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PERFORMANCE:  PAST AND PRESENT 
 

The following is a partial list of Systems/Equipment on which PSI has performed:  

 

AH-64 Apache Helicopter 

PBTS Proton Beam Treatment System 

Improved Thermal Sight System, Light Armored Vehicle (LAV-25) 

Geostationary Operational Environmental Satellite (GOES) N-Q 

XM-Radio Missile System Prelaunch Safety Data Package (MSPSP) 

ICO Final Missile System Prelaunch Safety Package 

ETS-8 Propellant Tank 

Emergency Escape Sequencing System Tester (EESST) 

ITAS/IBAS/Missile Control Subsystem (MCS) Power Supply Assembly (PSA) 

IBAS/TAS Periscope Head Subassembly (PHS) Power Supply Assembly (PSA) 

IBAS/MCS Line Filter (FL1) CCA 

IBAS/TAS/LTAS Reticle Projector Assembly 

Wireless Ground Link Quick Access Recorder Interlock  

C-17A Drogue Parachute Camera Video System 

P2 Fuel Control Isolation Valve 

DOT Scan Terminal and Communication Cradle 

Space Based Infra Red System (SBIRS)/Central Theater Processing Program (CTPP) 

Talon Shield 

Automated Tape Library Systems 

Attack and Launch Early Reporting to Theater 

Stabilized Infrared Scanner 

Passenger Entertainment System 

High Performance Power Supply 

ASW Digital Computer Unit, MK38/MOD 0 

IDL System Pod Data Terminal and Peculiar Support Equipment (PSE) 

Torpedo System, MK49/MOD 1 

L-1011 (Airbus) Automatic Flight Control System 

NASA/Houston Recorder-Reproducer (Mag Tape) 

Airborne Warning and Control System (AWACS) Avionics System 

Air Traffic Control System 

DPC Model 4910 Line Printer 



ELINT Systems 

ECM Systems 

Computer Card-reader System 

P-3C Aircraft Automatic Flight Control System 

F-16 Aircraft Automatic Flight Control System 

A&C Band Jammers 

Magnetic Tape Transport 

Single Pole Double Throw (SP2T) IF Switch With Driver 

Communications Recorder Model No. VR2004A 

Sea Sparrow Fire Control System 

Sea Wolf Submarine Power Supply 

Static Frequency Changer & Direct Current Output Supply (407L) 

Low Light Level Television Camera Subsystem/Type 18 Periscope 

AWACS Magnetic Tape Transport 

AEGIS Shipboard MK84/Mod 1 400 Hz Power Supply System 

Uninterruptible Power Supply System 

SEAFIRE Program 

Space Shuttle Mass Memory System 

Galileo Space Program Tape Recorder 

International Solar Polar Mission Magnetic Tape Transport 

Space Telescope Recorder/Reproducer System 

FIDS/BISS, Facility Intrusion Detection System RF Data Link 

Boeing Aircraft 767 Auto-Brake/Anti-Skid Systems 

TADS, Target Acquisition & Detection System Displays 

Solar Panel Charger & Controls 

Infra Red Aiming Light 

KC-10A Inflight Refueling System 

Tornado Aircraft Inflight Refueling 

Commercial Aircraft Audio Entertainment System 

400 Hz Frequency Converters 

Static Inverter Power Supplies 

Magnetic Card Reader, Mark Sense 

Video Display Monitors 

RF Data Link Systems 

Telephone Switching Systems/Message Centers 



Filter Connector for Telephone PBX Equipment 

High Speed Impact Computer Printer 

High Performance Aircraft Flap Controls 

Elint Systems 

Automated Information Storage & Retrieval Systems 

Floppy Disk Drives 

Advanced RF Receivers, Transmitters, and Repeaters 

Bouy RF Receivers/ASW 

Instrument Calibration Equipments 

Aircraft Windshield Defrosters/Deicers 

Electro-Mechanical Submarine Decoy Systems 

AN/TPX-42A, Air Traffic Control Systems 

Dish Radar, Pedestal, and Control System 

Radio Management System 

RADOPS RF Scorer 

Nuclear Power Generating Station Equipment 

Alphanumeric Graphics Printer 

Deep Space Network Software Testing 

C-17A Aircraft Autobrakes/Antiskid System 

MD-11 Aircraft Autobrakes/Antiskid System 

Boeing 747-400 Aircraft Autobrakes/Antiskid System 

USN A-12 Aircraft Autobrakes/Antiskid System 

RADARSAT Satellite Digital Tape Recorder 

Catapult Launched Fuel-Air Explosive Land Mine Countermeasures System 

Space Station Freedom EVA Portable Contamination Detector 

SPOT, ERS-1 & JERS-1 Satellites Digital Tape Recorders 

Sounding Rocket Inertial Navigation System  



PERFORMANCE:  PAST AND PRESENT 
 

The following is a partial list of customers for  which  PSI  has performed:  

 

Advanced Retail Technology, Inc. 

Aerojet Electro Systems Company 

Aeronautical Accessories 

Airborne CCTV, Division of Puritan-Bennett Aero Systems/Nellcor 

Ampex Corporation, Computer Products Division 

American Nucleonics Corporation 

Anadex 

APS Systems 

Arco Solar Inc., Division of Atlantic Richfield Company 

Arral Industries 

Audio-In-Motion 

AVICOM International 

Avtel Corporation, Division of Aertronics, Inc. 

B/E Aerospace, Avionics Division 

Beckman Instruments, Inc. 

Bell & Howell, Video Division/AVICOM 

Bell & Howell, Instrumentation Division 

Bermite, Division of Tasker Industries 

BHK Inc. 

Boeing Satellite Systems, Inc. 

Canavco, Inc. 

Cartwright Engineering Incorporated 

Chatsworth Data Systems 

Clary Instruments Company 

Conrac Corporation, Systems-West Division 

Continental Telecommunications Corporation, Division of  

      Continental Telephone Company 

Cubic Corporation 

Data Products Corporation 

Dowty Corporation, Resdel Engineering Division 

DRS Sensor Systems 



DRS Optronics, Inc. 

EECO Incorporated 

EEMCO Division of Datron Systems, Inc. 

Electronics Resources, Inc. 

Electronics Specialty Company 

Electro Optics Systems, Division of Xerox Corporation 

Elgar Corporation, Division of Onan, Inc./McGraw Edison 

Honeywell, Inc., Defense & Electronics Division 

Honeywell, Inc., Marine Systems Center 

Hydro-Aire Division of The Crane Company 

Incosym, Inc., Division of Textron Corporation 

Industrial Electronic Engineers, Inc. 

Infodetics, Inc. 

International Telephone & Telegraph, Cannon Electric Division 

Kinelogic Corporation 

Lear Siegler, Inc., Astronics Division 

Librascope Division of Singer Aerospace & Marine Systems 

Litton Data Systems Division 

Lockheed Electronics Company, Division of Lockheed Aircraft Company 

Magnavox Electronics Systems Company, West Coast Division 

MagneTek Defense Systems Corporation 

McDonnell Douglas Corporation 

Naval Ship Missile Systems Engineering, Systems Effectiveness Division 

Ocean Technology, Inc. 

Odetics, Inc., Spaceborne, Kode and Omutec Divisions  

Odetics, Inc., Advanced Intelligent Machines Division 

Optivus Technologies, Inc.  

Perkin-Elmer Corporation, Applied Science Division  

Pertec Computer Corporation 

Pressure Systems, inc. 

Phaostron Instrument and Electronics Company, Division of 

      Sterling Electronics, Inc. 

Radtec, Inc./Division of Guide Scientific Company 

Sargent-Fletcher Company 

Sargent Industries 



Science Applications, Inc. 

Sierracin Corporation/Sylmar Division 

Signal Design, inc. 

Static Power, Inc., Division of Gates Rubber Company 

Tasker Industries/Whittaker Corporation 

Teledyne Control Electronic Safety Products 

Teledyne Control 

Teledyne Electronic Technologies 

Transco Products, Inc. 

US Naval Metrology Engineering Center 

Vari-L Company, Inc. 

Volt Technical 

Xerox Electro-Optical System Corporation 
 



 EXAMPLES OF RELIABILITY ANALYSIS TABLES 
 

TABLE OF CONTENTS  
 
       Section          Title       
            __________           ____________________________________________________________          
 

 1.0  RELIABILITY PARTS STRESS PREDICTION 

 

   1.1  Mathematical Modeling 

   1.2  Parts Stress and Failure Rate Data 

 

 2.0  MAINTAINABILITY PREDICTION 

 3.0  DERATING ELECTRICAL STRESS ANALYSIS 

 4.0  FMECA-MI 

 

   4.1  Failure Mode and Effects Analysis 

   4.2  Criticality Analysis 

    4.3  Maintainability Information 

 

 5.0  SAFETY HAZARD ANALYSIS 

 6.0  WORST CASE (PARTS/CIRCUITS) TOLERANCE ANALYSIS 

 7.0  THERMAL ANALYSIS 

 8.0  FAULT TREE ANALYSIS 

           9.0  MECHANICAL RELIABILITY  

         10.0  EXAMPLE FAILURE RATE ANALYSIS FOR POPPET VALVE 

   ASSEMBLY 

         11.0  TESTABILITY / BIT ANALYSIS 

         12.0  CONFIDENCE LEVEL ANALYSIS 
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Section 1.0 
 

RELIABILITY PARTS STRESS PREDICTION  



 
 
 

Section 1.1 
 

RELIABILITY MATHEMATICAL MODELLING  
 

MIL-STD-785B, Task 201 

MIL-STD-756B, Task 102 

Reliability Logic Block Diagram 

Reliability Mission Mathematical Model 
 

                    



 
Block Assembly Name 

      Schematic No.  
Failure  
Rate, λ 
 -- PPM 

A Converter/30684941 λA     =  12.1937 
B Encoder/30684944 λB    =    6.1375 
C Inverter A/30684942 λC    =  15.2983 
D Inverter B/30684943 λD    =  16.3430 
E Splitter/30684945 λE     =   4.1355 

Total Sam Power Supply λSPS = 54.1080 
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Figure 1, Reliability Logic Block Diagram and Mean Time Between Failure (MTBF) 
               Mathematical Model for Redundancy Equation  
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Section 1.2 

 
RELIABILITY STRESS AND FAILURE RATE DATA  

 

MIL-STD-785B, Task 203 

MIL-HDBK-217F, Section 5.1 

MIL-STD-756B, Type III, Method 2005, Task 202 

   

System:  SAM Power Supply 

Assembly:  Converter 

Schematic No.:  30684941 

Part Ambient Temperature,  

Worst Case:  55 Degrees Celsius 

Environment:  Space, Flight (SF) 

 







 

 

 

Section 2.0 
 

MAINTAINABILITY PREDICTION 
 

Mean Time To Repair (MTTR) 

MIL-HDBK-472, Procedure IIA 

MIL-STD-470A, Task 203 





Total Failure Rate, λ =  11080 106. / Hours
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For normal distribution of : 
 

                     

MTTR

Hours0.3984

 

                    For   at 95% Confidence Level is 
 
 

                      M Minutes 0.4731 Hoursmaxct =
 
 
Where, 
 

                                

.2 3022 Minutes

Minutes

5 LRUsn  
 
 
 
         Figure 1, MTTR and Mmaxct Calculation for Normal Distribution 
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Total Failure Rate, λ =  11080 106. / Hours
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For log-normal distribution of : 
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            For   at 95% Confidence Level is  R M=
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   Figure 2, MTTR and Mmaxct Calculation for Log-Normal Distribution 
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Section 3.0 
 

DERATING ELECTRICAL STRESS ANALYSIS 
 

MIL-STD-785B, Task 207 

MIL-STD-975G 





 



 

 

Section 4.0 
 

FAILURE MODE, EFFECTS AND CRITICALITY 
ANALYSIS - MAINTAINABILITY INFORMATION  

(FMECA-MI) 
 

MIL-STD-785B, Task 204 

MIL-STD-1629A, Tasks 101, 102 and 103 

MIL-STD-470A, Task 205 



 

 

 

Section 4.1 
 

FAILURE MODE AND EFFECTS ANALYSIS 
 

Task 101 of MIL-STD-1629A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

Section 4.2 
 

CRITICALITY ANALYSIS 
 

 Task 102 of MIL-STD-1629A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

Section 4.3 
 

MAINTAINABILITY INFORMATION 
 

Task 103 of MIL-STD-1629A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 
 

Section 5.0 
 

SAFETY HAZARD ANALYSIS  
 

MIL-STD-882B, Tasks 203 and 204 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





 

 
 

Section 6.0 
 

WORST CASE ELECTRONIC PARTS/CIRCUITS  
TOLERANCE ANALYSIS   

 
MIL-STD-785B, Task 206 



 



 



WORST CASE CIRCUIT TOLERANCE ANALYSIS SUMMARY 
System:  SAM Power Supply 

Assembly:  Converter 

Schematic No.:  30684941 

Circuit:  Voltage Divider 

Part Ambient  Temperature, Worst Case:  55.00 Degrees Celsius 

Prepared By:  J. Smith 

__________________________________________________________________ 
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Section 7.0 
 

THERMAL ANALYSIS 
 

MIL-HDBK-251 

MIL-D-18300 

MIL-T-23103 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 

 
 

Section 8.0 
 

FAULT TREE ANALYSIS 
 

MIL-HKBK-338 
 



Mathematical Model                                                             
 
Since all the events in the fault tree of Figure 1 are independent, the event probabilities are as 
follows: 
 

P C P D P E P D x P E
P Top P A x P B x P C

( ) ( ) ( ) [ ( ) ( )
( ) ( ) ( ) ( )

= + −
=

]

 
 
Where 
 
 

        Probability of Event A, Servo Valve Driver Failure, P A( ) =

                       1 . 4 29576 1012− e Atλ , . /
 

          λ    Failure rate of Servo Valve Driver, U1, Hybrid Current Driver, A =

                        0  Hours. 61368 106. /
 

               t    Risk Exposure Time,  seconds or  hours, for all events. = 0 025. 7 106/
 

        Probability of Event B, Shutoff Valve Watchdog Failure, P B( ) =

                        1 . 113323 1012− −e Btλ , . /
 

          λ    Failure rate of Shutoff Valve Watchdog Circuit, U2, Errasable B =

                       Programmable Logic Device (EPLD), 0  hours. 16189 106. /
 

               t    7 1  hours. = 06/
 

        Probability of Event C, Display Electronics Unit (DEU) fails to display ABS P C( ) =
                      fault status,   
 

                        

P D P E P D x P E e e

e x e

D E

D E

t t

t t

( ) ( ) [ ( ) ( )], ( ) ( )

[( ) ( )], . / .

+ − − + −

− − −

− −

− −

1 1

1 1 2 26646 1012

λ λ

λ λ

 

        Probability of Event D, ABS Arm Watchdog Failure, P D( ) =

              1 . 113323 1012− −e Dtλ , . /
                      





          λ    Failure rate of the ABS Arm Watchdog Circuit, U3, EPLD, D =

16189 106. /

= 06/

P E( ) =
113323 1012− −e E tλ , . /

E =

16189 106. /

= 06/

P Top P A x P B x P C( ) ( ) ( ) ( )

( . / ) ( . / ) ( . / )

=

= 4 29576 10 113323 10 2 26646 1012 12 12

= 11033317 1036. /

                        0  hours. 
 

               t    7 1  hours. 
 

         Probability of Event E, Servo and Shutoff Valve Monitor Failure, 

                  1 . 
 

          λ     Failure rate of the Servo and Shutoff Valve Monitor Circuit, U4, EPLD, 

               0  hours. 
 

               t     7 1  hours. 
 
 
Therefore, 
 
 

 
                  or zero. 
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Section 9.0 
 

MECHANICAL RELIABILITY 
(RADC-TR-85-194) 

October 1985 

 

Stress/Strength Interference Method 



 



 

 
Section 10.0 

 
EXAMPLE 

FAILURE RATE ANALYSIS 
FOR  

POPPET VALVE ASSEMBLY 
 

Carderock Div, NSWC-92/L01, 

“Handbook of Reliability Prediction Procedures  

for Mechanical Equipment”, May 1992 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Poppet Valve Assembly 

f

a
BPOPO Q

Q
,λλ =

  

Where: 

 

      Failure rate of the poppet assembly, failures/million operations λ PO =

 

   Base failure rate for poppet assembly, failures/million operations λ PO B, =

 

       Q  Leakage rate, ina = 3/min 

 

      Q   Leakage rate considered to be valve failure,  inf = 3/min 

 

      
Q x D f P P

V L Sa
MS

a W S
=

−2 104 3
1
2

2
2

3 2
( )

( ) /
  

Where:   

 

      Q  Actual fluid leakage, ina = 3/min 

 

     Mean seat diameter, in DMS =

 

          Mean surface finish of opposing surfaces, min f =

 

         Upstream pressure, lb/inP1 = 2 

 

        Downstream pressure, lb/inP2 = 2 



 

        V   Absolute fluid viscosity, lb-min/ina = 2 

 

         Radial seat land width, in. LW =

 

          Apparent seat stress, lb/inSS = 2 

 

      λ λPO PO B P Q F V N S DT SW WC C C C C C C C C= ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅, 

Where: 

 

     λ   Failure rate of poppet assembly in failures/million operations; 1.26 PO =

 

    Base failure rate of poppet assembly, 1.40 failures/million operations λ PO B, =

 

          Multiplying factor which considers the effect of fluid pressure on the base CP =

                     failure rate, 1.0 

 

          Multiplying factor which considers the effect of allowable leakage on the CQ =

                     base failure rate, 1.0 

 

          Multiplying factor which considers the effect of surface finish on the base CF =

                      failure rate, 1.0 

 

           Multiplying factor which considers the effect of fluid fiscosity/temperature on CV =

                      the base failure  rate, 1.0 

 

          Multiplying factor which considers the effect of contaminants on the base CN =



                     failure  rate, 1.0625 

 

           Multiplying factor which considers the effect of the apparent seat stress on CS =

                      the base failure rate, 0.621119 

 

      C   Multiplying factor which considers the effect of the seat diameter on the DT =

                      base failure rate, 1.09 

 

      C  Multiplying factor which considers the effect of the seat land width on the SW =

                     base failure rate, 1.001182 

 

         Multiplying factor which considers the effect of flow rate on the base failure CW =

                     rate, 1.25 

 

Where:  

       

C P P

C Q
C Q

C V
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Q f
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R
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Where:   V x  o =
−2 10 8 lb min / in2

C C
C

N GPMN R
0

10

3

10








  

 

Where: 



 

       GPM   Rated Flow in gallons/min, 5.0 R =

 

                     Standard System Filter Size = 10 micron C10 =

 

                      System Filter Size in microns = 5 micron C0 =

 

                    1.7 Particles under 10 microns/Hour/GPM N10 =

                   
C

SS
R

= =
1 0 6211193 2/ .

  

Where: 
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Force on Seat
Seat Land Area

tress Ratio =  SCS   



Therefore, leakage varies with the seat stress as: 

                

1 3 2

S
 


/

  

Minimum Contact Pressure   approximately three times the fluid pressure. = =SC 3PS

L
 

          A DSL M W= ⋅π
Where: 

 

           Seat land area, inASL = 2 

            Land area width, in LW =

            Mean land width diameter, in DM =

     A  =  ( D )
4ST

s
2π

  

Where: 

 

           Seat Area, inAST =
2 

           Diameter of seat exposed to fluid pressure, PDS = S,  0.70 in   

         

C D

C L L L

C F

DT S

SW W W W W

W
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= +

= − + − <

= + 
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Where:  

 

   Ratio of actual flow rate to manufacturer's rating FL =

 

 



 

 
 
 

Section 11.0 
 

TESTABILITY / BIT ANALYSIS  
 

MIL-STD-2165 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

Section 12.0 
 

CONFIDENCE LEVEL  
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