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The 217B PREDICT computer program provides the capability of perfotming system
reliability predictions in accordance with the complex part failure rate models in
MIL—HDBK—217B. The computer program also contains procedures for entering user derived
non—MIL—HDBK—217B part failure rates, and for deriving dormant part failure rates in
accordance with established failure rate data and techniques . With a minimum of in-
doctrination the user can perform extensive , fully documented reliability predictions at
a minimal cost. The cost savings are achieved by:

(1) Providing complete prediction data for 1 to 13 life cycle events from a single
set of input data, thereby minimizing the cost~1n preparing the data deck and in
operating the computer.
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(2) Requiring only exceptions to the “standard” part failure rate definitions at
the part level, thereby reducing the cost of preparing the data deck.

J (3) Uaing a set of “standard” part failure rates that are recalculated by the
computer only if redefined at the part level, thereby minimizing the computer
operating cost.

The user manual provides all necessary information required to use the computer
program. It does not presuppose any prior computer knowledge on the part of the user.
However, it does assume a working knowledge of the failure rate models and techniques
in MIL—HDBK— 217B , and experience in deriving non—MIL—HDBK—217B failure rates.

The 2 17B PREDICT computer program is written in standard FORTRAN V language for
the UNIVAC 1110 computer and has been used on numerous reliability predictions for the
Naval Weapons Center , China Lake , California. The program is adaptable to any large
scale digital computer . The computer program contains 5,311 source statements , and
uses approximately 37,000 words of storage for coding and storage arrays. For informa-
tion regarding the computer program contact:

Systems Consultants Incorporated
543 Graaf Street

Ridgecrest, California 93555
(Attention: Mr. R. H. Butler)
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ABSTRACT

The 21 lB PREDICT computer program provides an automated capability
of readily performing fully documented system reliability predictions.
Using a simplified set of input data, the computer program provides
operating and dcrmant prediction data for multiple life cycle events
in a concise, readily understandable output format. In addition, all
failure rates and failure rate sources used in the prediction are fully
documented in the printout to permit verification of all, part failure
rates.

This manual provides all necessary information required to use
the computer program. It does not presuppose any prior computer knowl-
edge on the part of the user. However, it does assume a working knowl—
edge of the failure rate models and techniques in NIL—HDBX—217B, and
experience in deriving non—MIL—HDBK—217B failure rates.

This manual is designed to provide:

(1) A simplified introduction to the computer program data
submittal requiremen ts , with examples.

(2) A preliminary set of failure rate derivation guidelines.

(3) An extensive discussion of the computer program submittal F
requirements and part failure rate models.

(4) An appendix that outlines the Stored Failure Rate Data and
data submittal requirements necessary to perform reliability
predictions.

NOTE: The intent of the computer program is to provide an active
analytical tool that is responsive to the needs of the reli-
ability co unity. As such, the computer program and this
manual are subject to periodic updates in general accordance
with the revisions to MIL—HDBK—217. Therefore, for proper
implementation, all suggestions or discrepanci-s noted by the
user should be submitted in writing to: A c ; c .., - ri • .- -

Systems Consultants Incorporated - .

543 Graaf Street
Ridgecrest, California 93555 U
(Attention: Mr. R. R. Butler)
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EXECUTIVE SUMMARY

The 21 lB PREDICT computer program provides the capability of performing
system reliability predictions in accordance with the complex part failure
rate models in MIL—HDBK—2171. The computer program also contains procedures
for entering user—derived non—MIL—HDBK-217B part failure rates, and for
deriving dormant part failure rates in accordance with established failure
rate data and techniques.

The methodology used in the computer program is based on establishing a
set of “standard” part failure rates and part failure rate parameters that
are used unless specifically excepted by the user at the part level. The
pert failure rate parameters define the appropriate environmental factors,
operating stress factors, application factors, dormant (operating—to—non—
operating) factors, etc., for the respective parts. The failure rate
definitions stored within the computer program can be used directly, or
can be modified and supplemented to establish the “standard” part failure
rate definitions for the user’s system. Parts not fitting the “standard”
definitions are then specifically excepted at the part level by the user.
This technique allows the user to minimize the amount of data that must be
entered at the part level by modifying the stored part failure rate def i—
nitions to reflect the majority of the part types in his system. The
“standard” part failure rate definitions used in performing the prediction
are printed out as part of the “summary” data by the computer program.
Any deviations from the “standard” part failure rate definitions are printed
out at the part level in the prediction data.

The 2173 PREDICT computer program is written in the computer—independent
FORTRAN IV and V languages and is easily adapted to any large scale digital
computer. With a minimum of indoctrination the user can perform extensive, H

fully documented reliability predictions at a minimal cost. The cost savings
are achieved by:

(1) Providing complete prediction data for 1 to 13 life cycle events H
from a single set of input data, thereby minimizing the cost in
preparing the data deck and in operating the computer.

(2) Requiring only exceptions to the “standard” part failure rate
definitions at the part level, thereby reducing the cost of
preparing the data deck.

(3) Using a set of “standard” part failure rates that are recalcu—
lated by the computer only if redefined at the part level, thereby
minimizing the computer operating cost.

—iii—
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SECTION I

GENERAL OVERVIEW

1. INTRODUCTION

The 2173 PREDICT computer program provides an automated capability
of performing a fully documented system reliability prediction in
accordance with the specific methodology in MIL—NDBX—217B (Reference 1),
and in general accordance with established techniques for deriving
non—electrical and dormant part failure rates. The computer program
characteristics, as outlined below, provide an easily used, yet flexible,
analysis tool that can be readily used for conceptual, preliminary, or
detailed stress analysis predictions .

o The input data and output data are in direct accordance with
the system documentation and with the definitions in
MIL—HD BK — 2 17B.

o With a minimum of input data , the computer program provides
failure rate data for all applicable life cycle events.

o The output data are self—explanatory, and provide part
failure rate traceability by documenting all part failure
rate parameters and data sources used in performing each
prediction.

2. ORGANIZATION OP TUE MANUAl..

The 2178 PREDICT User Manual contains five major sections and two
appendices . As outlined below, the sections provide progressively
greater insight regarding the use of the computer program in per—
fo rming reliability predictions , whereas the appendices provide the
data necessary to implement the computer program in performing reli-
ability predictions.

o Section I. General overview of the computer program.

o Section II. Simplified exercise in compiling the data for
the computer program, with examples.

o Section III. Complex exercise in compiling the data for
the computer program, with the corresponding
computer printout.

o Section IV. General prediction guidelines.

o Section V. Extensive computer program details.

o Section VI. References.

o Appendix A. Stored part data and coding form definitions.

o Appendix B. Outline of part codes and coding forms.

1. 1 
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3. COMPUTER PROGRAM TECHNIQUES

Communicating with the computer program is particularly simple
for the reliability analyst since all input data are in direct accord-
ance with the assembly/fabrication drawings, e.g., R2 — RCR2OG32OFM ,
and in general accordance with the co on usage terms reflected in
MIL—HDBK—217B, e.g., S2 — 

~S2 
— reverse voltage factor for semiconductors.

The primary imposition on the user is the need to code the general part
type as defined in Sections II and III, e.g., 402 ~ Carbon Com-
position Resistor. This coding minimizes the amount of input
data from the user and yet provides a very definitive part descrip-
tion for the computer printout.

The input data for the computer program are prepared us ing fixed
format computer coding forms that are keypunched on computer data cards
for batch submittal to the UN IVAC 1 1 1 0 computer as described in Sections
II and III. The failure rate data and reliability data are then
compiled in general accordance with the following computer program
techniques as outlined in Figure 1.1 .

Note: Reference is made to the UNIVAC 1110 computer throughout this

~~nual because the program was developed for use on the UNIVAC 1110
computer at the Naval Weapons Center , China Lake, California. However,
the computer program is written in the FORTRAN IV and V languages and
should be adaptable to any large scale digital computer.

a. Stored Part Data

The computer program contains a set of part failure rate definitions
that are used unless othevise modified by the user. The user can
supplement and/or modify the Stored Part Data using Supplemental
Part Data cards, thereby establishing a unique set of “Standard”
part failure rate definitions that reflect his system. Unless
otherwise specified , these parameter definitions are used to
calculate the dormant, assumed, or applied stress part failure
rates in accordance with the complex stress analysis failure
rate models in MIL—HDBK—217B as defined herein.

In addition, the user defines the system documentation and
environmental stress conditions applicable to the prediction
using the System/Subsystem Control Cards.

b. Detailed Failure Rate Subroutine

The Detailed Failure Rate Subroutine is used to reflect explicit
part numbering data and part failure rate information. The
user enters the part information in direct accordance with the
assembly/fabrication drawings, and identifies all exceptions to
the “Standard” part failure rate definitions using Assembly/Sub-
assembly Data Cards. This technique significantly reduces the
amount of failure rate information required at the part level,
while providing explicit part failure rate data for 1 to 3 sets
of operating, semioperating, or dormant environmental conditions.

1.2
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I
c. Condensed Failure Rate Subroutine

The Condensed Failure Rate Subroutine is used to provide dormant
or assumed stress failure rate data using part coun t techniques.
For example, using the preceding configuration data and the “Standard”
part failure rate definitions, the computer program can provide
operating or dormant failure rates for an additional 1 to 10
environmental conditions. Therefore the Detailed and Condensed
Failure Rate Subroutines can be used to provide total life
cycle failure rate information from a single set of input data.

The Condensed Failure Rate Subroutine can also be readily used
to perform preliminary predictions for 1 to 5 envIronmental
conditions. The user enters the pa rt information in terms
of part type using the Condensed Part Data Cards, and obtains
failure rate data that is in direct accordance with the “Standard”
part failure rate definitions. These data are in general
accordance with the data resulting from a detailed stress
analysis prediction , because the same failure rate models and
general part failure rate parameters are used for the part
failure rate derivation.

d. Prediction summary Subroutine

The Prediction Summary Subroutine summarizes the failure rate data
and assumptions , and compiles the system/subsystem reliability data.
The user identifies the life cycle event relationship of the
above failure rate data and all associated one—shot devices using
Reliability Su ary Cards , and obtains reliability data for
individual life cycle events or for overall mission events. En
addition, all “Standard ” part failure rate definitions established
by the user are documented in the printout, thereby explicitly
defining all failure rate data and sources used in performing the
prediction.

H 1.4 
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SECTION LI

COMPILING THE INPUT DATA

1 • GENERAL DISCUSSION

The 2175 PREDICT computer program does not require any prior computer
experience on the part of the user • However, the computer program is
based on the assumption that the user has a working knowledge of the
failure rate models and techniques in MIL—HDBK—217 3 , and experience
in deriving non-MIL—HDBK—21 73 part failure rates • In addition , the
user should be acquainted with the computer program concept as outlined
in Section 1, plus its applications and limitations as defined herein.
Detailed procedures and assumptions are presented in Section V.

a. Hardware Indenture Levels

The user must organize the assembly/fabrication drawing data in
terms of “system,” “subsystem,” “assembly,” and “subassembly”
levels as depicted in Figure 2.1 • The computer program compiles
the part failure rate data at the “assembly” and “subassembly”
levels. These data are then suninarized at the “subsystem” and
“system” levels, with the computed Mean—Time—Between—Failures
(MTBF) and reliability (based on the exponential function) for
each life cycle event .

SYSTEM
DI$C~~IPT~*N

RELIABILITY
AND V

FAILURE
_____ 

RATE
(NOT MANOATONY) SUMMARY

ANO(MSLY AIUMSLY
DEscRIPTIoN oiscm

(NOT ~~~~~~~~~~~ 
PARI I) FAILURE

______  
SUMMARY

• I DE3cRIPT~~~ • ANDI . •  PART
FAILURE

RATE
PARTIal PA Rt (S) DATA

PART (2)

PANT (a) ____________________

FIGURE 2.1. Generalized Arrangement of Assembly/Fabrication
Drawing Data for 2173 PREDICT Computer Program.

2.1 /2 
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~~~~ _______________________
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b. Data Preparation/Submittal

The 217B PREDICT computer program input data are prepared using
fixed format computer coding forms and are keypunched on computer
data cards for batch submittal to the UNIVAC 1110 computer. The
data cards provide explicit computer control in performing the
reliability prediction as defined in Appendices A and B, and as
outlined below:

(1) Computer Control Cards
@ Card format. UNIVAC 1110 computer control cards, used to
identify and execute the 2178 PREDICT computer program at
the Naval Weapons Center, China Lake, California.

(2) Supplemental Data Cards

Card 1 Format. Used to document additional failure rate
data sources used in performing the prediction (not mandatory).

Card 2 Format. Used to submit modifications or additions
to the Stored Part Data as defined in Appendix A (not mandatory).

(3) System/Subsystem Control Cards I
Card 3 Format. Used to explicitly define the system.

Card 4 Format. Used to explicitly define each subsystem
in the system (not mandatory).

Card 5 Format. Used to define the environmental stress
conditions to be used for each set of failure rate data
(type of failure rate data, equivalent MIL—HDBK-217B
environment, and ambient temperature).

(4) Assembly/Subassembly Data Cards
Card 6 Format. Used to explicitly define each assembly in
the subsystem.
Card 7 Format. Used to explicitly define each subassembly
in the assembly (not mandatory).
Detailed Data Card (Detailed Failure Rate Subroutine only) .
Used to explicitly define each part in the assembly or
subassembly, and to define all exceptions to the “Standard”

• par t failure rate definitions.
Condensed Data Card (Condensed Failure Rate Subroutine only) .
Used to define each part type and part quantity in the
assembly.

(5) Reliability Sunniary Cards

Card 8 Format. Used to identify the applicable failure
rate data and one—shot reliability data for each life
cycle event. These data are used in the Prediction Sunmiary
Subroutine to compile the overall system reliability data.

2.2
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c. Typ. of Failure Rate Data.

The user evaluates and modifies the Stored Part Data as defined
in Appendix A to establish the “Stand*rd” part failure rate
definitions for the prediction . The Applied Stress Part Data
provide minimum operating and dormant failure rate conditions
for the Detailed and Condensed Failure Rate Subroutines , and
minimize the amount of data to be entered at the part level for
the Detailed Failure Rate Subroutine. The Assumed Stress Part
Data provide nominal operating failure rate conditions for the
Detailed and Condensed Failure Rate Subroutines. These data
are defined as:

(1) Applied Stress Part Data (APPLIED) — minimum operating
failure rate conditions as modified at the part level to
ref lect detailed stress analysis data for a mature design
that is explicitly defined.

(2) Assumed Stress Part Data (ASSUMED ) — nominal operating
failure rate conditions that reflect assumed stress data
fo r an early design that is not explicitly defined. The
assumed primary stress ratio (Si)  is in general accordance
with the definitions in Section 3 of MIL—HDBK—217B; the
remaining parameters are in accordance with the Applied
Stress Part Data.

(3) Dormant Part Data (DORMANT) — minimum operating failure
rate conditions times a dormant failure rate iT—factor
(operating—to—nonoperating failure rate multiplier). This
technique provides dormant data that reflects the impact
of ambient temperature and part quality.

Inclusion of dormant data in the computer program was con-
sidered to be mandatory, yet the resolution of the
uncertainties regarding the RADC and Redstone dormant data
in References 2, 3, and 4 was beyond the scope of the
current development of the computer program. A pre-
liminary evaluation of the dormant data with regard to
MIL—HDBK—217B operating data was performed, and generalized
dormant il—factors were derived as presented in Appendix A.

• Use of these factors will provide part failure rate data
in general accordance with the RADC and Redstone dormant
data, and will also reflect the impact of ambient temperature
and part quality. These data and procedures will be used
pending further studies of dormant versus operating part
failure rates.

2.3
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d. Part Failure Rate Model.

The following general part failure rate model as used in the computer
program is a logical extension of th. general part failure rate model
in MIL-RDBK-2173.

— A.~ (vt~) ~ ~~ 
11Di— i

Where: A — part failure rate for the applicable environ—
ment and operating/nonoperating state in
failures per million hours

— basic operating part failure rate as defined
in MIL-HDBK—217B

W
E 

— appropriate environmental il—factor for the
U applicable part type

.1
II — mathematical symbol for “the product of”

— value of the 1th il—factor for the applicable
part type as defined in MIL—HDBK—217B (not
applicable to non—MIL—HDBK—2178 parts)

li
D 

— dormant (operating—to—nonoperating) iT—factor - 
-

reflects nonoperating failure rate data - -

+ operating failure rate data for a specific rset of environmental conditions — 1.0 for
operating part failure rates)

Note: Use of any nonstandard (non—MIL—HDBK—217B) part failure
rate requires good engineering judgement, must be fully
substantiated in the reliability prediction report, and
is subject to procuring agency approval.

The non—MIL.4~DBK—217B data presented herein reflects part
failure rate data and techniques used over the last several
years in performing reliability predictions at the Naval
Weapons Center, China Lake, California. These data are
included f or the convenience of the user. However, it
should be noted that the inclusion of these data does not
reflect any prior approval on the part of any procuring
agency.

I 
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I
e. System/Subsystem Reliability Model

The system and subsystem reliability data compiled using the 2178
PREDICT computer program reflects a series reliability model wherein
failure of any part constitutes system failure. The “subsystem” and
“system” reliability, less the one—shot devices, as calculated By

• 2178 PREDICT assumes statistically independent part failures that
exhibit a constant failure rate for the time period being evaluated.
These reliabilities are calculated using the exponential function:

n
R(t)  — exp (—t z 

~~ 
(10 —6 ) )

i—i
Where: R(t) — “subsystem” or “system” reliability as a function

of time

exp — base “e” of the natural logarithm to the power
indicated

t — time in hours

— failure rate of the ~th part for the applicable
environment and operating/dormant state in failures
per million hours.

The one—shot device reliabilities are expressed in terms of
probability and are incorporated into the system reliability
using the equation:

k
R(s) — R(t) E P (one—shot)

i— i j  

I
Where: R(s) — overall “system or “subsystem” reliability

R(t) — “system” or “subsystem” reliability, less
one—shot devices, as calculated using the
exponential reliability function

P(one—shot) — probability of successful operation of the

j one—shot device

The computer program does not contain any provisions for handling
non—series reliability configurations. If non—series reliability
calculations are required, it is recommended that the above series
model be repressed in the printout. The remaining failure rate
data would then be submitted to manual calculation techniques or
alternate computer programs, e.g., Reference 5.
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2. PARTS COUNT FAILURE RATE DATA

a. Ea rly Design Informa t ion
The data depicted in Figures 2.2 , 2.3 , and 2.4 are representative of
the type of basic information necessary to perform a reliability
prediction for early design hardware. These data would be compiled
by the reliability analyst using engineering judgement and very
limited design information.

b. “Standard” Part Failure Rate Definitions .
Comparison of the part data in Figure 2.2 to the Stored Part
Data as defined in Appendix A indicates that:

(1) The part quality and application is inadequately defined. How-
ever, the resistor and capacitor part definitions indicate the
use of established reliability level parts. If the ana lyst is
unable to obtain clarification, the Stored Part Data for a
military application could be assumed to be applicable with—
out modification.

(2) The Elect romechanical Timer is not reflected in the Stored
Part Data. Therefore , the reliability analyst must research
the available documentation and define an operating failure
rate tha t reflects the part , part application , and operating
env ironment. If the Stored Part Data does not include the
failure rate data source used, the analyst documents same
using the Card 1 format as defined in Appendix A. The
part failure rate data are added to the Stored Part Data
using the Card 2C format as depicted in Table 2.1. If the
Card 2C format does not explicitly define the part failure
rate derivation, it is the responsibility of the analyst
to include the additional information in the basic report.

c. System Configu ration Data
The system configuration data are compiled on the Computer
Coding Forms in Append ix B , as depicted in Table 2.1. By entering
the environmental stress data using the Card 5B format (Condensed
Failure Rate Subroutine only), the user can enter the part data on
the simplified Condensed Part Data Cards. As depicted in Table 2.1 ,
the environmental stress conditions for each life cycle event are
in terms of the type of failure ra te data (APPLIED , ASSUME D, or
DORMANT), the equivalent MIL—HDBK—217B environmental symbol, and the
ambient temperature in degrees Celsius. If the above data are not
specifically defined, the analyst defines said conditions in terms
of established documentation, e.g., environmental criteria and
guidelines in MIL—STD—1670 (Reference 6). The number of part solder
connections (IC) is stored by the computer program for the Stored
Part Data. The number of part solder connections for data entered
on a 2C Card, or other connections, must be entered separately. The
part data are entered on the Condensed Part Data Cards in terms
of Part Code and Part Quantity only. Although the preliminary
parts list does not reflect printed wiring boards or connectors, it
is reasonable to assume that they should be included. Detailed
procedures and assumptions are presented in Section V.
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3. APPLIED STRESS FAILURE RAT E DATA - —

a. Preliminary Design Information

The data depicted in Figures 2.2, 2.3, and 2.4 are representative
of the type of basic information necessary to perform a preliminary
reliability prediction using stress analysis data as depicted in
Table 2.2. The necessary data would be compiled by the reliability
analyst using engineering judgement and very limited design information.

b. “Standard” Part Failure Rate Definitions

Comparison of the part data in Table 2.2 to the Stored Part Data
as defined in Appendix A indicates that:

(1) The part quality and application is inadequately defined ,
however, the resistor and capacitor part definitions indicate
the use of established reliability level parts. If the
analyst is unable to obtain clarification, the Stored Part
Data for a military application could be assumed to be applic— 

- 
-

able with a minimum of modifications. The Stored Part Data
are modified using the Card 2B format as depicted in
Table 2.3 to reflect the users hardware and to minimize the
data entries at the part level.

(2) As noted in Section II.2.b(2), the Electromechanical Timer
is not reflected in the Stored Part Data. Therefore, the
reliability analyst iuust research and define an appropriate
operating part failure rate that reflects the part, part
application , and operating environment. The part failure
rate is added to the Stored Part Data using the Card 2C
format.

c. System Configuration Data

The system confi guration data are compiled on the Computer
Coding Forms in Appendix B, as depicted in Table 2.3. By entering
the environmental stress data using the Card SA format (Detailed
Failure Rate Subroutine only), the user can enter detailed part data
and all exceptions to the “Standard” part failure rate definitions at
the part level using the Detailed Part Data Cards. The number of
part solder connections (IC) is stored by the computer program for
the Stored Part Data. The number of part solder connections for data
entered on a 2C Card, or other connections, must be entered separately.
As depicted in Table 2.3 the environmental stress conditions for
each life cycle event are in terms of the type of failure rate data
(APPLIED, ASSUMED, or DORMANT), the equivalent MIL—HDBK—2178 environ-
mental symbol, and the ambient temperature in degrees Celsius.
If the above data are not specifically defined, the analyst defines
said conditions in terms of established documentation, e.g., environ-
mental criteria and guidelines in MIL—STD—1670 (Reference 6).
Although the preliminary parts list does not reflect printed wiring
boards or connectors, it is reasonable to assume that they should
be included. Detailed procedures and assumptions are presented in
Section V.
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SECTION III

SAMPLE PREDICTION

1. CONFIGU RATION DATA

In compiling the data to perform a reliability prediction using the
computer program , the user must organize his hardware in terms of
“system,” “subsystem,” “assembly,” and “subassembly” as depicted in
Figure 3.1. The user should note for the su ary all one—shot devices
that are to be “predicted” using device reliability data instead of
time—dependent failure rate data, i.e. part (n+1) in Figure 3.1.
The user must also evaluate the applicability of the series system
assumption in Section II.1.e. If the user’s system contains non—series
functions , these data mus t be isolated as separate data in the computer
printout for proper data manipulation in the basic report.

2. LIFE CYCLE EVENT DATA

The user must def ine all dormant and opera ting life cycle events
that are to be included in the prediction. These definitions should be
in direct accordance with specified system requirements for proper data
comparison upon completion of the reliability prediction. The life
cycle events should be explicitly defined in terms of environmental
severi ty , operating versus dorman t state, containerized versus non—
containerized storage , event durations , and event temperatures for
inclusion in the failure rate data base. The user must also acquire
or derive the necessary stress analysis data for formal , explicit
prediction results. If these data are not available , the acceptability
of the assumed stress part data techniques must be defined by the user.

3. DATA PREPARATION

To prepare the above data for the computer program , the user:

a. Compiles the “system,” “subsystem,” “assembly,” and “subassembly”
desc ription on the appropriate cards , and identifies the
app ropriate environmental conditions for the Detailed and/or
Condensed Failure Rate Subroutines using the Card 5A and/or 5B
format. These data define the hardware documentation, the
failure rate subroutines , and environmental conditions to
be used.
Note: Condensed Failure Rate Data for an assumed hardware
configuration (OUTPUT STAGE) can be combined with detailed
st ress data (ELECTRONIC ABACUS) if submitted prior to imple-
menting the Detailed Failure Rate Subroutine.

b. Evaluates applicability of the Stored Part Data and modifies
same, as necessary, using the Card 2B format to establish the
“Standard” part failure rate parameters for the prediction.

c. If the Condensed Failure Rate Subroutine only is to be used ,
the user compiles the part code and part quantity data on
the Condensed Part Data Cards. If the user wants additional
condensed failure rate data, he must duplicate his Condensed
Pa rt data and resubmit same as an additional subsystem (OUTPUT
STAGE).

3.1
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d. If the Detailed Failure Rate Subroutine, or the Detailed and
Condensed Failure Rate Subroutines are to be used, the user
compiles, or has compiled, the assembly/fabrication drawing
part reference designator and part number data on the Detailed
Part Data Cards. The user then evaluates each part data card
to enter the part code and all exceptions to the “Standard” I -

part failure rate parameters.

If the user wants 6 to 10 sets of condensed failure rate
data, he inserts a second 5B Card after each set of subsystem
part data, i.e., prior to the next 3, 4, or 8 Card in his
data deck. The computer program will use the part configura—
tion data stored for the first 5B Card to provide a second I -

set of condensed failure rate data (see Figure 1.1).

e. Defines all additional part data that must be included, i.e.,
PWB Wave Solder Connections, etc. The number of part solder
connections (#C) is stored by the computer program for the
Stored Part Data. The number of part connections for data
entered on a 2C Card, or other connections, must be entered
separately.

f. Defines all additional part failure rate data that must be -:
stored in the computer program using the Card 2A or 2C format,
e.g., 801 Electromechanical Timer.

g. Defines the applicable failure rate data and one—shot reliability ~
- -

data for each life cycle event.

h. Organizes data deck in accordance with Figure 2.1, adds appro-
priate computer control cards to compile the program deck , and
submits same to the computer.

4. OUTPUT DATA

Each set of data (Detailed Failure Rate Data , Condensed Failure Rate
Data , and Prediction Su~~sary Data) from the computer is uniquely identified ,
dated, page numbered, and contains its own subsystem or system sunasary.
This allows the user to include the data as separate appendices to his
report. The basic report should contain all necessary supplemental

I - failure rate or reliability data.
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SECTION IV

GENERAL PREDICTION GUIDELINES

1 • RELIABILITY PRZDICTION ThSKS
4’ 

The tasks to be performed and the techniques to be used in performing
a reliability prediction, either manually or with a computer program , are ~ -
very similar. The primary benefit offered by a computer program is the
automation and the accuracy of the part failure rate calculations, and U

of the asseubly and system failure rate summaries . However, the use of
a computer program does not alleviate the responsibility of the reliability
analyst to explicitly define the following data for each reliability
prediction that he performs .

0 System Definition. Define the system and its component parts
in terms of established hardware documentation.

0 Life Cycle Eveflts. Define each life cycle event to be accounted
for in terms of specif ied or implied system requirements .

0 Environments. Define the equivalent environment for each life
cycle event in general accordance with 141L—HDBK—217B definitions.

0 Ambient Temperature. Define the ambient temperature for the
system and its component parts for each life cycle event in
terms of specified or implied requirements.

0 Reliability Model(s) . Derive the appropriate system reliability
mathematical model (s) for each life cycle event in terms of the
system operational requirements.

0 One—Shot Devices. Research, define, and justify the appropriate
reliability data for all one—shot devices in the system.

0 Non—MIL—HDBK—217B Failure Rates. Research, define, and justify the ~ 
-

appropriate part failure rates for all system parts not addressed
in MIL—HDBK—217B.

0 MIL—HDBIC—217B Failure Rates. Research and define all of the part
failure rate parameters in MIL—~~BX—217B for each of the appropriateparts in the system. I -
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2. PART FAILURE RATE DERIVATION GUIDELINES

Reliability predictions for governmental agencies are usually
required to be prepared in accordance with the general requirements
of MIL—STD—756 , in conjunction with the specific methodology of
MIL—HDBK—217. However, these documents require the use of supplemental
data and procedures for mechanical, electromechanical , and nonstandard ~ -
electronic parts in all environ~~nta, and for standard electronic partsin nonoperating environments. The objective of the following guide—
].inea is to standardize the data sources and procedures used in
perfornalng reliability predictions. It should be noted that the
inclusion of these guidelines does not reflect any prior approval on
the part of any procuring agency. :

: The data sources and failure rate guidelines presented herein are
intended to supplement the failure rate data for operating electronic .‘ 

- 
I

parts and prediction procedures in MIL—HDBK—217B. Adherence to these ~ I
data sources and guidelines will result in more consistent, meaningful
failure rates for standard and nonstandard parts in dormant and ‘ I
operating environments. It should be noted that these sources and
guidelines are not intended to cover all contingencies, and are not a
substitute for good engineering judgement.

a. Operating Part Failure Rate Guidelines
~
. _ i

(1) St andard Part Failure Rate Data. Failure rate data for all
standard electrical/electrotnechanical parts shall be derived
from MIL—HDBK—217B in accordance with Section 2.0 (Part Stress - 1
Analysis Prediction) . All part parameter data and data source(s)
shall be recorded for the Part Stress Analysis Prediction.

(2) Nonstandard Part Failure Rate Data. Failure rate data for
operating parts not contained in MIL—HDBK—217B shall be
derived in accordance with one of the following procedures
which are listed in order of preference. (Note: Use of any
nonstandard part failure rate requires good engineering
judgeinent, must be fully substantiated in the prediction
report, and is subject to procuring agency approval.)

0 Part failure rate based on extensive data from a cur—
rent, established source. Record failure rate, data
source, and source environment. (Note: Reference 4
has been released as a current data source, but is still
subject to evaluation and general acceptance.)

0 Part failure rate based on equivalency of part charac—
teristics to an established standard or nonstandard part.
Record characteristics which make the part equivalent,
the failure rate, data source, and source environment.

0 Part failure rate based on limited industrial/government
teat data such a~ PABADA (Reference 7). Record failure rats,
data source, source environment, plus all additional data
and assumptions used in deriving the part failure rate.
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(3) Nonstandard Part Environmental if—factors. In the absence of
~ established environmental modifiers (il—factorsi for the non—

standard parts, the generalized environmental iT—factors of
Table 4.1 can be used to convert the source failure rate to

•1 the operating environment(s) of interest as defined in Table
4.2. For example, a failure rate for an operating uninhabited
aircraft environment (A,

’.~
) f rom the RADC Nonelectronic Reli—

~ ability Notebook (Reference 4) would be multiplied by 10+30
~ 0.333 to derive an equivalent mobile ground environment (C~)

failure rate. These generalized environmental factors reflect a U

I typical mix of MIL—HDBK—217B electrical parts in a typical

~ 
airborne missile system. Again, it should be noted that

~ 
the inclusion of the above data does not reflect any prior

~1 approval on the part of any procuring agency.

~ 
b. Dormant Part Failure Rates Guidelines S

~ The Redstone and RADC data in References 2, 3, and 4 represent the
I

U most current sources for dormant failure rate data. However, these

~
- data are very limited and have not been fully evaluated for applic—

~ 
ability in performing reliability predictions. Therefore, caution

i t should be exercised in their use. In the absence of more definitive

~1 
data, it is recommended herein that the dormant failure rates be

~ 
estimated by multiplying the minimum stress operating part failure

: ~ 
rates times an operating—to—dormant ¶—factor .

~ Inclusion of dormant data in the computer program was considered to
be mandatory, yet the resolution of the uncertainties regarding the
RADC and Redstone dormant data in References 2, 3, and 4 was beyond - 

-

the scope of the current development of the computer program . A
- preliminary evaluation of the dormant data with regard to MIL—HDBK--217B

operating data was performed, and generalized dormant il—factors were
I derived as presented in Appendix A. These factors will provide part

failure rate data in general accordance with the RADC and Redstone
dormant data, and will also reflect the impact of ambient temperature
and part quality. These data and procedures will be used pending

I further studies of dormant versus operating part failure rates.

In the absence of established dormant part failure rate data, the
generalized dormant iT—factor of 0.1 is used for electrical/electro—
mechanical parts as depicted in Reference 8. Based on a preliminary
evaluation of t~ie FAR/IDA and RADC nonelectronic data (References 4and 7), a 25:1 z--atio between operating and nonoperating failure

• rates for mecheni~al parts is probably more realistic than the 10:1
ratio that has been accepted for electronic parts. This ratio of

I 0.04 will be used pending further studies of dormant versus operating
part failure rates for none].ectronic parts.

4.3

63
~~~~~~~ ~~ I I _ ~ ~ ~ ~~~ ~~~~~~~~ — — ~~~~~~~~~~~~ 

I 
~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 

- - 
5- ~~~~~~~~~~~~~~~~~~~~~~ U ’ ~~~



~~~~

—-—— - 

~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • I

TABLE 4.1 Generalized Electrical Environmental Factors

MIL-BDBK-21 7B ENVIRONMENTAL SYMBOL VERSUS
ENVIRONMENTAL FACTOR

I- See Table 4.2 GB GF GM N5 N
u 

At A
u ~~ -:

Nonstandard Part 1 6 10 15 20 15 30 40

TABLE 4.2. Environmental. Descriptions

Environment (Environmental Nominal Military Operating or Dormant na ,
Symbol for 7 E Factors ) with Typical Examples I -

Ground, Benign (G
B
) Optimum operating or dormant conditions.

1. Research/development laboratory
2. Containerized or noncontainerized depot

storage in a controlled environment
3. Containerized field or shipboard storage

in controlled environment

Ground, Fixed (G~) Fixed ground, sheltered or unsheltered conditions. - - I

1. Heated or unheated building
2. Exposed ground installation

: 3. Noncontainerized field/ready storage

Ground, Mobile or Mobile/portable ground installation.
Portable 

~
0M~ 

1 . Truck/tank/mobile—launcher installation
2. Nonairborne aircraft installation in an ~:

airfield environment
3. Noncontainerized field mobile storage

Naval, Sheltered (N5) Fixed interior shipboard or submarine instal—
lation in semicontrolled environment.

1. Interior ship installation ~ 
-

2. Noncontainerized shipboard storage in
semicontrolled environment

Naval, Unsheltered (N.e) Fixed exposed shipboard installation or mobile/
portable shipboard or submarine installation.
1. Hangar deck or flight deck shipboard

installation
4- 2. Nonairborne aircraft installation in ship—
S 

board environment
3. Noncontainerized shipboard ready storage

in hangar deck or flight deck environment

Airborne, Inhabited (Ar) Aircraft cockpit or cabin installation.

Airborne, Uni~babited (A.~) Aircraft non—cockpit/non—cabin installation.

Missile, Launch (M,~) La~mch end sustained airborne missile flight .
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3. DISCUSSION OF INHER~~T RRLIABILITY

Reliability may be expressed as the probability that a device will
perform its task under a given set of conditions, where the device could
be an individual piece part or a complex system of parts. It may also
be expressed in terms of Mean—Time—Between—Pailure O~TBF) i.e., the mean
or statistical average time which may be expected between random failures ~ 

-

of a large population of the devices under a given set of conditions.

Inherent reliability is defined as the potential reliability of a
design. With a completely meture design, suitable for manufacture
and use, and with no degradation caused by wor1~ anship, assembly, defective
parts, improper test procedures, or previous environmental degradation ,
the inherent reliability is the\çeliability potential of the physical
device under a specified set of ~onditions. Consequently, inherent
reliability predictions consider only the random failure rates for the
individual piece parts, solder joints, printed circuit boards, etc.,
and assumes a proven mature design with quality control and assurance . -programs adequate to remove all manufacturing defects prior to equipment
delivery .

An inherent prediction considers each of the events in the system life
cycle as an independent event i.e., the reliability for each life cycle
event is considered as if no degradation from previous events has occurred.
This is equivalent to an assumption of perfect reliability (R ~ 1.0) at
the beginning of each life cycle event.

The inherent reliability prediction provides the capability of corn—
paring the reliability of similar equipments and evaluating the effects
of changes to equipment, and provides the baseline from which estimates
of field reliability, logistic requirements, maintainability require—
ments, and overall life cycle reliability can be derived given the
necessary supplemental data.

Predictions of inherent reliability in accordance with MIL—RDBK—217B
take into consideration both electrical stress and the severity of
the environment in which the device is operating. For example, the shock,
vibration, and temperature levels associated with missile Launch and
Sustained Free Flight are normally more severe than those during missile
Captive Plight. As a result, more incipient failures are likely to be
induced, and the predicted MTBF will typically be lover for Launch

~U 

and Sustained Free Flight than for Captive Flight.
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Msan—Tias—Between—Failure QtTBP) I.e merely a convenient means of
expressing the failure rate of a device. Mathematically, it is equal to
the reciprocal of the device failure rate during the constant failure
rat. period. MTBF bears no direct relationship with the useful (or
prswssrout) lif e of the device. It is quite possible for the predicted
inherent )f1~3F to exceed the useful life of a device under certain
cacditions . This only reflects the fact that the failure rate is low
during the constant failure rate period and does not “anticipate” thewsarout of the device.

A hypothetical failure rate characteristic for virtually all — -

electrical/electrcmechanj cal parts is shown in Figure 4. 1 • The failur e
rat. curve is characterized by two periods of relatively high failure
rate, an initial high failure rate period which is caused by so called
“infant mortality,” and a final high f ailure rate period which is
caused by wearout at the end of the parts useful life. The failure
rate during the constant failure rate period for these parts is readily
derived using the specific methodology in MIL--4WBK—2 1 . 5

i
~~

*sr I.’.- s- -s- ~ON$TANY (5 5— WIAS ~ JT
~~oeTa.irr 
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FIGURE 4. 1 . Hypothetical Failure Rate Curve
for Electronic Parts
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; Mechanical parts do not follow the typical characteristic shown in
I Figure 4.1. Instead, they exhibit an increasing failure rate as a function

~ of time ac the hypothetical failure rate characteristic of Figure 4.2

~ indicates i.e., wearout failures begin to occur Calbeit at a low rate~
~ - 

as soon as the ~ecKanical parts are operated. Estimates of the relatively
: 

• constant failure rate period associated with these parts are derived
from evaluation of raw or semi—statistical data as reflected in FARADA

I or the MDC nonelectronic data (References 4 and 7). Use of these data
requires good engineering judgement and is normally subject to procuring I

- agency approval. 
~:
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FIGURE 4.2. Hypothetical Failure Rate Curve
for Mechanical Parts

The purpose of quality control , system burn—in, and parts screening
during the manufacturing process is to remove infant mortality failures I -

prior to f ield delivery, so that the higher reliability level associated ~ 
I

with the middle of the cur-we applies to the hardware in the field . II Scheduled preventive meintenanc. is required to prevent the wearout -
of individual piece parts from degrading the reliability level achieved -

by the hardware in the field .
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SECTION V

CO1Ifl~UTER PROGRAM DETAILS

1 . DATA DECK SETUP

The 217B PREDICT computer program input data are arranged in general
accordance with Figure 5.1 for batch submittal to the UNIVAC 1110 computer.
These data are prepared and keypunched using computer coding forms and
data processing cards as defined in Appendix A and as discussed below :

a. UNIVAC 1110 Control Cards

The required control card data for the 217B PREDICT computer program
data submittal to the UNIVAC 1110 computer are depicted in Figure 5.1
and are defined explicitly in Appendix B. The UNIVAC 1110 control
cards use a Free Format, wherein fields on the cards are separated
by commas. Spaces are also inserted between some data items for

U clarity. It should be noted that the computer control card data 
I

is subject to current revision updates of the Programmer Reference
Manual UP—4144 (Reference 9) and is presented herein for reference - 

-

only.

b. 217B PREDICT Data Deck

t~ The general arrangement of the 217B PREDICT computer program input
data is depicted in Figure 5.1. These data are in Fixed Format

T that is right hand justified for all numerical entries and is left
hand justified for all aiphanumerical entries as defined in Appendix A.
Coding forms for these data are outlined in Appendix B for the
user ’s convenience.

2. DATA PREPARATION

The prediction data are compiled for the computer program in accord—
ance with the major eng inee ring tasks normally required to manually
perform a reliability prediction as outlined below:

a. Configuration Data

Arrange the assembly/fabrication drawing data in terms of
“system,” “subsystem” (not mandatory), “assembly,” and
“subassembly” (not mandatory) levels as depicted in Figure
2.1. Evaluate the applicability of the series reliability
model to the hardware configuration being evaluated. If the

~ F series model is not directly applicable, modify the above
configuration data, as required , to provide the appropriate
data for the manual calculations that will be required of the
resultant computer data.
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b . Card 1 , Data Source Reference (not mandatory)

Use the Card 1 format to document the failure rate data sources
used in performing the prediction, less those already noted in
the Stored Part Data (see Appendix A).. The data sources, as
documented in the prediction su~~ary , provide the capability
of explicitly defining the part failure rate data source for
t raceability.

C1 Card 2A, Environmental IT—Factors (not mandatory)

Use the Card 2A format to enter environmental iT—factors that are
not defined in 141L—UDBK—217B or in the Stored Part Data (see
Appendix A). The environmental li—factors provide the ability to
include and document new environmental data as they become available.

d. Card 2B, Modify Stored Part Data (not mandatory)

Use the Card 2B format to modify the Stored Part Data (see Appendix A)
and/or to use the data for an alternate part code as a failure rate
equivalency for the part. Modification of the Stored Part Data pro— ‘

vides the ability to define and document the failure rate parameters
for the majority of the parts in the user’s system, thereby mini— - -

~

mizing the data that must be entered at the part level (Detailed
Failure Rate Subroutine only).

Note: In selecting a part code for a nonstored part type it
; is preferable to select a non—assigned part code within the
1; applicable part category depicted in Appendices A or 8. Row—

ever, if a non—assigned part code is not available, the user can
use a preassigned part code if it is not used elsewhere in the
user’s system. Although the user is constrained to the 180
part codes in the Appendices, these data are considered to be
adequate for all applications when used to reflect generic part
types , e.g., Carbon Composi tion Res istor , not RCRO7 Resistor.
For example, in a recent prediction for an airborne missile
system with 5,310 piece parts, only 66 part types ware used.

Multiple 2B Cards can be submitted for a specific part code
if extensive part failure rate parameter modifications are
requir ed , or Card 2B can be followed by a Card 2C if part
failure rate modifications and data source modifications are
required.

It should be noted that the equivalent code references the
Stored Part Data definitions as modified by previously sub—
nUtted 2B Card definitions, e.g., if the part quality for part
code 101 was changed from Q — 2 to Q — 5, and then part code 101
was defined as the failure rate equivalency for part code 803,
the part quality for part code 803 would also be Q ~ 5.
If additional explanatory information is required to explicitly
define the origin and derivation of the failure rate data used,
it is the responsibility of the reliability analyst to include
same in the basic report.
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e. Card 2C, Supplement Stored Part Data (not mandatory)

Use the Card 2C format to modify and/or supplement the Stored Part
Data (see Appendix A). Supplementing the Stored Part Data provides

•. the ability to include and document non-MIL—MDBK—217B operating
failure rate data and/or dorman t failure rate data.

Again , if additional explanatory tnfor~ation is required to
explicitly define the origin and derivation of the part failure
rate data used, it is the responsibility of the reliability 

I
—

analyst to include same in the basic report.

f. Card 3, System Description

Use the Card 3 format to explicitly define and document the system 
:

being evaluated.

S. Card 4, Subsystem Description (not mandatory)

Use the Card 4 format to ex.licitly define and document each sub—
system, if applicable, in tne users system.

h. Card 5A, Detailed Environmental Stress Conditions

Use the Card 5A format to define and document the environmental
stress conditions to be used for 1 to 3 detailed failure rate data
sets (Detailed Failure Rate Subroutine only). Th~ environmental stress
conditions are defined in terms of:

0 The ambient temperature in degrees Celsius for the
system or subsystem being evaluated.

0 The appropriate environment in accordance with
MIL—HDBK—217B environmental symbols.

0 The type of failure rate data (APPLIED , ASSU~~D ,
or DORMANT) as defined below.

Note: The Type of Failure Rate Data can be redefined at the assembly
level for the Detailed and Condensed Failure Rate Subroutine, and
at the subassembly and part level for the Detailed Failure Rate
Subroutine, e.g., the system/subsystem failure rate data may be
based on Applied Stress Part Data, yet one assembly is not powered.
The Type of Failure Rate Data for that assembly can be changed on
the assembly card (Card 6).

The user can also select which set of failure rate data shall be
used for the part ranking in the failure rate sumeary . This sum—
mary defines the suimnation of the part failure rates for each part
type, i.e., part code, and the percentage of the total system/subsystem
failure rate for each part type.
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i. Type of Failure Rate Data ~ 

-

The user evaluates and modifies the Stored Part Data as defined
in Appendix A to establish the “Standard” part failure rate
definitions for the prediction. The Applied Stress Part Data ~ -provide minimum operating and dormant failure rate conditions
for the Detailed and Condensed Failure Rate Subroutines , and
minimize the amount of data to be entered at the part level ~ -for the Detailed Failure Rate Subroutine. The Assumed Stress

- : , Part Data provide nominal operating failure rate conditions for 1:the Detailed and Condensed Failure Rate Subroutines. These
data are defined as: - I

(1) Applied Stress Part Data (APPLIED) minimum operating
failure rate conditions as modified at the part level to - -

reflect detailed stress analysis data for a mature design
that is explicitly defined .

(2) Assumed Stress Part Data (ASSUMED ) nominal operating
failure rate conditions that reflect assumed stress data
for an early design that is not explicitly defined. The
assumed primary stress ratio (Si) is in general accordance
with the definitions in Section 3 of MIL—HDBK—2i7B; the
remaining parameters are in accordance with the Applied
Stress Part Data.

~
- I I (3) Dormant Part Data (DORMANT ) — minimum operating failure rate
L conditions times a dormant failure rate ir—factor (operating—

to—nonoperating failure rate multiplier). This technique
provides dormant data that reflects the impact of ambient

U 
temperature and part quality.

— Inclusion of dormant data in the computer program was considered
to be mandatory, yet the resolution of the uncertainties regarding
the R.ADC and Redstone dormant data in References 2, 3, and 4 was
beyond the scope of the current development of the computer program.
A preliminary evaluation of the dormant data with regard to
MIL—HDBK—217B operating data was performed, and generalized
dormant il—factors were derived as presented in Appendix A.
Use of these factors will provide part failure rate data in
general accordance with the RADC and Redstone dormant data,
and will also reflect the impact of ambient temperature and
part quality. These data and procedures will be used pending
further studies of dormant versus operating part failure rates.
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j. Card SB, Condensed Environmental Stress Conditions

Use the Card SB format to define and document the environmental stress

~ 
conditions to be used for 1 to 5 sets of condensed failure rate data
using the Condensed Failure Rate Subroutine. The environmental stress
conditions are in terms of ambient temperature, environment, and
type of failure rate data (APPLIED, ASSU~~D, or DORMANT) as previously
defined.

I -

S Submitting a 5A and 5B Card prior to the part data tells the computer

~ 
program that the part type and quantity data versus assembly shall

~ be stored for all following data. Therefore condensed failure rate

~ 
data for an assumed hardware configuration can be combined with

I detailed stress data only if submitted as system or subsystem data ~ -

- 

prior to implementing the Detailed Failure Rate Subroutine (see

~ 
Sample Prediction, Section III) .

- k. Card 6, Assembly Description

~ 
Use the Card 6 format to explicitly define and document each assembly

- in the users subsystem or system (Detailed and Condensed Failure Rate
Subroutines). This card can also be used to redefine the Type of

U Failure Rate Data to be used for the assembly, or to zero the failure
rates if the assembly is not applicable to a specific life c ~~~€

~ event.

- 1. Card 7, Subassembly Description (not mandatory)

~ 
Use the Card 7 format to explicitly define and document each sub—

~ 
assembly in the user’s assembly (Detailed Failure Rate Subroutine

~ only). This card can also be used to redefine the Type of Failure

~ 
Rate Data to be used for the subassembly, or to zero the failure
rates if the subassembly is not applicable to a specific life cycle
event.

I 
m. Detailed Part Data Card

~ The Detailed Part Data Card (Detailed Failure Rate Subroutine

~ 
only) includes the part reference designator, part number, part

~ 
type, part quantity, and all exceptions to the “Standard” part

~ 
failure rate definitions. The Type of Failure Rate Data for

~ 
the part can be redefined.

I 
n. Condensed Part Data Card

I ~ 
. The Condensed Part Data Card (Condensed Failure Rate Subroutine

-

~~~ 

only) is limited to the part type and part quantity. These data
S are compiled in the process of using the Detailed Failure Rate
~ 

I 

Subroutine or are defined by the user in the absence of Card 5A
. 

and Detailed Part Data Cards.
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0. Card BA, Life Cycle Event Description (not mandatory)

Use the Card 8A format to explicitly define each life cycle event(s)
to be predicted. If the series reliability model is not appropriate,
the user can inhibit the computer printout of the reliability data
by not submitting any Card 8 data , thereby obtaining the failure
rate su ary only for use in alternate calculation techniques.

~ 
Card SB, One—Shot Reliability (not mandatory)

Use the Card 8B format to define the one—shot device description,
data source, reliability, and applicable subsystem or system.
Identify the subsystems using “SS(n),” where (n) reflects the
order that the subsystem Card 4’s are submitted to the computer,
i.e., the first subsystem Card 4 in the system data deck would
be “SSl.”

Multiple 88 Cards may be submitted to define all of the one—
shot devices in the user’s system. However, if additional
explanatory information is required to explicitly define ~ -

the origin and derivation of the one—shot reliability data
used, it is the responsibility ot the reliability analyst to I •

include same in the basic report.

q. Card 8C, Life Cycle Event Subsystem Failure Rate Data (not mandatory)

Use the Card 8C format to define the subsystem failure rate data
F sets and one—shot reliabilities that are to be included in the

printout for each life cycle event. Identify the subsystems using
the “55(n)” format as defined above, and the end of the applicable
subsystem failure rate data sets by entering “SYS .” Identify the
applicable subsystem failure rate data sets in terms of the Cards 5A
and SB failure rate data set numbers, e.g., 6 ~ the Card 58 failure - -

rate data set consisting of FR TYPE6, it S’1116, and TE?W6. Card 5A V

contains failure rate data sets 1 through 3 and the initial Card SB
submitted for the subsystem contains failure rate data sets 4 through 8.
If a second Card SB is submitted for the subsystem, the failure rate data

U sets are defined as data sets 9 through 13.

The Card SC format can be used to combine subsystem failure rate data
and one—shot reliability data to reflect the system reliability for
a single life cycle event, e.g., for Missile Launch and Sustained
Free Flight. This format can also be used to reflect multiple life
cycle events, e.g., Airborne Captive Flight, plus Missile Launch
and Sustained Free Plight. U
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3. SYSTEM/SUBSYSTEM RELIABILITY MODEL

The system and subsystem reliability data compiled using the 217B
PREDICT computer program reflects a series reliability model wherein
failure of any part constitutes system failure. The “subsystem” and
“system” reliability, less the one—shot devices as calculated by
217B PREDICT assumes statistically independent part failures that
exhibit a constant failure rate for the t ime period being evaluated .
These reliabilities are calculated using the exponential function:

n
R(t) — exp (—t E A~ (1O

6))
i—i

Where: R(t) “subsystem” or “system” reliability as a function
of time

exp — base “e” of the natural logarithm to the power (

indicated

t — time in hours

xi — failure rate of the ith part for the applicableenvironment and operating/dormant state in failures
per million hours .

The one—shot device reliabilities are expressed in terms of
probability and are incorporated into the system reliability
using the equation:

k rR (s) — R(t) + IT P(one—shot)
i— i  

j 
~~‘

Where: R(s) overall “system or “subsystem” reliability 
U

R(t) — “syste&’ or “subsystem” reliability, less
one—shot devices, as calculated using the
exponential reliability function

P(one—shot) probability of successful operation of the

j one—shot device

The computer program does not contain any provisions for handling
non—series reliability configurations. If non—series reliability
calculations are required, it is recommended that the above series
model be repressed in the printout . The remaining failure rate
data would then be submitted to manual calculation techniques or
alternate computer programs, e.g., Reference 5.
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4. PART FAILURE RATE MODEL

The following general part failure rate model as used in the computer
program is a logical extension of the general part failure rate model
in MIL—HDBK—217B.

nx • Xb ~~~ ~ ~ 1T~~) lT
Dp i—i 

H
Where: A a part failure rate for the applicable environ—p ment and operating/nonoperating state in failures

per million hours

A
b 

a basic operating part failure rate as defined
in MIL—HDBK—217B

~E ~ 
appropriate environmental rr~factor for the
applicable part type

JI[ _ mathematical symbol for “the product of”

,T

i ~ value of the 1
th Tv—factor for the applicable

part type as defined in MIL—HDBK—217B (not
applicable to non—MIL—1WBK—217B parts)

~
1
D ~ 

dormant (operating—to—nonoperating) il—factor
(W

0 relfects nonoperating failure rate data

÷ operating failure rate data for a specific
set of environmental conditions — 1.0 for
operating part failure rates)

Note: Use of any nonstandard (non—MIL—HDBK—2 17B) part failure rate
requires good engineering judgement, must be fully substantiated
in the reliability prediction report, and is subject to the
procuring agency approval.

The non—MIL—HDBK—217B data presented herein reflects part failure F

rate data and techniques used over the last several years in per—
forming reliability predictions at the Naval Weapons Center, China
Lake, California. These data are included for the convenience of
the user. However, it should be noted that the inclusion of these ~ 

-

data does not reflect any prior approval on the part of any
procuring agency.
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5. COMPUTER PROGRAM CALCULATIONS OF PART FAILURE RATES ~ 
I

The operating part failure rates are calculated using the Applied ~ 
I

or Assumed Part Failure Rate Definitions (Stored Part Data) in Appendix A
as modified by the user. As noted in Section I, the Applied Stress Part I

Data can be modified at the part level (Detailed Failure Rate Subroutine ~ 1only) thereby providing definitive stress data on a part—by—part basis.
Whereas the Aasumed Stress Part Data provides the capability of performing

S 
a reliability prediction using assumed configuration and/or application I

data. The dormant par t failur e rates are calculated using the Dormant ‘ 
- ,

Failure Rate Factor and the Applied Part Failure Rate Definitions as
modified by the user. The MIL—HDBK—217B part failure rate equations
as implemented by the computer program are outlined below. 

I

a. Monolithic Bipolar ~ td MOS Integrated Circuits H

I-

A a T
~L

W
Q

[C
l 
ii
T + C2’71E

]s1r per MlL-HDBK—217Bp p 
~I.

aL.Q’ff(#)~ f(TJ) + f(#)-’(E)]-’P’D per 217B PREDICT

Where: L a Stored production learning factor 1.0

Q a Stored Class B quality factor — 2.0
t
i f(#) Cl and C2 is a function of the number of gates 

‘I
I

L~ 
(#0), transistors (#1), or BITS (fiB), as defined

!1 in kppendix A [ I

f(TJ)a 
~T1 

iS a function of the junction temperature (TJ) L

I II

entered by the user at the part level, or as a
function of the ambient temperature as defined
in MIL—HDBK—217B

E a Stored MIL—HDBK—217B environmental factors

P a Stored package lead factor • 1.0

D — Stored dormant failure factor 0.1 based on
Redstone Class B Bipolar Digital I/C (1—20 gates)
dormant failure rate divided by MONO S/NSI DIG I/C
Applied Stress Part Failure Rates in Ground Fixed
environment with TJ +25°C. This value is
assumed to be applicable to all Class B integrated
circuits. Note: D • 1.0 when calculating the

: operating part failure rate.

I • The dormant part failure rates are calculated
using the Dormant Failure Rate Factor and the
Applied Stress Part Failure Rate with the junction
temperature set equal to the ambient temperature.
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b. Hybrid Circuits

I Each hybrid microcircuit is a fairly uni.que deyice. Since none of

~ the devices have been standardized , their complexity cannot be
~ determined from their name or function. Si*j~lar hybrids can haye
I a wide range of complexity that limits the categorization of these

I I devices. If hybrids are included in a design, it is the responsi—
bility of the reliability analyst to thoroughly Investigate their

I 
use and construction on an ind ividual basis, and to document same

I in the basic report. Therefore, it is considered herein to be
I cost effective to limit the users entry to the base failure rate

and associated it_factors for his devices .
I Ap 

a A
b~~ T~~ E~

T
Q
1
~~p 

per MIL—HDBK—217B

-‘LB•f(T)’E•Q•F•D per 217B PREDICT

Where: LB Lambda basic, stored base failure rate. Although
a value for lambda basic is stored it is not in—
tended to reflect the users device. The user must 5

derive and enter the applicable value for his

~ 
particular device(s) using the Card 2B format.

~ 
If extensive hybrids are used in the design, the -~~

~ 
user should enter a composite value for lambda basic

L 
in the Stored Part Data for the dormant failure

~ 
rate calculations, and then modify this value I

r as required at the part level.

I f(T) — 
~
T
T

(T) is a function of the package mounting base
: temperature, which is assumed to be equivalent

to the ambient temperature, unless otherwise
: defined by the user at the part level.

E • Stored MIL—HDBK—2 17B environmental factors ~

Q • Stored Class B quality factor 1.0

F Stored circuit function factor as defined in
Appendix A I

D — Stored dormant failure rate factor a ~~~~~~~ In the
absence of specific data , the Monolithic Bipolar ~

I Circuit derivation is assumed to be applicable. ~

I 

• 

. 

I
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C. Tubes, Electronic Vacuum
Ap — Xb~~E 

per MIL—HDBK—217B

a LB’E’D per £17B PREDICT

Where: LB • tasii da basic, stored base failure rate

~ 

I I E • Stored MIL—HDBK —2 17B environmental factors
D — Stored dormant failure rate factor as depicted

in Appendix A. Meed on equivalent Redstone
dormant failure rate divided by the appropriate
tube failure rate in MIL—IW BK—217B in Ground
Fixed environments, or by equating to the above
data for a similar device.

• 
d. Laser Devices ~ -

Relium/Neon and Argon Ion

A
p 
a “E~~~MEDIA ~ ACOUPLING] per MIL—HDBK—217B -5

-

-

a E (LM + LC)’D per 217B PREDICT
CO2 SealedA~ • WE (~O

T
B~~ 1EDIA + ~1OS ACOUPLING) per MIL—HDBK—217B

a E [O’B f(DI) + OS’LC3 D per 217B PREDICT

CO2 Flowing ~~
-

I.

)¼

~~ ~E
t
~
’MEDIA + ~OS

XCOUPLINGI per l4IL-BDB~—217B

a E [O.0 + OS•f(P)]•D per 217B PREDICT

YAC and Ruby Rod
Ap 
• 

~
1
E (~MEDIA + APUMP + ~C~~0S

XC0UPLINGI per MIL-HDBK—217B

a E•[LM + LP I. C OS•LC]-’ D per 2ilB PREDICT

Where: E — Stored MIL—HDBK—217B environmental factors

LM — Lambda media, stored base failure rate
LC • Lambda coupling, stored base failure rate U~

0 — Stored gas overfill factor 1.0

B — Stored ballast factor • 1.0

~~P) — ACOUPLING 1~ a function of the average output
laser beam power (P) in kilowatts

OS • Stored number of optical surfaces • 2.0
• 1, a Lambda pump, stored base failure rate

f(DI)— AMEDIA is a function of the discharge current
(DI) in milliampheree

C — Stored coupling cleanliness factor a 30
D — Stored dormant failure rats factor • 0.04. In

ths absence of definitive data, the estimated
mechanical factor is assumed to be applicable.
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e. Microwave Power Transistors

Ap ~ ~~~~~~~~~ 
per

a LB’QAF’f(V)’M’E D per 217B PR~~ICT

Where: LB Lambda basic, stored base failure rate

Q Stored JANTX quality factor — 2.0

A • Stored application factor — 1.0

F • Stored operating power and frequency factor 1.0

1(V) — 

~~ 
is a function of the operating voltage (VC) , the

rated BVCES (BV) , and the peak junction temperature
(T) as defined in Appendix A.

M a Stored matching network factor 1.0

E • Stored MIL—BDBK—217B environmental factors

D — Stored dormant failure rate factor 0.32 . Based
~

I on Redstone JANTX Microwave Transistor (Gold Re—
F fractory Metalization) dormant failure rate :1

divided by MICROWAVE XSTR,-AU Applied Stress Part H
failure rate in Ground Fixed environment.

k f. Semiconductors

Ap 
• 

~~~~~~~~~~~~~~~~~~~~~~~ 
MIL—RDBK—2i7B

f(A)’E A’Q•S2’C’R’D per 217B PREDICT

Where: fOt) a )~ 
a base failure rate as a function of the primary 

U

applied stress ratio (Si), the temperature that
derating is started (TS) , the maximum junction
temperature (TJ) , and the ambient temperature

B — Stored MIL—HDBK—217B environmental. factors

A — Stored application factor as defined in Appendix A

Q a Stored quality factor as defined in Appendix A

S2 — Stored reverse voltage factor as defined in
Appendix A

I ~ • C — Stored complexity factor as defined in Appendix A
U R • Stored power or current rating factor — 1.0

D a Stored dormant failure rate factor as defined in
Appendix A. Based on equivalent Redstone dormant
failure rate divided by the appropriate semiconductor
Applied Stress part failure rate Lu Ground Fixed
environment at +25 C, or by equating to the above
data for a similar part .
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I g. Resistors

:
‘ xp a ~1, 1

~E
flR~~Q 

per MIL—BDBK—2173

~ 
a f(A).E’R•Q’D per 217B PREDICT

~ 
Where: f (A) • A,~, — base failure rate as a function of the

~ ~ 
I 

primary applied (power) stress ratio (Si) and
the ambient temperature

~ 
. 

E • Stored MIL—HDBR—217B environmental factors

I R — Stored resistance factor 1.0

Q • Stored quality factor as defined in Appendix A

B Stored dormant failure rate factor as defined In
Appendix A. Based on equivalent Redstone dormant
failure rate divided by the appropriate resistor
Applied Stress part failure rate in Ground Fixed
environment at +25°C, or by equating to the above
data for a similar part.

h. Potentiometers :
)~p 
• 
~~

WTAPS~~R~~V~~C
SW
E W

Q per MIL—HDBK—217B

~ f(A)’TPRV~C•E.Q”D per 2i7B PREDICT

~ 
Where: f(A) — X.~, • base failure rate as a function of the primary

~ applied (power) stress ratio (Si) and the ambient
: temperature. The applied stress ratio is a function
I of the applied power, the power rating, the ganged

~ 
factor, and the loading effect on the potentiometer

~ as defined in MIL—HD BK-217B

~ 
TP • Stored potentiometer taps factor — 1.0

I R — Stored resistance factor — 1.0

~ V • Stored voltage ratio factor • 1.0

I 

C — Stored construction factor = 1.0

E — Stored MIL-HDBK—217B environmental factors

Q a Stored quality factor as defined in Appendix A

D — Stthed dormant failure rate factor as defined in
. Appendix A. Based on equivalent Redstone dormant

failure rate divided by the appropriate potentio—
meter Applied Stress part failure rate in Ground

I • Fixed environment at +25°C, or by equating to
the above data for a similar part.
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il Capacitors

A
p 
• 

E~~ CV ’
~SR~~ Q 

per MIL—HDBK—2i7B

f(A).E.CV.5R.Q.hj~R.D per 217B PREDICT

Where: f(A) a A
b 

base failure rate as a function of the primary

applied (voltage) stress ratio (Si), the ambient
temperature , the voltage limit temperature rise (TR),
and the rated temperature -(RT) for the device

E a Stored MIL—HDBK—217B environmental factors

CV — Stored capacitance value factor — 1.0

SR — Stored series resistance factor • 1.0
Q • Stored quality factor as defined in Appendix A

TR — Stored voltage limit temperature rise in degrees
Celsius • 0.0

D — Stored dormant failure rate factor as defined in
F Appendix A. Based on equivalent Redstone or RADC

dormant failure rate divided by the appropriate
capacitor Applied Stress part failure rate in
Ground Fixed environment at +75°C, or by equating
to the above data for a similar part.

j. Transformers and Inductors

A
p 
• 

~~~~~~~ 
per MIL—RDBK—2178

a f(A)•D•F D per 217B PREDICT

Where: f(A) — A.~ — base failure rate as a function of the style
of transformer or inductor as defined in Appendix A ,
the insulation temperature rating (IN) in degrees
Celsius, and the temperature rise (TR)

E • Stored MIL—HDBK—217B environmental factors

F • Stored family and quality factors as defined in
Appendix A

D • Stored dormant failure rate factor a Q~5~ The RADC
and Redstone dormant failure rate data are considered
herein to be inadequate for defining explicit factors.
The above estimate is based on a cursory comparison
of these data to the Applied Stress part failure
rates for the transformers and inductors in a Ground
Fixed environment at +25°C.

Dormant part failure rates are calculated with
zero temperature rise (TR) .
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k. Motors

x
p 

— 

~ b ’
~F 
+(PpOp•10

4)/t )•TTE per MIL—HDBK—217B

— [f(X) (F) + (ZM.104)/OP).E•D per 217B PREDICT

Where: f(X) a Ab 
a base failure rate as a function of insulation IF

temperature rating (IN) in degrees Celsius, plus
the frame and hot spot temperature rise (TB.) in
degrees Celsius

F - Stored family and quality factor as defined in
Appendix A

%M Stored percentage of mechanical motor failures
during operating time (OP) 0.5

01’ - Stored operating time (OP) in hours — 2,000
E ~‘ Stored MIL—HDBK—217B environment . 1 factors . In the

absence of definitive data, t’n factor ~or G
B

and S are assumed herein t ~
, 

~ ~ and the irF E
factor for ~~ is assumed b e t e l :  I~~~~~ i 1l  93 ( 10 times

AU factor) based on the relay ~~~~~ swLtch data.

D — Storc 1t dormant failure rate factor ~ 1.0. The RADC
dorman t failure rate dat’ are considered herein to :~
be inadequate for definA~~ explicit factors. The
above estimate is based on a cursory comparison of ~ 

-
.

these d~~~~~ II~ to the Applied Stress p~ :r failure rates
for motor-~ in a Ground Fixed environment at +25°C. ~

- ;
1. Blowers and Fans

Each motor and fan as defined in MIL—HDBK—217B will be a fairly
unique device. Given that the specified data is available, the
reliability analyst will be required to thoroughly investigate their
use and construction on an individual basis, and to document same
in the basic report. Therefore, it is considered herein to be cost
ef fec t ive  to limit the users entry to just the resulting operating
~‘art failure rate for his device(s).

Although the fixed service life operating part failure rate from
WtL-HDRK—217B is stored, it is not intended to reflect the users
J.vjc~. The user must derive and enter the applicable value for his
p.’-, lcul ar device(s) using the Card 2C format.

r’,,. jOF~~Aflt part failure rate is estimated by multiplying the operating
.,~~ faLlur. rate times the dormant failure rate factor of 1.0. The

~~~~~ 41’r 4n1 failure rate data are considered herein to be inadequate
I ~•Ø ‘‘~f ’~5 v~ p 1tctt factors. The above estimate is based on a cursory

.~~~~I F .0 .,q ~~~~~~~~ data and various operating part failure rate data
I • 4pCI-2I~~~~. RADC Nonelec tronic Notebook , and FARADA .
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in. Synchros and Resolvers (Low Speed, Low Load)

A • A .ir ~1T ~~p b S N E per MIL—HDBK—217B

a f(X)•S•#B•E•D per 217B PREDICT

Where: f(X) Ab 
a base failure rate as a function of the ambient

temperature and the frame temperature rise (TR)

S • Stored size factor as def ined in Append ix A

#B — Stored number of brushes and quality factor a 4.0

E — Stored MIL—HDBK—2i7B environments factors as a
function of par t quality (Q) . In the absence of
definitive data, the iTE factor for 5F are assumed
to equal GB, and for M.~ ar e assumed to equal
10 times the A., factor based on relay and
switch data.

D a Stored dormant failure rate factor — 0.5. The RADC
dormant failure rate data are considered herein to
be inadequate for defining explicit factors. The
above estimate is based on a cursory comparison of
these data to the Applied Stress part failure rate
data in a Ground Fixed environment at +25°C.
Dormant par t fa ilure rates are calculated
with zero temperature rise.

n.

n. Elapsed Time Meters

A • A ~1TT ~~ per MI L—HD BK—217Bp b T E
a LB•T E’D per 217B PREDICT

Where: LB a Lambda basic, stored base fa ilure rate

T — Stored temperature factor 0.5

E • Stored MIL—HDBK—217B environmental factors as a
function of part quality (Q) . In the absence of
definitive data, the 11E factor for N5 and N~ 

is

assumed herein to be equal to the factors for the
resolvers and synchros.

‘I 
• D — Stored dormant failure rate factor — 0.5. In the

absence of definitive data, the dormant failure
rate factor is assumed herein to be equivalent
to the resolvers and synchros.

~.17
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0. Connectors (1/2 Mated Pair)

A~ • (Ab•i~E•i~p + N•XCYCJ/2 per MIL—HDBK—217B

a [(f(A)/2)•E•f(P) + N’f(CY)/2]•D per 217B PREDICT

Where: f(X) — Ab base failure rate as a function of the insert

material class (IN), the ambient temperature, and ~
1

I
.

the temperature rise (TR)

E a Stored MIL—HDBIC—217B environmental factors as a I I
I I

function of part quality (Q)

f(P) — iT~ • active contacts factor as a function of the

number of active contacts (N)

N — Number of active contacts

f(CY)— A
c~~c 

a base cycling failure rate as a function of

the cycling rate (CY) • zero for CY • 0.0

D a Stored dormant failure rate factor ’~ 0.04. The
RADC and Redstone dormant failure rate data are
considered herein to be inadequate for defining
explicit factors. The above estimate is based
on a cursory comparison of these data to the
Applied Strese part failure rate data in a
Ground Fixed environment at +25°C.

p. Relays ‘

Ap • X
T
.it
L

.hTr
E
.ir
c
.TrCYC.,tP per MIL—HDBK—217B

a f(A) f(L)’E’CF CY F’D per 217B PREDICT

Where: f(X) • 
~
‘T base failure rate as a function of the part

temperature rating and the ambient temperature

f(L) — Stored loading factor as a function of the primary
stress (current) ratio (SI) and the type of relay
load (RI — RES, IND, or LMP)

E • Stored MI.L—HDBK—217B environmental factors as a
function of the part quality (Q)

CF — Stored contact form factor 30

5.18
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CY — Stored cycling rate in cycles per hour • 1.0

F • Stored application and construction factor • 5.0

. D • Stored dormant failure factor • 0.04. The RADC
and Redstone dormant failure rate data are con—
sidered herein to be inadequate for defining

I explicit factors. The above estimate is based on -
~

a cursory comparison of these data to the Applied
Stress part failure rate data in a Ground Fixed
environment at +25°C.

q. Switches

Ap 
a Xb~

rE~~C .hT
~CYc per MIL—HDRK—217B

a LB E CF CY D per 217B PREDICT

Where: LB a A
b 
a Stored base failure rate

E • Stored MIL—~~BK—2 17B environmental factors

CF • Stored contact form factor • 1.0

~
y CY • Stored cycling rate in cycles per hour a 1.0

D • Stored dormant failure rate factor • 1.0. The
I RADC and Redstone dormant failure rate data are I~ considered herein to be inadequate for defining ;
I 

I 

explicit factors. The above estimate is based
I on a cursory comparison of these data to the

~ Applied Stress part failure rate data in a) Ground Fixed environment at +25°C.

r. Printed Wiring Boards
I

-

~ 

Ap 
a Ab

SN
~

1
~E 

per MIL—HDBK—217B

a f(A)’N E•D per 217B PREDICT

Where: f(A) a X
b 
a base failure rate as a function of the type

of printed wiring board

I I N a Stored number of plated through holes • 100

E • Stored MIL—HDBK—217B environmental factors

5.19
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D a Stored dormant failure rate factor • 0.04 . The

RADC dormant failure rate data, as depicted in
the Redstone report, indicates a dormant factor of
0.008. However, in the absence of definitive
background information, the judgement is made
herein to use the above factor to provide aconservative estimate of the dormant part
failure rate.

S. Solder Connections

x
p 

a A.~,’ED per 217B PREDICT

Where: AIb Base failure rate as a function of the type of
solder connection. These data were extracted
from the Miscellaneous Part Section in MIL—HDBK—
217B , and are assumed herein to be equivalent
to a Ground Fixed environment . ~ I

E a Stored environmental factors for connectors are
assumed herein to be applicable for deriving
failure rates at environments of greater or
lesser severity

~J’
U~~ D — Stored dormant failure rate factor — 0.04. TheI~ ~ factor is considered herein to represent a

reasonable compromise between the data presented
in the RADC and Redstone reports.

t. Non—MIL—HDBK—217B Parts

A • A. E D  per 217B PREDICT
p D

Where: Xb Base failure rate at a specified environment as
def ined by the user

E — The appropriate environmental factors as defined
by the user

D — The appropriate dormant failure rate factor as
def ined by the user
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TABLE 3.2 . OUTLINE 07 2173 PREDICT PA&~ CODES

PA~~ PART PART

~~! 
GENERAL PART TYPE GENERAL PART TYPE CODE GENERAL PART TYPE

- 101 3030 SIIISI DIG I/C 401 lii STYLE RESISTOR 701 PUB CONNECTOR
102 30110 S/lIST 1.13 1/C 402 3CR STYLE RESISTOR 702 RACK AND PANEL CONS
103 11050 1.51 DIG I/C 403 RD STYLE RESISTOR 703 CABLE CONNECTOR
104 250110 R~~5 INTRO CET 404 RU STYLE RESISTOR 704 COAXIAL CONNECTOR
105 250110 RAIl INTEG C~~ 405 ILl STYLE RESISTOR 703
106 406 131 STYLE RESISTOR 706
107 2508 S/lIST DIG I/C 407 1413 STYLE RESISTOR 707 RELAX , 85C RATING
105 IIOS 5/331 1.13 I/C 405 708 RELAY, 125C RATING
109 2505 LII DIG 1/C 409 IA STYLE POT 709
110 lIDS RON INTRO ~~~ 410 IX STYLE POT 710
111 lIDS RAN rirrz~ CU 411 Lii STYLE POT 711 TOGGLE SWITCH
112 412 RP STYLE POT 712 PUSHBUTTON SWITCH
113 INK FIlM DIG HYBRID 413 IX STYLE POT 713 SENSITIVE SWITCH
114 TRI FIlM 1.13 HYBRID 414 RTR STYLE POT 714 ROTARY SWITCH
113 THK FILM HYBRID , MU 415 ~~ STYLE POT 713
116 416 716
117 THIN FILM DIG RYB IRD 417 BEAD THERMISTOR 717
118 THIN FILM 1.13 HYBRID 418 DISK THERMISTOR 718
119 THIN PIUS HYBRID , MIX 419 719F 120 420 720

201 RECEIVER TUBE 501 Cl STYLE CAPACITOR 801
202 P111 RECT TUBE 502 CC STYLE CAPACITOR 802
203 LOW P413 V,ysrRON 503 CI STYLE CAPACITOR 803
204 RICH Pill ELYSTRON 504 CU STYLE CAPACITOR 804
205 MAGNETRON 505 CU STYLE CAPACITOR 805
206 TIlT 506 CLI. STYLE CAPACITOR 806
207 TRIODE ~~IT TUBE 307 043 STYLE CAPACITOR 807
208 TETRODE ERIT TUBE 508 CPV STYLE CAPACITOR 808
209 CiT 309 CQR STYLE CAPACITOR 809
210 510 C$R STYLE CAPACITOR 810
211 511 811
212 LASER, HELIUM/NEON 512 CU STYLE CAPACITOR 812
213 LASER, ARGON ION 513 CV STYLE CAPACITOR 813
214 LASER, C02 SEALED 314 CYR STYLE CAPACITOR 814
215 LASER, C02 FLOWING 315 815
216 LASER, $5, TAG ROD 516 PC STYLE CAPACITOR 816
211 LASER, SS, RUBY ROD 517 817
218 518 818
219 ALUM lORD RI POWER XSTR 519 819
220 GOLD BOND RI POWER XSTR 520 820

301 SI NPII TRANSISTOR 601 LOW WI PULSE XF31 901 1110-SIDED PU BOARD
302 SI PM? TRANSISTOR 602 PULSE TRMISPORMER 902 MULTILAYER PU BOARD
303 GE 3PM TRANSISTOR 603 AUDIO TRARSPONNER 903 PUB WAVE SOLDER
304 GE P11? TRANSISTOR 604 POWER TRAJSPOP3~~ 904 RAND SOWER
303 YIElD HYFECT XSTR 605 37 TR.ANSVORMER 905 RULOW LAP SOLDER
306 UNIJUIICTION XSTR 606 906 PART CONS PER PROC
307 607 PULSE INDUCTOR 907
308 608 AUDIO INDUCTOR 908
309 609 P04111 INDUCTOR 909
310 SYD SILICON DIODE 610 RI INDUCTOR 910
311 GERM&J.IIIUM DIODE 611 911
312 ZENER DIODE 612 AC 3&USEl.!$S IIDTOR 912
313 THYIISTOR/ScR 613 CONC TATOR )IDTOR 913
314 VABIACTOR DIODE 614 914

- 313 ST3P RCVY DIODE 613 VAN/BLOWER 915
316 ni L4. DIODE 616 SY~~~k0 916
317 SI PP DNTECT DIODE 617 RESOLVER 917
318 SI U MI~~~ DIODE 615 918
319 GE U DETECT DIODE 619 ELAPSED TD43 IISTER 919
320 GZ RP MUER DIODR 620 920 PART TO BE DEFINED

NOTE: * TER 900 SERIES PART TYPES AU NOT flSO.UDND IX l~~ STSTRM PARTS C01JIIT
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