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The 217B PREDICT computer program provides the capability of performing 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 1
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 o

set of input data, thereby minimizing the cost 'in preparing the data deck and in |
operating the computer.
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program.
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.

(2)

(3)

Requiring only exceptions to the '"standard" part failure rate definitions at
the part level, thereby reducing the cost of preparing the data deck.

Using 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

It does not presuppose any prior computer knowledge on the part of the user.

The 217B 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.

scale digital computer.
uses approximately 37,000 words of storage for coding and storage arrays.

tion regarding the computer program contact:

Systems Consultants Incorporated
543 Graaf Street
Ridgecrest, California 93555

(Attention:

Mr. R. H. Butler)

The program is adaptable to any large

The computer program contains 5,311 source statements, and
For informa-

T N S T




s

The 217B 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 additiom, all
failure rates and failure rate scurces 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 MIL-HDBK-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 requirements, with examples.

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

(3) An extensive discussion of the computer program submittal
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 community. 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?q_npted by the
user should be submitted in writing to: I

s
Systems Consultants Incorporated DZCJTABN'*.
543 Graaf Street

Ridgecrest, California 93555

(Attention: Mr. R. H. Butler)
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EXECUTIVE SUMMARY

& PRI AR Y AT

The 217B PREDICT computer program provides the capability of performing
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.

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
part 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 defi-
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 217B 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,
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 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
ninimizing the computer operating cost.
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SECTION I

GENERAL OVERVIEW

INTRODUCTION

The 217B PREDICT computer program provides an automated capability

of performing a fully documented system reliability prediction in

accordance with the specific methodology in MIL-HDBK-217B (Reference 1),

and in general accordance with established techniques for deriving

non-electrical and dormant part failure rates.

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-HDBK-217B.

o With a minimum of input data, the computer program provides

The computer program

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.

ORGANIZATION OF THE MANUAL

The 217B 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-
forming 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 1I. 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.

0 0 0 o o

1.1

Section IV. General prediction guidelines.
Section V. Extensive computer program details.
Section VI. References.

Appendix A. Stored part data and coding form definitioms.
Appendix B. Outline of part codes and coding forms.
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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 = RCR20G320FM,
and in general accordance with the common usage terms reflected in
MIL-HDBK-217B, e.g., S2 = “SZ = 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 v 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 using fixed
format computer coding forms that are keypunched on computer data cards
for batch submittal to the UNIVAC 1110 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
manual 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 definitioms
that are used unless othewise 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 conditionms.

1.2
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C, Condensed Failure Rate Subroutine

The Condensed Failure Rate Subroutine is used to provide dormant
or assumed stress failure rate data using part count techniques.
l For example, using the preceding configuration data and the "Standard"
f part failure rate definitions, the computer program can provide
i 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 part 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 parametevs are used for the part

failure rate derivation.

d. Prediction Summary Subroutine

e

The Prediction Summary Subroutine summarizes the failure rate data ‘
and assumptions, and compiles the system/subsystem reliability data. i
The user identifies the life cycle event relationship of the

above failure rate data and all associated one-shot devices using

Reliability Summary Cards, and obtains reliability data for

individual life cycle events or for overall mission events. In

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.

1.4




SECTION II

COMPILING THE INPUT DATA

1.  GENERAL DISCUSSION

The 217B 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-217B, and experience
in deriving non-MIL-HDBK-217B part failure rates. In additiom, the
user should be acquainted with the computer program concept as outlined
in Section I, 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 summarized 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
DESCRIPTION

!

RELIABILITY
4 AND
FAILURE
RATE
’”“"m"" (NOT MANDATORY) SUMMARY
[ E :
ASSEMOLY | _on_ | AssEmeLY
DESCRIPTION DESCRI

(NOT MANDATORY) 3 T“I!:Inl F::gge

9 SUMMARY
susassEmsLY —] part (21 |

) ] ] i

t—{raarear] FAILURE

RATE

DATA

i

FIGURE 2.1. Generalized Arrangement of Assembly/Fabricatiom

Drawing Data for 217B PREDICT Computer Program.
2.1




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 217B 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 additioms
to the Stored Part Data as defined in Appendix A (not mandatory).

(3) System/Subsystem Control Cards
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"
part 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 Summary 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 Summary
Subroutine to compile the overall system reliability data.

2.2
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c. 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 : i
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 i
Data provide nominal operating failure rate conditions for the b
Detailed and Condensed Failure Rate Subroutines. These data r
are defined as: b

(1) Applied Stress Part Data (APPLIED) = minimum operating i
failure rate conditions as modified at the part level to f
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 (S1) 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 m-factor
(operating-to-nonoperating failure rate multiplier). This Hi
technique provides dormant data that reflects the impact
of ambient temperature and part quality.

Inclusion of dormant data in the computer program was con- 13
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 (4
current development of the computer program. A pre-

liminary evaluation of the dormant data with regard to e |
MIL-HDBK-217B operating data was performed, and generalized |2
dormant T-factors were derived as presented in Appendix A. 1
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 4
pending further studies of dormant versus operating part
failure rates.

2.3




d.

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.

Where:

Note:

n
A = () (I w)m
P Ab E {=1 1 D

A = part failure rate for the applicable environ-
P ment and operating/nonoperating state in
failures per million hours

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

m = appropriate environmental m-factor for the
applicable part type

n = mathematical symbol for '"the product of"

LI value of the 1th n-factor for the applicable
part type as defined in MIL-HDBK-217B (not
applicable to non-MIL-HDBK-217B parts)

Ty = dormant (operating-to-nonoperating) m-factor
("D reflects nonoperating failure rate data

+ operating failure rate data for a specific
set of environmental conditions = 1.0 for
operating part failure rates)

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-HDBK-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 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.

2.4
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e. System/Subsystem Reliability Model

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 s
217B PREDICT assumes statistically independent part failures that (9
exhibit a constant failure rate for the time period being evaluated. _ |
These reliabilities are calculated using the exponential function: .

The system and subsystem reliability data compiled using the 217R %

s -6
R(t) = exp (-t Z Ai @o 7))
i=1

Where: R(t) = "subsystem" or "system" reliability as a function
of time

exp = base "e" of the natural logarithm to the power
indicated

é - = time in hours

A = failure rate of the ith 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) » I P(one-shot)

3=1 .
Where: R(s) = overall "system or "subsystem" reliability f
R(t) = "gystem" or "subsystem" reliability, less 3
one-shot devices, as calculated using the E
r exponential reliability function E
! 4

P(one-shot)j- probability of successful operation of the

jth one-shot device 13

The computer program does not contain any provisions for handling | 4
/ non-series reliability configurations. If non-series reliability

calculations are required, it is recommended that the above series I
model be repressed in the printout. The remaining failure rate !
data would then be submitted to manual calculation techniques or e
alternate computer programs, e.g., Reference 5.
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PARTS COUNT FAILURE RATE DATA

Early 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 reliability
prediction for early design hardware. These data would be compiled
by the reliability analyst using engineering judgement and very
limited design information.

"Standard" Part Failure Rate Definitionms.

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 analyst is
unable to obtain clarification, the Stored Part Data for a
military application could be assumed to be applicable with-
out modification.

(2) The Electromechanical Timer is not reflected in the Stored
Part Data. Therefore, the reliability analyst must research
the available documentation and define an operating failure
rate that reflects the part, part application, and operating
environment. 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.

System Configuration Data

The system configuration data are compiled on the Computer

Coding Forms in Appendix 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 rate data (APPLIED, ASSUMED, 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 (#C) 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.

2.6
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1
oL~ INTEGRATOR
UNIT
S DIGITAL 1/C's 3 LINEAR 1/C's
3 NPN TRANSISTORS Il RNR RESISTORS
v 3 PNP TRANSISTORS 6 CKR CAPACITORS
| 7 SILICON DIODES 2 CSR CAPACITORS

I0 RCR RESISTORS
r" IS RNR RESISTORS
5 CKR CAPACITORS
7 CSR CAPACITORS

| ELECTROMECHANICAL
TIMER

FIGURE 2.2 PRELIMINARY SYSTEM CONFIGURATION DATA (EXAMPLE)

[~ ™ COMPUTING SYSTEM ELECTRONIC ABACUS | E

' ARITHMETIC : :

| CONTROL INTEGRATOR |4
| UNIT | 4
I | £

FIGURE 2.3 PRELIMINARY SYSTEM RELIABILITY MODEL (EXAMPLE) H

TRUCK OR ELECTRONIC
TROL
cus‘foaA;EED | N——— RAILWAY [SUS——— SHOP
3 YEARS SHIPMENT USAGE
| MONTH 3 MONTHS
{ DORMANT IN GB ({ DORMANT IN GM (OPERATING NGF
ENVIRONMENT) ENVIRONMENT ) ENVIRONMENT)

FIGURE 2.4 PRELIMINARY UFE CYCLE EVENTS (EXAMPLE)
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3. APPLIED STRESS FAILURE RATE DATA

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.

"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 must research and define an appropriate
operating part failure rate that reflects the part, part
application, and operating environment. The part failure
rate i{s added to the Stored Part Data using the Card 2C
format.

System Configuration Data

The system configuration 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 5A 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 (#C) 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 counditions for

each life cycle event are in terms of the type of failure rate data
(APPLIED, ASSUMED, or DORMANT), the equivalent MIL-HDBK-217B 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. CONFIGURATION 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 summary 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. 3
The user must also evaluate the applicability of the series system !
assumption in Section II.l.e. If the user's system contains non-series |
functions, these data must be isolated as separate data in the computer 5 |
printout for proper data manipulation in the basic report. ]

2. LIFE CYCLE EVENT DATA

The user must define all dormant and operating 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
severity, operating versus dormant 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"
description on the appropriate cards, and identifies the
appropriate 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
stress 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

Part 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.

——

|

c
If the user wants 6 to 10 sets of condensed failure rate f
data, he inserts a second 5B Card after each set of subsystem 1 g
part data, i.e., prior to the next 3, 4, or 8 Card in his 'j
data deck. The computer program will use the part configura- !
tion data stored for the first 5B Card to provide a second ;
set of condensed failure rate data (see Figure .1.1). t

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.

|
|
1
£
i
i
:
;
{
!

£ 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.

8. 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. 1

4. OUTPUT DATA

e Sl

Each set of data (Detailed Failure Rate Data, Condensed Failure Rate
Data, and Prediction Summary Data) from the computer is uniquely identified,
dated, page numbered, and contains its own subsystem or system summary.

This allows the user to include the data as separate appendices to his
report. The basic report should contain all necessary supplemental
failure rate or reliability data.

il o i
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SECTION IV

GENERAL PREDICTION GUIDELINES

RELIABILITY PREDICTION TASKS

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
of the assembly 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.

o System Definition. Define the system and its component parts
in terms of establishgd hardware documentation.

o Life Cycle Events. Define each life cycle event to be accounted
for in terms of specified or implied system requirements.

o Environments. Define the equivalent environment for each life
cycle event in general accordance with MIL-HDBK-217B definitionms.

o 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.

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

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

o 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.

o MIL-HDBK-217B Failure Rates. Research and define all of the part
failure rate parameters in MIL-HDBK-217B for each of the appropriate
parts in the system.

4.1
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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 i
MIL-HDBK~217. However, these documents require the use of supplemental
data and procedures for mechanical, electromechanical, and nonstandard
electronic parts in all environments, and for standard electronic parts
in nonoperating environments. The objective of the following guide-
lines is to standardize the data sources and procedures used in
: performing reliability predictions. It should be noted that the
k 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
parts and prediction procedures in MIL-HDBK-217B. Adherence to these
data sources and guidelines will result in more consistent, meaningful
failure rates for standard and nonstandard parts in dormant and
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

(1) Standard Part Failure Rate Data. Failure rate data for all
standard electrical/electromechanical parts shall be derived
from MIL-HDBK-217B in accordance with Section 2.0 (Part Stress
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 ‘é
which are listed in order of preference. (Note: Use of any '
nonstandard part failure rate requires good engineering
judgement, must be fully substantiated in the prediction
report, and is subject to procuring agency approval.) %

o Part failure rate based on extensive data from a cur- 1
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.)

o 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.

o Part failure rate based on limited industrial/government |
test data such as FARADA (Reference 7). Record failure rate,
data source, source environment, plus all additional data
and assumptions used in deriving the part failure rate.

4.2




(3) Nomstandard Part Environmental m-factors. In the absence of
established environmental modifiers (m-factors) for the non-
standard parts, the generalized environmental m-factors of
Table 4.1 can be used to convert the source failure rate to
the operating environment(s) of interest as defined in Table
4,2. For example, a failure rate for an operating uninhabited
aircraft environment (AU) from the RADC Nonelectronic Reli-

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

failure rate. These generalized environmental factors reflect a
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
approval on the part of any procuring agency.

Dormant Part Failure Rates Guidelines

The Redstone and RADC data in References 2, 3, and 4 represent the
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
should be exercised in their use. In the absence of more definitive
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 T-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 m-factors were
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
further studies of dormant versus operating part failure rates.

In the absence of established dormant part failure rate data, the
generalized dormant m-factor of 0.1 is used for electrical/electro-
mechanical parts as depicted in Reference 8. Based on a preliminary
evaluation of the FARADA and RADC nonelectronic data (References 4
and 7), a 25:1 ratio between operating and nonoperating failure
rates for mechanical parts is probably more realistic than the 10:1
ratio that has been accepted for electronic parts. This ratio of
0.04 will be used pending further studies of dormant versus operating
part failure rates for nonelectronic parts.

i s bl s
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TABLE 4.1 Generalized Electrical Environmental Factors

MIL-HDBK-217B ENVIRONMENTAL SYMBOL VERSUS
ENVIRONMENTAL FACTOR

See Table 4.2| B | O | O | Ns | Mo | & | & | X

Nonstandard Part 1 6 10 15 20 15 30 40
s : |

TABLE 4.2. Environmental Descriptions

Environment (Envirommental | Nominal Military Operating or Dormant Conditionms,
Symbol for nE Factors) with Typical Examples

Ground, Benign (GB) Optimum operating or dormant conditionms.

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 (GF) Fixed ground, sheltered or unsheltered conditionms.
| 1. Heated or unheated building
5 2. Exposed ground installation
i 3. Noncontainerized field/ready storage

; Ground, Mobile or Mobile/portable ground installation.
3 Portable (GM) 1. Truck/tank/mobile-launcher installation
‘ 2. Nonairborne aircraft installation in an
; airfield environment

1 3. Noncontainerized field mobile storage

Naval, Sheltered (Ns) Fixed interior shipboard or submarine instal-
lation in semicontrolled environment.
1. Interior ship installation
2. Noncontainerized shipboard storage in
semicontrolled environment

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

A 2. Nonairborne aircraft installation in ship-

L board environment 11

; 3. Noncontainerized shipboard ready storage |
in hangar deck or flight deck environment '

Airborne, Inhabited (AI) Aircraft cockpit or cabin installation. |

Airborne, Uninhabited (AU) Aircraft non-cockpit/non-cabin installation. .

Missile, Launch (HL) Launch and sustained airborne missile flight.

4.4




3.

DISCUSSION OF INHERENT RELIABILITY

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-Failure (MTBF) 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 mature design, suitable for manufacture
and use, and with no degradation caused by workmanship, assembly, defective
parts, improper test procedures, or previous environmental degradation,
the inherent reliability is the'reliability potential of the physical
device under a specified set of conditions. 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 1life cycle event.

The inherent reliability prediction provides the capability of com-
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-HDBK-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 Flight. As a result, more incipient failures are likely to be
induced, and the predicted MTBF will typically be lower for Launch
and Sustained Free Flight than for Captive Flight.

4.5




Mean-Time-Between-Failure (MTBF) is 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
rate period. MTBF bears no direct relationship with the useful (or
prewearout) life of the device. It is quite possible for the predicted
inherent MIBF to exceed the useful life of a device under certain
conditions. This only reflects the fact that the failure rate is low
during the constant failure rate period and does not "anticipate" the
wearout of the device.

A hypothetical failure rate characteristic for virtually all
electrical/electromechanical parts is shown in Figure 4.1. The failure
rate curve is characterized by two periods of relatively high failure
rate, an ianitial high failure rate period which 1s caused by so called
"infant mortality,”" and a final high failure 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-HDBK-217B.

IMPANT e CONSTANT =g WEAR OUT
MORTALITY PAILURE
RATE s
=
/7
/
-
w3
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-+ -
€S
T
3&
: '}
[
w
-—
TIME (HOURS)

FIGURE 4.1. Hypothetical Failure Rate Curve
for Electronic Parts
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Mechanical parts do not follow the typical characteristic shown in
Figure 4.1. Instead, they exhibit an increasing failure rate as a function
of time as the hypothetical failure rate characteristic of Figure 4.2
indicates i.e., wearout failures begin to occur (albeit at a low rate)
as soon as the mechanical parts are operated. Estimates of the relatively
constant failure rate period assoctated with these parts are derived
from evaluation of raw or semi-statistical data as reflected in FARADA
or the RADC nonelectronic data (References 4 and 7). Use of these data
requires good engineering judgement and is normally subject to procuring
agency approval.

:::::AL;Y_I.-__-__— WEAR OUT v]'
/
\ e RELATIVELY /
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g - /
553 \ /
-8 Pl
3| \ -
> -
= \ -~
(™ E \ - -
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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
prior to field delivery, so that the higher reliability level associated
with the middle of the curve applies to the hardware in the field.
Scheduled preventive maintenance 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 !

COMPUTER 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:

as 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 4
by commas. Spaces are also inserted between some data items for

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

is subject to current revision updates of the Programmer Reference

Manual UP-4144 (Reference 9) and is presented herein for reference
only. 5

b. 217B PREDICT Data Deck y

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

that is right hand justified for all numerical entries and is left
hand justified for all alphanumerical entries as defined in Appendix A.
Coding forms for these data are outlined in Appendix B for the

user's convenience.

DATA PREPARATION

The prediction data are compiled for the computer program in accord-
ance with the major engineering 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
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.

5.1




@ Fin CARD

——— UNIVAC 1110 CONTZ:OL CARD

RELIABILITY SUMMARY
OATA CARDS

L CARD 8
RELIABILITY DATA

CARD 4 AND ETC FOR
ADDITIONAL SUBBYSTEMS

ADDITIONAL SUBSYSTRM
DATA AS OUTLINED BELOW

CARD @ AND ETC FOR
ADDITIONAL ASSENBLIES

S

ADOITIONAL ASSEMBLY DATA
- 8 AS OUTLINED BELOW

CARD 7 AND KTC. FOR
ADDITIUNAL SUBASSENBLILS

ADDITIONAL SUBASSEMILY
DATA AS OUTLINED BELOW

7- DEYAILED PARY DATA CARDS

e SUBASSEMBLY DESCRIPTION
DETAILED SUBROUTINE ONLY

ZD'Y‘!L(D OR CONDENSED PART DATA CARDS

CARD 38 ,CONDENSED DATA

CAND A, DETAILED OATA ——— ASSEMBLY DESCRIPTION

CARD 4, SUBSYSTEM 0ESC
ENVIR CONDITIONS FOR CONDENSED FR SUBROUT INE

CARD 3, SYSTEM DESC
e ENVIR CONDITIONS FOR DETALED FR SUBROUTINE

e A RN A
R T ——

i e e

e SUBSYSTEM DESCRIPTION

SYSTEM DESCRIPTION
CARD |, DATA SOURCE

I—ADNNON. OR MODIFICATIONS OF STORED DATA

© XOT CARD
===~ ADDITIONAL DATA SOURCE REFERENCES

© A80, T CARDS

® Run CARD

UNIVAC 1110 CONTROL CARDS

FIGURE 5.1. GENERALIZED 2178 PREDICT PROGRAM DECK SET-UP
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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 summary, provide the capability

of explicitly defining the part failure rate data source for
traceability.

Card 2A, Environmental n-Factors (not mandatory)

Use the Card 2A format to enter environmental nm-factors that are

not defined in MIL-HDBK-217B or in the Stored Part Data (see
Appendix A). The environmental T-factors provide the ability to
include and document new environmental data as they become available.

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
applicable part category depicted in Appendices A or B. How-
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 Composition Resistor, not RCRO7 Resistor.
For example, in a recent prediction for an airborne missile
system with 5,310 piece parts, only 66 part types were used.

Multiple 2B Cards can be submitted for a specific part code
if extensive part failure rate parameter modifications are
required, 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-
mitted 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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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-HDBK-217B operating
failure rate data and/or dormant failure rate data.

Again, if additional explanatory information is required to

explicitly define the origin and derivation of the part failure :
rate data used, it is the responsibility of the reliability |
analyst to include same in the basic report. 5

Card 3, System Description

Use the Card 3 format to explicitly define and document the system
being evaluated.

Card 4, Subsystem Description (not mandatory)

Use the Card 4 format to expiicitly define and document each sub-
system, 1if applicable, in the users system.

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). The environmental stress
conditions are defined in terms of:

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

o The appropriate environment in accordance with
MIL-HDBK-217B environmental symbols.

o The type of failure rate data (APPLIED, ASSUMED,
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 summary. This sum-

mary defines the summation 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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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 I
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 ‘j
failure rate conditions as modified at the part level to i
reflect detailed stress analysis data for a mature design :
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