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Engineering Capability

AEROJET
Mechanical Design i ey
« Liquid/Solid Propulsion Systems and Components
o Structures, Pressure Vessels and Plumbing
Electrical Design ol eIty o] sci2
« Analog and Power Conversion Electronics [ MASTER CONTROL Al
« Digital-Embedded Processors, Controls and Test Equipment L \
Manufacturing Engineering-Coneurrentiwith. Design v ¥ 11
Structural AnaIyS|_s _ _ P e e - 4
o System Dynamics and Static Analysis (] — .
« Non-Linear Structural Analysis o T : e 2
o Fracture Mechanics Ela AN BUCS .
Thermal Ana|ySIS Pwr L Pwr Pwr :
« Radiation, Conduction, Convection o - _
« Passive and Active Control Systems ULt
Performance Analysis
» Orbital Mechanics and Trajectory Analysis

o Multi-Body Dynamic Simulation
o System Fluid Dynamics for Surge and Water Hammer, Press. Drop Balancing
Optimization
o Computational Fluid Dynamics
o Plume Analysis
Magnetic Circuit Analysis
o Magnetic Field Analysis and Design

Circuit Simulation and Timing Analysis Materials and Processes
« Process Control, Metallurgical Analysis and Mechanical Processing Testing

Component Engineering
« Electrical and Mechanical Components
« Specifications and Performance Analysis
« Supplier/Component Selection, Qualification, Problem Resolution and Risk Mitigation
« Valve Design
Safety and Reliability Analysis e

4

2kW Space System Power Control System

Approved for Public Release and Export



Supported Software

AEROJET

Mechanical Design
® Unigraphics NX and |-DEAS, Pro-E
® Electronic Transfer of Model Geometry from Design to Machining

Electrical Design
® ORCAD, Unigraphics NX, IDEAS, PADS 2000

Structural Analysis
® ANSYS, ABAQUS, Nastran and NISA for Finite Element Analysis
® ANSYS, NISA DISPLAY and IDEAS for Pre / Post Processing
® NASGRO Crack Analysis

Thermal Analysis
® SINDA / Thermal Desktop
¢ IDEAS TMG
® NISA DISPLAY and IDEAS for Pre / Post Processing
Performance Analysis
®* FORTRAN, C++, MathCAD, Maple, Tecplot, and Custom Codes
® Fluent/ Gambit for CFD Analysis
® LETS and AFT / Impulse for Fluid Flow
® Simplorer and Simulink for Systems Analysis
Magnetic Analysis
® Magnet
Circuit Simulation and Timing Analysis
® P-SPICE, ACTEL Designer
Manufacturing Engineering
® Unigraphics NX and IDEAS
All Engineering, Including Project Office

® MS Office Suite C80009-61.ppt

* Microsoft Outlook 5
Approved for Public Release and Export




Test Capability

AEROJET

Vibration Test Facility
® Sine Sweeps, Random Vibration, Mechanical Shock
® Response Measurements
Hotfire Facilities
® Hydrazine, HAN, MMH/NTO and Other Propellants
® 10 State-of-the-Art Vacuum Flrlng Chambers
® Steam Ejector, Mechamgal and nyQ-LPumps
® Acceptance Testing 1
® Thermal Model Verification
® Fuel Storage and Testing
Environmental Test Facilities
® Thermal Vacuum, Thermal Shock and
Temperature Cycling
® Long Term Hydrazine Compatibility Testing
Electronics
® Automated End Item Test Equipment Utilizing Software Control
® Circuit Card Electrical Test EQquipment Design and Fabrication
® High Voltage Corona Testing
® EMI / ESD Testing
Materials and Processing Testing
® Chemical Analysis
® Metallographic Sectioning, Tensile and Shear Tests, Other

C80009-61A.ppt

Approved for Public Release and Export 6



Altitude Test Facility
Building 63 - Front View

AEROJET

Approved for Public Release and Export



Altitude Test Facility
Building 63 - Capabilities Summary

AEROJET

Altitude Testing

® Ten vacuum test chambers
® Hydrazine rocket engines 0.02 Ibf - 100 Ibf (duty cycle dependent)
® Bipropellant and dual mode engines up to 200 Ibf
® 3-Stage steam ejector system
® Arcjets up to 50 kilowatts
® Xenon Hall Effect Thrusters up to 4.5 kilowatts
® Multiple vacuum pump configurations possible
® High vacuum (<1 x 10-6 torr)
® Four chambers with cryogenic pumps
® All chambers have a self-contained, fully equipped, closed hydrazine propellant feed
system. Modifications can be accommodated to meet new requirements.

Sea Level Testing

® Two protected, fortified test cells
® Multiple and alternative fuel compatible (liquid, solids, bipropellant)
® Two 4’ x4’ x4’ temperature conditioning chambers for conditioned testing

Approved for Public Release and Export



Manufacturing Capability

AEROJET

Machine Shop

® CNC Milling & Turning

* EDM

® Grinding

® Conventional Machining

® Full Service Dimensional Inspection Lab
Mechanical and ElectroniciAssembly Areas

® Class 1,000, 10,000 and 100,000 Clean Rooms

and Assembly Areas

® Automatic Orbital Welding

® Electron Beam Welding

® Manual and Automatic GTA Welding

® Tube Bending

® Precision Part Cleaning

® Water and Gas Flow Testing

® Radiographic and UT Testing

® High Pressure Leak and Test Vault

® Valve Assembly and Encapsulation

® Manual and Wave Soldering

® Wire/Cable Harness Design and Manufacturing

Certification
® AS9100

®1S0O 9001: 2000
¢ 1SO 14001

Approved for Public Release and Export
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Chemistry Capability

AEROJET

Chemical Manufacturing
® Catalyst Fabrication
® Gold and Rhodium Plating -
® Chemical Milling and Etching y b
® Metal Cleaning and Passivation

¥ "

® Heat Treating a, i
® Teflon Processing \ ), - - v @
Chemical Analysis N Ny A

¢ Full Mil Spec Assay of Hydrazme MMH and MON 3 Oxidizer
® DI Water According to JSC C-20
® Solvent Purity Analysis
® Trace Metal Content by ICP-OES
® Gas Constituent Analysis by FTIR
® pH and Titration Analysis
Product Development
® Ignition Delay Testing (Pino)
® Propellant Environment Simulation
® High Temperature Catalyst Development
® Material Compatibility Testing
® Thermal Cycling

Environmental Chemistry Support
® Age Sensitive Materials Testing
® Trace Contaminant Testing and Remediation

03.11.2004

2006-018 Approved for Public Release and Export 1






Monopropellant

AEROJET
MR-103C MR-107B MR-80B
MR-103D MR-107J MRM-103D
MR-103G MR-107K MRM-106B
MR-103M MR-107L MRM-106C
MR-111C MR-107M MRM-106D
m:;ls'z MR-107N MRM-106E
L MRM-106F

MR-50T MR-107S MRM-122
MR-106E- 28 Vdc ~ MR-107T '

] : ) Space Shuttle
mi 1825 5. ¥C MR-107V Gas Generator

i MR-104A/C “Green” Propellants
MR-120 MR-104D & Systems

Approved for Public Release and Export



MR-103C 1N (0.2-Ibf) ROCKET ENGINE ASSEMBLY

Py H .

(G T

-

@5

PN 2708131311 s4mn
R TS o | "o Sy b

(135) "

Design Characteristics Performance
B Propellant .o « cum w cas v sae a5 awn = e @ aan s Hydrazine B Specificlmpulse . .............. 224 — 209 sec (Ibf-sec/lbm)
W Catalyst. . ... S405 B Totallmpulse............... 121,817 N-sec (27,387 Ibf-sec)
B Thrust/Steady State . .. .. .. 1.02-0.22N (0.230 - 0.05 Ibf) B TotalPulses......... ... ... .. 410,000
B Feed Pressure . . .. .. ...... 27.6 — 6.2 bar (400 — 90 psia) B Minimum Impulse Bit . . . ... 0.022N-sec @ 6.9 bar& 15ms ON
B ChamberPressure......... 23.4-59bar (340-85 psia)  crrrrrerrerrreeeeeeeeee (0.005 Ibf-sec @ 100 psia & 15 ms ON)
B Expansion Ratio .. ..o oo 100:1 B Steady State Firing.............. 30,000 sec - Single Firilng
B FlowRate...... 0.5—0.00 g/sec (0.001 —0.0002 Ibm-seg) """ tttrtrrteriireesaeeieseeeen 60 hrs — Cumulative
B Valve .. ... . e Dual Seat Status
W Valve Power.......... 8.25 Watts Max @ 28 Vdc & 21°C m Flight Proven
B Valve Heater Power . . .. 1.54 Watts Max @ 28 Vdc & 21°C
B Cat. Bed Heater Pwr. .. 3.93 Watts Max @ 28 Vdc & 21°C Reference
B Mass............. .. 0.33 kg (0.73 Ibm) m SC00-2000-XI-1

= o[ e I 0.13 kg (0.28 Iom)

VAINE . « o o s & v sowesis ossess s spavam 0.20kg (0.45 Ibm)

Rev. Date: 4/24/06

11411 139th Place NE + Redmond, WA 98052 _A
(425) 885-5000 FAX (425) 882-5747 E R Ol E ,

Approved for public release and export



MR-103D 1N (0.2-1bf) ROCKET ENGINE ASSEMBLY

B I e2s)

- P/N2708131511 g :

1

...............................................................................................................................................................................................

3 i MOUNTING INTERFACE —
Design Characteristics Performance
B Propellant ces » cms v s 5 o sies & Gs = 550w s 3 Hydrazine B Specificlmpulse . .............. 224 — 209 sec (Ibf-sec/lbm)
B Catalyst........ ... S405 B Totallmpulse............... 186,000 N-sec (41,828 Ibf-sec)
B Thrust/Steady State . . ... .. 1.02-0.22N (0.230 - 0.05 Ibf) B TotalPulses............ ... .. . 275,028
B Feed Pressure . . .. .. ... ... 27.6 — 6.2 bar (400 — 90 psia) B Minimum Impulse Bit. .. ... .027 N-sec @ 6.9 bar & 15 ms ON
B Chamber Pressure . . .. ... .. 23 4 —5.9bar (340 -85 psia) ................... (0006 Ibf-sec @ 100 psia & 15ms ON)
B Expansion RatO . ... oo oo 100:1 B Steady StateFiring............... 5,000 sec — Single Firilng
B FlowRate...... 0.5-0.00 g/sec (0.001—0.0002 Ibm-sec) 1 1tTrrorirrreeseeieeee 111.4 hrs — Cumulative
W oValve . ... Dual Seat Status
W Valve Power.......... 8.25 Watts Max @ 28 Vdc & 21°C B Flight Proven
B Valve Heater Power . . .. 1.54 Watts Max @ 28 Vdc & 21°C
m Cat. Bed Heater Pwr ... 3.93 Watts Max @ 28 Vdc & 21°C ~ Reference
M Mass..........oiiiiiiiii 0.33 kg (0.73 Ibm) H SC00-2000-XI-1

Enging's cus ¢ o v o v vn o v s 0.13 kg (0.28 Ibm)

VAIVE: : « woves o v« s sowe siss 0 v svssens 0.20kg (0.45 Ibm)

Rev. Date: 4/24/06

11411 139th Place NE + Redmond, WA 98052 _A
(425) 885-5000 FAX (425) 882-5747 E R Ol E ,

Approved for public release and export



MR-103G 1N (0.2-Ibf) ROCKET ENGINE ASSEMBLY

[a—voumme |1
TTINTERFACE i

Design Characteristics Performance
B Propellant......ccccovveeeeicciireeer e Hydrazine B TOtl IMPUISE....eeeeeeeeeeeeeerreerereeeesesrsnnnereeeeesesrrsnnereseesas 97,078 N-sec
R T SADE  rsrarme o T S Y e (21,825 Ibf-sec)
B Thrust/Steady State......... 1.13—-0.19N (0.253-0.043 Ibf) B Total PUISES.......cciiiiiiiiiiiciiiiecit et 835,017
W Specific Impulse.........cccee....... 224 -202 sec (Ibf-sec/lom) W Minimum Impulse Bit............. 0.0133 N-sec@0.015sec ON & 6.9 bar
B Feed Pressure..........c........ 28.3-4.8bar (420-70 psia) ... (0.003 Ibf-sec@0.015sec) (ON & 100psi)
m Chamber Pressure.............. 23.8—-4.5bar (345-65psia) m Steady State Firing Single firing........ 300sec 1,000 sec
B EXpansioniBatio.....cmsisernvims i 10051 assssesesesssesssvssssinisiei i Cumulative........ 23.8hrs — 40.6 hrs
H Flow Rate......... 0.5-0.09 g/sec (0.0011—-0.0002 Ibm/sec)
B VANE oot i s Dual Seat M
B Valve POWEr...oo......... 8.25 Watts Max@28 Vdc & 21°C ™ T light Proven
W Cat. Bed Heater Pwr...... 6.32 Watts Max@28 Vdc & 21°C  Reference
B OMASS oo 0.33kg (0.731bm)  m AIAA-2005-3952

ENQiNSa:ununnnnaiaisising 0.127 kg (0.28 Ibm)

Valve i i 0.204 kg (0.45 Ibm)

Rev. Date: 5/15/06
11411 139th Place NE + Redmond, WA 98052 _A
(425) 885-5000 FAX (425) 882-5747 E R Ol E ,

Approved for public release and export



MR-103M 1N (0.2-Ibf) ROCKET ENGINE ASSEMBLY

Mlnlmum Impulse Thruster (MIT)

PN 34211~301

Performance

.. 221 — 206 sec (Ibf-sec/lbm)
121,817 N-sec (27,387 Ibf-sec)
................. 515,344
~B670E-6N-sec @ 1.6 ms ON
(~150E-6 Ibf-sec @ 1.6 ms ON)
.. .. 30,000 sec —Single Firing
........ 60 hrs — Cumulative

Design Characteristics
B Propellant.........coc e oineinneannammns Hydrazine B Specific Impulse . . ............
W SEIAWEE: sos ¢ sos 5 oo s 5 265 5 5958 © 695 § 66 SE5 § S405 B Total Impulse................
B Thrust/Steady State . .. ... .. 0.99-0.28N (0.22 —0.06 Ibf) W TotalPulses.................
B FeedPressure........... 27.6—6.9 bar (400 — 100 psia) ® Minimum Impulse Bit. .........
B ChamberPressure......... 20.7-5.9bar (300 -85 psia) @ vt
B Epansion Reioie: ; wm s ms s 5 s & g § w5 50 100:1 W Steady State Firing...........
B FlowRate..... 0.45-0.14 g/sec (0.001 -0.0003 lbm-sec) """ " oottt
B VaVE: ¢ o« aoen v ove v ol s & os & o & v & Single Seat Status
WM ValvePower............... 7.1 Watts @ 28 Vdc & 21°C B Qualified
B Cat. Bed HeaterPwr........ 3.8 Watts @ 28 Vdc & 21°C
B OMassS . ...t 160 gm (0.35 lbm) Reference
BRGNS s » cee 5 2w ¢ oo o © moss 135 gm (0.30 Ibm) B JANNAF-2005 — “The Minimum Impulse Thruster”
NaINEE: = v+ omsan & iowes esions swnes o v woswss 25 gm (0.05 Ibm)

Rev. Date: 5/23/06

2006-018

11411 139th Place NE « Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

Approved for public release and export
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4448-3

Design Characteristics

M Propellant.......... ... ... ... ... .. ..., Hydrazine
B Catalyst oo o vene v onos oma s v v i v se s 2 s S405
B Thrust/Steady State .. ......... 5.3-1.3N (1.2-0.3 Ibf)
B FeedPressure............ 27.6—5.5 bar (450 — 50 psia)
B ChamberPressure........ 12.1 — 3.4 bar (200 — 35 psia)
B ExpansionRatio............... ... ... ......... 74:1
B FlowRate...... 2.4-0.6 g/sec (0.0053 - 0.0014 Ibm-sec)
B Valve . ... e Dual Seat
B ValvePower.......... 8.25 Watts Max @ 28 Vdc & 21°C
B Valve Heater Power . ... 1.54 Watts Max @ 28 Vdc & 21°C
B Cat. Bed Heater Pwr ... 3.85 Watts Max @ 28 Vdc & 21°C
B Mass....... ... ..., 0.33kg (0.73Ibm)

EnGing-« s aens o v s ¢ o v 5 0.13 kg (0.28 Ibm)

VAIVE i « o o oo 5 sane s w0 v o oo 0.20 kg (0.45 Ibm)

Rev. Date: 4/26/06

11411 139th Place NE + Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

MR-111C 4 N (1.0-Ibf) ROCKET ENGINE ASSEMBLY

MOUNTING INTERFACE —.

Performance
B Specificlmpulse . .............. 229 — 215 sec (Ibf-sec/lbm)
B Totallmpulse.............. 260,000 N-sec (58,500 Ibf-sec)
B Total PulsSes:. cus o s v wvems v oo v v siars o e o e 420,000
B Minimum Impulse Bit. ... .. 0.08 N-sec @ 6.9 bar & 15 ms ON
................... (0.0171 Ibf-sec @ 100 psia & 15 ms ON)
B Steady State Firing........... 5,000 sec min — Single Firing
Status

B Flight Proven

Status
B AIAA-1999-2469

AFROJET

Approved for public release and export



MR-111E 2N (0 5 Ibf) ROCKET ENGINE ASSEMBLY

Design Characteristics

B Propellant . ......cooniiniivnainineaaisaan Hydrazine
B Gatalystl: ao « cin o co ane & omm 5 s o G & o s S405
B Thrust/Steady State . . ........ 2.2—-0.5N (0.5-0.11 Ibf)
B FeedPressure............ 25.5—4.1 bar (370 —60 psia)
W ChamberPressure........ 14.1 — 3.1 bar (204 — 45 psia)
B ExpansionRatio............................. 200:1
B FlowRate...... 1.2-0.3 g/sec (0.0022 —0.0005 Ibm-sec)
B Valve...........coiiii i Dual Seat
W Valve Power.......... 8.25 Watts Max @ 28 Vdc & 21°C
B Valve Heater Power . . .. 1.54 Watts Max @ 28 Vdc & 21°C
W Cat. Bed Heater Pwr ... 3.85 Watts Max @ 28 Vdc & 21°C
WM Mass....... ... ... .. 0.33kg (0.73Ibm)

ENGine« sus pusny o s s v s ¢ g 0.13 kg (0.28 Ibm)

VAIVE ioe v o o i 0 iave amessa 0 i o o 0.20 kg (0.45 Ibm)

Rev. Date: 4/26/06

11411 139th Place NE « Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

.MOUNTING INTEHFACE 2

.............................. Fr L R o

Performance

B Specificlmpulse . .............. 224 — 213 sec (Ibf-sec/lbm)
W Totallmpulse.............. 260,000 N-sec (58,500 Ibf-sec)
B TotalPulses............ ... 420,000
B Minimum Impulse Bit. ... .. 0.02 N-sec @ 6.9 bar & 15 ms ON

................... (0.006 Ibf-sec @ 100 psia & 15 ms ON)
B Steady State Firing................. 15.5 hr — Single Firing

................................. 26.7 hr — Cumulative
Status

B Flight Proven

AFROJET

Approved for public release and export



MR-50S 22N (5.0-1bf) ROCKET ENGINE ASSEMBLY

Design Characteristics
W Propellant.............. ... ... . ... ... Hydrazine
W CAtAIVEY: sz con 5 oo sem s ohn & oS 5 005 ¥ e 005 5 3 S405
B Thrust/Steady State . ... .. .. .. 32.0-58N (7.2 -1.31bf)
B FeedPressure............ 27.6-3.4 bar (400-50 psia)
B ChamberPressure.......... 9.3—1.9 bar (135—28 psia)
B Expansion:Ratiou. « cw. s v v o o awe s o o s v o 2 40:1
B FlowRate..... 14.2-3.09/sec(0.0313-0.0066 Ibm/sec)
B ValVe: ¢ con v ame s e o oo e @ omws ¥ s S5 o Dual Seat
W Valve Power.......... 25.3 Watts Max @ 28 Vdc & 21°C
B Valve Heater Pwr...... 1.54 Watts Max @ 28 Vdc & 21°C
B Cat. Bed Heater Pwr. .. 3.95 Watts Max @ 28 Vdc & 21°C
B Mass: © oo o s v v s s 3 B SEE 0 0.68 kg (1.50 Ibm)
ENgingtes « o vy o s e s o v o 0.41 kg (0.90 Ibm)
Valve: oo v oo v v v o v v s v 2 0.27 kg (0.60 Ibm)

Rev. Date: 4/24/06

11411 139th Place NE « Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

—g2mm (321 i

” l . 1 ffffé_:'
-(2.607)-
DIA. ...

_.F.T::: l -

st mm (@)= |
o =102 MM (4,07 )b

~~MOUNTING -
- INTERFACE

Performance

B Specificlmpulse . ................ 229-208 sec (Ibf-sec/lbm)
B Totallmpulse.............. 459,000 N-sec (103,271 Ibf-sec)
B TOtallPUISES a wan v e v oun @ o #9% & S06 1 S50 ¥ 958 § 09 3 609
B Minimum Impulse Bit. .. .... 0.32N-sec @ 3.4 bar & 30 ms ON
..................... (0.071 Ibf-sec @ 50 psia & 30 ms ON)
B Steady State Firing.............. 14,400 sec — Single Firing
............................... 24,840 sec — Cumulative
Status
M Flight Proven

AFROJET

Approved for public release and export



MR-50T 22N (5.0-Ibf) ROCKET ENGINE ASSEMBLY

Design Characteristics
B Propellant .o « vem 5w cus o wei v 5w v aem w s Hydrazine
B Catalyst........... . i S405
B Thrust/Steady State . .. ... ... 19.5—-8.5N (4.39 —1.92 |bf)
B FeedPressure............ 24.1 - 6.9 bar (350 - 100 psia)
B ChamberPressure........... 5.8—-2.6 bar (84 — 37 psia)
B Expansion Balioi: « ce s s v ones @ amer some o o 5 v 2 40:1
B FlowRate........ 8.6 — 3.9 g/sec (0.019-0.0087 Ibm/sec)
B NalVei: : cun v o v mns v oo s 0 s v s o0 o Dual Seat
WM ValvePower.......... 25.3 Watts Max @ 28 Vdc & 21°C
W Valve Heater Pwr. ... .. 1.96 Watts Max @ 28 Vdc & 21°C
W Cat. Bed Heater Pwr. .. 3.27 Watts Max @ 28 Vdc & 21°C
B Mass: © s o s v e o st 7 o SeE 0 0.68 kg (1.50 Ibm)
ENGINGtes « o vy e ¢ e & o v oo 0.41 kg (0.90 Ibm)
ValVe' oo v coon v v v s v © s w s 0.27 kg (0.60 Ibm)

Rev. Date: 4/24/06

11411 139th Place NE « Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

.....................................

vanfe

poeee MOUNTING /1 PE—— -

102 MM (4.0") i}

Performance

B Specificlmpulse . ................ 225-215 sec (Ibf-sec/lbm)
W Totallmpulse............... 224,000 N-sec (50,422 Ibf-sec)
W CTotalPiilsesi: s so 5 was v v ¢ o5 aan 6 e 5wk 7 166 5 02 26,000
B Minimum Impulse Bit . . . ... 0.73N-sec @ 6.9 bar & 80 ms ON

.................... (0.1685 Ibf-sec @ 100 psia & 80 ms ON)
B Steady StateFiring.............. ... ... .. ....... 600 sec
Status

m Flight Proven

AFROJET

Approved for public release and export



MR-106E 22N (5.0-Ibf) ROCKET ENGINE ASSEMBLY - 28 Vdc

...............................................................................

~MOUNTING FLANGE -

Design Characteristics Performance
W Propellant............ ... ... . ... Hydrazine B Specificlmpulse............... 235 — 229 sec (Ibf-sec/lbm)
m Catalyst............ ... . ... LCH-227/202 REA ‘A’ REA ‘B’ Mars*

o _ B Total Impulse........ 36,000N-sec 125,000N-sec 90,587 N-sec
W “THRESVBICCHSIAN: « s 5 s 80.7-11.6N(6.9-261f = T (26,958 Ibf-sec) (28,044 Ibf-sec) (20,366)
B FeedPressure........... 24.1-6.9bar(350-100psia) @ Total Pulses.......... 12,405 ....... 186...... 66,631
W ChamberPressure . ........ 12.4—4.5 bar (180—65 psia) B Minimum Impulse Bit . . .. .. 0.46N-sec @ 12.8 bar& 16 ms ON
W Expansion Ralio:: « e s s @ ovs s s s 5 g 5 o 5 GO e e o s o e (0.108 Ibf-sec @ 185 psia & 16 ms ON)
B ElowHals .o . o 13.1-5.0 g/sec (0.0289—0.011 lom/sec) B Steady State Firing . .............. 2,000 sec - Single Flr!ng

............................... 4,670 sec — Cumulative
B Valve...... ... ... ..., Dual Seat
B Cat. Bed Heater Pwr . . . 6.53 Watts Max @ 28 Vdc & 21°c ~ Status
B Valve Heater Power-. ... .... 3.27 Watts @ 28 Vdc & 21°C B Flight Proven *Mars Odyssey Test Program —
December, 2000

B Valve Power......... 25.3 Watts Max @ 28 Vdc & 21°C Reference
B Mass: v o oo s vem & v § 0w 0.635kg (1.4 Ibm) Max B AJAA-2001-3632

B AIAA-1999-2469

Rev. Date: 4/24/06
11411 139th Place NE « Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R O E

Approved for public release and export



MR-106E 22N (5.0-Ibf) ROCKET ENGINE ASSEMBLY - 70 Vdc

CTICD 32529
L for Ao

2 ;"M_‘?:U_“_Ti!\!@__FEAN_Ef_?‘_E"'.
Design Characteristics Performance
B Propellant o « vus s s wee 5 virs 5 s 5 e 2 s Hydrazine B Specificlmpulse . .............. 235 — 229 sec (Ibf-sec/lbm)
W Catalyst................ ... ..., LCH-227/202 REA ‘A’ REA ‘B’ Mars*
B Thrust/Steady State . ... ... .. 30.7-11.6N (6.9-2.61bf)y W Totallmpulse....... (12(230622%\:-360) (12%5623‘3'?{590) QC’(SSQ(’;‘;%
e ’ -sec ! -sec -

M o8y PRsSUeE, « s v » s edl=0.2har{d50~100psia) o wiipiEee L 12,405 ....... 186...... 66,631
B CHEMDCH RS & omp s ¢ ¢ 12.4-4.5bar (180-65psia) g Minimum Impulse Bit . . . . . . 0.46N-sec @ 12.8bar & 16ms ON
B BExpansioniRation.. « o o oes o e e v s s oo 0 oos o e0:n (0.103 Ibf-sec @ 185 psia & 16 ms ON)
B FlowRate...... 13.1 - 5.0 g/sec (0.0289 —0.011 Ibm/sec) B Steady State Firing . .............. 2,000 sec - Single Firing
W o Valve . ... Dual Seat i e 4,670 sec — Cumulative
W Valve Power......... 39.52 Watts Max @ 70 Vdc & 21°C Status
B Valve Heater Power........ 3.27 Watts @ 70 Vdc & 21°C m Flight Proven “Mars Odyssey Test Program —
B Cat. Bed Heater Pwr. ... 6.36 Watts Max @ 70 Vdc & 21°C December, 2000
BOMasS. ..o 052kg (1.141bm)  Reference

ENQINEE: & v o v v & oo 5 v © a8 5 0.23 kg (0.50 Ibm) B AIAA-2001-3632

Valve ........ ... . i 0.29 kg (0.64 Ibm) B AIAA-1999-2469

Rev. Date: 4/024/06

11411 139th Place NE « Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R O E

Approved for public release and export



MR-106L 22N (5 0-1bf) ENGINE ASSEMBLY 28 Vdc

PIN :35258 301

34 mm
(1.35" DIA)

_MOUNTING .

FLANGE (Typlcal) ; ?Aﬁf;‘::;#;“ﬁ FLANGE”
Design Characteristics Performance
B Propellant............ .. ... .. ... .. ... Hydrazine B Specific Impulse . .............. 235 — 229 sec (Ibf-sec/lbm)
B Catalysts v s oo v ons me v ams 5 e § o o S405/LCH-202 B Total IMPulsSe o san v vum v s v s v o s 3 561,388 N-sec
u Thrust/Steady State .. .. ... ... 34—-10N (7_7_ 213 |bf) ..................................... (1 26,205 Ibf-sec)
W FeedPressure............ 27.6 —5.9 bar (400 — 85 psia) : -Il\;‘l:fte_‘l PUIS?S ' 'I' : Bt """ 015 N T @ 59b : & .1.6120!?)1;:
. inimum Impulse Bit. . . ... : -sec .9 bar ms

: E:g;?:g:g?;re """"" 13.4 - 4.1 bar (195 -60 p;('f: .......... ” s o w0 (0.034 Ibf-sec @ 85 psia & 16 ms ON)

"""""""""""""""" ’ B Steady StateFiring.......................... 4,000 sec
B FlowRate....... 14.7 — 4.5 g/sec (0.032 - 0.010 Ibm-sec)
B OValve . .o Dual Seat Status
W Cat. Bed Heater Pwr . ...13.2 Watts Max @ 28 Vdc & 21°C B Qualified: Integrated on 3 Spacecraft
B Valve Heater Power......... 4.0 Watts @ 28 Vdc & 21°C
B ValvePower.......... 24.5 Watts Max @ 28 Vdc & 21°C Reference
B OMasS ..o 0.590 kg (1.31bm)Nom ™ AIAA-2005-3954

Rev. Date: 4/24/06

11411 139th Place NE « Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R o E

Approved for public release and export



MR-120 90N (20-Ibf) ROCKET ENGINE AS

¥ :
g
Design Characteristics
B Propellant :o= s suw ¢ oo v o s 5 o v s & oo Hydrazine
B Catalyst........ ... ... ... ... LCH-207/202
B Thrust/Steady State. . ......... 111.2 -40.0N (25 -9 Ibf)
B FeedPressure........... 24.5-7.2 bar (355— 105 psia)
B ChamberPressure......... 12.4—4.5 bar (180 — 65 psia)
B ExpansionBalion: « ce. s wew v o o awe s « o s wew s 15:1
B FlowRate........ 49.9-19.5¢g/sec(0.11—-0.043 Ibm/sec)
B ValVe:: : oo o sme o mass w sose s @ s @ o s v Single Seat
B ValvePower............. 43 Watts Max @ 32 Vdc & 5°C
B MAaSS: ¢ oo vaen ons 5 oee s ows 5 s v 0.41 kg (0.90 Ibm)
ERQING . ¢ i s v 5 siis 5 s & onis 0.29 kg (0.63 Ibm)
VaIVE! ioivi < soinn v omos v s i v v @ s 0.12kg (0.27 Ibm)

Rev. Date: 5/17/06

11411 139th Place NE « Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

Performance
B Specific Impulse

Total Impulse
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Status
B Flight Ready

Approved for public release and export

“MOUNTING-

...................

SEMBLY

......

................. 229-222 sec (Ibf-sec/lbm)

36,900 N-sec (8,289 Ibf-sec)

Total Pulses . . ... i 1,911

AFROJET



2550-2

Design Characteristics

B Propellant......... ... ... ... . . i, Hydrazine
W CAtAWEY: mn s won » oo o 5 265 5 508 3 093 & S405/LCH-202
B Thrust/Steady State .. ........... 178 — 49N (40 — 11 Ibf)
B FeedPressure........... 31.0 - 6.9 bar (450 — 100 psia)
B ChamberPressure......... 15.4—4.2 bar (223 -61 psia)
B ExpansionBalion: « ce. s wew v o o awe s « o s wew s 20:1
B FlowRate........77.1-24.5¢g/sec(0.17—-0.054 Ibm/sec)
B ValVe:: : oo o sme o mass w sose s @ s @ o s v Single Seat
W ValvePower............ 50 Watts Max @ 28 Vdc & 24°C
B MAaSS: ¢ oo vaen ons 5 oee s ows 5 s v 0.88 kg (1.951bm)

ERQING . ¢ i s v 5 siis 5 s & onis 0.61kg (1.351bm)

VaIVE: i« coas v smin v ovws s v v & s 0.27 kg (0.60 Ibm)

Rev. Date: 4/26/06

11411 139th Place NE + Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

MR-107B 180N (40-Ibf) ROCKET ENGINE ASSEMBLY

Performance

05 mm (4. 14—
,,,,,!,,,,,,,,‘:, - ,,,,!,‘,,,,,

B Specificlmpulse . ................ 235-203 sec (Ibf-sec/lbm)
B Totallmpulse.................. 19,000 N-sec (4,278 Ibf-sec)
B TOtal PUISES wx v v wass v som 5 oy 0% & aaii % 96 © 900 @ asige 3,890
B Minimum Impulse Bit. ... ... 3.2N-sec @ 31.0bar & 20 ms ON

...................... (0.7 Ibf-sec @ 450 psia & 20 ms ON)
B Steady StateFiring............. ... ... ... ... .. ... 97 sec
Status

M Flight Proven

Approved for public release and export

AFROJET



MR-107J 220N (50-Ibf) ROCKET ENGINE ASSEMBLY

e o e : 53 mm (2.17)
DIA.

T GORTNG
_STRUCTURE _ ]

8 55 mm (2.6") IZj}IA. f=fr= i -

Design Characteristics Performance
B Propellant oo : cns s o v s ¢ on caias vam v o Hydrazine W Specificlmpulse . ............... 234224 sec (Ibf-sec/lbm)
W Catalyst: .. oo v o s sos smse s o s LCH-207/LCH-202 B Totallmpulse................ 81,200N-sec (18,257 Ibf-sec)
B Thrust/Steady State . . .. ... .. 258—-116N (58.0—26.0 Ibf) B Jotal Pulses ... coux van o covn s omn 6 o 0 e sws v e v oo 3,704
B FeedPressure .. ........... 34 — 12 bar (500 — 175 psia) ® Minimum Impulse Bit . . . . .. 11 N-sec @ 13.8 bar & 100 ms ON
B ChamberPressure.......... 9.7—45bar (140 —-65 psia) ..................... (25 Ibf-sec @ 200 psia & 100 ms ON)
B EXpansion RAtio .. ... 21 5:1 B Steady State Firing. ................. 450 sec — Cumulative
B FlowRate........... 113-54 g/sec (0.25—-0.12 Ibm/sec)
W NaWE v oo w v = s v boan v v o ¥ S 6 B A Dual Seat M
B ValvePower.............. 170 Watts @ 28 Vdc & 21°C W Flight Proven
L . 1.46 kg (3.22 Ibm)

ENGINgi: oo i s s i v e o s spuapi < 0.64 kg (1.42 Ibm)

Valve ... ... ... ... ... ... ... ... 0.82kg (1.80 Ibm)

Rev. Date: 4/26/06

11411 139th Place NE « Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R O E

Approved for public release and export



MR-107K 220N (50 Ibf) ROCKET ENGINE ASSEMBLY

53 mm (2.17)
DIA.

..STH‘UCTUF{E e
- - ‘-:‘T'(s 24")

:es mm (2 6") DIA. "

gra22-1

Design Characteristics | Performance

B Propgellant «us s s v o v o vnm 5 s 5 s @ e Hydrazine B Specificlmpulse . ............... 230-222 sec (Ibf-sec/lbm)
W Catalyst......................... LCH-207/LCH-202 W Totallmpulse............... 426,000N-sec (95,853 Ibf-sec)
B Thrust/Steady State . .. .......... 222-80N (50— 18 Ibf) B JORELPUISEE & & cu x s s w0 wnms  ssam o s momen s w o 26,624
B Feed Pressure. . ......... 31.0 - 6.9 bar (450 — 100 psia) B Minimum Impulse Bit........ 0.62N-sec @ 6.9 bar & 6 ms ON
B ChamberPressure . ........ 8.27 — 2.6 bar (1 20-138 psia) ...................... (014 Ibf-sec @ 100 psia &6 ms ON)
B Expansion Rato . . ..o ooo oo 21.5:1 B Steady StateFiring............... 2,137 sec — Single Firing
B FlowRate....... 08.4—-36.7 gfsec (0.217—0.081 lbmi/sec) ~ “ttttiierrerreriiieeeeeeeeeaee 2,684 sec — Cumulative
W MaRE: o con 2 mue @ sems @ s ras = oo o Se o e 2 Single Seat  Status
W ValvePower.............. 37.0 Watts @ 28 Vdc & 21°C B Flight Proven
B Valve HeaterPwr........... 2.0 Watts @ 28 Vdc & 21°C
B Mass..............coiiiiiiinn.. 0.91 kg (2.00 Ibm)

ENGingt: o 5 s s o 3 s s v v o5 0.63 kg (1.40 Ibm)

Valve ........... . i 0.27 kg (0.60 Ibm)

Rev. Date: 4/26/06

11411 139th Place NE « Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R O E

Approved for public release and export



MR-107L 130N (30-Ibf) ROCKET ENGINE ASSEMBLY

i : i : i

SRR e sl

OUNTING.
- STRUCTURE.
2 . b n';m(ziéﬁ')DlA.l e
Design Characteristics Performance
B Propellant....... ... ... ... . .. ... . ... Hydrazine B SpecificImpulse . ............... 228224 sec (Ibf-sec/lbm)
B Catalyst......................... LCH-207/LCH-202 B Totallmpulse................ 332,000 N-sec (74,715 Ibf-sec)
B Thrust/Steady State . ......... 142-67N (32.0—15.0 Ibf) B Total PUlSes .. vussvas vwn v v o vun s van v oms wes s v s 5,344
B FeedPressure.......... 32.8—10.3 bar (475 — 150 psia) B Minimum Impulse Bit . . . . .. 1.16N-sec @ 10.3bar & 20 ms ON
B ChamberPressure . .......... 5.4-26bar(78 -37psia) @ ccccrrreeeceeeseeens (0.26 Ibf-sec @ 150 psia & 20 ms ON)
B Expansion Ratio . ..........oooooe 21 5:1 M Steady State Firing................ 2,137 sec —Single Firing
B FlowRate. ... ....... 64—30 g/sec (0.14-0.067 Ibm/sec)  tctttrrerrrieeeeeeeieeeeens 2,684 sec —Cumulative
B MalVE . ¢ cun v o v s« nem e @ own v s © o 2 Single Seat Status
M ValvePower.............. 36.3 Watts @ 28 Vdc & 24°C B Flight Proven
B Valve Heater Pwr. . ... 8 Watts Nominal @ 28 Vdc & 21°C
B Valve Thermostat Controls Valve Heater
B Mass: . o vocs o v von o s v snn ven 0.91 kg (2.02 Ibm)
Engine............ ... ... .. .... 0.64 kg (1.42 Ibm)
ValVe: s v s 5 e v oo i 2 s ¢ oum 0.27 kg (0.60 Ibm)

Rev. Date: 4/26/06

11411 139th Place NE « Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R o E

Approved for public release and export



Design Characteristics

B Propellant «us s s v avn v am vnm 5 s 5 s @ e Hydrazine
W Catalyst......................... LCH-207/LCH-202
B Thrust/Steady State. .. ....... 231.3—-57.8N (52—-13 Ibf)
B FeedPressure............ 29.7 — 5.9 bar (430 - 85 psia)
B ChamberPressure.......... 8.8 —2.2 bar (127 — 32 psia)
B ExpansionRatio............................ 21.5:1
B Flow Rate ... ... 102.5-26.5 g/sec (0.226—0.0585 lbm/sec)
W NalVes ¢ oon v e v s v oo 3 Single Seat w/Internal Diodes
WM ValvePower.............. 37.0 Watts @ 28 Vdc & 21°C
B Mass:: ¢ v s v § ins w035 5 0 en 0.90 kg (2.00 Ibm)

Engine......................... 0.64 kg (1.40 lbm)

ValVE: sun v 5 e o s w5 oo & s 0.27 kg (0.60 Ibm)

Rev. Date: 4/26/06

11411 139th Place NE » Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

MR-107M 220N (50-Ibf) ROCKET ENGINE ASSEMBLY

______ MOUNTING. .l
STRUCTURE.[: |

e g mm 2) DIA
Performance
B Specificlmpulse . ................ 230-222 sec (Ibf-sec/lbm)
B Totallmpulse................ 426,000N-sec (95,853 Ibf-sec)
B TotalPulses ......... .. ... i 26,624
B Minimum Impulse Bit........ 0.623N-sec @ 6.9 bar & 6 ms ON
....................... (0.14 Ibf-sec @ 100 psia & 6 ms ON)
B Steady State Firing................ 2,137 sec - Single Firing
................................ 2,684 sec — Cumulative
Status
m Flight Proven
Reference
B AIAA-1994-3378
AFROJET

Approved for public release and export



MR-107N 270N (60-1bf) ROCKET ENGINE ASSEMBLY

PN

4687-1

Design Characteristics

B Propellant q.. ¢ e 5 oo v v o s onss v o e 6 Hydrazine
B Catalyst......................... LCH-227/LCH-202
B Thrust/Steady State . . .. ... .. 296—109N (66.6—24.6 |bf)
B FeedPressure........... 29.0 - 8.2 bar (420 — 119 psia)
W Chamber Pressure......... 11.2-4.2bar (162 - 61 psia)
B BExpansioniRalion qoe o o 5w w o o o swes 5 s w o 20.7:1
B FlowRate........ 131 —-49 g/sec (0.290-0.108 Ibm/sec)
B ValVes o oo v oms s o ams o o o o o o Moog Single Seat
W ValvePower............... 46 Watts @ 28 Vdc & 24°C
B Valve Heater Power.......... 3 Watts @ 28 Vdc & 21°C
Mass . .........coiiiiiii 0.74 kg (1.64 Ibm)
ENQINGL: cnee v o o isais wiien @ o o s @ 5 0.54 kg (1.20 Ibm)
Valve ... . i 0.20kg (1.44 Ibm)

Rev. Date: 4/26/06

11411 139th Place NE » Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

B Specificlmpulse................ 232 —-229 sec (Ibf-sec/lbm)

W Totallmpulse................. 68,500N-sec (15,397 Ibf-sec)

B TotalPulses .......... . . . 1,485

B Minimum Impulse Bit. . .. ... 1.46 N-sec @ 9.3 bar & 20 ms ON
.................... (0.328 Ibf-sec @ 135 psia & 20 ms ON)

M Steady StateFiring . ................. 40 sec - Single Firing
................................. 299 sec — Cumulative

Status

B Flight Proven

Reference

AlAA-2001-3261

AFROJET

Approved for public release and export



MR-107P 90N (20-Ibf) ROCKET ENGINE ASSEMBLY

“P/N34000-301 1203

(74 MAXTT T (5,317 1.

Design Characteristics Performance
B Propellant............ ... ... . i, Hydrazine W Specificlmpulse................ 226-221 sec (Ibf-sec/lbm)
W Catalyst......................... LCH-207/LCH-202 B Totallmpulse............... 426,000 N-sec (95,853 Ibf-sec)
B Thrust/Steady State . . .......... 98—-34.2N (22—-7.7 Ibf) W Total PUISES: 5 cos v wam v vws e 5 was & o & oo e v s 26,624
B Feed Pressure . . . . ....... 24.1-6.9 bar (350 — 100 psia) B Minimum Impulse Bit . ... ... 1.78N-sec @ 6.9 bar & 40 ms ON
B ChamberPressure .. ........ 8.5-3.0 bar (123 —44 psia) ..................... (0.40 Ibf-sec @ 100 psia &40ms ON)
B Expansion Ratio . ........oooooee 20:1 M Steady StateFiring............... ... ... .. .... 2,137 sec
H Flow Rate .. ... 44.1 -15.4 g/sec (0.0973-0.034 Ibm/sec)
B ValVEi ¢ s o s s s woim o s & aoves @ aste s Dual Seat M
B Valve Power.............. 115 Watts @ 34 Vdc & 24°c ™ Flight Ready
B MASSE: ¢ s s 5 min @ aes o s v 5 oo & 1.10 kg (2.43 Ibm)

Engine............. ... ... ..., 0.65 kg (1.43 Ibm)

ValVe o o onm o s s o oo o v & s 0.45kg (1.00 Ibm)

Rev. Date: 4/26/06
11411 139th Place NE « Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R O E

Approved for public release and export



MR-107S 275N (60-Ibf) ROCKET ENGINE ASSEMBLY

61.18 mm__*

I L T S S 777, O
: T - 832 m : ;g ;wmx{,gggm gggg }WALL'"
Design Characteristics Performance Reference MR-?O?S/T Testing in 2007
B Praopelanle, ; o vae e s s § b s o Hydrazine B Specificlmpulse . ............... 225-236 sec (Ibf-sec/lbm)
B CEBIVEE: o ¢ s snven comd Sai 5 pas s S-405/LCH-202 B Total Impulse v vuws vaws v 337,620N-sec (75,900 Ibf-sec)
B Thrust/Steady State .. ........... 360-85N (81—19 Ibf) B TOIAIPUISES: 4 v sas iams vacs s & i ¥ 595 © 556 wasd 2 30,300
B Feed Pressure . .. ........... 35— 7 bar (500 — 100 psia) B Steady State Firing . ............... 41 sec @ 360N (81-Ibf)
B Chamber Pressure . . . .. ....... 14—4bar(197 —45psia) = rrcrcrrreeriisriiiiiiiiiii 100 sec @ 236N (53-Ibf)
B Expansion Ratio ...............coeeeuinn... DYBr] e s e v s SR s ae Gn e o 30 sec @ 285N (64-Ibf)
M FlowRate....... 154.7 —36.3 g/sec (0.341-0.08 Ibm/sec)
B VOIS« sen 5 o sesen misn G55 S5 095 RS 1 Single Seat Status
B Valve Power............ <34.8 Watts @ 28 Vdc & 20°C B Qualified
B MESS : con o v s v smm v s dmn e 1.01 kg (2.23 Ibm)
Engine.......... .. ... ... ... ... 0.67 kg (1.48 Ibm)
VANE s s o vons an s s © e o o 0.34 kg (0.75 Ibm)

Rev. Date: 7/15/08
2008-015

11411 139th Place NE « Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R o E

Approved for public release and export



MR-107T 110N (25 Ibf) ROCKET ENGINE ASSEMBLY

52.83 mm (2.08")
DIA.

S 7917 mm

\ MOUNTING. |
STRUCTURE

Design Characteristics Performance - Reference MR-107S/T Tesﬁng in 2007

B Propellant ..o ¢ vve v van 5 s v s v s 56 3 v s Hydrazine B Specificlmpulse . ............... 222 — 228 sec (Ibf-sec/lbm)
WM Catalyst........................... S-405/LCH-202 B Totallmpulse................ 92,967 N-sec (20,900 Ibf-sec)
B Thrust/Steady State . . ........... 125—-54N (2812 Ibf) B TotalPulses ........... ... ... 14,300
B FeedPressure.............. 37 — 7 bar (500 — 100 psia) B Steady State Firing . .............. 100 sec @ 125N (28-1bf)
B Chamber Pressure . . ........ 47—-18bar(B9—26psia) = vrrrrrrererresieiiieiiiiien. 100 sec @ 54N (12-Ibf)
B ExpansionRatio ............................ 21.5:1
B FlowRate....... 55.8 —22.7 g/sec (0.123-0.05 Ibm/sec)
B OValVe . ..o Single Seat Status
B ValvePower............ <34.8 Watts @ 28 Vdc & 20°C B Qualified
B Mass. voua caow s s v one @ e wos 1.01 kg (2.23 Ibm)
Engine......... ... ... .. ... .... 0.67 kg (1.48 lbm)
VaIVE: o v s v pvms vt s § s 0.34 kg (0.75 Ibm)
Rev. Date: 7/15/08
2008-015

11411 139th Place NE « Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R o E

Approved for public release and export



Design Characteristics

B Propellant. ... ... ... ... . ... Hydrazine
W EAEEYEL. . . . . . o commmmmmmmmmomesmm S-405/LCH-202
B Thrust/Steady State . .......... 220-67N (49.5—15 Ibf)
W FeedPressure............. 26 — 5.5 bar (377 — 80 psia)
W ChamberPressure......... 8.4 - 2.6 bar (122 — 38 psia)
B ExpansionRatio............................ 21.5:1
B FlowRate.......... 98 —31g/sec (0.216—0.07 Ibm/sec)
I T T Y Single Seat
W ValvePower............ <34.8 Watts @ 28 Vdc & 20°C
B OMassS. ...t 1.01 kg (2.23 Ibm)

ENQING w2 : 5 ¢ 5utms 7 3 5 56 i sty 0.67 kg (1.48 Ibm)

Valve ......... ... ... 0.34 kg (0.75 Ibm)

Rev. Date: 6/19/07

2007-008

11411 139th Place NE ¢« Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

MR-107V 220N (49.5-Ibf) ROCK

PN '36516-301 m ' B

ET ENGINE ASSEMBLY

7947 mm "/
@iz “MOUNTIN
STRUCTURE

— 66.04 mm (2.60°) DIA. |

g Beizevas Yrsans Hisoes e A fesTeones dmen R e , ............

Performance - Reference MR-107S/T Testing in 2007

B Specificlmpulse................ 229-223 sec (Ibf-sec/lbm)
B Totallmpulse............... 337,175N-sec (75,800 Ibf-sec)
B Tolal PUISES ciisinsassansaaianssssisassssiisg 30,275
B Steady StateFiring. . ............. 100 sec @ 111N (25-Ibf)
Status

B Qualification Testing in 2007

AFROJET

Approved for public release and export



MR-104A/C 440N (100-Ibf) ROCKET ENGINE ASSEMBLY

Design Characteristics Performance

B Propellant... « o vwn o son o sme s v oo wies 2 an Hydrazine B Specificlmpulse ................ 239 — 223 sec (Ibf-sec/lbm)
B Catalyst........................... S405/ LCH-202 W Totallmpulse............... 693,900 N-sec (156,000 Ibf-sec)
B Thrust/Steady State . . . . .. 572.5-204.6N (128.7 — 46 Ibf) B TotalPulses......... ... . . 1,742
B Feed Pressure . . . ........ 28.9 - 6.9 bar (420 — 100 psia) B Minimum Impulse Bit . . . .. 8.23 N-sec @ 24.13 bar & 22 ms ON
B Chamber Pressure ........ 10.7 - 3.9bar (155—56 psia) et (1.85 Ibf-sec @ 350 psia & 22 ms ON)
B OExpansion Ratio . . ..o 53:1 B Steady StateFiring................ 2,000 sec — Single Firing
B FlowRate .. ... 240.4-90.72 g/sec (0.53-0.20 Iom-sec) Tt tttrreerieeeeeeeeeie 2,654 sec — Cumulative
B Valve...... ... ... .. . . Single Seat Status

W ValvePower............... 30 Watts @ 28 Vdc & 21°C B Flight Proven

B Cat. Bed Heater Pwr. ... ... 13.1 Watts @ 28 Vdc & 21°C

B Mass: vun v s wns v wms wws ¥ s w5 o0 1.86 kg (4.11 Ibm)

B Engine..........ooiiiiiiiiiiiian, 1.44 kg (3.17 Ibm)

B ValVei o o oo san v s s v s 3 s o i 0.43 kg (0.94 Ibm)

Rev. Date: 5/17/06

11411 139th Place NE » Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R O E

Approved for public release and export



Design Characteristics

B Propellant ..o cou s vun v sni v s i w san 5 vwd s Hydrazine
B Catalyst........... .. ... ... ... .... S405/LCH-202
B Thrust/Steady State . . . .. 506.2—-201.0N (113.8-45.2 Ibf)
M FeedPressure........... 24.8 —-6.9 bar (360 — 100 psia)
B ChamberPressure......... 9.4 — 3.8 bar (137 — 55 psia)
B ExpansionRatio................ ... ........... 53:1
Bm FlowRate....... 217.9-90.8 g/sec (0.48 —0.20 Ibm-sec)
B Valve....... ... ... i Dual Seat
B ValvePower............... 60 Watts @ 28 Vdc & 21°C
B Cat. Bed Heater Pwr...... 14.4 Watts/el @ 28 Vdc & 21°C
B Weight.: cows v s e s o 5 o s 5 2 2.22 kg (4.9 Ibm)

Engine.......................... 1.50 kg (3.3 Ibm)

VAIVE s v s v s v o 1o & ooe o o 4 0.72 kg (1.6 Ibm)

Rev. Date: 5/23/06

11411 139th Place NE » Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

bty o d

piA— |

MR-104D 100 Ibf (440N) ROCKET ENGINE ASSEMBLY

C
%

1o 1% S i o

MOUNTING

INTERFACE PLANE L :

Performance
B Specific Impulse . .. ..
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Status
B Flight Ready

Approved for public release and export

Total Impulse .. ......
Total Pulses . ........
Minimum Impulse Bit . .

SRNOON O OMONIO UL § SOUtL- JOUO NURUNNE NN NN SOOI
e 05 ............ L ® 2 T ZRN LA N
* 7'90 » £13.13 MAX—'—'* o N N

.......... 237 —223 sec (Ibf-sec/lbm)
...... 693,900 N-sec (156,000 Ibf-sec)

. (1.85 Ibf-sec @ 350 psia & 22 ms ON)
............ 2,137 sec — Single Firing
2,654 sec — Cumulative

AFROJET



MR-80B 3,100N (700-Ibf) THROTTLING ROCKET ENGINE ASSEMBLY

Design Characteristics

B Propellant.......... ... ... ... ... .. ..... Hydrazine
B Catalysti oo ¢ v amas v s e s e s seme aes s S405
B VacuumThrust/Steady State . . . . . 3780 — 31N (850 —7 Ibf)
M FeedPressure.................... 41.7 Bar (605 psia)
B Chamber Pressure . .. ... .. 20.4 - 0.14 Bar (296 — 2 psia)
M ExpansionRatio............................ 16.7:1
B Cat. Bed Heater Pwr . . .. 6.3 Watts/Element Max @ 30 Vdc
B Valve Heater Power. ... .. 9.45 Watts/Element @ 30 Vdc
W OVEVE & o s o v s e o oa Cavitating Throttle
m ValvePower................ 168 Watts Max @ 28 Vdc
B Weight s soons e v s ¢ o vosy wos 8.51kg (18.76 lbm)
| ENGING " ccoie + s sivonsn smmeers asme w stiie 6.92 kg (15.26 lIbm)
[ | VAIVE s s s omd » s0im 5 a5 o 1.59 kg (3.50 Ibm)

Date: 5/19/08

11411 139th Place NE « REDMOND, WA 98073-9709
(425) 885-5000 fax (425) 882-5747

VE ELLANT INL BE

47,05 om (16,

- VALVE ELECTRICAL """
e CONNECTORS (8) ~cofocind

Performance

B Vacuum Specific Impulse . ........ 225- 200 sec (Ibf-sec/lbm)
Dev. #1 Dev. #2 Dev. #3R Qual.

B -Sans o ven on seves on e 8 8 12 8

m Total 292.1kg 183.7kg 451.3kg 308.4 kg
Throughput . .. ......... (644 Ibm) (405 Ibm) (995 Ibm) (680 lbm)

B Total Firing Time . . ....... 334sec 418sec 806sec 560 sec

B Longest Single Firing . . .. .. 76sec 117sec 137sec 214 sec

Status

B Flight Qualified
Reference

B JP&P-1992: Volume 8, No. 2, P. 320-331
B 2007-AlAA-5481

AFROJET

Approved for public release and export



MRM-103D 1N (O 2- Ibf) ROCKET ENGINE ASSEMBLY

Design Characteristics

B Propellant .c.scos comss oo con s i s o o ous Hydrazine
B Calabdl. oo - oo - s von & s & oo & s & foe w5 S405
B Thrust/Steady State . . .. .. 1.02-0.22N (0.230 - 0.050 Ibf)
M FeedPressure............ 27.6 —6.2 bar (400 —90 psia)
m ChamberPressure........ 23.4 — 5.9 bar (340 — 85 psia)
WM ExpansionRatio............................. 100:1
H FlowRate..... 0.45-0.09 g/sec (0.001 —0.0002 Ibm-sec)
W Valve........... .. ... Dual Seat
W Valve Power(perValve) ............ ...,
.................... 8.25 Watts Max @ 28 Vdc & 20°C
B Mass...........oiiiiiiiiii., 1.27 kg (2.8 Ibm)
B Bed Heaters and Temp. Sensors
B REM Plate Htrs (Thermostat Controlled) & Temp. Sensor
H MLI Blanket
B Electrical Interface: 1016 — 1118 mm (40 — 44") Leadwires

Rev. Date: 5/17/06

11411 139th Place NE + Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

»—69 mm (2.72").

Performance

B Specificlmpulse . ............... 224 — 209 sec (Ibf-sec/lbm)
B Totallmpulse............... 125,700 N-sec (28,263 Ibf-sec)*
B TotalPulses........... ..., 210,238*
B Minimum Impulse Bit. .. .. .. 0.03 N-sec @ 6.9 bar & 15 ms ON

..................... (0.006 Ibf-sec @ 100 psia & 15 ms ON)

B Steady StateFiring . . ................ 0.8 hr* — Single Firing
.............................. 176.9 hr* sec — Cumulative

Status

W Flight Proven

*As qualified for the MRM-103D
Basic MR-103D qualified to slightly higher levels.

AFROJET

Approved for public release and export



MRM-106B 27N (6.0-Ibf) ROCKET ENGINE ASSEMBLY

3391-2

Design Characteristics

Propellant . . . ... ... .. ... . . . . ..., Hydrazine
Catalyst. ... LCH-227/202
Thrust/Steady State . . ............ 27-9N (6.0-2.0Ibf)
FeedPressure.............. 31-6.2bar (450 — 90 psia)
Chamber Pressure .. ...... 10.9 — 3.8 bar (158 — 55 psia)
ExpansionRatio.............. ... ... .. oL 61:1
Flow Rate ........ 11.8-4.1g/sec (0.026 — 0.009 Ibm-sec)
Valve . ... ..o Dual Seat
Valve Power........... 27 Watts Max @ 28 Vdc & 21°C
Mass . ... .Axial: 0.46kg (1.0091bm) . ... Lateral: 0.47 kg (1.033 Ibm)

Engine..... “  0.19kg (0.4231bm) .... “  0.20kg (0.447 Ibm)

Valve . ... .. “  0.27kg(0.5861bm) .... “  0.27kg (0.586 Ibm)

No Catalyst Bed Heaters or Valve Heaters
26 Pin Electrical Connectors on 4 Engine REM
18 Pin Electical Connectors on 2 Engine REM

Rev. Date: 5/17/06

11411 139th Place NE + Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

PIN 304@0

Performance

Specific Impulse
Total Impulse. . ..............
Total Pulses:c. wee v ves v s ¢ s o o s s wans @ s v s

...................... (0.26 Ibf-sec @ 450 psia & 15 ms ON)
................ 2,000 sec - Single Firing
................................. 4,670 sec — Cumulative

|
w
p—
(0]
o
o
<
w
—
o)
o
(0]
-
=
>
w

Status

B Flight Proven

AFROJET

Approved for public release and export



MRM-106C 40N (9 0- Ibf) ROCKET ENGINE MODULE

Design Characteristics
B Propellant................. Monopropellant Hydrazine
B Catalyst........... ... ... ... . ..., LCH-207/202
WM Thrust/Steady State . . .. ................. 40N (9.0 Ibf)
B FeedPressure..................... 31 bar (450 psia)
W ChamberPressure.................. 16 bar (237 psia)
B BExpansion Ratio. . . .. con s onn v o sis w s s v & 61:1
m FlowRate.................. 17.7 g/sec (0.039 Ibm/sec)
B ValVe: : cun v o v s v oo s © s v s § o 3 Single Seat
m ValvePower............ 15 Watts Max @ 28 Vdc & 20°C
B Mass.. ... Axial: 0.12kg (0.2591bm) . . . .. Lateral: 0.36 kg (0.801 Ibm)
Engine.... “ 0.15kg (0.3191bm).. ... “  0.16kg (0.361Ibm)
Valve . .. .. “ 0.20kg (0.4401bm)..... “ 0.20 kg (0.4401bm)
B No Catalyst Bed Heaters or Valve Heaters
B 22 Pin Electrical Connectors

Rev. Date: 5/23/06

11411 139th Place NE « Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

P/N 33010 30
3 Englne REM

.. MOUNTING /- i
. FLANGE —/

Performance

B :Specific Impulsel. . v v v vieas wass v e » 231 sec (Ibf-sec/lbm)
m Totallmpulse............... . 136,000 N-sec (30,618 Ibf-sec)
B TotalPulses ...... ... ... i 1,570
B Minimum Impulse Bit........ 2.62N-sec @ 31 bar & 60 ms ON

..................... (0.59 Ibf-sec @ 450 psia & 60 ms ON)
M Steady State Firing................ 1,000 sec — Single Firing

................................ 2,991 sec — Cumulative
Status

MW Flight Proven

AFROJET

Approved for public release and export



Design Characteristics

Propellant. .. .............. Monopropellant Hydrazine
Catalysls: sre o s © wes som o o © ww o s o LCH-207/202
Thrust/Steady State’: « o s see v v« i sw w a3 s v oo

............... per Axial Rocket: 27 —17N (6.0— 3.8 Ibf)
............. per Lateral Rocket: 40—-21N (9.0-4.7 Ibf)
Feed Pressure . .......... 31-13.8 bar (450 — 200 psia)
Chamber Pressure . . . Axial: 11.0—6.9 bar (160 — 100 psia)
................. Lateral: 17.2—8.6 bar (250 — 125 psia)
Expansion Ratio. . ............ ... ... ... . ..... 61:1
FIOW RATE w6 vovm w5 ssans s & ione o aoves & isuits aomisnn osads 4 &
.......... Axial: 11.8 — 7.51 g/sec (0.026 — 0.017 Ibm/sec)
........ Lateral: 17.7 —9.52 g/sec (0.039 —0.021 Ibm/sec)

Valve .................... Single Seat, Non-Sliding Fit
Valve Power....... 20.1 Watts Nominal @ 28 Vdc & 21°C
Massi: « i sossae wam o o 4-Engine REM: 2.7 kg (5.96 Ibm)

..................... 2-Engine REM: 1.5 kg (3.34 Ibm)

Rev. Date: 5/23/06

11411 139th Place NE « Redmond, WA 98052

(425) 885-5000 FAX (425) 882-5747

. A-Ehgine BEM: i 2 Engine HEM. i

M No Catalyst Bed Heaters or Valve Heaters
B 10 Pin Electrical Connectors on 4-Engine REM
B 6 Pin Electrical Connectors on 2-Engine REM

Performance
B Specificlmpulse . ............... 234 - 227 sec (Ibf-sec/lbm)
B Total Impulse (Axial & Lateral) . ... 91,200N-sec (20,500 Ibf-sec)
B TotalPulses................ >7,629 (Lateral) >1,500 (Axial)
B Minimum Impulse Bit........ 0.63N-sec @ 31 bar & 20 ms ON
.................... (0.142 Ibf-sec @ 450 psia & 20 ms ON)
B Steady StateFiring................ 1,000 sec — Single Firing
Status
B Flight Proven
AEROJET

Approved for public release and export



MRM-106E 22N (5.0-Ibf) ROCKET ENGINE MODULE (REM

PIN 33862:301

T
o4 29 MAX e

3
Design Characteristics Performance
B Propellant............. .. .. ... . . ... Hydrazine B Specificlmpulse ................. 235 — 229 sec (Ibf-sec/lbm)
W Catalyst.............. ... .. ... L. LCH-227/202 REA ‘A’ REA ‘B’ Mars*
W ThrusySteady State....... . BT 1N (BBl e e bhoec) (28,084 bl o) (20,388 bfase)
W FeedPressure........... 24.1-6.9bar(350-100psia) @ Total Pulses.......... 12,405....... 186....... 66,631
WM Chamber Pressure ......... 12.4 — 4.5 bar (180 —65 psia) B Minimum Impulse Bit. ... .. 0.46 N-sec @ 12.8 bar & 16 ms ON
B ExpansionRatio................ccoiiiiinnnnn.. BOA s e cww e o own o @ s (0.103Ibf-sec @ 185 psia & 16 ms ON)
B FlowRate...... 12.1 - 5.0 g/sec (0.0289—0.011 Ibm/sec) B Steady State Firing . ............... 2,000 sec — Single Fiang
B Ve BOHEE wm o mm o 05 3 Watts Max @ 28 Vdo & 210G S Ttttrrrreeeeeeeeeseee 4,670 sec — Cumulative
B OMasS. . ..o, 4.1 kg (1.86 Ibm) Max Status

W Flight Proven

*Mars Odyssey Test Program
December 2000

Rev. Date: 5/17/06

11411 139th Place NE « Redmond, WA 98052 A ERO,E '

425) 885-5000 FAX (425) 882-5747 .
(425) (425) Approved for public release and export



MRM-106F 40N (9 0- Ibf) ROCKET ENGINE MODULE

Design Characteristics

B Propellant................. Monopropellant Hydrazine
W Catalyst............ .. oo, LCH-207/202
B Thrust/Steady State (per Rocket). .......... 40N (9.0 Ibf)
B FeedPressure..................... 31 bar (450 psia)
W ChamberPressure.................. 16 bar (237 psia)
B Expansion Ratio. . . v s v o i o oo wire v onive s vera w4 61:1
m FlowRate.................. 17.7 g/sec (0.039 Ibm/sec)
W ValVe. . cua o oome v s o s e Single Seat, Non-Sliding Fit
H Valve Power....... 20.1 Watts Nominal @ 28 Vdc & 21°C
B Mass . oo v o v e o o <2.23 kg (4.9 Ibm) per REM
B No Catalyst Bed Heaters or Valve Heaters

B 22 Pin Electrical Connector

Rev. Date: 5/23/06

11411 139th Place NE » Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

Performance

. MOUNTING /- i~
. FLANGE —.

B Specificlmpulse . ................. ... 231 sec (Ibf-sec/Ibm)
W Totallmpulse............... . 136,000 N-sec (30,618 Ibf-sec)
W Total/Pilsesih c o 5 v o vsn ¢ 555 v & aa 5 W66 % 096 & 04 1,570
B Minimum Impulse Bit........ 2.62N-sec @ 31 bar & 20 ms ON

..................... (0.59 Ibf-sec @ 450 psia & 60 ms ON)
B Steady State Firing................ 1,000 sec — Single Firing

................................ 2,991 sec — Cumulative
Status

B Flight Proven

AFROJET

Approved for public release and export



MRM-122 130N (30 Ibf) ROCKET ENGINE MODULE

55? mm (2 25" ) DIA. f',,,: i S T

3316-3

Design Characteristics

Propellant . . ... ... . .. . Hydrazine
Catalystl, .o o cum o cum wws 3 o & semw 5w ¥ o8 e 0 LCH
Thrust/Steady State . .. ........ 142 — 51N (32 — 11.5 Ibf)
Feed Pressure . .......... 29.6-6.9 bar (430 - 100 psia)
Chamber Pressure .. ......... 5.4—-2.0 bar (79 -29 psia)
Expansion Ratio. . ........... 20.7:1 (Axial), 21.5:1 (Roll)
Flow Rate ... .... 63.5-24.0 g/sec (0.14 - 0.053 Ibm/sec)
ValVes: ¢ coon v crmn s s« svems o @ omon % s & e < Single Seat
Valve Power............ 43 Watts Max @ 32 Vdc & 4°C
Mass.... .. Axial: 0.66 kg (1.461bm) . . . .. Lateral: 0.76 kg (1.68 Ibm)

Engine. .... “  0.54kg (1.201bm) .. ... “  0.64kg (1.421bm)

Valve ... ... “ 0.12kg (0.261bm) . .... “ 0.12kg (0.26 Ibm)

No Catalyst Bed Heaters or Valve Heaters
19 Pin Electrical Connectors on REM

Rev. Date: 4/26/06

11411 139th Place NE « Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

j'jf "P/N 30110
, 3En me REM

B Specific Impu

| |
@
(0]
7]
Q.
<
w
L
=8
@

??;--f-epmaqmo -----
~ 3 Engine REM "~
- (Commercial TITAN)

Performance
Ise.............
TotalImpulse . ..............
TORl BPUISES c . wws & s 5 s o v wvm & 0pis 6 505 5 605 5 Sa 7,005
1.20N-sec @ 9.3 bar&20ms ON
(0.27 Ibf-sec @ 135 psia & 20 ms ON)
...... 2,137 sec — Single Firing

..... 228 — 217 sec (Ibf-sec/lbm)
. 332,000 N-sec (74,715 Ibf-sec)

................................ 2,684 sec — Cumulative

Status

B Flight Proven

Approved for public release and export

AFROJET



SPACE SHUTTLE APU GAS GENERATOR

G NN SR SO [N, SO, WO SN SO (Y B TR SURNN. SO WU SOV SRR (U] 108

Design Characteristics

W Piopsllait ciz sencmprominm s mnssmime Monopropellant Grade Hydrazine
B (CatBIYSt s 5 i & s 5 s 5 sn 5 e 5 R R S & RN B NG E e S405/14-18 Mesh
B Thrust—PulsingGasFlLow ................ Equivalent to 220N (50-Ibf) Thruster
B FeedPressure............c.iiiiiiiiiiiiiinnn. 103.4 bar (1500 psia)
WM EloW:RAE vo v 5 v 5 wmeon 5 ove 5 oo 5 oo 120 - 134 g/sec (0.265 - 0.296 Ibm/sec)
B PropellantValve . . . ... ... . e Part of APU
B MassofGasGenerator.............. ..., 4.90 kg (10.8 Ibm) Max
Performance

B Delivered POWer. . ...ttt 11 kW (idle) to 93 kW
B QUAlfEdTO, o o onn v v sies w s 6 o 99 hrs/6,600 kg (14,500 Ibm) NoHy, 167 Starts
Status

B Flight Qualified: 3 x 113 Manned Flights (Orbiter), 4 x 113 (Booster)

Rev. Date: 4/24/06

11411 139th Place NE « Redmond, WA 98052 _A '
(425) 885-5000 FAX (425) 882-5747 E R OI E

Approved for public release and export



“Improved ance
* System Planning and De__ IR L

- System Integration _ :
- Compatibility and Lohg Term Storage
Hydroxyl Ammonium Nitrate (HAN) Evaluations

Thruster ® Status — In Development
® Reference — AIAA-2003-4643

5 a

Approved for Public Release and Export 4



® Crush Strength
® Ignition Response (Plno)
® Size Range (Sieve)

Catalyst Development
® Selection and Processing of Catalyst Supports
® Active Phase Identification and Loading
® Hypergolic Coatings for Low Temperature Start

2006-018 Approved for Public Release and Export




Bipropellant

AEROJET
R-6D 22 N HIPAT™ High Performance
MTT 22 N Dual Mode 445 N
R-42 890 N
R-1E 110 N
R-42DM 890 N
AR AMBR 623 N
HIPAT™ High R-40 3.870 N

Performance 445 N
R-40B 4,000 N

Approved for Public Release and Export
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KET ENGINE

R-6D 5-Ibf (22N) BIPROPELLANT RO

b - i

(5.17") MAX.

Design Characteristics Performance

B Propellant....................... MMH/NTO(MON-3) B Specificlmpulse .. .................... 294 sec (Ibf-sec/lbm)
W Thrust/Steady State . ... .................. 22N (5 Ibf) H Totallmpulse............. >1,334,400 N-sec (300,000 Ibf-sec)
B |InletFeedPressureRange.......................... B Total PUISES:: cuss » s oo o sis mams & svess satinss ¢ om0 scies s 336,331
...................... 27.96 — 6.9 bar (400 —100 psia) B Minimum Impulse Bit............ 0.0089 N-sec (0.002 Ibf-sec)
B Chamber Pressure .. ... ... 6.7 bar @ 22N (97 psia @ 5 Ibf) B Steady State Firing. . .................. 0.005 sec to Unlimited
B ExpansionRatio............................. 100:1
B FlowRate................. 7.71 g/sec (0.017 Ibm/sec) Status
B ValVE: v o v v i s s v Single Seat Torque Motor B Flight Qualified
................................ Dual Seat Solenoid
W Valve Power . . ... 5 Watts @ 28 Vdc (Moog Torque Motor) Reference:
B Mass........... ... ..., 0.454 kg (1.0 Ibm) B AJAA-1989-2734
Rev. Date: 2/17/06
2006-018

11411 139th Place NE » Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R o E

Approved for public release and export



MTT 5-lbf (22N) BIPROPELLANT ROCKET ENGINE

................. U N S S " .

12,88 mm-
T (6.070) -

Design Characteristics Performance

B Propellant....................... MMH/NTO(MON-3) W Specificlmpulse . ..................... 285 sec (Ibf-sec/lbm)

W Thrust/Steady State . ..................... 22N (5 Ibf) W Totallmpulse............. >1,334,400 N-sec (300,000 Ibf-sec)

B InletFeedPressureRange .. ...y B TOLal PUISES: ¢ vam cin o ans via 5 amos v s wwaes o oo & aess & 300,000
....................... 27.6—10.3 bar (400 - 150 psia) B Minimum Impulse Bit.............. 0.044 N-sec (0.01 Ibf-sec)

B Chamber Pressure . ...... 6.7 bar @ 22N (97 psia @ 5 Ibf) B Steady StateFiring........... ... ... .. . .. Unlimited

B Expansion:Batlo:. . cox s o con o o e s o v an 100:1

B FlowRate................. 7.94 g/sec (0.0175bm/sec)  Status

B VAIVE: « s o o o w5 s o e s s Dual Seat Solenoid B In Development

B ValvePower...................... 60 Watts @ 28 Vdc

B Weight « o s v o v snon 0 w5 s 0.454 kg (1.0 Ibm)

Rev. Date: 6/17/06
2006-018

11411 139th Place NE » Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R o E

Approved for public release and export



R-1E 110N (25 Ibf) BIPROPELLANT ROCKET ENGINE

Dimensions are in inches

T

6.00 4.38

}‘ 4.25 =%f 8.03 >

Design Characteristics Performance
e Propellant ......... ... ... ... L, MMH/NTO(MON-3) e Specific Impulse*. .................. 280 sec (Ibf-sec/lbm)
o Thrust/Steady State . . ... ........ovvreennnnn.. 111 N ( 25 Ibf) + Total Impulse. .. ... ....11,120,000 N-sec (2,500,000 Ibf-sec)
« InletPressureRange....... ....... 27.6-6.9 bar (400-100 psia) « TotalPulses ... 330,000
e ChamberPressure*. . .... .......ccovvvnnn.. 7.3 bar (106 psia) * Minimum Impulse Bit.. ........... 0.89 N-sec (0.2 Ibf-sec)
o EXpansion RAtO ...ttt 100:1 * Steady State Firing (sec). ................. No Limitations
 Flowrate*......................... 40.4 g/sec (0.089 Ibm/sec) Status
e Valve................. Aerojet Solenoid, Single Coil, Single Seat « Flight Proven
e Valve Power ......... ... . . . ..., 36 Watts @ 28 Vdc

Reference
e MaSS. ... 2 kg (4.4 Ibm) -

« AIAA-1990 - 1837
* At rated thrust

Rev. Date: 5/17/06
11411 139th Place NE » Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R O E

Approved for public release and export



R-4D 490N (110 Ibf) BIPROPELLANT ROCKET ENGINE

"‘DIMENSIDNS}ARE'IN INCHE'S'

Design Characteristics Performance

B Propellant....................... MMH/NTO(MON-3) B Specific Impulse* . ............. 44:1 = 300 sec (Ibf-sec/lbm)
W Thrust/Steady State . .. ................ A00NCTIONBEE = sos wias s con 5 595 ¥ 5o ¥ 99 5es & & 164:1 = 311 sec (Ibf-sec/lbm)
B Inlet Pressure Range _________ 29.3-4.1Bar (425_60 psia) .......................... 300:1 = 315.5 sec (Ibf-sec/lbm)
B Chamber Pressure* .. .............. 7.45Bar (108 psia) M Total Impulse Demonstrated

B ExpansionRatio................... A4, T64:1,8008 e w e v e v v x g 20,016,000 N-sec (4,500,000 Ibf-sec)
B FlowRate*............ 158 g/sec (0348 |bm/sec) (3001) | Total Pulses ... ... e 20,781
m Vave.......... Aerojet Solenoid, Single Coil, Single Seat W Minimum Impulse Bit.. ... ... R 15.6 N-sec (3.5 Ibf-sec)
5 VANAPAWEE. Various (46 Watts @ 28 Vdc Typical) B Demonstrated Steady State Firing . .. ........... 12,000 sec
B Mass: « v v onim o v o o 5 s o 44:1, 3.40 kg (7.5 |lbm) Status

............................ 164:1, 3.76 kg (8.3 lom)
............................ 300:1, 4.31 kg (9.5 Ibm)
| Englne ..................... 44:1, 2.49 kg (55 Ibm) References

.................... 164:1,2.86 kg (6.31bm)  ZT T oo
.................... 300:1, 540kgi(2.50Ibm) o ‘At 70m0 1001

mValve................... . .. ..... 0.9 kg (2.0 lbm) m AIAA- 1979 - 1331
*at Rated Thrust

Rev. Date: 5/24/05

11411 130th Place NE + Redmond, WA 98052 —A E R Ol E T

(425) 885-5000 FAX (425) 882-5747
Approved for public release and export

B Flight Proven



HiPAT™ 445N (100-Ibf) HIGH PERFORMANCE

Design Characteristics

B Propellant....................... MMH/NTO(MON-3)
B Thrust/Steady State . .................. 445N (100-Ibf)
B |nlet Pressure Range . .. ... 27.6—6.9 bar (400 - 100 psia)
B ChamberPressure* ................. 9.4 bar (137 psia)
B Expansion Ratio ... .......oveeeeeneenn.. 300:1, 375:1
® FowRate*.................. 141 g/sec (0.31 Ibm/sec)
el T Aerojet Solenoid, Dual Coil, Single Seat
: Valve Power . ....... Various (46 Watts @ 28 Vdc Typical)

Mass...........coiiiiii. 300:1, 5.2 kg (11.5 Iom)

............................. 375:1, 5.44 kg (12 Ibm)

*At rated thrust

Rev. Date: 5/24/05

11411 139th Place NE + Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

LIQUID APOGEE TH

RUSTER

Performance

B Specific Impulse* .. ........... 300:1 = 320 sec (Ibf-sec/lbm)

.......................... 375:1 = 323 sec (Ibf-sec/lbm)
B Total Impulse Demonstrated

................... 20,016,500 N-sec (4,635,000 Ibf-sec)
B TOtal PUISES:. 5 s s s o sose somonos s sxssmss suwimin swasss anscsvs 500
®m Minimum Impulse Bit. . .............. 35.6 N-sec (8 Ibf-sec)
B Demonstrated Steady State Firing ............... 3600 sec
Status

W Flight Proven

References

m AIAA-2001 - 3253
m AIAA-2000 - 3161

AFROJET

Approved for public release and export



HiPAT™ 445N (100-Ibf) DUAL MODE HIGH PERFORMANCE
LIQUID APOGEE THRUSTER

300:1
i 375:1

o 300122226
375:1=264

Performance

Design Characteristics
B Propellant.................... Hydrazine/NTO(MON-3) B Specific Impulse* . ............ 300:1 = 326 sec (Ibf-sec/lbm)
B Thrust/Steady State . .................. BASNI0BABY = cus ves s s s s s ovE § o 508§ 3 375:1 = 329 sec (Ibf-sec/lbm)
B |nlet Pressure Range . . .. . 21.4—15.2 bar (310—220 psia) B Total Impulse Demonstrated . In Excess of 9.55 x 10% N-sec
B Chamber Pressure* .. ..o oo .. 9.4 bar (137 PSi@)  + ot (2.15 x 105 N-sec)
[ | Expansion Ratio . . ... ....ooveeeen. .. 300:1, 375:1 B Tl PUlsesi. . v o wvn o e o s avin v wasn v wmsos v s o asics 672
B Oxidizer/Fuel Ratio . . ...\ o5 W TotalThermalCycles.........ccvviviiiiiiiiieesen, o
® CcowRate* ... . 141 g/sec (0.31 Ibm/sec) B Minimum Impulse Bit....... RREEEEERE 35.6 N-sec (8 Ibf-sec)
: Valie. .. Aerojet Salenoid, Dual Coll, Single Seat B Demonstrated Steady State Firing............... 1800 sec
Valve Power........ Various (46 Watts @ 28 Vdc Typical) Status
MasS . ..oovoeeeei e 300:1,5.2kg (11.51bm) ‘g™ o i
............................. 375:1,5.44 kg (12 Ibm)
Reference
"At rated thrust B AIAA-2003 - 4775
Rev. Date: 5/24/05
e e - Rednond wh 0552 AEFEROJET

Approved for public release and export



R-42 890N (200 Ibf) BIPROPELLANT ROCKET ENGINE

Dimensions are in inches Y
15.34
Y
- 60 »|¢— 2500 ——— >
Design Characteristics Performance
Propellant ........ ... ... ... .. ... ...... MMH/NTO(MON-3) + Specificlmpulse*.................. 303 sec (Ibf-sec/lbm)
Thrust/Steady State. . . .. ..o, 890N (200 Ibf) « Totallmpulse....... 24,271,000 N-sec (5,456,700 Ibf-sec)
Inlet Pressure Range . . ............. 29.3-6.9 bar (425-100 psia) ¢ TotalPulses ... 134
Chamber Pressure*. . . ...........ooouu... . 7.1 bar (103 psia) *  Minimum Impulse Bit.......... 44.48 N-sec (10.0 Ibf-sec)
ExpansionRatio ............ ... .. . . e 160:1 * Steady State Firing Cumulative . . ............ 27,000 sec
Flowrate*.. .. ........... ... ... 300 g/sec (0.66 Ibm/sec) * Steady State Firing (Single Firing) ... . ............ 3,940 sec
Valve... ..... .... ... Aerojet Solenoid, Single Coil, Single Seat
Valve Power ........... ... . ... 46 Watts @ 28 Vdc w
MaSS. . ottt 4.53 kg (10.0 Ibm) * AIAA-1990-2055
*At rated thrust
Rev. Date: 5/17/06
L oo plce - Redmond a2 AEFEROJET

Approved for public release and export



R-42DM 890N (200 Ibf) DUAL MODE HIGH PERFORMANCE

-_1{;"‘-‘":— Sy . : i : i :
Design Characteristics Performance
B Propellant.................. Hydrazine / NTO(MON-3) B Specificlmpulse . ..................... 327 sec (Ibf-sec/lbm)
B Thrust/Steady State .. ................. 890N (200 Ibf) W Totallmpulse............. >20.0 x 106 N-sec (4.5 x 106 |bf-sec)
B Inlet Pressure Range ... .. 25.5—-13.8 bar (370—-200 psia) B Total PUISES:. . cui ssss wmn s sms s oan g e ame @ owm i >100
B ChamberPressure”................. 9.6 bar (140 psia) B TotalThermalCycles. ... ... i >50
B Expansion Ralio: : o vwe s s swan ven s onn siowis o 200:1 B ‘Steady State Firing «oc v can o v sows v vaws v s i 1000 sec
B Oxidizer/FuelRatio............. 0.8-1.2 (1.0 nominal)
B Flow Bate” ..o i oo v s v owis 277 g/sec (0.61 Ibm/sec) Status
W Valve. i oos v e s s Aerojet Single or Dual Seat B FY2008 IR&D, TRL 6
B \Valve Power........ Various (45 Watts @ 28 Vdc Typical) B Ready for final flight design and analysis, and formal qualification
m Mass............ with single seat valves 7.3 kg (16 Ibm) (program specific)

*at rated thrust

Rev. Date: 10/16/09
Aerojet-Redmond Clearance No.: 2009-011

11411 139th Place NE « Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R o E

Approved for public release and export



AMBR 623N (140 Ibf) DUAL MODE HIGH PERFORMANCE

Design Characteristics

B Propellant.................. Hydrazine / NTO(MON-3)
B Thrust/Steady State . .................. 623N (140 Ibf)
B Inlet Pressure Range . . ... 22.4-12.1 bar (325—125 psia)
B ChamberPressure*................ 13.8 bar (200 psia)
B ExpansionRatio............................. 400:1
B Oxidizer/Fuel Ratio............. 1.0 - 1.3 (1.1 nominal)
M FlowRate*.................. 204 g/sec (0.45 Ibm/sec)
B ValWe . cous von v s am Aerojet Single or Dual Seat
m \Valve Power........ Various (45 Watts @ 28 Vdc Typical)
W Mass: con oo v with single seat valves 5.4 kg (12 lbm)
*at rated thrust

Rev. Date: 10/16/09

Aerojet-Redmond Clearance No.: 2009-011
11411 139th Place NE ¢« Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

¥
400:1 = 362 mm
(14.25")
T (2.47") i -
00%1 =S§3mjm (26.1”}2"' .7 i % (ST e . Gea st

Performance
B Specificlmpulse...................... 333 sec (Ibf-sec/lbm)
WM Totallmpulse............. 5,586,000 N-sec (1,255,800 Ibf-sec)
B Total Pulsess: . wi v vion suesn s o e sissine sen & s o >100
B Total Thefmal Cycles .. .cow cvn van v v wvun wows sae o wa >50
M Steady StateFiring......... ... ... i, 2700 sec
Status
B FY2008-9 NASA funded, TRL 6
B Ready for final flight design and analysis, and formal qualification

(program specific
Reference:
B AlAA-2009-5125

AFROJET

Approved for public release and export



R-40 3,870N (870- Ibf) BIPROPELLANT ROCKET ENGINE
(Space Shuttle)

% T.T.‘k.f‘ré_’..m_'f!..(?_.?_}....‘...ag4mm' B
Design Characteristics Performance
B Propellant ...« cos s cen v vns onn v wus MMH/NTO (MON-3) B Specific Impulse® ... . ... vews s v oo v 281 sec (Ibf-sec/lbm)
B Thrust/Steady State.................. 3870N (870 Ibf) B TotalImpulse......... 92,073,600 N-sec (20,700,000 Ibf-sec)
B Inlet Pressure Range. . . . . . 27.6—10.3 bar (400 — 150 psia) B TotalPulses.......... ... .. . 50,000
B Chamber Pressure* . . . .. ... .. ....... 9.9 bar (145 psia) B Minimum Impulse Bit. . ............. 111 N-sec (25.0 Ibf-sec)
B Expansion Ratio™ . ... 20:1 B Steady StateFiring.......................... 23,000 sec
B FlowRate*................. 1.40 kg/sec (3.07 Ibm-se?c) Status
B ValVe. . oo o covn o o v s s @ smee o oo @ o s S Aerojet —. i sheBraven
B ValvePower..................... 70 Watts @ 28 Vdc g
B OMass™ ... 6.8 kg (15.0 Iom) Reference
B AlIAA-1985-1222 B AIAA-1978-1006
*At rated thrust H AIAA-1980-1131 B AIAA-1975-1300
B AlJAA-1979-1144 B AlAA-1970-0618
Rev. Date: 5/17/06
2006-018
AP - e A 5005 AFROJET

Approved for public release and export



g B

Design Characteristics

WM Propellant....................... MMH/NTO (MON-3)
B Thrust/Steady State .. ................ 4,000N (900 Ibf)
B |Inlet Pressure Range . .. .. 27.6—10.3 bar (400 — 150 psia)
B ChamberPressure* .. ............. 10.34 bar (150 psia)
W ExpansionRatio................ ... 60:1
B FlowRate*................. 1.40 kg/sec (3.07 Ibm-sec)
Bl ValVe': : coo = cone o e @ comn s @ somen & owme @ moes s B Aerojet
B ValvePower..................... 70 Watts @ 28 Vdc
B Mass: : cos vomen e 5 oes s onn & olen wa i 6.8 kg (15.0 Ibm)
At rated thrust

Rev. Date: 6/08/06

11411 139th Place NE + Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

R-40B 4,000N (900-Ibf) BIPROPELLANT ROCKET ENGINE

Performance

B Specific Impulse* . ................... 293 sec (Ibf-sec/lbm)
B Total Impulse......... 92,073,600 N-sec (20,700,000 Ibf-sec)
B “Total POISES s s 5 wen v wan & abin oa ¥ 540 5 06 5 089 5 i 50,000
B Minimum Impulse Bit. . ............. 111 N-sec (25.0 Ibf-sec)
B Steady StateFiring........... ... ... ... .... 23,000 sec
Reference

W |AF-1987-0283

AFROJET

Approved for public release and export



Electric Propulsion

AEROJET

BPT-2000
Dual Mod
MR-501B
MR-502A

MR-502 &
MR-502A

MR-510

MR-509
e BPT-4000 MR-512
PRS-101

Gridded lon
Engines

PCU 6.9 kW lon
Propulsion
System

Approved for Public Release and Export
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Design Characteristics

Mass (Thruster & Cathode)

Operational Voltage Range

Status

m Flight Prototype Unit Fabricated and Tested

Rev. Date: 4/02/03

11411 139th Place NE » Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

Propellant ....couiiimiimmmmvesns

Envelope Dimensions ..................
Nominal Input Power .........ccoccvvane
Operational Power Range ............
Nominal Voltage ........cccceeevurvnnnnnee

BPT-2000 Hall Effect Thruster

NPT S R N T
(15.7¢m). . . -- Ciadem) . |oi ..
— |
=3
\ —|_|- ________
Performance at 2.2 kW

........................... Xenon B TS s sassmen e o sene: | SEHAN
......................... <5.2 kg W Spociic IMPLISE™ ... s 1 7 00 S0
............. 15x17x22¢cm B _ERICIancy i mnnesiiianiisinsiabissdiaas 48%
..................... 2200 Watt W Life (CONBNUOUSI™ .....ccovimiinim iniscssmssssurissnssssmsssniensssns o O000NF
1200 — 2700 Watt B “Tolal IMBUIEE cocnncnne e s >2.6 x 106 N-sec
........................ 350 Volt B Nominal Flowrate ..........ccocoverimiiviriiiiieiiniiniieesineieeisnieeneen 7.1 Mg/sec
.............. 250 - 400 Volt B OO CVYCIBS iviciviiasiisansinmississossssinnivsssnsmsasassasssssnss 0Q00 CYClOs

* Corrected for facility pressure effects

Approved for public release and export

** Based on accel life tests and analysis

AFROJET



DUAL MODE BPT-4000 HALL THRUSTER

20.
(; (2.3
— k 5
L I
149cm. .. Jn -
(5.5) I
|
|
i

MOUNTING INTERFACE

Design Characteristics

B Propellant........... ... .. ... . ... . ... Xenon
B Mass (Thruster & Cathode) ... ......... <12.3 kg
W Envelope..................... 14 x 25 x28 cm
W InputPower................. 1000 to 4500 Watt
W InputVoltage . ................. 200 or 400 Volt

Status (as of Feb. 2006)

B Qualification Complete

B >6,700 hours Demonstrated, Additional Life Testing
Planned

B >6,300 Cycles Demonstrated, Additional Life Testing
Planned

Date: 6/19/06

11411 139th Place NE » Redmond, WA 98052
(425) 885-5000 fax (425) 882-5747

Performance 20kW 3.0kW  4.5kW
B Thrust (300 Volts). . ... ... 132 mN  195mN 290 mN
B Thrust(400 Volts) . . . . . . .. 117mN 170 mN 254 mN

B Specific Impulse (300V) 1676 sec 1700 sec 1790 sec
B Specific Impulse (400V) 1858 sec 1920 sec 2020 sec

H Life Capability . . ........................ >10,000 hr
W Totallmpulse .. .................... >5.5x 10% N-sec
B OnOffCycles . ....................... 6,700 Cycles
Reference

B AIAA-2005-3682

AEROJET

Approved for Public Release and Export



MR-501B ELECTROTHERMAL HYDRAZINE THRUSTER (EHT)

r B gl 30 mm (1.2507)

Design Characteristics Performance

B Propellant cus 5 s v oo ¢ ooy s 5 G0 v 50 o Hydrazine B Mission Specific Impulse at24.4Vdc* . ...................
B Catalyst................ .. =Y ol . Y T Y 303 —-294 sec (Ibf-sec/lbm)
W Thrust/Steady State . ... 0.369-0.182N (0.083—-0.041 Ibfy ~ W Totallmpulse............... 326,928 N-sec (73,500 Ibf-sec)
B FeedPressure . ... ....... 24.1 —6.9 bar (350 — 100 psia) B Demonstrated Total Off-Pulses™ .. ............... 500,000
B FlowRate . . .. . B Minimum Off-Pulse Bit at Max Feed Pressure .. ............

........................... 0.0022 N-sec (0.0005 Ibf-sec)
.......... .1225-0.04 .00027-0.0001 Ib
0 5-0.045 g/sec (0.00027-0.0001 lom/sec) m Steady StateFiring................. 1.7 hrs —Single Firing

M VENS: » oo = meme = moms » v e o e = e o s s BUBLSOR e = doss & s o s s 0 G 5 S 389 hrs — Cumulative
W Valve Power.......... 8.25 Watts Max @ 28 Vdc & 21°C

B Valve Heater Power . . . . 8.00 Watts Max @ 28 Vdc & 21°C M

B Cat. Bed Heater Pwr . . . .4.00 Watts Max @ 28 Vdc & 21°c W Flight Proven

B Augmentation HeaterPwr............. 493 — 467 Watts Reference

B Augmentation Heater Voltage . . .............. 24.4 Vdc B AIAA-1983-1255

B Mass..........coviiiiinnnn. 0.889 kg (1.96 lbm)

* Performance dependent on feed pressure blowdown

**Designed primarily for steady state operation but has demonstrated
off-pulse capability

Rev. Date: 5/23/06

11411 139th Place NE + Redmond, WA 98052 _A
(425) 885-5000 FAX (425) 882-5747 E R O l E ’

Approved for public release and export



MR-502A IMPROVED ELECTROTHERMAL HYDRAZINE

s -

#

L 2.

Design Characteristics

Propellant. .. ....... ... ... ... . . . . ... ... Hydrazine
Gatalysti. s o i v ssis seni v o 0 s ¢ o v s s S405
Thrust/Steady State . . . . . .. 0.80 —0.36N (0.18 - 0.08 Ibf)
Feed Pressure . ........... 26.5—-6.2 bar (385 —90 psia)
Flow Rate . . ..0.28—-0.12 g/sec (0.0061—0.00026 Ibm/sec)
ValVei ¢ won 5 v v v 5 vios v 3 oem & s © il oo Dual Seat

.......... 8.25 Watts Max @ 28 Vdc & 21°C
Valve Heater Power . . . . 1.54 Watts Max @ 28 Vdc & 21°C
Cat. Bed Heater Pwr . . . .3.93 Watts Max @ 28 Vdc & 21°C
Augmentation Heater Pwr . .. .......... 885 — 610 Watts
Augmentation Htr Voltage . . . . . .. 29.5-24.5Vdc Letdown
MASS: = s vt o5 © s 5 0 & ool e & 0.87 kg (1.92 Ibm)

E B E N EEEEEEETR
5
<
@
T
o
=
o

Rev. Date: 5/23/06

11411 139th Place NE « Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

' THRUSTER (IMPEHT)

Performance

B Mission Specific Impulse*
Steady-State Blowdown . ... ...... 303-294 sec (Ibf-sec/Ibm)
M Totallmpulse.............. 524,864 N-sec (118,000 Ibf-sec)
B TotalPulses............. MR-502A not designed for pulsing
B Steady StateFiring................. 2.0 hrs —Single Firing
.............................. 370 hrs — Cumulative
Status

B Flight Proven

Reference

B AlAA-1987-0996

*Performance dependent on feed pressure blowdown

AFROJET

Approved for public release and export



MR-502 & MR-502A IMPEHT POWER CONDITIONING UNIT

27.94 cm (11.07) (S
j 13.97 cm (5.507) —-?2-7551,,)”“
—> 1.60 cm (.63") o ' )
Power-Conditioning ‘\ f
Unit b i
3 i
P/N 3483 o
14.605 cm ...
(5.75")

Demonstrated Performance

................................ 2 kg B Limits inrush current to the 30 Amps during

W Envelope.............. 27.94 x 9.42 x 14.61 cm augmentation heater warm-up
B Two identical independent channels that can be
B nputVoltage . . ................... 15-29.9 vdc operated either redundantly or simultaneously
W Inrush Current...........ooones 32Amp Max  m when used simultaneously, the IMPEHT pair should
B Efficiency........ ... ... ... . . L. >97% be started one after the other
Interface Status
B Enable/Disable Command . . . ... Latch Relay Drive ™ Flight Proven
B On/Off Command ............ 0V — Off, 14V - On

Date: 2/22/05

11411 139th Place NE + Redmond, WA 98052 A ER OIE T
66

(425) 885-5000 fax (425) 882-5747
Approved for Public Release and Export



MR-510 ARCJET THRUSTER & CABLE ASSEMBLY

Design Characteristics
B Propellant: ; cos s oo s avm v ¢ aws s w5 8a § s Hydrazine
B Feed Pressure (Nominal). . . . 18.6—13.8 bar (270-200 psia)
B Thrust/Steady State . .. ....... 258-222 mN (58-50 mibf)
m Mass

Arcjet Thruster

+3175 mm/125" cable . ... .. ... 1.58 kg (3.49 lbm)

B Envelopes

Arcjet. ......... 237x125x91mm (9.3x4.9x3.6in.)
W ValVE: « con v s v v v aovss oo @ svpn ¥ s § ook o Dual Seat
B Valve Power........... 8.2 Watts Max @ 28 Vdc & 21°C
B Power Cable - PCUArcjet............. <4650 mm/183”

— For Power Conditioning Unit Information, see separate Data Sheet

Rev. Date: 5/23/06

11411 139th Place NE « Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

Cable Assembiy :
i PIN 31168 peq

95 mm

: ; - I4 138 mm e
f : ' =4 3 F(5.43") MAX, 3.75") MAX. frooe
Power Condltlonang o 33mm(1.80") el

ARCJET

o S

S 1L _4':3 mm
:j (1.707)
~ |MAx.

D:emonstratéd Pefformant:e

at 2000 Watts input power to the arcjet

B THhrist v. cos s wes s sam v s wwaws s 258 — 222 mN (58 — 50 mibf)
B Specificlmpulse............................. >585—-615sec
B Totallmpulse............. 1,450,000 N-sec. (326,000 Ibf-sec)
B Firing Time
Total (1 hrOn,1/2hrOff) . ................. >1730 Cycles
Longest Single Burn During Qualifications . ... ... .. .. 20 hrs
Bl STANS oo smmves amns i smems © s o s o 3 s % ians o B W w6 W >1960

B Telemetry Signals Available
B Gas Generator Temperature B Arc Voltage and Current

m Valve Temperature through Power Conditioning
Unit Telemetry
Status
B Flight Proven
Reference
B AIAA-2001-3901 B |[EPC-1997-082

W AIAA-1999-2272

AFROJET

Approved for public release and export



MR-509 LOW POWER ARCJET SYSTEM

' u Bmm 7_ ______ o emm
(52837 MAX, e | (32757) MAX
Power Condltnonlng Ol TR oy o0 0 N (PSS S

| Arclet Thrusters
ICD 32240

e
Sl Y

Design Characteristics Demonstrated Performance
B Propellant. . ... Hydrazine  at 1670 Watts input power to the arcjet
B Feed Pressure (Nominal) . . .. 17.6-14.1 bar (255—-205 psia) B ThiusEss s o ven o o 5 s wews 5 254-213 mN (57 —47 mibf)
B Thrust/Steady State. ......... 254213 mN (57-47 mibf) B Specific Impulse (Blowdown Mission Avg.) .. ........ >502 sec
B Mass B Totallmpulse.............. 866,500 N-sec. (194,500 Ibf-sec)
[ | Arcjet Thruster B Demonstrated Firing Time
+2000 mm/79” cable .. ........ 1.38 kg (3.04 Ibm) Total (1hrOn, 1/2hrOff) ... ............... >1050 Cycles
Power Conditioning Unit (PCU) . ... ... 4.13 kg (9.1 Ibm) Longest Single Burn During Qualifications . ... ....... 65 hrs
n Envelopes B OCSIAMS oo v vnm v orn ¢ ioen © 590 ah 6 TETE N G R iE o >1170
Arciet.......... 237x125x 91 mm (9.3 x 4.9 x 3.6 in.) B Telemetry Signals Available
PCU.......... 236 x 185 x83 mm (9.3 x 7.3 x 3.3in.) ®m Arcjet Current ® Gas Generator Temperature
WM Valve........... .. . .. .. ... Dual Seat B Arcjet Voltage m Valve Temperature
m ValvePower.......... 8.25 Watts Max @ 28 Vdc & 21°C m PCU Status Flags m PCU Temperature
B PCU Input Power (perArcjet) . .............. 1800 Watts
B InputVoltage........................... 65—-96 Vdc Status
W PCU Efficiency, Avg . . ... .o oo >91% B Flight Proven
B Power Cable- PCUArcjet.............. <2000 mm/79” Reference

B |[EPC-1997-081

Rev. Date: 5/23/06
11411 139th Place NE » Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R O E

Approved for public release and export



MR-512 LOW POWER BUS ARCJET SYSTEM

. (B4R MAX. (3,75 MAX.

38 mm (1.80") He—py

Power Condltlomng
e I RE

: Arcjef Thrdétér&a

___________________ 'CD33312 i A e P o W 4
LN Cable S e MW TS T P T
& i

Design Characteristics Demonstrated Performance
B OPropellant . ... Hydrazine at 1670 Watts input power to the arcjet
WM Feed Pressure (Nominal). . . . 17.6-13.8 bar (255200 psia) B Thrust........oooiieeveiinanns 254 -213mN (57 - 47 mibf)
B Thrust/Steady State . .......... 254-213 mN (57-47 mibf) B Specific Impulse (Blowdown Mission Avg.) . . ........ >502 sec
B Mass B Total Impulse.............. 866,500 N-sec (194,500 Ibf-sec)

Arcjet Thruster B Firing Time

+2000 mm/79" cable . . . . ... ... 1.38 kg (3.04 Ibm) Total (1 hrOn, 1/2hrOff) .. ................ >1050 Cycles

Power Processing Unit (PPU). . ... ... 6.2 kg (13.7 Ibm) SingleBurn . ... ... ... 65 hrs
B Envelopes B oStats. ... e >1170

Arciet . ......... 237 x 125 x 91 mm (9.3x 4.9 x 3.6 in.) W Telemetry Signals Available

PPU.......... 310x 220 x 95 mm (12.2x 8.7x 3.7 in.) m Arcjet Current B Gas Generator Temperature
W VIS « ne = ame @ o e 2 2o o ns » o 2 e Dual Seat B Arcjet Voltage B Valve Temperature
m Valve Power.......... 8.25 Watts Max @ 28 Vdc & 20°C ® PCU Status Flags m PCU Temperature
B PCU Input Power (perArcjet) . . ............. 1780 Watts
B Input VORADE . -« cis v s wvws wiss w o & o 33-51.5Vdc m
B PPU EFficiency, AVg . . ... ooe oo >91% W Flight Proven
B Power Cable- PCUArcjet.............. <2000 mm/79” Reference

B AIAA-1998-3631
Rev. Date: 5/23/06

11411 139th Place NE » Redmond, WA 98052 _A l '
(425) 885-5000 FAX (425) 882-5747 E R O E

Approved for public release and export



PRS-101 Pulsed Plasma Thruster System

N ‘rf

Design Characteristics

Propellant. . .................. Teflon® (Solid Bar)
Max Thrust Levell .. ......... 1.24 mN @ 100 Watts
Power Level .. ....... .. . . . . .

............. Up to 100 Watts @ 28 vdc Unregulated
Compact Solid State Propulsion System

Ultra Low Minimum Impulse Bit for Precision Control
Enables All-thruster ACS (No Momentum Wheels)
Mass (w/o propellant) . . .................. 4.74 kg
Includes Integral Power Processing Electronics

Power Efficiency . . ......... ... ... .. ... ... >80%

Rev. Date: 4/14/06

11411 139th Place NE + Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

—28.7 om (11.3) ——————] | .

(4.8} high
Performance
m Specificlmpulse.................. Up to 1350 sec
m Thrustto PowerRatio............... 12.4 uN/Watt
m Demonstrated Capability. . . .. ... 3,000 N-sec/thruster

m  Predicted Capability (backed by selective testing) . . ..
............... 15,600 N-sec/system (thruster pair)

Status

m  Flight Proven

Reference

m AIAA-2003-5016 = AIAA-2001-3637
m AIAA-2002-3973 = AIAA-1999-3376

AFROJET

Approved for public release and export



Gridded lon Engine Technology

AEROJET

114 NEXT 6.9 kWe lon Thruster and Propellant
| & Management System (with NASA GRC)

NEXIS 20 kWe lon Thruster (with JPL)
HIPEP 25 kWe lon Thruster (with NASA GRC)

Low Power lon Thruster 0.5 kWe lon Propulsion
System (with NASA GRC)

NSTAR-class 2.5 kWe lon Thruster
Power Processing
Digital Controllers

Xenon Propellant Management Systems

: 71
Approved for Public Release and Export



NEXT 6.9 KW lon Propulsion System
Thruster, Propellant Management System, Digital Control Interface Unit

- — |

High Pressure Assembly

Low Pressure Assembly

Thruster Assembly
Design Characteristics

m Propellant ... Xenon

B Thruster Mass........cccoee covviiiiin e <13.3 kg

m Thruster Envelope Dimensions ........ 58 dia. x 44 cm
Active optics area..........c.ocoveennnnnne. 36 cm dia.

m Thruster Input Power ................... 600 to 6900 Watt
m Propellant Management System Mass
High Pressure Assembly .................... <2.2Kkg
Low Pressure Assembly....................... <4.1kg
B PMSVolume ... < 11,775 c.c.
PMS does not require plenum tanks
m DCIU interface with Power Processing.......... RS-485

Rev. Date: 6/14/06

11411 139th Place NE » Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

Propellant Management System

Performance

B OTHIUSE oo 235 mN
m Specific Impulse.........ooi i >4100 sec
m Efficiency @ full power ..., >70%
m Propellant Throughput.......... ..., >270kg
m On/Off Cycles ... >3650 cycles
m End of Life Xenon Residuals ......................... < 1% BOL

Status

Thruster at Prototype Model Design
Propellant Mgmt System at Engineering Model Design
Digital Control Interface at laboratory design level

Reference

m AlAA-2005-3885

m AlAA-2004-4111

AFROJET

Approved for public release and export



AEROJET

Space Electronics

Heritage Chart
MR-510 PCU
4.5 kWatt Hall Thruster PCU

Approved for Public Release and Export
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Space Electronics Heritage

AEROJET

TELSTAR 4/ SERIES 7000
1.8 kW POWER CONDITIONER

* QUALIFIED 1992

ATTD
30 kW POWER CONDITIONER

* QUALIFIED 1993

EHT/IMPEHT
CONTROLLER

3/03

A2100
4.4 kW POWER CONDITIONER

» QUALIFIED 1996

A2100 POWER RELAY BOX

* QUALIFIED 1997

EO-1
HIGH VOLTAGE
POWER CONDITIONER

Approved for public release and export

DRTS
1.8 kW POWER CONDITIONER

* QUALIFIED 1998

NRL EPDM
1.5 kW POWER CONDITIONER

* QUALIFIED 1997

HALL THRUSTER
PROPULSION SYSTEM
4.5 kW POWER PROCESSING UNIT

« IN QUALIFICATION

C80007-44K



MR-510 ARCJET POWER CONDITIONING UNIT (PCU)

¢-09ey

Design Characteristics

PCU - has three internal power converters, any two of which can
operate simultaneously.

Qutput can be switched between four different Arcjets

Includes “Bubble Protection Mode” to mitigate gas induced
shutdowns

Mass.........coiviiiiiiii 15.8 kg (34.8 Ibm)
Envelope . .. ... 632 x 361 x 109 mMm (24.9 x 14.2 x 4.3 in.)
InputVoltage . ... ¢ i cac v vine v cime & s v s & 69+1 Vdc
EffiCiENCY; AVG cos o e wva v s 8 v % wos v s ¢ >90.7%
Heat Rejection (two Arcjets operating @ 2000 Watts)
............................... <410 Watts @ 23°C
Output per Channel (up to two Channels)
..................... 1500, 1670, 1830 or 2000 Watts
Input Power, when operating two Arcjets @ 2000 Watts
...................................... 4340 Watts

Rev. Date: 5/03/06

11411 139th Place NE « Redmond, WA 98052
(425) 885-5000 FAX (425) 882-5747

T 'jpom‘?,ér' fc;.ondn@dnihg . L yo
AN SN SO IO L | | S N SO S | N
S UV ;=1\ § 1;037. et e i <858 MM

(14.157) i

Demonstated Performance

B Telemetry Signals Available
m Arcjet Current
B Arcjet Voltage
m PCU Status Flags
m PCU Temperature

Status
B Flight Proven

Reference
B AIAA-1998-3630

Approved for public release and export

o t08mm 26N

AFROJET



4.5 kW HALL THRUSTER POWER PROCESSOR UNIT

9.93 cm 39.345 cm
(3.917) (15.49")
1 - '
J3=ge,
= ]
s oYl |
- . i 43.03 cm
. }-1853 (16.947)
15 _&‘H‘ﬂ &
14—

Mass . ... 12.5 kg
Envelope.......... ... ... .... 43 x40x 11 cm
InputVoltage . . . ................ 70 +/- 2 VDC
Efficiency (Avg) . ........ ... ... ... ... >92%
MIL-STD-1553 Command & Telemetry Interface:

m 30 Telemetry Channels

Commandable Power Settings:
m Discharge Power.............. 2.0-45kW
m Discharge Voltage . . . ........... 150 - 400V

Rev. Date: 5/23/06

11411 139th Place NE « Redmond, WA 98052
(425) 885-5000 fax (425) 882-5747

Demonstrated Performance

B Closed Loop Control of Xenon Flow Controller and
Discharge Current

W Holding Valve Drivers
B S-Level, Radiation Hardened Components
B Optimized for Manufacturability
® Only Four Circuit Cards
Status
B Qualified
Reference
B AIAA-2005-3682

AFROJET

Approved for public release and export




Propulsion Systems

AEROJET
Geosynchronous Satellites Interplanetary and Scientific
e B-Sat 2 Satellites
* INDOSTAR (Cakrawarta-1) « CONTOUR
e Coriolis
MEQ Satellites . ACHE
e GPS IIF e STEREO
_ * Pluto/New Horizons
LEO Satellites .« THEMIS
« EO-1
* IKONGS Launch Vehicles
* MSTI « Athena

 Pegasus HAPS
» Atlas Roll Control Module

Approved for Public Release and Export
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THEMIS (Time History of Events and Macroscale Interactions During Substorms)

AEROJET

—_— e ro—

e

B S By SN T

: P , 0 to 500 psi

X
* NASA MIDEX Mission, Scheduled for Launch in October of 2006 [=x] g

* Number of Systems: 5 o pa Lateh
* Propellant Load: 109 Ibm (49.5 kg) Hydrazine
®* 400-50 psia (27.6-3.5 bar) Blowdown Operation with Single

Repressurization Event from 1700 psia (117 Bar) Pressurant 20um] ~ 20umf - 20um| ~ 20pm
Subsystem

* 4 MR-111C 1-Ibf (4.5 N) Thrusters
* Used for Delta-V and Orbit Maintenance

* Aerojet Designed and Integrated System on Customer-Supplied
Structure

Reference: AIAA-2006-5217

System Schematic

9/8/05 78
2005-022 Approved for Public Release and Export



Solar-TErrestrial RElations Observatory (STEREO)

AEROJET

KEY
-
Filter
Service
Valve
Cross-Over ;
Latchin
E Latch Valve Valve g

i ® |E

®
L J=—Main” Latch Valves Pressure
Transducer
|Z| Cavitating
gggg gggg gggg —r
g MR-111C

Al A2 A3 A4 Bl B2 B3 B4 Cl C2 C3 C4 1.0 Ibf
SYSTEM SCHEMATIC

NASA Earth-Sun Science Mission

Planned Launch: July 2006

Systems Delivered to JHU/APL: 2

Propellant Load: 135 Ibm (61 kg) Hydrazine Each

320-110 psia (22.1-7.6 bar) Blowdown Operation

12 MR-111C 1.0-Ibf (4 N) Thrusters

Designed for Attitude Control and Course Correction

Aerojet Designed and Integrated System on Customer-Supplied Structure

6/8/06

2005-022 Approved for Public Release and Export &



Pluto/New Horizons

f e

«
a
A
-4

® NASA New Horizons Mission
e Launched: January 19, 2006
e Systems Delivered to JHU/APL: 1
® Propellant Load: 143 Ibm (65 kg) Hydrazine N

REM A

KEY

MR-111C

1 Ibf Rocket
Engine Assy.
MR-103H

0.2 Ibf Rocket
Engine Assy.
Service
Valve
Latching
Valve

Solenoid
Valve

Pressure
Transducer

Flow Control
Orifice

Propellant
Filter

Ti/CRES
Transition Joint]

——————————

% Ig]
[\

Q
Y ER

® 420-75 psia (28.9-5.2 bar) Blowdown Operation D z
e 12 MR-103H 0.2-Ibf (1N) Thrusters B o
4 MR-111C 1-Ibf (5N) Thrusters — |
e Designed for Attitude Control and Course Correction el
e Aerojet Designed and Integrated System on Customer-Supplied
Structure A D]
Reference: 1AC-2004-S.1.09 System Schematic

4/17/06
2005-022A Approved for Public Release and Export

80



BSAT-2

Svi1

]

TITAN|UM/STEEL ]‘—“E—] Sv3
TRANS 17108 F ILL/DRAIN

FITTING (4X) VALVE (4X)

(&)

(A

TITANUIUM
PROPELLANT
TANK WITH
PMD {2X)
PRESSURE
svz HX ( )(Tg;;usoucsa (:)—_ﬁ—] Sv4
= Fi P P2 = F2
= B PROPELLANT
LV3 FILTER (2X)
LATCHING

ISOLAT 10N
VALVE (3X} ﬁg Lv1

fTTALETY fE1iRi0)

v

0.2-LBF ROCKET ENGINE ASSEMBLIES (REAS) A\
(WITH DUAL SEAT CONTROL VALVES) 0.075-LBF ELECTROTHERMAL
{12x) HYDRAZINE THRUSTERS (EHT'S)

{WITH DUAL SEAT VALVES)
(4x)

Systems Delivered: 3

Propellant Load: 464 Ibm (210 kg) Hydrazine Total in 2 Tanks
400-100 psia (27.5-6.9 bar) Blowdown Operation

12 MR-103G 0.2-Ibf (1 N) Thrusters

4 MR-501B Electrothermal Hydrazine Thrusters (EHTS)

Used for Orbit Raising and Attitude Control (GEO Spacecraft)
Aerojet Integrated System on Customer-Supplied Structure

AFROJET

Approved for public release and export



INDOSTAR PROPULSION SYSTEM
Design Summary

Propulsion Schematic

[.%__I ['[i]ﬁ

T T

F\bkaRAIN @ PRESSURE PRESSURE @ FILLIDRAIN

LVE?2 TRANSDUCER TRANSDUGER VALVE 2
I I

=k T~ AT ki

FILTER 1| Lv3 Lv4

[_JFILTER 1
X X
LATCH VALVES VAV ﬂz‘ HATCHVALVES

RERERE REREAE

8 v I
1N (0.2 Ibf) REAIs 0.3 N (0.075 Ibf)
(WITH DUAL SEAT ELECTROTHERMAL . =
CONTROL VALVES) H‘rDRAZINEEH WRUSTERS First system delivered to CTA
(wa(UALVi)LVES) in June 1996
Performance Parameters Component Description
W PropellantMass . ............... 227 kg (500 Ibm) ITEM QTyY MANUFACTURER
m Total Impulse . . ... .. 632,000 N-sec (141,923 Ibf-sec) W TANK = s v s s = o g & as vavi s e PSI
W PressurantMass ................. 0.5kg (1.2 Ibm) m 1N (0.2 Ibf) REA (M5-103G) .... 12 ......... AEROJET
B Pressure BOL/EOL . ... 21/8bar (305/ 118 psia)—est. ® EHT(MR-501B) .............. 4 e s AEROJET
W BlowdownRatio................ ... 2.6/1 W Fill/Drain Valve ............. 4 OEA
B Pressure Transducer ......... 2 PAINE
Status WOFilter ...................... Z o s i VACCO
W Flight Proven — Launched 11/12/97 B latchValve................. A i s s s MOOG

C11259-20D (6/06) AFR Ol ET

Approved for public release and export



GPS IIF MODERNIZATION PROGRAM
Propulsion System Design Summary
MODULE 1

FILL / DRAIN

MODULE 2

FILL/ DRAIN
VALVE

PROPELLANT
TANK

VALVE
PROPELLANT
TANK
#1APRESSURE
FILL/ DRAIN TRANSDUCER
VALVE
#2A PRESSURE
TRANSDUCER
FUEL FILTER
LATCH VALVE
Performance Parameters
M Propellant Mass . ... 118 — 145 kg (260 — 320 Ibm)
B Total Impulse . . . ... 249,000 N-S (56,000 Ibf-sec) = ======---- il memese smee wss '
M PressurantMass............... 1.8kg (4 1bm) 1 : : :
B PressureBOL/EOL......................... ' L :
________ 27.5/6.5—11.4 bar (400 / 95165 psia) 1 i o :
W BlowdownRatio . ...................c..... a1 T T !
I THRUSTERS 99 (5 bf) 1 1 THRUSTERS 5o (5 1bf) 1
Reference - THRUSTER! : THRUSTER!
B AIAA-1999-2469 “TTRemtA T Remza

C11262-25A (5/06)

Approved for public release and export

#1B PRESSURE _I > |—
TRANSDUCER FILL / DRAIN
VALVE
#2B PRESSURE
TRANSDUCER
FUEL FILTER
LATCH VALVE
---------- 1 - -y
11! 1
1 ! 1
1 ! 1
1 ! 1
! 1
! 1
‘_V_) 1 1 kﬂ_} 1
4N (1lbf) ' 4N (1lbf) 1
THRUSTERS 7on 511 ! THRUSTERS yoN (5 of) 1
THRUSTER! | THRUSTERI
1 1
___________ -
REM 1B REM 2B



EO-1 PROPULSION SYSTEM

PROPULSION SCHEMATIC

PRESSURANT
SERVICE[
VALVE

PRESSURE
TRANSDUCER

PROPELLANT

i e
SYSTEM \ e @ ,
LINE FILTER \_ : R
LATCH VALVE R 3 g Ce
% % % % ITEM QTyY MANUFACTURER
T Dc100) MY O3 THIUS TR 3% B Tankis . s amaamsda et dns | oo i i e PSI
m 1N (0.2 Ibf) REA (MR103G) ... ... 4 ..., AEROJET
Performance Parameters W Fill / Drain Valve Fuel ........... T s uee ssss MOOG
W PropellantMass ................ 22.3 kg (49 Ibm) B Fill/DrainValve GNp . . ......... 1 wen soe sans MOOG
B Total Impulse (perREA) . ....... ... ... W LatchValve .................. 1 MOOG
............ 46,000 N-sec (10,428 Ibf-sec) @ 21°C M Pressure Transducer ...........1 .......... PAINE
WM Pressure BOL/EOL .. .. .o oo, B OFilter. ... ... .o WINTEC, LLC
............. 18.8/5.2 bar (273 /76 psia) @ 21°C Status
- . LS0aius
BlowdownRatio.......................... 36:1 B Flight Proven
Reference
B AIAA-2001-3637
C11267-27A (6/06) AFR O’ E7

Approved for public release and export



IKONOS (CRSS) PROPULSION MODULE

Design Summary

Propulsion Schematic
TI-%ERMISTOR PRESSURANT

3 Places) SERVICE VALVE
021 ]

HEATER (6 Patch

Hirs on Tank & 1 Strip —rf2]

Htr on Tank Skirt) PROPELLANT
SERVICE VALVE

THERMISTOR
(4 Places)

@OG

Line wfo Heaters
Line with Heaters
Heater

Thermistor

Pressure
Transducer

1 N (0.2 Ibf) REA

1N (0.2 Ibf) REA

(
YAW CONTROL FILTER YAW CONTROL
VALVE HEATER
— PRIMARY &

REDUNDANT (Typ)
VALVE TEMP.
- THERMISTOR
- -2 Places (Typ)
L CATALYST BED
w J ~“HTR —PRIMARY &
k. d REDUNDANT (Typ)
1 N (0.2 Ibf) REA ORBIT ADJUST, ROLL
& PITCH CONTROL
Performance Parameters Component Description
W PropellantMass . ................ 37.6 kg (83 Ibm) ITEM aTy MANUFACTURER
W Total Impulse . ........ 73,000 N-sec (16,500 Ibf-sec) B Tank.......................1 .o 0oL PSI
B Pressure BOUEOL ... .. ... 21/ 5 bar (307 / 72 psia) | 1!\| (0.2 |.bf) REA(MR=103QG): <o 07 s o o snisans AEROJET
B BloWdOW REHO « -« o o e oo e eee s es e e 4.3/1 B Fill/Drain Valve . s vos v s @0 5 e s e v CFE
B PropellantFilter .. ............ 1 ............ CFE
B Pressure Transducer .......... 1 ... ...... OMEGADYNE

C11271-27A (6/06)

Approved for public release and export



MSTI-3 PROPULSION MODULE

Performance Parameters

Design Summary

Propulsion Schematic

PRESSURE HYDRAZINE
TRANSDUCER '&'] FILL/DRAIN VALVE
FILTER
LATCH VALVE
SERVICE
VALVE

i iR i A

8@ 1N(0.21bf) REA's &4 @ 4 N (1.0 Ibf) REA’s

W PropellantMass . .................. 22 kg (49 Ibm) Component Description
W Total Impulse . ......... 42,000 N-sec (9,500 Ibf-sec) TEM QTY  MANUFACTURER
B PressurantMass............... 0.22 kg (0.49 Ibm) B Tank 2
W Pressure BOL/EOL . .. .. 22.7 /6.2 bar (329 /90 psia) m 1N (0.2 Ibf) REA (MR-103C) . . . ... .. 8 AEROJET
W Blowdown Ratio....................... 3.7/1 W 4N (1.0 Ibf) REA (MR-111C) .. ... ... 4 ... AEROJET
B System Mass BOL/EOL .. .39.5/17.2 kg (87 / 38 Ibm) B Fill/DrainValve ................. A o v o e v s o
W LaichValve .................... 1
M B Pressure Transducer ............. 1
W Flight Proven — MSTI-2, Launched 5/8/94 W Filter........ ... ... ......... 1 .
— MSTI-2, Launched 5/16/96
C11245-71R (6/06)

Approved for public release and export
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Comet Nucleus Tour (CONTOUR)

CONTOUR LPS Schematic
KEY
5 ocket
s | B e
MR-103G
E 0.2 Ibs Rocket
Tank 1 Propellant | — EngineAssy.
Service Valve 2 ;r:;eﬂant
vl [ g
[ g
& g
oJe ® St
E E E E @ ;:l:::rmuw
o] bod el el B o
Ct C2 C3 C4
* Systems Delivered: 1
* Propellant Load:165 Ibm (90 kg) Hydrazine
* 350-125 psia (24.1-8.6 bar) Blowdown Operation
* 14 MR-103G 0.2-Ibf (1 N) Thrusters
2 MR-106E 5-Ibf (22 N) Thrusters
* Used for Attitude Control (Interplanetary Spacecraft)
* Aerojet Integrated System on Customer-Supplied Structure
AFROJET

Approved for public release and export



Coriolis

Coriolis HPS Schematic

KEY

Filter

Service
Valve
Latching
Valve
Solenoid
Valve
Pressure
Transducer

Flow Control
Orifice

- D@ MHEKHS

Cryofitting

MR-111C 1.0 Ibf Rocket Engine Assemblies

* Systems Delivered: 1

* Propellant Load:200 Ibm (91 kg) Hydrazine

* 400-75 psia (27.5-5.2 bar) Blowdown Operation
* 4 MR-111C 1-lbf (4 N) Thrusters

* Used for Orbit Raising (LEO Spacecraft)

* Aerojet Integrated System and Secondary Structure on Customer-
Supplied Primary Structure

AFROJET

Approved for public release and export



ACE PROPULSION SYSTEM

Primary Performance Parameters

Designh Summary

Propulsion Schematic

g ‘ SERVICE PRESSURE
) & « 3 VALVES TRANSDUCER
- 3
e PROPELLANT
. TANKS (4)
PRESSURE
TRANSDUCER
F g —

FILTERS
LATCH VALVES

3

-X FORWARD REM
MR-111C AXIAL &

JL

-X REAR REMS
MR-111C AXIAL &
RADIAL THRUSTERS RADIAL THRUSTERS

14

-X FORWARD REM -X REAR REMS
MR-111C AXIAL & MR-111C AXIAL &
RADIAL THRUSTERS RADIAL THRUSTERS

Component Description

o ottt @iy "™ B
W Total Impulse . .. .. 409,900 N-sec (92,158 Ibf-sec) (@21°C) B 4N (1.0 Ibf) REA (MR-111C) ... 10......... AEROJET

B PressurantMass..................... 0.59kg (1.31bm) B Fil/Drain Valve ... ..... ... g, OEA

W Pressure BOUEOL . .. 21.1/5.5bar (307/80 psia) (@21°C) B |solation Valve ............. e L T MOOG

B BlowdownRatio.................. ... ... .. ..... 3.8:1 B Pisssiiie TRRSHiess . . ..o .. o PAINE

B System Mass BOL/EOL........ 229—-40kg (505 / 89 Ibm) B Fiter ... ... ... 4 VACCO

C11250-71C (6/06)

Approved for public release and export



Athena Attitude Control System

PRESSURANT
VALVES

P iiid
(on) (an) (ony) (any

X
o

DUAL NC
PYRO VALVES

\drp— v —an/
[ AR
[ —EIn
wgmm [
MR-107M 5E- -EB Eﬂ- -% 1
R V THRUSTERS
MR-107M ATHENA ACS ATHENA 1

SCHEMATIC

e ACS CONSISTS OF TEN (10) 220 N (50-Ibf) THRUSTERS, VALVING, TANKS AND
INSTRUMENTATION OPERATING IN A BLOWDOWN MODE

a6L-SS2HLD

* ACS CAN CARRY 2,4 OR 6 TANKS WITH A MAXIMUM OF 354 kg (780-Ibs) OF N2H4

AFROJET

Approved for public release and export



Pegasus Hydrazine Auxiliary Propulsion
System (HAPS)

VALVES,
3X

PRESSURE
TRANSDUCER <] PYROVALVE

SN E
D FILTER

220 N (50-lof)
MR-107
THRUSTERS, 3X

Propulsion Schematic

* Systems Delivered: 9
* Propellant Load: 130 Ibm (60 kg) Hydrazine

* 450-90 psia (30.9-6.2 bar) Blowdown Operation with Aerojet-Designed
Low Cost AF-E-332 Bladder Tank

* 3 MR-107K 50-Ibf (220 N) Thrusters
* Used for Final Orbit Trim (4th Stage) for Pegasus XL
* Aerojet Integrated System on Customer-Supplied Structure

AFROJET

Approved for public release and export



Atlas Il Roll Control Module (ARCM)

PRESSURANT
PRESSTSQIEK P | X SERVICE
TRANSDUCER VALVE
N2H4
PROPELLANT
SERVICE
l-®— ELECTRICAL
VALVE CONNECTORS

:‘{g CARTRIDGES

PRESSURE
TRANSDUCERl I PYROTECHNIC
ISOLATION WIRE

>ORKO——IRRTI
> O— O

50 LBF THRUSTER
? (4 EACH)

ELECTRICAL
CONNECTORS THRUSTER
i f SERVICE
VALVE

Propulsion Schematic

Systems Delivered: 64

Propellant Load: 35 Ibm (16 kg) Hydrazine

498-175 psia (34.3-12.1 bar) Blowdown Operation

4 MR-107J 50-Ibf (220 N) Thrusters

Used for Vehicle Roll Control

Fully Modular System Built by Aerojet, Integrated onto Launch Vehicle

AFROJET

Approved for public release and export



Contact Information

AEROJET

Space and Launch Systems
Aerojet, Redmond, Washington

Physical and 11411 139™ Place NE
Mailing Address: Redmond, WA 98052

Shipping Address: 11650 137" Place NE

Redmond, WA 98052

Operator No: 425 — 885-5000

O. M. Morgan (Olwen)
425 936-5285
425 882-5747 (Fax)
425 985-7853 (Mobile)
olwen@rocket.com

A. C. Wilson (Fred) W. Andrew Hoskins (Andy)

425 702-6823

425 882-5747 (Fax)
206 321-5414 (Mobile)
acw@rocket.com
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703 650-0277

703 650-0271 (Fax)
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