL LOAD: 	13y 

- DESIGN RATE: 	pp 

- NO LOAC RP,TE: 	37 

- UVKh111VIY: _ 

- DESCRIFTIO'rL 

- STEP RESPONS'c: 

STATIC PERFORMANCE 

- RESOLUTION: 

- THRESHOLD: 

- HYSTERESIS: 

- CLOSED LODP STIFFNESS: 

STROKE: 	 2 in. 

WEIGHT: Actuator-3.4 lbs. e 

FEEDBACK 

- TYPE: 	 Position 

- METHOD 	 ~vDr 

ELECTRONIC CONTROLLER 

- TYPE: 	 PWM @ 5000 xz 

- SIGNAL LEVEL: 	8 ma 

LOOP ELECTRL`41CS: 	Analog 

ELECTHOMECHAiJICAL 

- MOTOR 

• DC: 

~ AC: 

• STEPPER: 

- ACTUATOR 

• LINEAR: 

• ROTARY: 

HYDRAULIC 

SYSTEM 

- 	TYPE: Recircu 

- 	PRESSURE: 3000 os 

- 	FLOW: z.49 Gr. 

- 	FLUID: niL-x-s 

- 	SEALS: Nitrile 

- 	FILTER: 15u absol 

- ur[ttN~lun: 	1-vay flow 

- CONFIGURATION: 2-staee 	 or 

ACTUATOR 	 jet pipe 

- LINEAR: 	~:1 ~a6ala 

- ROTARY: 

POWER SUPPLV 

- PUMP 

• TYPE: 	Variable u 

• POWER SOURCE: 	Zg 

- ENERGY SOURCE 

• BATTERY: 	siLver - z 

• OTNER: 

- STORED GAS: 

- GAS GEN/ACCUM: 

PNEUMATIC/WARM GAS 

SYSTEM 

- STORED GAS 

~ TYPE GAS: 

• SUPPLY PRESS: 

• PROOF PRESS: 

• BURST PRESS: 

• VESSEL TYPE: 

• VESSEL VOL: 

• SEALS: 

- GAS GENERATOR 

• PROPELIANT: 

• FLOWRATE: 

• REG. `JALVE: 

• TEMP @ ACT: 

• PRESS @ ACT: 

-18.1 lbs. 	- CONFIGURATION: 

ACTUATOR 

- LINEAR: 

- ROTARY: 

- ROTARY/LINEAR: 

6 STORED GAS VESSEL SHIPMENT 

- 	 - TYPE GAS: 

_ 	 - GAS PRESSURE: 

- BURST FALTOR: 

- DOT APPROVAL: 

7 ISELECTION CR[TERIA AND/OR SPECIAL FEATURES 

Ability [o perform full system checkout with 

vehicle installed in silo was primary critieria. 

~ 

~ 

.~ 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

~ 

~ 

~ 

1 	6EYERAL DESCFIPTION 4 	HYDRAULIC 	 I 

VEHICLE SYSTEM 

- 	NAME: 	Minuteman i 	3rd Sta e - 	TYPE: 	Recirculatin 

- 	TYPE: 	SurEace-to-surface 	IcsM) - 	PRESSURE: 

- 	CONTROL: 	4 hin ed nozzles• 	1 actuator 	er nozzl ) 	- 	FLOW: 	1 	GPM 

- 	COMPANY: 	. - 	FLUID: 	MI -H- 606 
- 	PROGRAM: 	Production, 	1959-1966 - 	$EALS: 	Nitrile 

ACTUATION SYSTEM - 	FILTER: 	1 	absalute 
~ 	- 	COMPANY: 	etics SERVO VALVE 

i 	- 	TYPE PROGRAM: 	Production 	1959-1966 
~ 

- 	OPERATION: 	 control 
- 	TYPE DESIGN: 	Hydraulic - 	CONFIGURATION: 	- 	dual nozzle fLa 	er or 	'e 

j 	- 	AXES: 	 Pitch, 	aw, 	roll ACTUATOR 	 pipe 

- 	COMPENSATION: - 	LINEAR: 	2:1 unbalanced area 

- 	REOUNDANCY: - 	ROTARY: 

- 	TEMP. 	RANGE: 	+4o°F to +275°F POWER SUPPLY i 
ILOA~ - 	PUMP 

~ 	- 	TRAVEL: 	 +4 deg 
• 	TYPE: 

i 
- 	TYPE: p rimaril 	inertia & coulomb friction • 	POWER SOURCE: 	28 VDC motor; 80 amps 

- 	INERTIA: - 	ENERfiY SOURCE 

- 	fn~ • 	BATTERY: 	Silver - zinc I 	

- 	Other: 
I 

• 	OTNER: 

- 	STORED GAS: 

- 	GAS GEN/ACCUM: 2 	ACTUATION SYSTEM DESIGN 

5 	PNEUMATIC/WARM GAS RATED CONDITIONS 

- 	~ESIGN LOAD: 	3,7o01b-in SYSTEM 

~ 	-$TALL LOAD: 	6 3751b-in - 	STORED GAS 

- 	DESIGN RATE: 	10 de /sec • 	TYPE 6AS: 

- 	NO LOAD RATE: 	18 de /sec • 	SUPPLY PRESS: 

DUTY CYCLE • 	PROOF PRESS: 

- 	DURATION: 	60 sec • 	BURST PRESS: 

- 	DESCRiPTIDN: 	Considerable activi[ 	at sta ing, • 	VE$$EL TYPE: 

ver 	little at other times. • 	4E$$EL VOL: 

DYNAMIL PERFDRMANLE • 	SEALS: 

- 	BANDWIDTH: 	e Nz based on -3 db - 	6AS GENERATOR 

- 	STEP RESPONSE: • 	PROPELLANT: 

STATIC PERFORMANCE • 	FLOWRATE: 

- 	RESOLUTION: • 	REG. 	VALVE: 

- 	THRESHOLD: • 	TEMP @ ACT: 

- 	HYSTERESIS: • 	PRESS @ ACT: 

- 	CLOSED LOOP STIFFNESS: C)NTROL YALVE 

STRGKE: 	_ OPERATION: 

WEIGHT; 	pctuator - 	6. 	ea.• motor 	um - - 	CONFI6URATION: 

FEEDBACK ACTUATOR 

- 	TYPE: - 	LINEAR: 

- 	METIIOD: - 	ROTARY: 

ELECTRONIC CONTROLLER - 	ROTARY/LINEAR: 

- 	TYPE: 	 PWM @ 5000 Hz 
6 	'iTORED GAS VESSEL SHIPMENT 

- 	SIGNAL LEVEL: 	8 ma 
- 	TYPE GAS: 

LOOP ELECTRONICS: 	Analog 
- 	GAS PRESSURE: 

3 	ELECTROMECHANILAL - 	BURST FACTOR: 

- 	MOTOR - 	OOT APPROVAL: 

7 	SELECTION CRITERIA AND/OR SPECIAL FEATURES • 	~~~ 

• 	AC: 

• 	STEPPER: Ability to perform full sys[em chechou[ with vehicle 
- 	ACTUATOR ine[alled in silo was primary cri[ieria. 

• 	L?NEAR: 

~ 	ROTARY: 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

1 	GENERAL DESCRIPT]ON 4 HYDRAULIC 

VEHICLE SYSTEM 

- 	NAME: 	 d 	ta e - 	TYPE: 

- 	TYPE: 	Surface-to-surface (ICSM) - 	PRE$$URE: 	425 	si 

- 	CONTROL: 	Secondarv iniection (4 actuators) - 	FLOW: 	1.1 	m 

- 	COMPANY: 	pu[onectics - 	FLUID: 

- 	PROGRAM: 	d c ion 	1964 - - 	SEALS: 	Nitrile 

ALTUATION SYSTEM - 	FILTER: 	15 	absolute 

- 	COMPANY: 	 t' SERVO VALVE 

- 	TYPE PROGRAM: - 	OPERATION: 

- 	TYPE DESIGN: ~yd~a~iic - 	CONFIGURATION: 	 er or 	'et 

- 	AXES: ACTUATOR 	 pipe 

- 	COMPENSATIG!J: 	Nnn - 	LINEAR: 	2:1 unbaLanced area 

- 	REDUNDANCY: 	None - 	ROTARY: 

- 	TEMP. 	kANGE: 	+40 to +275°F POWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: • 	TYPE: 

- 	TYPE: • 	POWER SOURCE: 	 r 

- 	iNERTIA: - 	ENERGY SOURCE 

- 	fn~ • 	BATTERY: 	Silver - iinc 

- 	Other: • 	OTHER: 

- 	STORED GAS: 

- 	GAS GEN/ACCUM: Z 	ALTUATION SYSTEM DES]GN 

5 PNEUMATIC/WARM GAS RATED CONDITIONS 

- 	DESIGN LOAD: 	220 lbs. SYSTEM 

- 	STALL LGAD: 	300 	Lbs. - 	STORED GAS 

-~ESIGN RATE: 	_ 	1.5 	in/sec • 	TYPE GAS: 

- 	NG LOAQ kATE: 	2.8 in/sec • 	SUPPLY PRESS: 

DUTY CYLLE • 	PROOF PRESS: 

- 	DURATION: __60 sec 	_ • 	BURST PRESS: 

- 	DESCRI?T10N:Considerable activit 	at staging, • 	VESSEL TYPE: 
very little a[ other times 

• 	VESSEL VOL: 

UYNAMIC PERFORN~NCE • 	SEALS: 

- 	BANDWIDTH: 	8 Hz based o- 3 db - 	6AS GENERATOR 

- 	STEP RESPONSE: • 	PRDPELLANT: 

STATIC PEHFOkMANCE • 	FLDWRATE: 

- 	kE50LUTI0M1: _ • 	REG. 	VALVE: 

- 	THRESHOLD: • 	TEMP @ ACT: 

- 	HYSTERESIS: • 	PRESS @ ACT: 

- 	LLOSED LOOP STIFFNESS: CONTROL VALVE 

STROKE: - 	OPERATION: 

WEIGHT: 	 - 	b 	each• Motor Pum - 	CONFIGURATION: 

ACTUATOR FEEDBACK 	 6.5 lbs 

- 	TYPE: - 	LINEAR: 

- 	METHOD: - 	ROTARY: 

ELECTRONIC CONTROLLER - 	ROTARY/LINEAR: 

- 	TYPE: 	rwra @ SOOa xz 
-- 6 STORED GAS VESSEL SHIPMENT 

- 	SIGNAL LEVEL: 	8 ma 
- 	TYPE GAS: 

LOOP ELECTRONICS: 	pnalog - 	GAS PRESSURE: 

3 	ELECTROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAL: 

7 SELECTION CRITERIA AND/OR SPECIAL FEATURES • 	CC: 

~ 	,4C: 

•$TEPPER: 
- ls[ & 3rd stages same as Minuteman I 

- 	ALTUATOR - Freon 114-B2 injection fluid 

~ 	LINEAR: __ 

• 	RUTARY: 

~ 

~ 

~ 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r18

55

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


-29- 

MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

~ 

. 

~ 

1 	GENERAL DESCRIPTION 4 	NYDRAULIC 

VEHICLE SYSTEM 

- 	NAME: 	Minu[eman III~ 	3rd stage - 	TYPE' 

- 	TYPE: 	 Surface- 	to surface - 	PRESSURE: 

- 	CONTP.OL: 	Secondar 	in'ection (4 actuators) - 	FLOM: 

- 	COMPANY: 	Autonetics - 	FLUID• 

- 	PROGRAM: _ 	Production 	1969 - - 	SEALS: 
ACTUATION SYSTEM - 	FILTER: 
- 	LOMPANY: 	Autoneti SERVO VALVE 
- 	TYPE PROGRAM: 	p 	a~c 	' 	i959 - - 	OPERATION: 

- 	TYPE UESIGN: ~tilectromechanical - 	CONFIGURATION: 

- 	AKES: ALiUATOR 

- 	COMPENSATION: 	None 
i - 	LINEAR: 

~ 	- 	REDUNDANCY: 	Hone - 	ROTARY: 

- 	TEMP. RANGE: 	+4o co +z75°F POWER SUPPLY 
LOAD - 	PUMP 

I 	- 	TRAYEL: • 	TYPE: 

I
- 	TYPE: 	 s~,-~ • 	PONER SOURCE: 
- 	INERTIA: - 	ENERGY SOURCE 

- 	f^' • 	BATTERY: 
- 	Other: 	F1uid 	Elow forces ~ 	OTHER: 

- 	STORED GAS: 

2 	ACTUATION SYSTEM DESIGN - 	GAS GEN/ACCUM: 

5 	PNEUMATIC/WARM GAS RATED CONDiT10NS 

- 	DESIGN LDAD: 	6 SYSTEM 
- 	STA~L LOAD: - 	STORED GAS 
- 	DESIGN RATE: • 	TYPE GAS: 
- 	NO LOAD RATE: ~~ 	SUPPLY PRE55: 
DUTY CYLLE • 	VROOF DRESS: 

i- 
	DURATION: 	60 sec • 	6URST PRCSS: 

- 	DESCRIPTION: 	Considerable acti~it 	at staging, ~ 	VESSEL TYPE: 
very little a[ other times 

i 

• 	VESSEL VOL: 
DYNAMIC PERFORMANCE • 	SEALS: 
- 	BANDWIDTH: 	8 Hz based on -3 db - 	GAS GENERATOR 
- 	STEP RES70NSE: ~ 	PROPELLANT: 
STATIC VERFORMANCE • 	FLOMRATE: 

~ 	- 	RESOLUIiuii. • 	REG. 	VALVE: 

- 	THRESHOLD: • 	TEMP @ ACT: 
- 	HYSTERESIS: • 	PRESS @ ACT: 
- 	CLOSED LOOP STIFFNESS: 

CONTRDL VALYE 

STRORE: - 	OPERATION: 
WEIGNT: 	 - - 	LONFIGURATION: 
FEEDBACK 

ACTUATOR 

- 	7YPE: - 	LINEAR: 
- 	METHOD: 	LvnT - 	ROTARY: 

ELECTRONIC CONTROLLER - 	ROTARY/LlNEAR: 
- 	TYPE: 	 PWM 	500o xz 

6 	STORED GAS VESSEL SHIPMENT 
- 	S]GNAL LEVEL: 	z6 vnc 

- 	TYPE GAS: 
LOOP ELECTRONICS: 	A alo 

- 	GAS PRESSURE: 
3 	ELECTROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAL: 

• 	DC: 	 26 VDC Tor ue motor 1 	SELECTION CRITERIA AND/OR SPECIAL FEATURES 
• 	AC: 

•$TEPVER: 
-lst stage same as Minu[eman I 
-2nd stage same as Minu[eman I1 

- 	ACTUATOR -5[ron[ium-perchlorate injection fluid 

• 	LINEAR: 	Ball screw 

• 	ROTARY: 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

~ 

+1.5 in. for roll 

GENERAL DESCRIPTION 

VEHICLE 

- NAME: N;ka r 

- TYPE: _ s„rFa~ 

- CONTROL: Aerod~ 

- COMPANY: McDonc 

- PROGRAM: produc 

ACTUATION SYSTEM 

- COMPANY: 	M,.n,,,,, 

- TYPE PROGRAM: 	~ 

- TYPE DESIGN: 

- AI(E5: 	eitch 

- COMPENSATION: 	i 

- REDUNDANCY: No 

- TEMP. RANGE: -6. 

lOAD 

- TRAVEL: 	+Z 

- TYPE: 	Ae 

- INERTIA: 	0.19 lb-in-s 

- f~: 

- Dther: 

ACTUATION SYSTEM DESIGN 

RATED CON~ITIONS 

- DESIGN LOAD: ~g2o lb-in 

- STALL LOAO: 	5500 16-in 

- DESIGN RATE: 2 p6 deP/se 

- NO LOAD RATE: a SA ~E/,s 

DUTY CYCLE 

• DIIRATION: 	~ m;,, 

- DESCRIPTION: i o o..m a~ 

DYNAMIC PERFORMANCE 

- BANDWIDTH: 	15-20 Hz base 

- STEP RESPONSE: 

STATIC_PERFORMANLE 

- RESOLUTION: 

- THRESHOLD: 	0.45 ma max. 

- HYSTERESIS: 	0.70 ma max. 

- LLOSED LOOP STIFFNESS: 

STROKE: 	+z.5 in. for picch.& 

WEIGHT: 

FEEDBALK 

- TYPE: 	 Position 

- METHOD: 	Film Potentit 

ELECTRONIC CONTROLLER 

- TYPE: 	 DC 

- SIGNAL LEVEL: ~R ma 

ELECTROMECHANICAL 

- MOTOR 

. oc: 

~ AC: 

• STEPPER: 

- RCTUATOR 

• IINEAR: _ 

• ROTARY: 

HYDRAULIC 

SYSTEM 

- TYPE: 	 Recirculat 

- PRESSURE: 	3noo ps~ 

- FLON: _~ _~s op.,, 

- fLUID: 	 MIL-N-560b 

- SEALS: 	 Nitrile 

- fILTER: 	 2s mi~roa 

SERVO VALVE 

- OPERATION: 	a_~,~„ ft~~ 

- CONFIGORAT[ON • 	~_.~raQp 

ACTUATOR 

- LINEAR: 	 n.~4 ~„2 ~ 

- ROTARY: 

POWER SUPPLY 

- PUMP 

• TYPE: 	 v~r;a~,iP 

• POWER SOURLE: 	nc moto 

- ENERGY SOURGE 

~ BATTERY: 

~ OTHER: 

- STORED GAS: 

- GAS GEN/ACLU M;  

PNEUMATIC/WARM GAS 

SYSTEM 

- STORED GAS 

• TYPE GAS: 

• SUVPLY VRESS: 

~ PROOF PRESS: 

• BURST PRESS: 

• VESSEL TYPE: 

• VESSEL VOL: 

• SEALS: 

- GAS GENERATOR 

• PRODELLANT: 

• FLOWRATE: 

• REG. VALVE: 

• TEMP @ ACT: 

• PRESS @ ACT: 

- ~r~nnii~n: 

- CONFIGURATION: 

ACTUATOR 

- LINEAR: 

- ROTARY: 

- ROTARY/LINEAR: 

STORED GAS VESSEL SHIPMENT 

- TVPE GAS: 

- GAS PRESSUHE: 

- BURST FACTOR: 

- D0T APPROVAL: 

Hunt 

co +165°F 

° for vi[ch 5 yaw; +15° for roll 

. 

~ 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

~ 

, 

. 

__ 	_ 	__ _ 	_ 	-_ - --- — 	--____ 
j 	1 	GENEF~IL DESCRIPT[OR 4 HYDRAUL[C 

~ 	VEHICLE , SYSTEM 

, 	- 	NAME: Patrio[ - 	TYPE: 	Recircula[in 

- TYPE: ___ rface-to-air - 	PRESSURE: 	3000 	si 

- 	CONTROL: ctuators - 	FLOW: 

- 	CONPANY: & Ra theon - 	FLUID: 

- 	PROGRAM: - 	SEALS: 	Nitrile 

ALTUATION SYSTEM - 	FILTER: 	10 micron 

I
- 	COMPANY: Martin/Orlando & Ra theon SERVO VALVE 

i 	- 	TYPE PROGRAM: eroduction, 	1983 - - 	OPERATION: 	4-wa 	flow control 

- 	TYPE DESIGN: Hydraulic - 	CONFIGURATION: 	2-sta e dual nozzle 	Elappez 

i 	- 	AXES: Pitch, 	aw, 	roll ACTUATOR 

- 	COMPENSATIQN: - 	LINEAR: 	1.22 inZ  balanced area with rocker arm 

- 	REDUN~ANLY: - 	ROTARY: 

i 	- 	TEMP. 	RANGE: -3o co +13o°F POWER SUPPLY 

LOAD - 	PUMP i 	

TRAVEL: 

--- 

+31 deg • 	TYPE: 	Variable 	iston 

- 	TYPE: Combination • 	PDWER SOURCE: 	48-62 VDC motor 

- 	INEkTIA: 1.2 	16-in-secz  - 	ENERGY SOURCE 

- 	f~: __ 	_ 90 Nz • 	BATTERY: 	Silver/zinc (6 Amp-Nr) 
~ 	Other: 	Aero: 6400 	6- n 

d • 	OTHER: 
IViscous fric: 	-~n-sec ra 
~i 	 ~~~~~~ -" = 	STORED GAS: 	 tor 

GAS GEN/ACCUM: V 	2 	ACTUATION SYSTEM DESIGN 

5 PNEUMATIC/WARM GAS RATED CONDITION$ 

- 	DESIGN LOAD: 	__ lb- SYSTEM 

- 	5Tl~LL LOAD: _ 4500 lb-in - 	STORED GAS 

- 	DESIGN RATE: 100 de /sec • 	TYPE GAS: 

- 	NO LOAD RATE: 350 de /sec •$UPPLY PRESS: 

DUTY CYCLE • 	PROOF PRE55: 

- 	DURATION: __18D sec • 	BURST PRESS: 

a 	- 	DESCRIPTION: 	56 dea/sec max for 9.3 sec per Ein • 	VESSEL TYPE: 

• 	VESSEL VOL: 

DYNAMIC PERFORMANCE • 	SEALS: 

- 	BANDWIDiH: 	32.5 Hz based on A= 90° - 	GAS 6ENERATOR 

~I 	STEP 	RESPONSE: +5 deg < 30% o~ershoot • 	PROPELLANT: 

il 

	STATIC PFRFORMANCE 

= 

• 	FLOWRATE: 

RESOLUTION: 0.038 de • 	REG. 	YALVE: 

j 	- 	THRESHOLD: de • 	TEMP @ ACT: 

- 	HYSTERES[S: de • 	PRESS @ ACT: 

- 	CLOSED 100P STIFFNESS: > 	pp lb-in/de CONTROL VALVE 

STROKE: _ +32 deg 
- 	OPERATION: 

- 	CONFIGURATION: WEIGHT: 	171 	Ibs control section (includes struct. & 

FEEDBACK 
fins 

ACTUATOR 

- 	TYPE: Position - 	LINEAR: 

- 	METHOD: Film 	otentiometer - 	ROTARY: 

ELECTRONIC CONTROLLER - 	ROTARY/LINEAR: 

- 	TYPE: Ac 
6 STORED GAS VESSEL SHIPMENT 

- 	SIGNAL LEVEL: 30 ma 
- 	TYPE GAS: 	He 

LOOP ELECTRONICS: ni ital and analo 	with u/n 
- 	GAS PRESSURE: 

converter 
3 	ELECTROMECHANICAL - 	BURST FACTOR: 	2.5 

- 	MOTOR - 	DOT APPROVAL: 	Yes 

7 SELECTION CRITERIA AND/OR SPELIAL FEATURES • 	~~~ 	_ 

• 	AC: 

• 	STEPPER: PerLormance and stiffness wi[h minimum risk 

- 	ACTUATOR 

~ 	LINEAR: 

• 	ROTAR'i: _ 
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GENERAL DESCRIPTION 

VEHICLE 

- NAME: 	Peacekeener lst staae 

- TYPE: 	q~rfarr-rn-curface 

- CONTROL: 	Gimbaled nozzle (2 actuators~ 

- COMPANY: MooQ 

- PROGRAM: 	Praduccion, 1984 - 

ACTUATION SYSTEM 

- COMPANY: MooQ 

- TYPE PROGRAM: _ production, 1984 - 

- TYPE DESI6N: 	Hydraulic 

- AXES: 	 Pitch, vaw 

- COMPENSATION: 	Elec[ronic 

- REDUNDANCY: 	No 

- TEMP. RANGE: 	+40 to +45o°F 

LOAD 

- TRAVEL: 	+6 deg 

- TYPE: 	rnmhinar;~.,; m P~r a m-16.2 

- INERTIA: 	~q» ~h-;,,-~a~2 

- 	f~: 
Spring: 100,000 lb-in/deg 

- Other: 	~,~~~„~ F,-;,.• a q  ~ao lb-in 
Offset torque: 11,000 lb-in 

ACTUATION SYSTEM DESIGN 

RATED CONDITIONS 

- DESIGN LOAD: 	667,000 1.6-in 

- STALL LOAD: 	800,~00 lb-in 

- DESIGN RATE: 	40 deQ/sec 

- NO LOAD RATE: 	100 dee/sec 

~UTY CYCLE 

- DURATION: 	60 sec 

- UESCRIPTION: 

DYNAMIC PERFORMANCE 

- BANDWIDTH: 	5.5 H. 

- STEP RESPONSE: 	6° in 

STATIC PERFORMANCE 

- RESOLUTION: 	<O.L 

- THRESHOLD: 	<0.1 

- HYSTERESIS: 	<0.1 

- CLOSED LOOP STIFfNESS: 

STROKE: 	+1.75 in. 

WEIGHT: 

FEEDBACK 

- TYPE: 	Position 

- METHOD: 	LvnT 

ELECTRONIC CONTROLLER 

- TYPE: 	PWM at 5000 

- SIGNAL LEVEL: 

100P ELECTRONICS: 	DiR 

ELECTROMECHANICAL 

- MOTOR 

• DC: 

• AC: 

• STEPPER: 

- ACTUATOR 

• LINEAR: 

• ROTARY: 

i4=45° 
<10% overs 

-32- 

MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

HYDRAULIC 

SYSTEM 

- TYPE 

- PRESSURE: 	3300psi 	 2000 osi 	° 

- FLOW: 	 p 

- FLUID: 	MiL-H-8328z 

- SEALS: 	Fluorocarbon 	 ~ 

- FILTER: 	N„ 	 f 

SERVO VALVE 

- OPERATION~ 	 ~ F7nw rnntrnl 

- LONFIGURATION: 	~_~rago d;~Prrer j4,~ ~ 

ACTUATOR 	 ; 
I 

- LINEAR: 	13.78 in 2  balanced area 	 I 

- ROTARY: 	 ~ 

POWER SUPPLY 	 j 

- PUMP 	 ~ 

• TYPE: 	 al 	 ~ 

• POWER SOURCE: 	Turbine 

- ENERGY SOURCE 	 ~ 

• BATTERY: 

• OTHER: 	s~ita pr~o, 	s enera[or 

- STORED GAS: 

- GAS GEN/ACCUM: 

PNEUMATIC/WARM GAS 

SYSTEM 

- STORED GAS 

• TYPE GAS: 

• SUPPLY PRESS: 

• PROOF PRESS: 

• BURST PRESS: 

• VESSEL TYPE: 

• VESSEL VOL: 

• SEALS: 

- GAS GENERATOR 

• PROPELLANT: 

• fLOWRATE: 

• REG. VALVE: 

• TEMP @ ACT: 

• PRESS @ ACT: 

CONTROL VALVE 

- OPERATION: 

- CONFIGURATION: 

ACTUATOR 

- LINEAR: 

- ROTARY: 

- ROTARY/LINEAR: 

STORED GAS VESSEL SNIPMENT 

- TYPE GAS: 

- GAS PRESSURE: 

- BURST FACTOR: 

- DOT APPROVAL: 

SELECTION CRITERIA AND/OR 

- Enable time of 1.35 sec. 

- System uses pump-turbine inertia to supply high 
rates at low loads 

. 

~ 

~ 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

1 	GENERAL DESCRIPTION 4 	HVDRAULIC 

YEHICLE SYSTEM 

- 	NAME: 	Peacekee er, 3rd S[a e - 	TYPE: 	 Recirculatin 

- 	TYPE: 	Surface-to-surface - 	PRE$$URE: 	1850_psi 

- 	CONTP,OL: 	 Led n 	z e(Z actuators) - 	FLDW: 

- 	LOMPANY: 	HR - Textron - 	FLUID: 	 - 	- 

- 	PROGRAM: - 	$EALS: 

ACTUA710N SYSTEM - 	FILTER: 

- 	COMPANY: SERYO VALVE 

- 	TYPE PROGRAM: 	Production, 	1984 - - 	OPERATION: 	4_~ay~flow contro 

- 	TYPE DESIGN: 	u d 	~i —„ 

i 
- 	CONFIGURATION: 	- 

- 	AXES: 	 vir~h. 	~ ACTUATOR 

- 	COMPENSATION: 	Electronic - 	LINEAR: 	 5.48 in2  balanced area 

- 	REDUNDANCY: - 	ROTARY: 

- 	TEMP. 	RANGE: 	45 - 99°F POWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL• 	 +3 deg • 	TYPE: 	 Centrifu al 

- 	TYPE: 	ombination: 	momen[ arm = 13.5 	in. • 	POWER $OURCE: Turbine 

- 	INERTIA: 	664 	lb-in-sec 2  - 	ENEPGY $OURCE 

- 	f~: • 	BATTERY• 
Spring: 	1.89 x 10 	lb-in rad max 

- 	Other: • 	OTHER: 	 as 	enerator 
Viscous 	friction coeEf: 	17,170 	lb-in-sec ad 	

_$TOREO GAS: 

- 	GAS GEN/ACLUM: 2 	ACTUATION SYSTEM DESIGN 

S 	DNEUMATIC/WARM GAS RATEO CONDITIONS 

- 	DESIGN LOAD: SYSTEM 

- 	STALL lOAD: 	136.000 lb-in - 	STORED GAS 

- 	DESIGN RATE: • 	TYPE GAS: 

- 	NO LDAO RATE: ~' 	SUPPLY PAESS: 

~UTY CYCLE • 	PROOF PRESS: 

- 	DURATIDN: 	60-90 sec • 	BURST PRfSS: 

- 	DESCR1PT10N: 	 v' 	at 	sta in 	• 	full • 	VE$$EL TYPE: 
capabi ity 	or mission 	ura[ion 

• 	VESSEL VOL: 

DYNAMIC PERFORMANCE • 	SEALS: 

- 	BANDWIDTH: 	~ 	H ,  ba . 	~_-7.5° - 	GAS 6ENERATOR 

- 	STEP RESPONSE: 	 , 	ave between • 	PROPELLANT: 

STATIC PERFORMANCE 	10 b 90 ~  • 	fIOMRATE: 

- 	RESOLUTiVi~. 	0.14 	deg • 	REG. 	VAL4E: 

- 	THRESHOLD: • 	TEMP @ ACT: 

- 	liYSTERES[S: • 	PRESS @ ACT: 

- 	CLOSED 100P STIFFNE55: CONTROL VA~YE 

STROKE: 	 0.92 	in - 	OPERATION: 

WEIGH7: 	 65 	lbs - 	CONFIGURATION: 

FEEDBACK ACTUATOR 

- 	7YPE: 	 posicion - 	LINEAR: 

- 	METHOD: 	 V - 	ROTARY: 

ELECTRONIC CONTROLLER - 	ROTARY/~INEAR: 

- 	TYPE: 	 000 ttz ~ 	6 	STORED GAS VESSEL SHIPMENT 
- 	SIGNAL LEVEL: 	 • 	14 0 ohm driver 

- 	TYPE GAS: ou[put impedance 
LOOV ELECTRONICS: 

- 	GAS PRESSURE: 

3 	EIECTROMELHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPR~VAL: 

7 	SELECTION CRITERfA AND/OR SDECIAL FEATURES • 	OC: 

• 	AC: 

• 	STEPPER: 
Min. 	risk and cost using existing s[ate-of-art. 

- 	ACTOATOR 

• 	LINEAR: 

• 	ROTARY: 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

~GENERAL DESCRIPTION 

VEHICLE 

- NAME: 	 Ppr~h;~o !v-t 

- 	TYPE: 	 _ c,~_a~~..-t..-a,~ 

- CONTROL: 	Aero and iet 
	

3 actua[ors) 

- COM°ANY: 	Martin-Orland 

- PROGRAM: 	 Production, 1 

ACTUATION SYSTEM 

- COMPANY: 	Singer/Kearfc 

- TYPE PROGRAM: 	pTOduction. ] 

- TYPE DESIGN: 	Hydraulic 

- AXES: 	 Pitch. yaw. ~ 

- COMPENSATION: 	c7 	ronic 

- REDUNDANCY: 	No 

- TEMP. RANGE: 	-65 to +160°I 

LOAD 

- TRAVEL: 	 +26.5 deg 

- TYPE: 	 Combina[ion 

- 	INERTIA: 	 O.o93 1b-in-: 

- f~~ _ 

- Other: 	Aero: 480D 16-in 

ACTUATION SYSTEM DESIGN 

RATED CONDITIONS 

- DESIGN LOAD: 	2750 Lb-in 

- STALL LOAD: 	3790 Lb-in 

- DESIGN RATE: 	150 dee/se 

NO LOAD RATE: 	288 de¢/se 

" 	UURH11V11: _ 

- 	DESCRIPTIOIJ: 

DYNAMIC PERFORMANCE 

- BANDWIDTH: 	 sea on W = yu 

- STEP RESPONSE: 
	 2D% overshoot 

- THRESNOLD: 	0.1 ma (includes deadband) 

- HYSTERESIS: 	0.3 ma 

- CLOSED LOOP STI~fNESS: 

STROKE: 	 28.5 ae 

WEI6HT: 	 86 lbs 

FEEDBACK 

- TYPE: 	 Pos'tion 

- METHOD: 	 Film otentiometer 

ELECTRONIC CONTROLLER 

- TYPE: 	 AC at 60 Hz 

- SIGNAL LEVEL: 	5 ma (11 ma max) 

A 
FLEC7RO,AECHANICAL 

- MOTOR 

• DC: 

. ac: 

• STEPPER: 

- ACTUATOR 

• LINENR: _ 

• ROTAP,Y: 

J HYDRAULIC 	 g 

SYSTEM 

- TYPE: 	 ulatin 

- PRESSURE: 

- FLOW: 

- FLUID: 	 - 606 

- $EALS: 	FLtm rosilicon 

- FILTER: 	 • r n 

SERVO VALVE 

- OPERATION: 	 W ~antrol 

- LONFIGURATION: 	 e sin le nozzle fla er 

ACTUATOR 

- LINEAR: 	0.7 in Z  balanced area wi[h rocker a ~ 

- ROTARY: 

POWER SUPPLY 

- PUMP 

• TYPE: 	 iston or ear 

• POWER SOURCE: 	8 vDC motor 

- ENERGY SOURCE 

• BATTERY: 

~ OTHER: 

- STORED 6A5: 

- GAS GEN/ACCUM: 2000 psi Np accumulator 

PNEUMATIC/WARM GAS 

SYSTEM 

- STORED GAS 

• TYPE GAS: 

• SUPPLY PRESS: 

• PROOF PRESS: 

• BURST PRESS: 

• VESSEL TYPE: 

• VESSEL VOL: 

• SEALS: 

- GAS GENERATOR 

• PROPELLANT: 

• FLOWRATE: 

• REG. VALVE: 

• TEMP @ ACT: 

• PRESS @ ACT: 

CONTROL VALVE 

- OPERATION: 

- CONFIGURATION: 

ACTUATOR 

- LINEAR: 

- ROTARY: 

- ROTARY/LINEAR: 

i STORED GAS VESSEL SHIPMENT 

- TYPE GAS: 

- GAS PRESSURE: 

- BURST FACTOR: 

- D0T APPROYAL: 

' ISELELTION CRITERIA AND/OR SPECIAL fEATURES 

Combination of aero and jet vanes driven from same 
actuation system which can be replaced vith missile 
in launch ready position. 

~ 

~ 

~ 
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MISSILE/SPACE VEHICLE ACTQATION SYSTEM DATA SHEET 

~ 

~ 

I 	1 	IGENERA~ DESGRIPTION ~_, 4 	HYDRAULIC 

I 	YEHICLE SYSTEM 

~ 	- 	NAME: 	Phoenix - 	TYPE: Re irculatin 
~ 	- 	TYPE: 	_ 	pir-to-air - 	PRESSURE •  0 	si 
, 	- 	GONTP.OL: 	 uators - 	PLOW: m 

- 	COMPANY: 	ti~„ghP_~/T,,,,,on - 	FLUID: a co 762 

~ 	- 	PROGRAM: 	Production, 	1975 - - 	SEALS' Nitrile 
~ 	ACTUATION SY$TEM I - 	FILTER: micron 
I 	- 	LOMPANY: 	}u hes/Tucson SERVO YALVE 

- 	TYPE PROGRAM: 	Production, 	1975 - - 	OPERATION •  4-wa 	flow control 

- 	1YPE 	DESIGN: 	,Rgdra~~~~~ - 	CONFIGURATION: a e 

i

~ 	ARES: 	 e ecn 	aw 	roll ACTUATOR 

COMPENSATION: - 	~1NEAR: 

~ 	- 	REDUNDANCY: 	No - 	ROTARY: ush- ush 
~ 	- 	TEMP. 	RANGE: 

POWER SUPPLY 

LOAD - 	PUMP 
- 	TRAVEL: • 	TYPE: Variable piston 

I
- 	TVPE: • 	POWER SOURCE: DC motor 
- 	INERTIA: - 	ENERGY SOURCE 

- 	f~' • 	BATTERY: 

I

- 	Other: • 	OTHER: 

- 	STORED GAS: 
I 
~ 	2 	ACTUATION SYSTEM DESIGN - 	GAS GEN/ACCUM: 

5 	PNEUMATIC/MARM GAS 
I

RATE~ CONDITIONS 

i 	- 	DESIGN LOA~: 	 lb-in SYSTEM 

~ 	- 	STALL LOAO: 	1575 	lb-in - 	STORED GAS 
- 	DESIGN RATE: 	60 de /sec • 	TYPE GAS: 
- 	NO LOAD RATE: 	_ 	120-148 deg/sec ~' 	SUPPLY PRESS: 
DUTY CYCLE • 	PROOF PRESS: 
- 	DURATIDN: 	15o sec • 	BURST PR~SS: 

~ 	- 	DESCRIPTION: • 	VESSEL TYPE: 

I ~ 	VESSEL VOI: 
~ 	DYNAMIC PERfORMANCE • 	SEALS: 
~ 	- 	BANDWIDTH: 	8 xz based on -3 dB - 	GAS GENERATOR 

- 	STEP RESPONSE: 	0% ra ed curcent in 3 msec • 	PROPELLANT: 
STATIC PERFORMANLE • 	FLOwRATE: 

i 	- 	RESUIUiiuii. • 	REG. 	VALVE: 

i
- 	THRESHOLD: • 	TEMP @ ACT: 

i
- 	HYSTERESIS: • 	PRE55 @ ACT: 

I 	- 	CLOSED LOOP"ST]FFNESS: CONTROL VALVE 
~ 	STROKE: 	 32 de - 	OPERAT]ON: 

- 	CONF]GURATION: 

ACTUATOR 

' 	WEIGHT: 	 27 	1bs 

~ 	fEEDBACK 

- 	TYPE: 	 p sieio - 	LINEAR: 
i 	- 	METHOD: 	 ilm 	ocen~iome~er - 	ROTARY: 

ELEC7RONIL LONTROILER - 	ROTARY/LINEAR: 

i 	- 	TYPE: 	 nc 
6 	STORED GAS VESSEL SHIPMENT 

- 	SIGNAL LEYEL: 
- 	TYPE GAS: 

LOOG ELECTRONILS: 	Analog 
- 	GAS PRESSURE: --- 

3 	ELECTROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAL: 

• 	~~~ 7 	SELELTION CRITERIA AND/OR SVECIAL FEATURES 

~ 	AC: 

~ 	STEPPER: 

- 	ALTUATOR 

~ 	LINEAR: 

• 	ROTARY: 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

1 	GENERAL DESCRIPTION 4 HYDRAUIIG 

VEHIGLE SYSTEM 

- 	NAME: 	 stnrt - 	TYPE: 

- 	TYPE: 	 Surface-~o-air - 	PRE$$URE: 

- 	CONTP,OL: 	rod namic 	fir 	(4 actuators) - 	FLOM: 

- 	COM~ANY: 	Ford Aerosoace - 	FLUID: 

- 	PRDGRAM: 	 1 	men[ 	1979-L980 - 	$EALS: 

ACTUATION SYSTEM - 	FILTER: 

- 	LOMPANY: SERVO VALVE 

- 	TYPE FROGRAM: ~e„e~~y=t 	io~9-leeo - 	ODERATION: 

- 	TYPE DESIGN: ~ pneumatic - 	CONFIGURATION: 

- 	RXES: 	 oll ACTUATOR 

- 	COMPENSATION: - 	LINEAR: 

- 	REDUNDANCY: - 	ROTARY: 

- 	TEMP. 	RANGE: POWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: 	+20 deg. • 	TYPE: 

- 	TYPE: 	 'a 	friction • 	POWER $OURCE: 

- 	INERTIA: - 	ENERGY SOURCE 

" 	fn~ ~ 	BATTERY: 

- 	OLhB~: 	 ion: 	15 lb-in ~ 	OTHER: 

- 	STORED GAS: 

- 	GAS 6EN/ACLUM: 2 	ACTUATION SYSTEM DESIGN 

5 PNEUMATIC/MARM GAS RATED CONOITIONS 

- 	DESI6N LOAD: SYSTEM 

- 	STALL LOAD: 	150 lb-in - 	STORED GAS 

- 	DESIGN RATE: • 	TYPE GAS: 

- 	NO LOAD RATE: 	0 de 	sec ~' 	SUPPLY PRESS: 

DUTY CYCLE • 	PROOF PRESS: 

- 	DURATION: • 	BURST PRESS: 

- 	DESCR(PTION: 	 1 dura[ion • 	VESSEL TYPE: 

• 	VESSEL VOL: 

OYNAMIC PERFORMANCE • 	SEALS: 

- 	BANDWIDTH: 	 = 	0° - 	GAS GENERATOR 

- 	STEP RESPONSE: • 	PROPELLANT: 

STATIC PERFORMANCE • 	FLONRATE: 0.02 	Lbs/sec 

- 	RESULUiiut;. • 	REG. 	VALVE: Na 

- 	THRESHOLD: • 	TEMP @ ACT: 00°e 

- 	HTSTERESIS: 	< • 	PRE55 @ ACT: 2000 psi 

- 	CLOSED LOOP STIFFNESS: CONTROL VALVE 

STROKE: 	 +20 deg 
- 

. 	
OPERATfON: 3-wa 	solenoid 

NEIGHT: - 	CONFIGURATION: 0 en center 

FEEDBACK ACTUATOR 

- 	TYPE: - 	LINEAR: 

- 	METH00: - 	ROTARY: 

ELECTRONIC CONTROLLEP - 	ROTARY/LINEAR: 
Z:L unbalanced piston; 	pus -pus 

- 	TYPE: 	 eWM @ t00 xz 
6 STORED GAS YESSEL SH[PMENT 

- 	SIGNAL LEVEI: 	28v 
- 	TYPE GAS: 

LOOP ELECTRONICS: 	Di ital _ 	GAS PRESSURE: 

3 	ELECTROMECHANICAL - 	BURST fACTOR: 

- 	MOTOR - 	00T APPROVAI: 

1 SELECTION CRITERIA AND/OR SPECIAL FEATURES • 	~~~ 

~ 	AC: 

• 	STEPPER: 
Size and weigh[ advan[ages 

- 	ACTUATOR 

~ 	LINEAR: 

• 	ROTARY: 

~ 

~ 

~ 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

1 	GENERAL DESCRIPTION 4 	HYORAULIC 

VEHICLE SYSTEM 

- 	NAME: 	 Sidewinder - 	TYPE: 

- 	TYPE: _ 	Air-to-air - 	PRE$$URE: 

- 	CONTP.OL: 	Aerod namic canard (2 actuators) - 	FLON: 

- 	COMPANY: 	Ford Aeros pace - 	FLUID: 

- 	PROGRAM: _ 	production 	1965 - - 	$EAl$: 
ALTUATION SYSTEM - 	FILTER: 

- 	COMPANY: 	
~C - China Lake S 

SERVO VALYE 
- 	TYPE PROGRAM: 	 - - 	OPERATION: 
- 	TYPE DESIGN: 	pgp„mar;~ - 	CONFIGURATION: 
- 	AXES: 	 Pitch, 	aw ACTUATOR i ' 
- 	COMPENSATION: 	electronic - 	LINEAR: 
- 	REOUNDANCY: 	No - 	ROTARY: 
- 	TEMP. 	RANGE: 	-65° 	to + 16o°e 

POWER SUPPLY 
LOAD - 	PUMP ~ 
- 	TRAVEL: 	+20 deg 

' • 	TYPE: 
~ 

TyPE' • 	POWER SOURCE: 
- 	INERTIA: - 	ENERGY SOURCE 

- 	fn' 	 ~R H • 	BATTERY: 	~ 
- 	Other: 	 16-in • 	OTNER: ~ 

- 	STORED GAS: 

2 	ACTUATION SYSTEM DESIGN - 	GAS GEN/ACCUH: 

5 	PNEUMATIC/WARM GAS RATED CDNDITIONS 

- 	DESIGN LOAD: 
SYSTEM 

- 	STIILL LOAD: 	 lb-in - 	STORED GAS 
- 	DESIGN RATE: 

• 	TYPE GAS: 
- 	NO LDAD RATE: 	88 de /sec ~' 	SUPPLY PRESS: 
DuTr cvcLE 

• 	PROOF PRESS: 
- 	DURATION: 	6o sec • 	BURST PRESS: 
- 	DESCRIPTION: 	1007, 	erE. 	over 	fu11 dut 	c cle • 	YESSEL TYPE• 

• 	VESSEL VOL: 
DYNAMIC PERFORMANCE 

• 	SERLS: 
- 	BANDIJIDTH: 	4 Hz based on 	-3 db - 	6R$ GENERATOR 
- 	STEP RESPONSE: 	T 	icall 	7 de 	in 165 msec. • 	PROPELLANT: 
$TATIC PERFORMANCE 

• 	FLONRATE: 	 e 
- 	Rt5ULU7i0~i. 

• 	REG. 	VALVE: 
- 	THRESHOLD: 

• 	TEMP @ ACT: 	innn°x 
- 	HYSTERESIS: 

• 	PRES$ @ ACT: 	1000 	si ave. 
- 	CLOSED LOOP STIFFNESS: 

LONTROL VALVE 
STROKE: 

- 	OPERATION; 	 -wa 	solenoid 
WEIGHT: 	 13.7 	1bs - 	CONfIGURATION: 
FEEDBACK 

e 	center 

ACTUATOR 
- 	TYPE: 	 None - 	LINEAR: 
- 	METHOD:. - 	ROTARY: 
ELECiRONIC CONTROLLER 

- 	ROTARY/LINEAR: 	

on 

- 	TYPE: 
6 	STORED GAS VESSEL SHIPMENT - 	SIGNAL LEVEL: 

LOOP EIECTRONICS: - 	TYPE GAS: 

- 	GAS VRESSURE: 
3 	ELECTROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROYAL: 

~~~' 7 	SELECTION CRITERIA AND/OR SVECIAL FEA7URES 
~ 	AL: 

• 	STEPVER: 

- 	ACTUATOR 

~ 	LINEAR: 

~ 	ROTARY: 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 
_ 

1J GENERAL ~ESCRIPTION 4 

__ _ 	. 	 i 
HYDRAULIC 

VEHICLE SYSTEM 

- 	NAME: 	S arrow - 	TYPE: 	Rlowdo~..~ 

- 	TYPE: 	Air-to-air S surface-to-air - 	PRESSURE: 	3250 	si 
- 	CONTROL: 	perod namic canard 	2 actuators) - 	FLOW: 	1.6 	m 
- 	COMPANY: 	Ravtheon - 	FLUID: 	MIL-H-5606E 
- 	PROGRAM: 	Production 	1955 - - 	SEALS: 	Polyurethane. 

P.CTUATION SYSTEM - 	FILTER: 	None 
- 	COMPANY: 	Ra theon SERVO VALVE 

- 	TYPE PROGRAM: 	Production 	1955 - - 	OPERATION: 	4-wa 	flow control 
- 	TYPE DESIGN: 	__ Hvdraulic - 	CONFIGURATION: 	~_.~rage 
- 	A%ES: 	Pitch, 	vaw, 	roll ACTUATOR 

- 	COMGENSATION: 	No _ 	LINEAR: 	p.52 inz  balanced 
- 	REDUNDANCY: 	No - 	ROTARY: 
- 	TEMP. 	RANGE: 	-35 to +165°F 	 _ 	- POWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: 	+ZZ.S deg • 	TYPE: 
- 	TYPE: 	Inertia 6 coulomb friction ~ 	POWER SOURCE: 
- 	INERTIA: 	0.2 	lb-in-sec - 	ENERGY $OURCE 

' 	f n~ • 	BATTERY: 

- 	Other: 	Coulomb friction: 	140 lb-in • 	OTHER: 

_ - 	STORED GAS: 	Ne accumulator 

- 	GAS GEN/ALCUM: 2.FCIUATION SYSTEM DESIGN 

5 PNEUMATIC/WARM GAS P.ATED CONDITIONS 

- 	DESIGN LOAD: 	1800 lb-in SYSTEM 

- 	STALL LOAD: 	2400 lb-in - 	STORED GAS 

- 	DESlGN RATE: 	350 deg/sec • 	TYPE GAS: 
- 	NO LOAD RATE: 	500 de /sec • 	SUPPLY PRESS: 
DUTY CYCLE • 	PROOF PRE55: 
- 	DURATION: 	b0 sec • 	BURST 	PRESS: 
- 	DESCRIPTION: _ 4000 de 	total travel • 	YESSEL 	TYPE: 

• 	VESSEL VOL: 

DYNAMIC PERFORMANLE • 	SEALS: 

- 	BANDWIDTH: 	40 Hz based on 	~= 90° - 	GAS GENERATOR 

- 	STEP 	RESPONSE: • 	PROPELLANT: 
SiATIC PERFORMANLE • 	FLOWRATE: 
• 	RESOLUTION: _ 0.01 de ~ 	REG. 	VALVE: 
- 	THRESHOLD: 	?0.02 de ~ 	TEMP @ ACT: 
- 	HYSTERESIS: 	-0.50 deR • 	PRESS @ ACT: 
- 	CLOSED LOOP STIFFNESS: 	>40 000 	si/ae CONTROL VALVE 

STROKE: 	+22.5 deg - 	OPERATION: 
1JEIGH7: 	52 	lbs - 	CONFIGURATION: 

ACTUATOR FEEDBACK 

- 	TYPE: 	p 	~ - 	LINEAR: 

- 	METHOD: 	 e - 	ROTARY: 

ELECTRONIC GONTROLLER - 	ROTARY/LINEAR: 
- 	TYPE: 	nC 

6 STORED GAS VESSEL SHIPMENT 
- 	SIGNA~ LEVEL: 	+30 ma 

- 	TYPE 	GAS: 
LOOP ELECTRONICS: 	Analog 

- 	GAS PRESSURE: ~ -- 

3 ~ELECTROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAL: 

~ 	DC: 7 SELECTION CRITERIA AND/OR SPECIAL FEATURES 

~ 	AC: 

• 	STEPPER: 
- High torque wi[h good dynamic performance 

- 	FLTUATOR 

• 	LINEAR: - Bladder type accumulator 

• 	ROTARY: 

~ 

~ 

~ 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

~ 

~ 

~ 

GENERAL DESCRIPTION 

VEHfCLE 

- NAME: 	Soarta 

- TYPE: 	 Surfac 

- CONTP.OL: Aero cana 

- COMPANY: 	McDo 

- PROGRAM: 	produc 
	

1971- 

ACTUATION SYSTEM 

- LOMPANY: 	McDonn 

- TYPE PROGRAM: produc 

- TYPE DESIGN: HYdraii 

- 	A1(E5: 	oir~h. 

- COMPENSA?ION: ~Z 

- REDUNDANCY: 	Nn 

- TEMP. RANGE: 	+ 60 

LDAD 	 ~Hydraulic Fluid) 

- TRAVEL: 	+40 deg 

- TYPE: 	 Aero and inertia 

- INERTIA: 	12.7 lb-in-sec2 

- fn~ 	 60 Hz 

- Other: 	 ner.. _ ~~ nnn ir,_;,, 

ACTUATION SYSTEM DESIGN 

RATED CONDITIONS 

- ~ESIGN LOAD: 35.000 

- STALL LOAD: 	55.000 

- DESIGN RATE: 200 dei 

- NO LOAD RATE: 450 de~ 

DUTY CYCLE 

- ~URATION: 	120 sei 

- OESCRIPTION: 

DYNAMIL PERFORMANCE 

- BANDWIDTH: 	Z9 Hz ba 	 = on~ 

- STEP RESPONSE: 

STATIC PERFORMANCE 

- RESOLUTION: 	0.095 de 

- THRESHOLD: 	s.g µa_ 

- HYSTERESIS: 

- CLOSED LOOP STIFFNESS: 

STROKE: 	 +2 in 

WEIGHT: 	 4F~ t6s 

FEEDBACK 

- TYPE: 	v~~;r;~~ 

- METNOD: 	,v~T 

ELECTRONIC CONTROLLER 

- TYPE: 	~~ 

- SIGNAL LEVEL: ~nn ma 

LOOP ELECTRONICS:Ana14o 

ELECTROMECHANICAL 

- MOTOR 

• DC: 

• AC: 

• STEGPER: 

- ACTUATOR 

• LINEAR: 

• ROTARY: 

4 HYDRAUUC 

SYSTEM 

- TYPE: 	 Recirculation 

- PRESSURE: 	36oa nsi 

s) - FLOW: 	 23.5 eom 

- FLUID: 	 OS-45-Iv 

- SEALS: 	 Nitrile 

- FILTER: 	 80 microns absolute 

SERVO VALVE 

- OPERATION: 	4-wav flow control 

- CONFIGURATION: 	2-staee s~ool 

ACTUATOR 

- LINEAR: 	 4.6 inz  balanced area 

- ROTARY: 

POWER SUPPLY 

- PUMP 

• TYPE: 	 Fixed piston 

• POWER SOURCE: 	T„rh;,,P 

- ENERGY SOURCE 

• BATTERY: 

• OTHER: 	r~~ gp~ 

- STORED GAS: 

- GAS GEN/ACCUM: 

5 PNEUMATIL/WARM GAS 

SYSTEM 

- STORED GAS 

• TYPE GAS: 

• SUPPLY PRESS: 

• PROOF PRESS: 

• BURST PRESS: 

• VESSEL TYPE: 

• VESSEL VOL: 

• SEALS: 

- GAS GENERATOR 

• PROPELLANT: 

• FLOWRATE: 

• REG. VALVE: 

• TEMP @ ALT: 

• PRESS @ ACT: 

CONTROL YALVE 

- OPERATION: 

- CONFI6URATION: 

ACTUATOR 

- LINEAR: 

- ROTARY: 

- ROTARY/LINEAR: 

6 STORED GAS VESSEL SHIPMENT 

- TYPE GAS: 	 NZ 

- GAS PRESSURE: 	6000 nsi 

- BURST iACTOR: 	4 

- DOT APPRDVAL: 	uor sr~o33 

~ SELECTION CRITERIA AND/OR SPECIAL FEATURES 

-Nozzles are integral with canards 

-Insensitive [o servo valve contamination 

ton Beach 

tin2[on Beach 
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MISSILE/SPACE VEHICLE ACTUATION SYSTEM DATA SHEET 

1 	GENERAL DESCRIPTION 4 	HYDRAULIC 

VEHICLE SYSTEM 

- 	NAME: Sprint, 	1 st sta e - 	TYPE: 	 Blovdovn 

- 	TYPE: Surface-to-air ABM - 	PRESSURE: 	1000 	si 

- 	CONTROL: TVC - Freon Secondary In'ection - 	FLOW: 	 20 	m 

- 	COMPANY: Martin/Orlando - 	FLUID: 	MIL-H-5606 

- 	PRDGRAM: Produc[ion 	1972 - - 	SEA~S: 	Elastromeric 

ACTUATION SYSTEM - 	FILTER: 	40 micron 

- 	COMPANY: Martin Orlando SERVO VALVE 

- 	TYPE PROGRAM: Production 	1972 - - 	OPERATION: 	4-va 	flow control 

- 	TYPE DESIGN: xvdraulic - 	CONFIGURATION: 	2-sta e dual noszle fla 	er 

- 	AXES: Pitch 	aw ACTUATOR 

- 	COMPENSATION: Electronic - 	LINEAR: 	1.27 inz  balanced area 

- 	REDUNDANCY: None - 	ROTARY: 

- 	TEMP. 	RANGE: +40 co +275°F POWER SUPPLY 

LOAD - 	PUMP 

- 	TRAVEL: 0.46 	in. • 	TYPE: 

- 	TYPE: Freon in'ec[ion valves • 	PDWER SOURCE: 

- 	INERTIA: - 	ENERGY SOURCE 

' 	fn~ • 	BATTERY: 

- 	Other: • 	OTHER: 

- 	STORED GAS: 

" 	
6A5 GEN/ACCUM: ~°'onium nitrate regulated [o 

2 	ACTUATION SYSTEM DESIGN 

5 	PNEUMNTIC/WARM GAS RATED CONDITIONS 

- 	DESIGN LDAD: SYSTEM 

- 	STALL LOAD: - 	STORED GAS 

- 	DESIGN RATE: • 	TYPE GAS: 

- 	NO LOAD RATE: • 	SUPPLY PRESS: 

DUTY CYCLE • 	PROOF PRESS: 

- 	DURATION: 2 sec • 	BURST PRESS: 

- 	DESCRIPTION: 	1007. for 0.4 sec~ 	107. Eor 1.6 	sec • 	YESSEL TYPE: 

• 	VESSEL VOL: 

DYNAMIC PERFORMANCE • 	SEALS: 

- 	BAM1DWIOTH: 3o xz - 	GAS GENERATOR 

- 	STEP RESPONSE: .02 sec • 	PROPELLANT: 	Affinoni~m nierate/epoxy 

STATIC PcRFORMANCE • 	FLOWRATE: 	 si 
- 	RESOLUTION: • 	REG. 	VALVE: 

- 	THRESHOLD: • 	TEMP @ ALT: 	 bi e 
- 	HYSTERESIS: • 	PRE55 @ ACT: 

- 	CLOSED LOOP STIFFNESS: CONTROL VALVE 

STROKE: 0.46 in. - 	OPERATION: 

_ 	CONFIGURATION: WEIGHT: 	= 137 	lbs (integrated hyd. 6 freon systems) 

FEEDBACK ACTUATOR 

- 	TYPE: Position - 	LINEAR: 

- 	METHO~: LvDT - 	ROTARY: 

ELECTRONIC CONTROLIER - 	ROTARY/LINEAR: 

- 	7YPE: nc 
6 ISTORED GAS VESSEL SHIPMENT 

- 	SIGNAL 	LEVEL: 80 ma 
- 	TYPE GAS: 

LOOP ELECTRONICS: nnaloe 
- 	GAS PRESSURE: _ 

3 	ELECiROMECHANICAL - 	BURST FACTOR: 

- 	MOTOR - 	DOT APPROVAL: 

' 	SELECTION CRITERIA AND/OR SPECIAL fEATURES • 	DC: 

• 	AC: 

• 	STEPPER: Control is provided by metering Freon [hrough injection 
~ valves which are positioned hydraulicaLly. 

- 	ACTUATOR 

• 	LINEAR: 

• 	ROTARY: 

. 

~ 

~ 
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