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FOREWORD

I
This report was prepared in response to the Standard Electronic Modules

I 
(SEM) Exploratory Development tasking from the Naval Electronics Labora-
tory Center , San Diego in accordance with the task statement attached to Work
Request N0095376WR00134. The task accomplishments reported herein were

I 
a joint effort between the Naval Av i onics Facility , Indianapolis (NAFI)
and the Naval Weapons Support Center , Crane (NWSC).

The writer wishes to acknowl edge the contributions of Jim Wolford ,
Ron Lannan , and Dave Reece of NWSC , Crane and Don Grayson , Bob Rodgers ,
and Ron Huss of NAFI in formulation of this report.

I 
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• 
‘ 
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Approved by: ,.~L~i / I  / ;•

I
D. M. REtCE S SEFI1 Program
Manager , NWSC , Crane
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_ _ _  7 H. HU S, SEM Program
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ABSTRACT

~

•

• I
This report sumarizes the SEM Exploratory Development module

packaging studies accomplished jointly by NAFI and NWSC , Crane during

J 
kgrou data to be the def in t io n o SEM co eptu~ modj~e,



‘
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~ ~~~~~~~~~~~~~~~~~~

NAFI TR-2 146

TABLE OF CONTENTS

Page No.

FOREWORD iii 
-

ABSTRACT i i i

I. CONCLUSION S 1

I I .  RECOMMENDATIONS 3 1
I I I .  INTRODUCTION 4
IV. DETAILED STuDIES 9

A. TECHNOLOGY 9

B. MODULE BACKGRO UND 13

C. FUNCTION BACKGROUND 21
D. ATR ENCLOSURE COMPATIBILITY 30

E. THERMAL EVALUATION 40

F. COST BOUNDS 49

• G. USE ENVIRONMENT 55

H. TRADE-OFF CRITERIA 61

V. CONCEPTUAL MODULE DEFINITION 65

VI . MODULE TRADE-OFF RESULTS 72

VII . NAVY/INDUSTRY REVIEW COMMENTS 77

VIII. REFERENCES 80

IX. APPENDICES A-i

I
•
•.

lv
I—



~~~~~~~

I NAFI TR-2 146

I I. CONCLUSIONS

A. The improved Standard Electronic Modules (SEM) module family is

I considered to be the optimum selection for a new module family based on
the function data base analysis , trade-off criteria analysis, cost bounds

• 
I 

analysis , and the desirability of retaining packaging compatibility with

• existing SEM . The improved SEM module family is a natural evolution of

‘ 
present SEM , and should be implemented into the SEM Program regardless
of any additional new module family selection. Conclusions relative to
the other four conceptua l modules i dentified during the module studies
are as follows :

1. Conceptual Module 1: Provides a nearly ideal fit with the

I function background task conclusions , but represents no increase in pins
and only a marginal increase in power dissipation and active circuit

• 
I 

board area over the improved SEM family.
2. Conceptual Module 2: The aspect ratio (height/span) results

‘ 
in potential mechanical integrity and thermal efficiency shortcomings.

3. Conceptual Module 3: The current unavailability of a reliabl e,
producibl e zero insertion force connector and a DIP-compatible module

• I configuration indicates that this module is not ready for near term

fl standardization .
4. Conceptual Module 5: Problems in the areas of thermal effici- 4

ency, maintainability , and testability indicate that this module is not

J ready for near term standardization .
B. AR INC Specification 404A for ATR cases does not pose any

I significant engineering obstacles for housing standard modules; however ,

some modificati on to the ARINC case connec tor , mounting , and cooling .
~~ ~~~

interfaces will be required to achieve compatibilit y with the more severe
military environmental requirements. •

C. The functional background task indicates that a module with

~ 
j approximately 14 square inches of active circuit board area and

100 input/output (I/O) pins will satisfy 95 percent of known standard
• ~ functions using DIPs. It is projected that only 20 to 40 functions

having potential intersystem coninonality can be identified which cannot 
•

~Ji~~~

l

emente

~~

n an 1mPr ed sEM 2A modu n9
DIPI
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0. The identification and development of a hi gh density , light

weight avionics module should be continued . As an alternative , hybrids

should be considered as a valid means Of size and weight reduction wi th
potentially greater impact than high density packaging of conventional
components . It must be recognized that adoption of a high density ,
larger module will resul t in establishment of a standardized mechanical -]
package with a minimum of functi ons having potential intersystem
commonality.

E. Other observations derived from the module studies include the
fol lowing :

1. To achieve any significant benefits from SEM, standardiza-
tion must be achieved at the functional level . Insignificant life cycle
cost benefits will result if merely the mechanical and physical aspects
of the modules are standardized . (See Reference A. )

2. Cost bounds for a standard module program point to the
present SEM s i ze as near the s i ze above whi ch life cyc l e cos t begin s
to significantly increase with increasing module size.

3. The investigation of the module “use environment” indicates
that a common environmental specification appl icable to the majori ty
of military appl ications can be ac hieved without excess ive cost penalt ies.

4. The blade and tuning fork connector is generally accepted by
industry as superior to others available.

~. it is projected that DIPs will be more widely used than
flatpacks in the near term. The advent of larger LSI chips requiring
additional i/O connections will hasten the use of other micro-circuit
packages such as the leadless carrier.

• 
•

2

L
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I II. RECOMMENDATIONS

A. Pursue the development of an improved SEM family on an

I expedited basis to implement into the SEM Program as quickly as
possible.

1 B. Coordinate with NADC , Warm inster; NWC , China Lake; and the
Mr Force to establish a conceptual module(s) consistent with the
high density requirements of avionic hardware .

C. Adopt the ARINC AIR enclosure concept for airborne electronics
based on satisfactory resolution of case connector , mounting , and
cooling interfaces compatibl e wi th military environmental requirements.

D. Continue efforts to develop an optimum thermal i nterface for• .~j any new module(s) selected for the SEM family. The improved SEM
family requ i res an improved conduction thermal interface.

E. Coordinate the recommendations of the Navy SEN R&D Program

• with the recommendations of the Air Force R&D Program and the Defense
Material Specifications and Standards Board (DI’ISSB) Standard Modules
Subpanel to arrive at a unified position.

F. Continue development of module support hardware such as light-
weight card cages, interconnec tion tec hni ques , etc.

G. Review proposed SEN modules with industry to obtain their
recommendations.

I

III
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III. INTRODUCTION

During FY 1976 a Standard Electronic Modules (SEM )
• • Exploratory Development (6.2) Program was established with the

Nava l Electronics Laboratory Center (NELC), Code 220 , as the block-
funded program manager. The objective of the Si~M 6.2 development

program is to build on the established and proven SEM concept by

providing :

1. Functions for additional application areas

2. Increased module functionality
3. Module appl ication support

fr 4
Functional interface definition and system appli-
cation guidelines . -.

• Detailed electrical , mechanical , thermal , and env i ron-
mental interface definitions for a new standard module. •

Support hardware (back panel , card cage , enclosure ,
and rack /cabinet concepts ).

It is intended that the 6.2 development concepts will be carried through
prototype hardware via an Advanced Development (6.3) program to be
initiated during FY 1977. Figure 1 provides the major milestone
schedule for the overall SEM R&D Program .

H

The Naval Av ionics Facility , Indianapolis (NAn ) and the
Naval Wea pons Support Center (NWSC ) , Crane were assigned the task of
developing an advanced SEM package. The objective of this •

task is to identify and develop a family of standard electronic ~~~~

module configurations with controlled electrical , mechanical , and ~.L
thermal interfaces which will be compatibl e with large electronic ~
functions having multisystem commonality . In addition , this family
of modules is to be compatible with a variety of higher level packages,
inclu ding enclosures , racks, and cabinets. These higher level package

4

• ~~~~ • -- -•-.~~-
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concepts are to be identified and developed through subsequent SEM

R&D efforts, (as indicated by Figure 1) with the exception of the
Austin Trumbel l Radio (ATR) case which was to be investigated during 

- .

FY 1976 as a potential standardized enclosure for airborne platforms .
To assure emphasis on avionics , the Naval Air Development Center (NADC),
Warminster and Naval Weapons Center (NWC), China Lake were tasked by
the Naval Air Systems Command (NAVAIR) to identify the unique SEM
packaging requirements of avionic hardware . The FY 1976 SEN R&D packaging
tasks , therefore , were to be a cooperative effort between NELC , NAFI ,
NWSC , NADC , and NWC , with NAFI designated as task leader. 

- .

This summary report addresses the module packaging studies
accomplished jointly by NAFI and NWSC during FY 1976. Separate reports
are being issued by NWC and NADC on their tasks. The primary output - .

of the FY 1976 module packaging task was to be the definition of a
conceptual module , or family of modules , compatible with the aforemen- - •

tioned packaging objective. (Note: A conceptual module is interpreted . ,

to include the module physical size (height x span x pitch), the
quantity and configuration of the input/output (I/O) connector , and
the type of thermal interface.)

The approach ta ken to arrive at a recommended conceptual SEN ‘

module family was to perfo rm a series c~ module studies and analyses
on those parameters (and non-parametric considerations) that mo:t signifi-
cantly impact and/or drive a new module configuration. These studies/
analyses included the following: ti

1. Module background data base
2. Function data base
3. Module environmental data base (use environment) U •.-~

• 4. Module cost trade-off analysis (cost bounds)
5. Circuit package analysis (technology )
6. AIR/module interface concepts and preferred AIR sizes H

(compatibility wi th existing hardware )

6 

-
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I 
In order to apply a structured and objective engineering approach to

the process of defining a recommended conceptual SEM module family, trade-

off criteria and data reduction techniques were developed . Using this

process, five conceptual modules were identified as candidate modules.
Trade-off analyses were then performed on these conceptual modules to

I arrive at a recommended conceptual module family. Figure 2 provides
• a flow diagram indicating the described approach.

Numerous working papers / reports have been generated during

• I 
FY 1976 pertaining to the detailed module studies performed . This
report summarizes the data and conclusions from these working papers/

reports , provides the resulting candida te conceptual module definition ,.- • I summarizes the analyses performed on these modules and the conclusions
resulting , and provides the overall module package conclusions and

I recommendations resulting from the packaging studies performed to date .

Current industry studies related to definition of a standard
module family were used in support of the module studies reported herein.
See References B , C , D, E , and F.I ‘v. 1

H • 1
I 
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IV. DETAILED STUDI ES

A. TECHNOLOGY
j  The objective of this task is to examine current and projected

• 
(197 5 - 1980 time frame) commercial microelectronic device packaging
technologies to determine their impact on a module standardization
concept. Main emphasis has bee~ on digita l devices with a limited

J examination of discrete analog components.

-. Two circuit board “footprints ” were developed for each
• • component. One , based on a 0.1 x 0.1 inc h grid for multilayer board

interconnections (MIB), and one which used the rule of thumb criteria
* of approx imately two times the component area . Component descriptions

and their footprints are tabulated in Appendix A. These data were
used where applicable in the other tasks.

Figure 3 is a bar graph showing the relat ive component heights
and is usefu l in establishing minimum module thickness.

Dimensiona l data were taken from MIL-M-385l0 , MIL-R-39008 ,
• 

• MIL-C-5568 1 , MIL-R-27208 , and when not avai lable as a military specifica-
tion , from industry literature.

• 
Table 1 shows the upper limit for therma l resistances of

packages based on MIL-M-38510. These we believed to be unnecessa rily
pessimistic and not compat ible with high density , hi gh reliability pack-

L ag ing . Tabl e 2 shows the l owest junction to case therma l resistance
rating s from industry and Table 3 shows the therma l ratings based on

findings at NWSC Crane when evaluating thermal analysis procedures for

determining the junction to case thermal resistance of a variety of semi-
• 

• 1. conductor devices. For therma l analysis, junction to case thermal
resistances of 45°C and 25°C per watt were used for 14 - 16 pin flatpack
and DIP packages respectively.

• E
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Projected future usage of the packages examined results in
• the priontized listing in Ta ble 4. It appears that DIP packages will

be more widely used than flatpacks. Avai labil lty~ cost , and the ability to use
I automatic insertion assembly equipment are the reasons for industry

preference for DIP packaged devices . (See Rcfc•rence B)

Table 1. Maximum Thermal Ratings (M~ -M-385 1O)

I
PAC KAGE 9JC C/W QJA °

~~/w I~ °C

I —

14—16p F.P. 90 (150 ) 140 175

14-16p DIP 80 120 175

• 24p F.P. 40 85 175

I 24p DIP 13 85 175

I (Al) 8p 10-5 40 • 
150 175

(A2) lOp 10-5 40 - 140 
• 

175

~~• 
¶ 1 (X) 3p TO-5 15 150 275

I ( Y)  TO— 3 
- 

2 35 275
I

I
• I 

Lowest Junc ti on to Case Thermal. . PACKAGE 9Jc °dIw
• Ratings from Industry

- 

14-16p F.P. 43
• 14-16p DIP 24 

-

24pF.P. 44 
—

• 24p DIP 10

I TO-S 15

~~
- I TO-3 .5
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Table 3.  Thermal Ratings (UWSC Crane )

‘I

PACKAGE °.~~ 
°C/W -

14p Fla tpack 35

l4—l6~ DIP 25

10-5 Can 20- -

Tabl e 4. Prioritized List of Packages

I DIPS i4p—16p
24p - -

28p
40p

FLATPACKS 14p—16p
H 24p
H 40p

METAL CANS TO-5 
5

TO— 3
TO-8

HYBRIDS

LEADL ESS U
HYBRIDS

~ ~~~~~~~~ n

-‘--5-- •

12
• ~~~~~~~

-- -- - -- -- —-__-~~ ~~- -
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I 
B. MODULE BACKGROUND

- The objective of this task is to present information on a variety

I 
of existing electronic modules which are being employed or developed

within both industry and the military . This information is intended

for use as an aid in the selection and design of a proposed Standard

I Electronic Module for tn —service appl i cations. The intent of the

data contained herein is not to be all-inclusive , but to provide a

I basic understanding of the module status, physical aspects , and
.

5 mechanical features.

Data were obta i ned for each module program listed in Table 5. Table
5 describes the module developer or controlling activity for each

5 -. 1 module included in the survey . Table 6 is a composite data summary
matrix derived from the detailed data .

1 .5

• The data contained in the composite summary matrix of Table 6 was

• analyzed to develop a list of major advantages and disadvantages.
These advantages/disadvantages are relative to characteristics of
all modules considered in the survey . Table 7 lists the major
advantages/disadvantages for each module program .

I

I

S

t 
TI V
I 

S

I
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Table 5. Electronic Module Survey L i s t i n g  
-

Module Program Developer (Controlling Activit y)

SEM 1A (Naval Electronic Systems Command )

SEM 2A (Naval Electronic Systems Command ) 
- -

QED Naval Electronics Laboratory Cen ter
San Diego , California

ARPS General Electric Company
Utica , New York

MK 5 MIT Draper Labs , Cambridge, Massachusetts

ML-l IBM Federal Systems Division
Owego , New York - 5

4 11 IBM Federal Systems Division 
.

5

Owego , New York 5

AEGIS RCA , Camden , New Jersey - •

~

MK 86 Lockheed Missile & Space Corporation
Plainfield , New Jersey

F-l5 Hughes Aircraft Company
• Culver City , California

SAM-D Raytheon Company , Bedford , Massachusetts -

XN- l (AADC) (Naval Air Systems Command )

U 
i

.
5 

5 
L

14

_ _ _ _ _ _ _  - - — 5--- 5
~~~~~~~~~~~~~~~~~~~

-
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C. FUNCTION BACKGROUND

The objective of the Function Background subtask is to determine
the optimum module physical parameters for packaging those existing
functions which have demonstrated or have potential for intersysteni

j  commonality . The specific parameters to be recommended are active
circuit area , number of pins and power dissipation capability .

1. Data Collection Approach

The approach used was to compile data from existing standard
functions and conceptual standard functions. Functions were
selected accord i ng to the following ground rules.

a. Functions selected were to have either demonstrated or be
projected to have intersystem or intrasystem commonality .

b. Selections were made to avoid duplications of functions within
the data base .

c. Functions which required custom or proprietary hybrid micro-
circuits in order to be packaged in the specified modular
configuration were not sel ected .

d. Unit logic functions (integrated circuits used on modules
withou t inter-microcircuit connections) were selected at the
highest level of standard i zation whenever duplication
occurred between standard function module programs.

All known modular standard i zation programs as well as severa l
individual systems which used the same modular functions multi ple
times were analyzed . A listing of module programs and systems
from which the current data base was derived is included as
Figure 4.

A multiple page worksheet was completed for each function -~~

• detailing the circuitry required , technology used , performance,
circuit area required , connector pins required , power dissipated ,

L 

power supply requirements , method of partitioning , and electrica l
interface .
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• C

Program Developer --
AEG IS RCA

CNC UNIVAC

BRN-5 MAGNAVOX

4 7 r  IB M 
... 

. 

U’ S ,

SEM l A NAVE LEX ...
SEM 2A NAVELEX

SAM-D RAYTHEON

QED NELC

MARK 86 LOCKHEED - 

- 

-J

WSC-2 * NELC ,.,

• 
MIMC * NELC —.

* Proj ected Future Functions

Figure 4. Module Programs Included ll

:1
‘ — I

22 

~1
-____ _~~ —S—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

• -—_——• .— 5 ----—- - --5--- .- - ——--,- - •- ——- --~—-- •



.5 ‘S ~~~~~~~~ ~~~~ ~~c.~~~~~~~
___ .5

- -. ~- — 5.~ J*l.r— —u~~~~~~ ---’s~ — ~~~~~~~~~~~~~~~~~~~~~~ -

-j

I NAFI TR-2146

2. Methods of Data Reduct ion

- 
•. Data for approximately 200 total functions were tabulated and a data

~ I 
base was established from 83 functions which were selected according
to the ground rules itemized above .

I Graphica l representation of the data was accomplished by plotting
the number of functions in the data base which could be packaged
versus each of the critical modular packaging parameters.

For example, consider Figure 5 which is the graph for the dual—
in-line package (DIP) packaging area parameter . Area requ i rements

- for specific components were taken from the rt~sults of the Technology
subtask. The areas do not include the space required for inter-

I package clea rance or for electrical interconnections on the printed wiring
board (PWB). The total circuit card area can be calculated from the
component footprint area by assuming 50 to 60% efficiency for packaging
components on double-sided PWBs and 70 to 80% efficiency fc- r packaging
on multilayer interconnection boards (MIB 5).

From Figure 5 it is seen tha t a module which provides 11.0 IN2 of

footprint area could package 95% (or 79) of the 83 functions in the
• data base using DIPs. This would ind i cate that approximately 14.6 IN 2

(11.0 IN2/0.75) of total PWB area would be requ i red assuming use of a

- 
- 75% efficient MIB.

Figure 6 presents a similar analysis based on packaging data base
functions using flatpack packages.

• 

- 
Figure 7 presents the number of the 83 functions which can be packaged
for a specific number of module connector pins. The number of pins
includes signal , power , and ground pins.

Figure 8 qives the relation ship between the maximum power dissipation
- capability of a module and its effectiveness in packag ing data base

- r functions.

A summary of circuit card area computations based on packaging with
both DIPs and flatpacks assuming 70% and 80% efficient area utili-

- zation is includel in Figure 9.

1 23
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S 

DIP PACKAG ING

95% OF FUNCTIONS REQUIRES 11.0 IN2 FOOTPRINT S

15.7 IN2 PWB / M IB 70% EFF ICIENT

13.8 IN2 PWB / MIB 80% EFFICIENT
-- 

90% OF FUNCTION REQU IRES 9.75 IN2 FOOTPRINT

13.9 IN2 PWB / MIB 70% EFFICIENT

12.2 IN2 PWB / MIB 80% EFFICIENT

FLAT PACK PACKAG ING 
. 

•

95% OF FUNCTIONS REQU IRES 8.3 IN2 FOOTPPINT

11.9 IN2 PWB / MIB 70% EFFICIENT

10.4 IN2 PWB / MIB 80% EFFICIENT

90% OF FUNCTIONS RE QUIRES 7.7 IN2 FOOTPRINT

11.0 HCI2 PWB / MIB 70% EFFICIENT • 

S

9.6 IN2 PWB / MIB 80% EFFICIENT

Figure 9. Circuit Card Area Computations

$
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~~ 
3. Conclusions

• 

~~~
- The following conclusions regard ing module parameters are der i ved

• I directly from the Function Background subtask data .

• a. A module wh ich provides a maximum of 13.8 IN2 to 15.7 IN2 of

I circuit card area will package 95~ of existing and projec ted
standard functions using DIPs.

b. For high density applications the same functions could be 4packaged on a module with a 10.4 IN2 to 11.9 IN2 of circuit S
card area using flatpack microc i rcuit packages.

c. This module must also provide approximately 100 connector pins

I for signals, power , and ground in order to package 95% of ttie

functions.
d. The module should be capabl e of dissipating 10.6 watts of

maximum power .

L
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D. AIR ENCLOSURE COMPATIBILITY

S 
The objective of this task ‘is tc uetermine the compatibility of

present and proposed SEM with AIR enclosures per ARINC Specification 404A.
(See Reference G.)

The constraints placed on module mechanical dimensions by the
various AIR enclosures were determined with the four module orientations
shown in Figure 10. Allowances were made for enclosure and module support
structures; cold plate cooling ; air ducts; module i nterconnection back-
panel ; enclosure connector ; and interconnections between the backpanel

S and enclosure connector.

The followi ng assumptions were made in order to determine mech-
anical constraints:

Mechanical:
1. AIR structural wall  thickness , inches 0.09
2. ATR dust cover thickness , inches 0.03
3. Connector length inside rear of ATR , inches 1.08
4. Space for wire harness for AIR connector , inches 0.75
5. Minimum allowable module width , inches 2.62
6. Minimum allowable module height , inches 1.89 5-

7. Module thickness , inches 0.3
Note : The module envelope is defined as the

maximum external dimensions shown in
Figure 11. -

S 
- 8. Module connector is on only one edge of module. S 

• 

-.

9. Tota l case dimensiona l tolerance stack-up ~~~
‘

allowance , inches 0.12 1~10. Short ARINC Specification 4O4A AIR cases are ~~~~ -~~

primary considerations. Dimensions are shown . - 
-

in Figure 12 . 
• L ~~~~
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i4ODUL~

- 

C~~t~J~J~~C.CTOp 
- 

—

HEI6~IT

I!N1~~RCOMW EC~T

— S

Figure 11 . Module Envelope Definition

Thermal:
1. Module cooling is by conduction to a cold plate

and by convection from there .
2. Cold plates are perpendicular to the module V _ i

backpanel interconnect.
3. Duct heights are shown in Tabl e 8. These are

based on:

a. Maximum sea level pressure drop through 
-

AIR case , inches of wa ter 1.0
b. Air mass flow rate , pounds per minute - 

5

per kilowatt 3.0 Li
c. Dissipation is proportional to volume with

a one-quarter AIR dissipating 230 watts. This
is approximately two watts per square inch of
circuit board and 2.5 watts per square inch of [

~ 
~~~~~

•

module to cold plate interface area .

~C -

32
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1
I t FF~ONT 

S • 

S BAC K
VIEW VIEW VIEW

I 
i_k

- 9.-~ J 
___Lz

_ ___ 
~~~~~~~~~~~~~~

S - 75(19 .05)
• 

• MIN

I -

I -

*TR~~~~~ ~~~~~~~~~~ 1 1 t ? (M*~ ) j ~~~~~~

_______ 

I _
~.- - - r _ .-J). .~) I _ • . — .  ~~~~~~~~ ~~~~~~~~~~~ I • - - ~ •

5 ,~ Dvar t 95 
- 

1.56 2.25 57 .15 12.52 318.0 12.62 32-3.5 3.38

1/1k short 215 3.52 2.25 57.15 12.52 328.0 12.62 320.5 7.62 19!. ’

1/Is L0r4 335 5.1~9 2.25 57.15- 19.52 !~95.8 19.62 L98.3 7.62 193.5

3/8 $~ort 3~.O 5.57 3.56 90 . 41 12.52 318.0 12..62 320.5 7.62 193.5

3/8 1cr4 530 8.69 3.56 90.41 19.52 1.95.8 19~..62 L~98.3 7.62 193.5

E 312 S1~ort 1.70 7.70 L..88 123. 95 12.52 318.0 1Z.62 320.5 7.62 193.5

- 1/2 Lcng 725 11.35 1..88 123.95 19.52 1.95.8 ‘ 19~.62 1.58.3 7.62 2-93.5

- 
34 5io~ t 720 1~.80 7.50 190 .50 12.52 318.0 12..62 320.5 7.6-2 193.5

-34 Lcng 1120 18.36 7.50 190.50 19.52 Lj 95.8 19: .62 1.98.3 7.62 123.5
5 

1 Shcrt 975 15.98 10.12 257 .05 12.52 318.0 1Z.62 320.5 7.62 293.5

i 1 1cn~ 1510 21..75 10.12 257 .05 19.52 1.95.8 19~.62 1~98.3 7.62 193.5

- 
1 3/2 2295 37.62 15.3.8 390 .65 19.52 318.0 19 .62 1.98.3 7.62 193.5

2
SI A Figure 12. Basic Dimensions of Standard AIR Cases
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~~~~~~~~~~~ 
PR~MAR~

(
_ _

D~)CT CON~ A~~ ~~)C~~
TA~TLON t/4. ~~ ~~~~~ I ~~~~~~~~~~~~ % 

u-’- -/~ L~
_ _ _ _ _  

.40 .~35 .~ S1.3O .30 .i4 .~~~~ ..2. . 1)  . 1)

B -~~~~ as .2~ I .~~o .20 — — 
- 

—

_____ 
.!O .i1 .14 1.N .2~ — — —

_ _ _ _ _  

.tS  .17 
_ _ _  _ _  

.39 JO .90 .!5~ _ _ _  _ _

Table 8. Cold Plate and Air Plenum Duct Height for
ATR Cases, Inches

Module Interconnection:

Figure 13 shows the module backplane interconnection dimen-
sions for wire-wra p with two and three wra p levels; a
wrapost plate with a multi layer printed circuit board ; and
an integral connector backplane multi-layer printed circuit
boar d . •

I
Maximum Module Envelopes
Table 9 lists the maximum allowable module envelopes after
deducting cooling, interconnect , and structure space from
the AIR volume using the assumptions given above. Up to
three module rows were used in defining the module widths
and up to two module l ayers were used in defining the module
heights. The subscripts on W and H in Table 9 refer to the
number of rows and l ayers respectively.

34
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~ Figure 13. Module Interconnection
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Ta~ le 9. Modu ’-  - .~ e 1opes

• MODULE HEIGHT FOR INTERCONNECT METHOD
— ~-1ODULE WIDTH H1 H2

ORE ENI - W 1 W 2 1 l~ 2 3 1 ]* 2 3

1/ 4 AIR

— A 10.06 4.78 3.08 1.94
B 6.53 3.23 1.94
0 9.96 4.84 3.13 6.73 6.89 709 7.23 2.99 3.15 3.35 3.49

3/8 AIR

A 9.90 4.80 3.09 2.72 2.38 3.08 3. 22
B 6.53 3.27 2.72 2.88 3.08 3.22

-
• C 2.80 6.73 6.89 7.09 7.23 2.99 3.15 3.35 3.49 

5

0 9.96 4.84 3.13 6 .73 6.89 7.09 7.23 2.99 3.15 3.35 3.49

1/ 2 AIR
A 9.92 4 8 1  3. 11 4.04 4.20 4.40 4.54 1.81 2.01 2.15
B 6 6 3  3.22 4.04 4 .20 4.40 4.54 1.81 2.01 2.15
C 4.06 6.73 6.89 7.09 7. 23 2.99 3.15 3.35 3.49

• 
0 9.86 4.77 3.07 6.73 6.89 7.09 7.23 2.99 3.15 3.35 3.49

L 3/4 AIR
A 

- 

9.96 4~~4 3 .13 6. 66 6.82 7.02 7 . 16 2. 96 3 .12 3.32 3
B 6.63 3.22 6 .66 6.82 7.02 7.16 2.96 3.12 3.32 3.46
C 6. 58 3.20 6.73 6 .89 7.09 7.23 2.99 3.15 3.35 3.49
D 9.76 4.69 3.00 6.73 6.89 7.09 7.23 2.99 3. 15 3.35 3.49

l AIR 
_ _ _ _  _ _ _  _ _ _  _ _ _  _ _ _

A 9.96 4.84 3.13 9. 28 9 4 4  9.64 9.78 4.27 4.43 4.63 4 . 77
B 6.63 3.22 9.28 9.44 9 6 4  9.78 4.27 4.43 4.63 4.77
C 9. 10 4.34 2.75 6.73 6.89 7.09 7.23 2.99 3.15 3.35 3.49 

I 
•

D 9.56 4. 54 2 .87 6.73 6 .89 7.09 7.23 2 .99 3.15 3.35 3.49
- 51
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I As would be expected , orientation A and D have nearly the
same al lowable module w idths for all short ATR Cases.

I 
Orientations C and 0 have the same allowable module height
for all AIR cases for a given interconnect method .

I From Table 9 it is observed that orientation 0 gives the
greatest module envelope compatibilit y with all ATR cases

( 

and orientation C gives the least compatibility . Orienta -
tion A and B have virtually equal module envelope compati-

I bility with all ATR cases, but the volume efficiency of

• using the AIR cases will vary with AIR case size for a

- • fixed module envelope. p.

It is interesting to note tha t a 9.10W x 6.73H module for

I the full AIR with orientation C is also compat ible with all other

short AIR cases with orientation 0.

It should also be noted that an approximately 3 x 3 module

I 

with incrementa l growth to approximately 9 x 6 is feasible.

Relative figures-of-merit for module and AIR case packagingI are shown in Table 10. These figures-of-merit consist of
ratios of the active circu it board area , AIR case volume ,

• I and cold plate/module interface (projected) area with all
dimensions used in inches. Key to the chart is shown at

- ; the bottom . Interconnecti on and orientation are defined
the same as in Tabl e 9.

Mean values for all orientations are shown at the bottom
of Table 10. The board area to AIR volume ratio increases1 with module size while the cold plate area to board area

-• ratio decreases with module size . The power density capa-

I bi lity as indicated by the cold plate area to ATR volume
• ratio is relatively independent of module size .

• 
I
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Tab le 10. M
~~~1e/AT R Pac~ - -g ing Figur es - f  ~er~t

~MOD ! 

— 

C~~~J~~~~i~pr2~ed SEM Present SEM

SIZE
ORI ENT. 

______________ _________ ________ ________ ________ _________ _______

1/4A I 1.06 .81
________ ______________ _________ ________ ________ — 

.26 .28 
_________ — 

.33 .27
B • 1.09 .84

• • 
• .18 .20 

_ _ _ _ _ _  — 
.2 4 .20 -

~~~

• I 
. 

—

D .99 .28
.24 .24 

________ _____ 
.67 .19 

______- — -  ~- -S -~~~- ~~~~~ ~~=S—~~~~~~~~~~~ 
_____ — ~~~~~~~~~~~~~~~~~~~ - - . •- . 5- - - -  _ _ _ _

• 3/8 A 1.43 .67 — ~~~ .51
.19 .27 

4 

.41 .27 
— ________ 

.54 .28 
—

B 1.48 .68 ~ .53 -—- - . .5 . >

.14 .21 1 .30 .20 
— ________ .38 .20 

_______

D 1.12 
- 

.89 .4L 
_

S - 
________ _____________ 

.21 .24 j
~~ L _____ 

.60 .22 
_______

1/2 A 1.04 •~~~ .98 i5 
-—

________ 
.27 .28~

__ 
__________________ ________ 

.29 .28 
_________ — 

.33 .28
B 1.07 L~~~~ ~~~~~ 1.01 .77

_______ .19 .20 
________________ _______ 

.21 .21 
________ 

.27 .21
C 1.40* .34 — ____

________ _____________ 

.21 .29 
________ ________ 

.89 .30 
_______

0 1.17 .42
_ _ _  _ _  

.19 .22 
_ _ _  

.54 .23
- xx

Boa rd A rea ~~~~~~~~~~~~~~~~~~~~~~~~~ 
— _ _ _

AIR Volume AIR Volume

Board 
Area

S
— S

* s 2 Spa n 
S

-

~~~ 38



— S . 1” ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
_ _ _ _ _ _ _ _ _ _  • ____

.1 

~1
•

1 NAFI

I Tabl e 10. Module/AIR Packagin g Figures of Merit (Continued )

MOD. Cl C2 Improved SEM Present SEM

J INTRC . 1 2 3 3 1 2 3 1 2 3

SIZE
ORIENT . _________ _______ ____ ________ ________ ______• I 3/4 A 1.35 .63 • .49 — ____

.2 1 .28 .45 .28 .58 .28
B 1.40 .65 __ .50

1 _______ _ _ _ _ _ _ _ _ _ _  — 
.15 .20 .32 .21 — ~~ .42 21

C 1.40 
— 

.50 
— ___

______ ________ — 
.14 .20 _____ _______ — ______ 

.39 .20

• I D 1.24 .45 — _____

j ______ __________ — 
.19 .24 .54 .24

1 A 1.00 ______ .94 .7 2

I .28 .28 
— ________ 

.30 .28 .40 .29
B 1.03 ___ .96 .74

.20 .2 1 .22 .21 .28 .21
• C 

— 

1.63 
—- — 

.54 ii - S

I 
_ _ _ _ _ _ _  __________ — ________ .09 .24 

_ _ _ _ _ _ _  

.27 .14 -- -

0 1.26 
— 

.46 - 

•S5 >

.19 .24 .54 .25

= _ _ _ _ _ _ _ _ _ _ _ _  _________ ____________ = —.5-—— _ _ _ _ _ _ _ _ _ _ _ _ _  = —SS-——----—-— -
SE/N 1 .1 1 1.52 .86 .56J _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  

.18 .21 .15.26 .24 24 .32 .24

- 
S xx

xx xx
-

Board A rea

- 
I

I I
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E. THE~1-~ VAL 5JAT ICs ’~-

• The objective o~ this task ‘-. t~~ ~lassify, char~cteri’e , ~~
evaluate the thermal performance of the variou s modules surveyed under
the module background task. Due to the s-implified thermal models used

for evaluation , they should not be used as a design guide.

The method of analysis described herein should be construed
only as a means for comparison of cool i ng techniques and overall
thermal capacities. The cooling methods analyzed for each module were
generally restricted to those methods intended for use by the original
module program/system application .

A total of thirteen modules were surveyed and analyzed using . -

• data gathered from the cognizant module developers. Table 11 lists the
modules which were considered for analysis and the source of existing
therma l data . Table 12 classifies the cooling methods characteris tic of
the module programs and defines the specific cool i ng methods intended for
each module program in the form of a matrix. It should be noted that all
possible cooling techniques for each module were not exploited due to the
l imi ted scope of this task and that the cooling method ma trix in Table 12
was not intended to reflect the cooling versatility for any specific

module.

Simplified thermal models were devel oped for each of the cooling
methods defined in Table 12. These models are shown in Figures 1 through
5 of Appendix E. In order to establish a common baseline for comparison
of module therma l performance , the following assumptions were made:

1. Inlet temperature of coolant fluid = 40°C.
• 2. Maximum device junction temperature = 115°C. • -

~~~~

3. Junction-Case therma l resistance for DIPS = 25°C/W
(representative of ceramic DIPS with gold eutectic die bond)

• 4. Junction—Case thermal resistance for flatpacks = 45°C/W 5
•5

• (representative of meta l case flatpacks with gold eutectic die bond )
- S 5. All modul~s are populated with the maximum number of 

S

IC’ s calculated from av iilab le board packaging area and device footprint

40
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Tabl e 11. Therma l Data Source Listing

J MODULE/PROGRAM DATA SOURCE

* SEM lA NAVWPNSU PPCE N Crane , Indiana

I * SEM 2A NAVWPNSUPPCEN Crane , Indiana

** F-.l4 Hughes Aircraft Company (Ivan Jones)
Culver City , California

** F-l5 Hughes Aircraft Company (Ivan Jones)

* 
Culver City , California

** MK 5 MIT Draper Labs (Geo. Lamantea )

J Cambridge , Massachusetts

** 4 -n IBM Corporation (Bruno Pagnani)
Owego , New York

* ML-l IBM Corporation (Bruno Pagnani)
Owego , New York

* ARPS Genera l Electric Company (Rod Moale)
Utica , New Yor k • -

• I * QED General Electric Company (Ron Bauer )
Pittsfield , Massachusetts

1 * SAM-D Raytheon Company (Joe Sis o)
Bedford , Massachusetts

* XN—l Naval Avionics Facility (Mike Stowe)
Indianapolis , Indiana

~~ MK 86 NAVWPNSUPPCEN Crane , Indiana

** AEGIS RCA (Henry Iriacker)
Camden , New Jersey

I * Thermal Report Submitted to NAVWPNSUPPCEN Crane
** Data Rece ived by Fonecon

*** Data Not Available; AEGIS Data Utilized

I 
41
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Table 12. coc~ing Methods

I. Direct Air Impingement

ii. Conduction; Convection From Module Fin

iii . Conduction; Convection From Cold Plate

A. Top of Module

• B. Both Sides of Module (Water Cool i ng for SEM 1A , SEM2A ,
QED , &MK 5)

IV. Hollow Card

COOL ING METHOD MAT RIX

MODULE I II lilA 1118 IV 1 .

- 
- 

SEM l~ 
* *(H2O)

SEM 2A * *(H20) S

H 
MK5 *(H2

0)

H 
4 i ~ 

* 
- .

ML-l 
*

- I

F-15 
*

ARPS 
*

4 
QED * *(H2O)

• MK 86 *

AEG IS *

SAM-D *

XN—1 
*

F-l4 
*

( ) Indicates Heat Sink Fluid if Different from Air

42 
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I (reference Appendix A , Table 1; package styl e 03 for 14 pin flatpacks

and package style 12 for 16 pin DIPs).

- J 6. All modules can acconi~odate component packaging densities
achieved by multilayer board interconnection technology (densities
utilizing roughly 65-75~ of available active circuit board packaging
area).

7. All modules are uniformly powered (i.e. power dissipa ted
per device is a constant).

8. Flow rates of the coolant fluid (judged to be representative

I of the intended module cooling applications) are as follows :
a. Cooling Method I - volumetric air flow rate is 2 ft 3/

-. minute and air velocity is 10 ft/sec .
b. Cooling Method II - volumetric air flow rate is 2 ft3/

minute and air velocity is 20 ft/sec .
c. Cooling Method lIlA . IIIB , and IV - air mass flow rate

is 3.0 lb/minute/kilowatt through cold plate heat exchanger with fin
stock from 10-13 fins per inch.

d. Cooling Method lIIB (water only) - wa ter v o l u m e t r i c

flow rate is 1.2-1.4 gallons/minute/kilowa tt.
-I- _ _ -

Based upon the above assumptions , the thermal capacity of each
module was calculated using the thermal resistance values suppl i ed by

- - 
• 

r 
each module developer . (The therma l resistance values supplied were

• L characteristic of pseudo worst case conditions , such as hot spot to frame
reference.) The overall therma l capacity was expressed as a conductance ,

• ~ r Q/AT = K , where AT is the temperature rise from the coolant fluid to the
maximum allowable junction temperature . Each module was evaluated using

‘~~~ r dual in-line packages (DIPs) and/or f latpacks ( f lats),  depending on the
compatibility of the module configuration in accomodating these packages.

• The conductance per unit of tota l module volume , K/V , was determined for
each module and the results 5howing the relati ve therma l capacities of

• the modules are in Figure 14. 1 -~•
~

_ i:
1~i [
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. 5
-

U.

.04
U-

~~- ~~-U~ U-
a-
U-

a-
U-

~
— —  .03 . —

a.

L)
— —

— —
U- ‘- -

c
a.

—
0-S.02 — a-.

a.
U-

< < c~ .~~
~D V Q ~

— — C\J C\j .— .— (\J (\J
— S -. ~~ Lt~ ~~ L~) (1) .—.

C~ C ~~ S I ~~ ~~ I C~ .— Q~U~I ~~ U ~~ LU LU LU LU LU LU LU LU ~~ LU I I 0~X ~ LI) Si) U) Si) LI) ~ ~~ LI) U) If) LI) ~~ C U- ~~ LI.. < ><

I II lil A 1 118 (H20) IIIB IV
AIR

Cooling Method

Figure 14. Rela~ive Therma l Capacities of Modules
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- - 1 The power density values were calculated from the K/V values

and are shown in Figure 15. These data are valid for a 40°C heat sink
• fluid temperature and a maximum junction temperature of 115 C in addi-

tion to the other assumptions made above. The conductance per unit
volume (K/V) was based upon the total envelope volume for each module .
Table 13 is a prioritized list of cooling effectiveness based on total
power per unit volume . Dual in-line packages and flatpacks are considered

4 independently so that comparisons can easily be made. Aga in , it must be
realized that this analysis does not exploit all possible cooling methods
for each module and this prioritized listing in Table 13 is only valid
for the cooling methods considered .

I

i i
-I
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5 -

•

~O LI) ~~~ C’.~ .- (‘4 (‘4 -Co — — ~~
. L4~ ~~ Ii) .— 1)

C) ~~~~~~~~ ~~~~~~~~~~ ~~ I I ~~~~~~~~~~~~ C ) —  .- i i a .
LU LU LU LU LU _J _J LU LU LU LU ~~ LU I ~ I ~~~~~~~C) ~~ ~~ (I) LI) Si) Si) Si) ~~ U) U) U) Si) ~~ U- ~~~

- U-
0 - — — — — — — — — — — — IL......

1118
I II lilA IIIB (H2O) AIR IV

Cooling Method

Figure 15. RelatIve Cooling EffecLiveness S
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Ta ble 13. Prioritized Module Cooling Effectiveness

- I  
_ _ _ _ _ _ _ _
Dual In—Line Packages Flat Packs

Power Density Power Density
Module Method (W/1N 3) Module Method (W/1N 3)

SEM 1A 1118 (1-120) 3.93 MK 86 I 4.03

SEM l A II 2.72 SEM l A II IB( H20) 3.99

QED I 2.50 AEGIS I 3.94

SEM 2A II 2.11 SAM-D I 3.89

SEM 2A IIIB(H20) 2.00 ML—l lIlA 3.27

J ML—l lilA 1.89 F-15 IV 3.07

F-l4 IIIB(AIR) 1.49 MK 5 IIIB(H 20) 2.76

QED IIIB(H
2
0) 2.74

• XN- l IV - 2.65

SEM 1A II 2.26

4 ~r III B(AIR) 1.97

SEM 2A IIIB(H2O) 1 .70

L ARPS IV 1.56

SEM 2A II 1.45

-

5
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F. COST ~‘~u~~S

~)‘~ ective of the cost bounds ~ .~~: ~ to develop upper bU-1 t ;ø r.
cost trade-offs for proposed SEM modules.

Selected typica l hypothetical module operational scenario data

were used in a life cycle cost model to show the cost trade-offs.

The spare flow model used , Figure 16 assumes there are NE
equipments receiving good modules from each base. In turn M bases
are supplied by a depot. 

___________ ___________

FACTORY IDF 
,J 

DEPOT ~_DD~~~~ BASE( s) ~~~~~~ EQU IPMENTS

___________ Removals
Retest Bad— Scrap

SCRAP Retest Good— .Stock

Figure 16. Spare Module Flow

Only one depot is assumed . The depot in turn is suppl i ed by
one or more factories. Both depot and bases are assumed to have only
spares to assure a given probability of meeting the spare requirement
during their replenishment time . The replenishment time for a depot
is tDF and for a base tDD~ 

Good modules flow from factory to depot to
base to equ ipment. Modules which are removed prom equipment flow back
to the depot via a base. At the depot removed modules are tested and
those testing good are returned to base with a depot delay time of tT ..

- 
~

plus twice the depot to base delay time t00.
I

- . - ~~~~

For the purpose of the mathematical model the bad removed - 
-

modules are assumed to be discarded at the depot. In actual practice 
- -

either failure ana lysis or repair and return to stock could occur.
There is sufficient over 5ap between module acquisition and repair costs

48
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that it will be necessary to look at specific individual module types

at a given time to resolve the advantages of repair vs. throwa way of
bad modules.

I
For a given case variation , all modules making up a system are

1 assumed to have the same number of 14 or 16 pin integrated circuits each

having the same failure rate and cost. All module types are assumed to

have the same system population. A constant failure rate with time has

been assumed .

The mathematical model used is given by:

- = (l+K L )KOCA IC ~l+2KQ8 t00 + KGB tT + tDF + t
L]

- + E4N
T

N d1+1 KL c A
Ic[~~

1+2
~~~

)t DD + KGB tT +
~~~~~
] 

(‘2)

A definition of the terms in equation 12 is g iven in Appen~tix B.

The possible combinations of parameters over their ranges give
• an extremely wide variation of values for equation 12. By taking typical

hypothetical cases which are comparable to expected widely used SEM

• systems, meaningful results can be obtained using equation 12.

• Table 14 shows parameters for cases representative of submarine
(1) and (2), surface ship (3) , and high performance aircraft (4) ,  sub-

S E -
~ systems.

[ Case 1 is an idealization of an existing system with averaged i~! •
~~

actual field failure rates. These systems are used on long patrols.
US

S
- I Case 2 is an Idealization of a newer system currently under-

developmen t which is similar to Case 1 with more complex integrated —
~

~~ I - - -
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Table 14. Typic fl Hypothetic al System Casec

1 2 3 4
(SUB) (SUB) (SHIP) (AIR)

tL~ 
System L ife 87 ,600. 87 ,600. 87,600. 87 ,600.

tDD, Depot Delay 2,160. 2,160. 720. 720.

tT~ 
Test Delay 168. 168. 168. 168.

t , Factory 4 ,000. 4,000. 4,000. 4,000.OF Delay
In du ced 1 1 1
Failures

No. Equ ip. 1 1 1 20

M, No. Bases 31 10 14 2

N0~ 
IC’ s/Equip. 17 ,200. 21 ,000. 1 ,000. 752

NT~ 
No. Types 20. 20. 20. 20.

R’ Spare Ratio 0.1 0.1 0.1 0.1

- 

- KGB, Retest Good 0.5 0.8 0.5 0.5

X IC ( F I E L D )  io_ 8 2x 10 7 2.45x10 7
(Extra-

A IC (60% CONF.) 
polated ) 4.895x10 7

~~ 
(90% CGNF.) J.54xl0 7

~~ 
(2l 7B) 2 .x 1O~

A ic (RADC -TR-67- 0.8xl0 6 l .287xl0 6
108 )

0.2 0.2 4. 4. . 1

K ‘ 
Operating i. 1 . 0.33 0.0571 

5 

• 
S
i

OC Ratio

NOTE: PROBABILITY OF ADEQUATE SPARES •-~SSUMED TO BE 0.98

50
Li
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circuits operating at higher junction temperatures. Its failure rates
- - - are extrapolated from Case 1.

I Case 3 is typical of any number of small to moderate sized sub—
systems for surface ship applications. A thirty day replenishment time
for ships store is assumed in contrast to the 90 days assumed for Cases
l and 2 .

The failure ra te of Case 3 is based on prediction by Mil -HDBK-2l7 8

of a similar complex i ty system .

- 
Case 4 uses the Heads Up Display of the F-l5 aircraft to establish

• 
th e number of integrated circuits and a number of failure rates both actual
and predicted .

All cases assume six months depot replenishment delay by the
factor y for spares. Cases 1 and 2 are assumed to operate 24 hours per day ;
Case 3 operates 8 hours per day; and Case 4 operated 500 hours per year. 

S 

-

The ratio of spares per module , R, during the life cycle of all
systems is assumed to be 0.1 , i.e. life cycle spare costs is lO~ of

• 
S system operating module acquisition cost. Ten percent was used since this

— is approximately the border line between a relatively insignificant cost
and a significant cost. It was also justified on the basis that spares
cost need s to be less than the thirty percent which has been achieved
and considered excessive in some instances. Another rational for the ten
percent choice is that the spare life cycle cost is approximately propor-
tiona l to failure rates and failure ra tes have relatively large standard

S deviations. A nominal R ratio greater tha n 0.1 could have disasterou s
life cycle cost impact for modules in the upper range of the failure rate

[ distribution curve.

I 
The hypothetical ~jstem cases l isted in Table 14 were analyzed

using equation 12 with failure rate of the integrated circuits as a
variable to find the number of integrated circuits per module which would
cause the ratio of spares per module to be 0.1.

51 _
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rate point plotted as a large dot on eac~ c~sc~ ~..urve on ~-igure ii. 

-

Table 15. Number of Iiitegrated Circuits Per Module for 0.1
• Ratio of Spares and 0.98 Probability of Adequate

Spares

IC
FAILURES! NUMBER OF IC!

CASE HOURS MODULE

-1 (SUB) io
_8 

32 *

2 (SUB) 2x10 7 2

3 (SHIP) 2x 1O 7 5

• 4 (AIR ) 9.5x lO~
7 8

* 36 If 0.9 Probability of Adequate Spares,
no change for cases 2, 3, and 4.

A comparison of acquisition cost of electronic modules , for a

given notiona l system, derived from vendor sell prices for different 
I 

-

quantities of differently packaged modules is shown in Figure 18. While
the dollars per integrated circuit slot for some other system may differ

significantly from that shown, the relative cost for the different
packaging schemes should remain approximately the same . It should be

-
, noted tha .. coninonality is more important than size. The SEM special

module is approximately 2 x 3 inches and fal ls on the same line as a
6 x 8 module while a SEM standard is approximately one third the cost
for the same number of integrated circuit slots. - 

•~~ •

Life cycle cost significantly depend s on the number of integra ted I 
•

circuits per module and their failure rate. It also depends on the func- —

tional commonality of modules within and between systems. Predicted 
-.

integra ted circuit failure rates would indicate that five to io circu its per Fi ~ .

module is the boundary of spares cost significance. Lack of comonality
can result in a three to one increase in the acquisition cost of modules. 
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— --—--S- -• - - -~~~-~~~~~~— - -~~S . •

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



— 
... - - - 

~~~~~~~~~~~~~~~~~~~~~ 
. 

- - -~~~‘-, ---, —--- ~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~~~~~~~ ----

-,

I NAFI TR-2146

.
~~~ 1 10,000 .

I .

H 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

(10
8
, 32) (2 X 1O~

10-. “\1”N, (9.5 X ~~~~ 8)

J ~~~ (2 X 1O~~,2) ‘
\j ”r~~

j 1-.. ~~~~T~~~~
-
~

IP 
IR

- 

io~~~~ ~~~~~ io 8 :~
-
~ 10

_ S

-I INTEGRATED CIRCUIT RELIABI L ITY FAI LURE S ( F IE LD ) PER HOUR , A IC
FIGURE 17. NUMBER OF INTEGRATED CIRCUITS PER MODULE FOR 0.98 PROBABILITY

OF ADEQUATE SPARES AND 0.1 SPARE RATIO.
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I G. USE ENVIRONMENT
The objective of the subtask entitl ed Use Environment is to

determine the environmenta l specifications , the mounting system , and the
— I cooling methods that should be considered (and made available) for the

design of a proposed Standard El ectronic Module. This was accomplished
through a program of interviews with personnel located at various installa-
tions who prepare avionic specifications , who design avionic equipments ,
and who rework avionics equipment after a period of in-service usage.
Interviews were also held with personnel who design the Environmental Con-

1 trol Systems (ECS) for high performance aircraft and who design missile
electronics.

I To summarize the results of the subtask , the following trends -

in avionic design were identified :
1. Avionic equipments are hard mounted to the airframe .

2. Avionic equipments are cooled by:

I a. Air
b. li quid only , if required .

I 3. Av i onic equi pments are cooled from the edge of the component

mounting card . — - -

4. Avionic equipments are cooled by less humid air then previously

I availabl e because of the advances made in the ECS.
5. Avionic equipments are designed to fit particular spaces 

- 

-

rather than a particular box configuration (i.e., Austin Trumbull Radio

• (ATR) racking configuration). 4 ‘

1 
6. Concern for low Mean Time Between Failure (MTBF) of

- 

-
~ avionics equipments and the need for improvement has become evident.

• 7. Use of lower temperature air for avionic cooling to increase
the MTBF has bec ome a practice.

8. Recognition that a portion of the low MTBF of avionics is -

1 attributable to ground support equipment problems.

~ I Failure of present electronics in avionics equipment due to 
-

use environment may be attributed to the following : -

55 
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1. Te er~tu~~ 
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on h & ’  r -~ -fi)rmancc aircraft , avionic designers have increased rII p _
~

ness of the equipment which has resulted in higher component tempet a turt-~
Air Force field failure analysis indicates temperature has been T~~€~ iac~o~-
most likely to cause failure in avionics. The high performance air c ,ar~
is not the only u~.er of electronics which has been plagued with ~.enioe~-a-

ture failure. Reports availabl e on Navy surface ships indicate e~ce~si-,~
temperature has been the major cause of electronic equ i pmen t fa lure .
In the case of Naval surface ships the excessive temperature has not nor-
mally been due to equipment compactness but to poor installation and/or
maintenance. Whatever the cause , temperature , in excess of that allowable
for high MTBF , has been deemed the chief cause of field failure of electronic
equipment.

2. Vibration & Humidity - Vibration and humidity form a second
group which has been considered to be a large contributing factor in
overall field failure of electronic equipment. The Air Force indicated
that 36:~ of the field failures reported have been determined to be due to
vi bration or humidity . The visit to the Naval Air Rework Facility (NARF)

was a point in fact because the A-6 was being retrofitted with a different - 

S

type of vibration isolator , and the F-l4 was being provided drip l oops in
the equipment inter-connecting cables. Many field failures of electronic
equipment could have been prevented if sound design principles had been
applied to vibra tion and humidity problems.

3. Shock - The Use Environment subtask indicated tha t the time
of application of the shock loading on equipment in field service was
quite different from that defined by the general equipment specification .
Further , the l ocation of electronic equipment in the aircraft structure
could cha nge considerably the l oading imposed upon the equipment. A

4

. revision of the genera l equipment specification for electronic equipment 
—

which would detail shock loading time more closely to that found from
field experience could reduce field failure due to shock by requiring
more realistic equipment mechanical designs.

56
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I Key endronmental specifications for air , ship, ground , and

missile equipment were tabulated and are listed in Appendi x C. These data
were taken from general equipment specifications and specifications for
specific equipment.

I These reference data were accumulated with the objective of S

establishing a comon module environmental specification to satisfy the

I majority of applications.

I A module is exposed to a somewhat different environment than the
equipment of which it is a part . Translation factors between equipment

I requirements and module requirements were develo ped by a team of test and

desi gn engineers . The translation factors are intended to represent
wha t can be achieved practically with good engineering practice .

Module environmental shock and vibration requirements derived
from the reference data and translation factors are listed in Table 16
in the form of equipment requirements and the translation factor needed
to conver~ equipment requirements to module requirements.

Shipboard shock and airborne vibration requirements include
all but the most extreme environments which are not too comon with the • 

S

exception of large missile launch vibration requirements.

Proposed module environmenta l specification requirements covering

the majority of applications are listed -In Table 17.

-
~~ 

1
I •
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I TA BLE 17

I MODULE ENVI RONMENTAL REQ U IR EMEN TS

I. Shock: M IL-STD-8l OC Method 516 .2 Procedure IV , high intensity
test flight vehicle equipment (figure 516.2-1).

- II. V i b r a t i o n :  M I L- STD-8 10C Method 514 .2  Procedures I and IA
modified as follows:

1) Curve H of fi gure 514.2-2 (page 514.2-22 of MIL-STD-8 lOC)

shall be followed except the lOg specification shall be
increased to 50g.

2) The max di splacement (inches - Double amplitude) shall
be increased from 0.10 inches to 0.50 inches for curve H

figure 514 .2-2. 
- 

- 

-

3) Resonant dwells Method 514.2 Section 4.5.1.2 shall be
eliminated.

i
4) For the random vibration test the random vi bration en-

T ve lope shall be in accordance with fi gure 514 .2-2A
-
~~ Random Vibration Envelope with a W0 of 1.5 G2 /Hz for

functional and 2.0 G2 /Hz for endurance tests .

~~~ Temperature: The max. semiconductor junction temperature

[ (operational) shall be 125°C with a max. module interface
temperature of 85°C. The module shall also

• opera te  at - 5 4 ° C .
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TABLE 17 (Cont.)

IV . Altitude - Sea level to 70 ,000 feet

V. Humidity - MIL-STD-8 1OC Method 507.1 Procedure 1 with the _

exception that the maximum humidity be increased to 100%.

VI . Fungus - MIL— STD--810C Method 508.1 - Procedure 1 .

V I I .  E xp l o s i v e  P r o o f i ng  - MIL-STD -810C Method 5 1 1 .1 Procedure 1. -

VII I. Corrosion Resistance - MIL -ST D-8 lOC Method 509.1 Procedure 1.
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I H. TRADE-OFF CRITERIA
1 . DAT A REDUCTION

S 
The objective of data reduction is to manipulate raw data into

a meaningful form that can be used for decision making . The flow path used
to reduce the diverse inputs into one meaningful statement is given in Figure

19. The process starts with a parallel effort, the definition of criteria

and the gathering of data . This is a parallel effort since the criteria

J requirements must be tempered by determining what data is available. After
the list of criteria and their definitions nave been established , they are

J validated to confirm that they ~ctua1ly measure the desired parameter . With
numerical data , this amounts to making sample calculations and observing
the results. With subjective data validation is often done by having the
criteria rev i ewed by a panel of experts and sample evaluations conducted on
known “benc iinark” data . This group also establishes boundary conditions which
delimit areas of physical , technical or cost parameters that are desirable.

These criteria are now prioritized in order of importance by using

a “forced paired comparison ” tec hnique. This technique forces the rater
to make a judgment of the relative importance of each combinational pair

I of criteria , one pair at a time. While the total number of combinational
pairs may be quite high , at any one time the rater need only be concerned
with the relative evaluation of two i tems. The result is a score which is
the number of times that a criterion was judged to be the more important.

) The process also develops a raw “weight ” or definition of how much more
important one criterion is over another . These weights may be modified by
the judges for parti cular applications and validated in the same manner

- as the criteria.

After the criteria have been pr ioritized and weights established ,
the modules are evaluated with respect to the criteria. Taking each ~~~~.

1S criterion , one at a time , the module data are examine d and the modules are
prioritized by use of a forced paired comparison for that one criterion .
By repea ting the process for a l l of the cr iter ia , each module is completely

j 1

~~~~~~~~luated and a composite module score can be developed The “best” module
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Figure 19. Program Flow Chart
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I can be selected or a composite module can be developed utilizing the best
features from severa l modules. An iterative l oop is included in the flow
path to acconiiiodate problems that migh t arise such as new technology

I inputs , a process difficulty in a new composite design , etc .

1 2 . CRITERIA
In order to insure tha t all of the raters used the same rules

J with which to rate , each of the criterion was defined as listed in
Appendix o . The order of this list is randomized and is the same order
that was presented to the r_ it ing coninittee . Figure 20 is the prioritized

I order of the criteria , the most important criterion appearing ~t the top.
Appearing next to the criteria are the raw weights associated with that

I I criterion. These are a measure of the relativ e importance of the cr-I-
ten on , indicating ties , etc. These raw weights give a weighting spread

J from the most important criterion to the least important equal to the
number of criteria , or in this case , 27:1. The rating comi ttee subse-
quently modified the spread from 27:1 to 4:1. This modification retains
the i nformation on ties , etc . but lim its the weight or importance of the
top-rated criterion to four times that of the least important criterion .

I
H

I
iH ’  -
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4:1 RAW I I
WEIGHT WEIGHT SCORE CRITERIA ORDER .1
.0949 .0740 26 Functional Flexibility -

.0921 .0712 25 Number of Pins

.0864 .0655 23 Reliab ility/IC

.0864 .0655 23 Watts /Volume
• .0807 .0598 21 IC Operating Cost/Hour

.0778 .0569 20 SEM Compatibility

.0749 .0541 19 Applications Flexibility - Mechanical

.0749 .0541 19 °C/Wat t/Boar d Area

.0749 •0541 19 Technology Compatibility

.0722 .0513 13 Environmental Flexi bility

.0636 .0427 18 Weight / IC

.0608 .0399 14 Reliability - Mechanical

.057 9 .0370 13 Quality -

.0551 .0342 12 Thermal Resistance - Internal

.0551 .0342 12 Volume/IC

.0522 .0313 11 Producibility

.0494 .0285 10 Number of Pins/In 2

.0494 .0285 10 Cost of Module

.0465 .0256 9 Cost / IC 
—

.0437 .0228 8 Testability

.0437 .0228 8 System Maintainability S

.0380 .0171 6 General Mechanical

.0323 .0114 4 Aspect Ratio 
-

- 
. .0266 .0057 2 Connector Flexibilit y

.0266 .0057 2 Incremental Growth -

~ ~

Si

.0237 .0028 1 Extraction/Insertion Force H

.0237 .0028 1 Pin Spacing -:

Figure 20. Prioritized Criteria Order

1- -I ~
64 ~j L1

, . - - —•-- - 5 .5—S---_-S-— ——---—- - -  —.5-- —----5- — ~~~~~~~~~~~



- 

~r- . - -~~~ ~- .

- I 
-

I NAFI

V . CONCEPTUAL MODULE DEFINITION

L- I
A. As a result of the various parametric and non-parametric module

I packaging studies performed , a number of candidate conceptual modules
were identified by NAF I and NWSC , Crane . Five differing conceptual

I modules were presented by NAFI/NWSC at the 7 April 1976 SCM R&D
technica ’ rev iew meeting at NAFI. An additional candidate module was

‘ 
considered subsequent to that rev i ew. Presented herein are the physical

S parameters of these modules , the rationale for their selection , and some
thoughts regarding their continued consideration as a candidate con— S

-t ceptua l module or module family.

1 The physical parameters (module size , active circuit board area ,

and I/O pin count) and type of therma l interface for the initial five

j conceptual modules are provided in Table 1~ . To provid e an insight into
S why these particular module concepts were selected as candidate new SEM

I modules and their applicability to the results of the packaging studies , 
5
-

rationale is provided for the selection of each of the modules

.1 CONCEPTUAL MODULE fl: The primary consideration for selection of this
module was sizing the active circuit board area and I/O pin count to the

I results of the function background task. The function background task
concluded that a ~rinted wiring board with 13.8 to 15.7 square inches of 

S -

I active component mounting area will allow packaging 95% of the 83
function data base, wi th an optimum active component mounting area of

- - 12.5 to 14.3 square inches (based on the functional flexibility analysis).

S 
Additionally, the function background task conc luded that 102 I/O pins

-‘ wil l  allow packaging 95% of the 83 function data base , with an optimum
pin count of 80 (based on the functiona l flexibility analysis).

• 
~ I Therefore , a module with 13.8 square inches of active component

mounting a rea and 100 i/O pins provided a near idea l fit with the

I funct ion background task results. Other considerations inc luded sizing
the height in order to accomodate two 22 pin or one 40 pin DIP vertically,

65 
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while restraining the height such that the modules could be utilized

back-to-back within the height of the ARINC 404A AIR enclosure (modules

insert from top and from bottom of ATR enclosure). The module span was

thereby able to be sized to be compatible with the existing SEM 2A modu le

span. ATR enclosure compatibilit y inc l udes the 3/8, 1/2 , 3/4, and full
AIR size . (Note: See Section IV.D . for discussion of conceptual module

compatibility with various AIR enclosures.) Incremental growth was
established by providing for a one-half span module (3.2 x 2 .4 inch) with

40 1/0 pins to accommodate less complex functions , and a double pitch

module (3.2 x 5.4 x 0.6 inches) with 200 pins to accommodate more complex

functions. S

-
-

8 CONCEPTUAL MODULE #2: The primary criteria used in selection of this
S conceptual module was sizing the span to a full ATR enclosure. The active

component mounting area and I/O pin count exceed signifi c~nt1y the require - - 
S

ments derived from the function background task , and are therefore considered
compatible. The module height sel ection rationale is identical to that
of conceptual module #1. Incrementa l qrowth was established by pro-
viding for a one—hal f span module (3.2 x 3.4 inches) with 60 1/0 pins to
accommodate smaller level functions , and a double pitch module (3.2 x 8.4x 0.6
inches) with 320 pins to accommodate more complex -f-inctions.

CONCEPTUAL MODULE #3 (XN-1 PACKAGE ): The XN-1 module package concept
originated from the All Applications Digita l Computer (AADC) program .
The concept originated as a technique for packaging the 3-inch whole LSI

“V wafer , thereby requiri ng a zero-insertion force (ZIF) connector to pro-
vide the requ i red quantity of I/O pins. The hollow card approach wi th
a center heat exchanger was chosen in order to be able to dissipate the -

‘S

heat associated with the whole wafer technology . The module concept
selected as a candidate SCM module was the flat-pack configuration which 5~~

.

allows for mounting of a circuit board on both sides of the center heat

J
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As with concept #2, the module active component ilounting area and 
-

I/O pin count far exceed the requ i rements derived from the function

background task, and are therefore considered compatible. The module

is limited to ½ ATR enclosure compatibility . The primary criteria for

inclusion of the XN-l package as a candidate module were its tremendous S

I/O pin capability and the investment to date in this packaging concept.

C ONCEPTUAL MODULE #4 (Improved SEM): Improved SEM is defined i~s the
existing SEM (lA , 2A , and 2B) overall module dimensions with the circui t
board ext~r-t ni through the fin area to the top of the module , the side -

•

guides (rib~) extended to the full height of th~ modu~e and inc~~~ s~ .i - .

in span b-, .09 inches (each side) and the 2.~ °-C-~in connector exp~i~ded
to 100 ~ir~s by filling in the center space. in a similar manner , tie r; ~~~~~

2B modui c connecter is ex tended from a capability of 160 to 200 pins. -- ‘

The primary rationale for including the improved SEM as a candi’Jate

~ conceptual module was to capitalize on the investment in this program
by maintaining total compatibility with the existing SCM module fa:nily. -

In addition , its selection is well supported when comparing the improved
SEM physical parameters with the outputs of the packaging studies. The 

- 

4

improved 2B module is compatible with the function analysis results in S

both active component mounting area and I/O pin count. Al so, the im-
proved 2A module provide c sufficient active component mounting area to
accommoda~~ approx imately 60 percent of the 83 function data base. Im-
proved SEM provides compatibility with all AIR enclosure sizes in I esti-..

gated (1/4 , 3/8, 1/2 , 3/4, and full). Incremental growth is pr~v ided
in both module span and pitch (thickness). In addition , improved SEM 

-

more closely fits the results of the cost bound s task (module cost trade- I 
- 

-

off analysis) than any ot~’ier conceptual module selected . -

~~

CONCEPTUAL MODULE #5 (Air Force Candidate Concept): This concept ,
- 

- 
proposed to the Air Force by Westinghouse , consists of a mother , daughter , a

ba by board approach where the baby board is considered the SEM . The
daughter board (6.2 x 9 inches) is sized to a full ATP enclosure. The
SEMs (baby boards) can be of various physical sizes dependent upon the

68
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I circuit function being impl emented . Interconnection of the SEMs to the
daughter boa rd can be accomplished by either direct soldering or by pin
and socket connectors.

I
This concept was included as a candidate conceptual module because of

its potential functional flex ibility and potential high density , light
weight packaging approach. The analysis approach was merely to monitor 

- 

-

the Air Force progress and analysis of this concept.

J 
B. Section VI . of this report provides a summary of the results obtained
from application of the 27 module trade-off criteria (See Section IV.H.)
to the conc~~tual modules, except for concept #5 due to the lack of suffi- —

d ent technical data to adequately assess this concept. In addition to
this analysis , the conceptual modules were evaluated from an engineer-
ing judgment viewpoint to assess the worthwhileness of continued considera-
tion as a candidate conceptual module or module family. This judgment was

J 
based on past engineering experience and that gained throughout this
module packaging effort. These judgments are as follows :

CONCEPTUAL MODULE #2: The aspect ratio (
~
) of this module is less ~~~~ -

than idea l from both a mechanical integrity and a therma l viewpoint.

I Potential exists for undesir able vibration characteristics. Inadequate
therma l characteristics may result due to the large thermal resistance
for components mounted near the center of the module. The most feasibl e
approach to resolve the potential problem areas would be to size the

• 
I 

hei ght of this module to the AIR enclosure , if a need f or a module of -
‘

this physical size can be established . In conclusion , concept #2 as
it currently exists will not be given further consideration as a candi-
date SEM module.

I CONCEPTUAL MODULE #3 (XN-l PACKAGE) : The feasibility of this concept
depends upon the availabil ity of a reliable , producible ZIF connector
and the development of a DIP module configuration. Based on testing of a
ZIF connector configuration at NAFI and a survey of current industry

f 69

--S



~ 
~~~~~~~~~~~ -~~~--- - — - -~~ S -~~ - ‘5 - 

~~~~~~~~ ~~~~~~~~~~~~ 
— - 

NAFI TR-2l46

connector manufacturers , it is judged that the ZIF ~y:-E- connector ~s
not ready for military module usage at this time . This judgment is based
on the lack of a dependable and reliable mec hanica l configuration and the
lack of established reliability data for ZIF connectors. In addit ion ,
development of a practical and thermally adequate modu~e configuration
for DIPs presents a challenging engineering problem . It is intended
that the test and evaluation of an improved ZIF connector in a nechar - i-

cally stable hi gher l evel package, to be performed at NAFI in early F~ 1977 ,
w ill pro-~ide ~hE da ta to ‘ie ’p-m ine ~ -ether the XN- pa~k~ge conc~ , t should 1 - 5 5

~ furthe purs ued . - •

CONCEPTUAL MODULE #4 (Improved SEM ): It is concluded that th~ improved -

SEM developmen t should be continued , and a determination made whether ar
additio nal SEM module or module family is required .

CONCEPTUAL MODULE #5 (Air Force Candidate Concept ): The proposed 
-

manner in which the SEMs (baby boards) are to be attached to the daucriter .5

board raises concern in the following areas: - -

- Therma l interface (and resulting therma l efficiency) a

L 

- Maintainability

- Testability - -
- Handling (damage due to lack of protective surfaces)

i hese concerns are shared by the Air Force sponsoring activity who are
not considering this approach for their near term standard avionics
mod~J~ . The conclusion is that this concept be removed from the cindi-

S date conceptual SEM module listing .

C. Subsequent to the estab1is~ ient of the five conceptual modules , an Li
industry source proposed a distinct module packaging approach for avionics.
The approach consists of a package measuring approximately 0.6 x 1.25 U
x 1.0 inches with the components mounted cordwood style between two
printed circuit boards. The IC capability of this module is approximately

70
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equivalent to an existing SEM lA module. The u~idu1 e contains a connec tor
for mating to a daughter board dod 15 mechdnlca y ~ec~ red to a therma l
plane on the board . The daughter board can contain 21 cordwood modules ,

I 31~i is 1/2 MrR ~ompatib1e . Funttional compatibility with Lxisting SCM
is pruposed .

An attempt was made to evaluate the module on t~e basis of the 27

trade-off cri teria , but sufficient te~nn i ca1 da ta w~r~ rot avai laole to

I pe’forui a valid ufld~y S i S .  A sign i fican t voLme and ~~i~ ht advantage over

existing SCM is claimed , but the proported advantages were not validated 
S

• as of the preparation of this report. Concerns exist ir the areas of
pru du cibi lity , therma l adequacy , dnd relia bili ty. A preliminary cost

analysis was performed at NAF I wnich indicated approximately 40 percent
-

~~ higher production cost than a functiona lly equi’~alent SEM modu~e in quanti-

ties of 100 to 500. The industry source is planning to invest a low level
of IR&D fund ing to investiga te producib ility and therma l efficiency .

The inherent difficulties of a cordwood packaging concept suggest that - 1
it not be considered for a standard module concept. There are likely some
unique applications where the use of this concept is well suited , but it
is believed that these are l imited . The results of the industry IR&D
efforts will be monitored .

I

I
*

1 5
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VI .  MODULE TRADE-OFF RE ULTS

A. BACKGROUND MODULES
• The SCM module evaluation effort exam ined data from 13 existing - :

standard module prog rams: SEM 1A , SEM 2A, SAM D, AEGIS , MK 86, MK 5, QED ,

ML 1, F 14 , XN 1, 4Tr , F 15 and ARPS. In addition to redu cin~,j the data
for a 4:1 wei ght as determined by the evaluat un a o r - t ~ Ltte , we ’~~rit a . - r ~
run Cf ~ a 1 :1 , 2H , 8:1, l6 ;I and 27H ratiu between the iosc .:iJ ~ cs~ ~-- j
important criterlo” . Thesn results are ai’:e’ in Fi’~u~e 21 It is

S 
1Jp ai -ent that .:ii e results tire t~~t -‘ci ’ , 

~~~~
- 

~‘~i t - v e  ~c cr~ 
- a we~~~t - a~

the top t::- ’~e c~nd ’!a1:e niodu~es and ‘he bot~~ ’ ~hr- rnr — d u l~~ do r1~ 
-
-

change as th:: wci ghts are ‘i~r~r’~ ~ -c--’ 1:1 t ’ 27:1. The only ch~n c~ 
- ‘

~? a

modest shuffl i ng of the n~ d~le 7 mod~le~. . 
- -

B . CONCEPTUAL MODULES
After evaludting the reduced da ta on the ,3 background modu ’es,

five paper-design conceptual modules were developed and evalu at eu along
with the or ;inal 13 background modules. These conceptual designs were
C#1 , basi ca ’ly a SEM 2A mod’ile 1~hat is 3” high or 5.6 x -~ i nches ; C~~,
a lar~ t~i- module , approxima ti;i y .~ x 9 inches that wi~ 1 efficiently fit

- 
- a f~l1 ATR case; IMP 1A , an im proved SEN 1A module that allows tr~

circuitry to extend up into the eseni. urea , iMP ~~ an improved
SEM 2/- module tha L allows t’~e circuitry to extend ue into the pn 3seet

• fin ari~a; and IMP 2B , an improv ed SEN 2~ ouule tha t dHows the .Jrcuitry
to extend up into the present fin area . Again the analysis w - s i- ...i ~~r

a variety of differen t criteria weights. The re~;uits are shown in - igure

22 -ii d a qain the results did not appeai- to be st~. .,iti~e to ~~~h t n ~. 
1 

-

~~

,

The lack of any modules specifically designed for aircraft appli-
cations in the top third of the prioritized list led to questiu iri g the basic
validity of the origina l criteria with the supposition tha t they might

~)rO duC,~ a bias aga i nst “aircraft ” modules. In an effor t to investigate
any potential bias of this type , another run was made not using the joint

- 55
- - cr iL ’Lria - e~el .~~e~ by the er tire rat~nç~ committee but rather the r r ta er ia

developed t j  r~prese~i tdtive~ 
!rom W P~ P The pr i oriti~~d module l is t I72
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i 
SUMMARY

WEIGHT WEIGHT WEIGHT WEIGHT WEIGHT WEIGHT

1 1:1 2:1 4:1 8:1 16:1 27:1

SEM lA SCM 1A SEM 1A SEM LA SEN l A SEM 1A

J SEM 2A SCM 2A SAM D SAM D SAM D SAM D
SAM 0 SAM 0 SEN 2A SCM 2A SCM 2A SEM 2A

I AEGIS QED AEGIS MK 86 MK 86 IlK 86

MK 86 AEGIS QED AEGIS AEGIS AEGIS

QED MK 86 MK 86 QED ML 1 QED

-1 MK 5 ML 1 ML 1 ML 1 QED ML 1

M L 1 M K 5  MK5 M K5 MK5 F l 5

.1 4 i r  4 i r  4 i i  4 i r  4 i r  M K 5
F 1 5  115 F l 5  115  F l 5  4 i r
Fl4 F l 4  Fl4 114 F 1 4 F l 5
XN 1 XN 1 XN 1 X i~ 1 XII 1 XN 1

I ARPS ARPS ARPS ARPS ARPS ARPS

Figure 21. Thirteen Existing Modules Candidate Order

I

1
: 1  
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I NAFI

based on a 4:1 weight ratio is given in Figure 23. Noting that there was
not a significant change in the order of the moau les ii, this list , another
run was made using an “aircraft criteria ” . The ‘ airc raft criteria ” puts

I VOL/IC , WEIGHT/IC , RELIABILITY/IC , NUMBER Ot- NNS~ ano Cc~T/IC at the top

of the prioritized criteria list with the top tIv ~ weigrits and tne

f rema ining 22 criteria given the remaining 22 weights in their proper
- descending order . These results are given in the second column of

Figure 23 and aga in little change is noticed - i i  tre ritc~uie ar der. A

- slightly more radical approach was taken next which usea ~~~ the five
a- “aircraft criteria ” with a 1 :1 weight. A fina l approach was to use only

two criteria , WEIGHT and VOLUME , the two most often cited cniter~ i as

being important in aircraft applications. The results for these t~o ~-uns

are also given in Figure 23 and in both cases the results do not o~~~er
greatly from the origina l runs using the joint criteria developed by the
SEM rating committee .

4

p.

.
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WPAFB “AIRCRAFT AIRCRAFT WEIGHT
CRITERIA CRITERIA” CRITERIA & .OL
WE IGHT 4:1 WEIGHT 4:1 ONLY (‘II /

D l -
liP 1A P’~P IA C# 1

SEN 1A SCM 1A C# 2 
C~ 1 -

IMP 2A C# 1 MK ~ IMP 2A

C~~1 IMP 2A IMP 2.- I~?2B

MK 86 SLM 2A i~IP 1~

AEGIS MK 86 IMP 2B SEN 2A -

SEN 2A AEGIS ML I MI I 
S

- 
- 

SAM I) ~~~ 0 ~

QED iMP 2B QED ~r ’ 86

I ;~~ :c ~~ ~~~
‘
. M • - s

IlL 1 ML 1 SAM D F 14 
- 

-

H MK5 C#2 ~~~ A~~TS

Cl 2 MK 5 XN 1 SEll 1A

F 14 F 14 MK 5 ~~- i~

Xli 1 XN 1 SEM 1A SAM D
5,5

_

I -

S

4 1! 4 11 ARPS 1 1 5

F 1 5 F 1 5  X M l  Li
.‘

~~ ARPS ARPS F 15 I, RPS ~- -~~

Si_
I

Figure 23. Module Trade-Off Order for Spec al Criteria -~~~

~ 
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VI I. NAVY/INDUSTRY REVIEW COMMENTS

I
A. As the opportunity arose, the module pacKaging studies and resulting

I ~cn~~ptua1 mod~ iss we’.~ presented to Naiy and i ndustry representatives
foa- their red~ L U  a,al coulnent. nIn e it is recognized that a formal
\a iy/ inuustr~ s e-fl eW ~ planneu ~iur1si ] the ~~su - ng nio~ths , the comments
pr ovided to date pro-nde an interes-~ing insign t tc- the module selection
task and are wortny ~f rev i ewing. The coments ‘eceived are not quoted

I verbat in , ouc it. is oe;ieved tnat tne trend of thought is substantially
as stated herein. Since or ea~n occasio-~ the audience was not aware that 

—

the comments mi ght be pu L-lisn ed . anonymity wi l l be provided to the m di-
vii ua l and hL activity/company.

1 . (Existing SCM userj - ihe packa ging problem presented when attemptir g

I to mix existing SEM and a new moau le of a different height withi n the
same higher leve’ package is sig— ificant . ‘4r~u1~ question wide-spread

~Lc;~ of old anu new n- ~~ ie~ w~tri i n tn~ same b ox .  For a new module ,I • a~~-;~ DIP (i.e. 40 pins )‘ -~~ at~r) compatib ility is required .

2. (Non-SCM user) - Concern for compatibili ty with ~xisting SEM
should be a p-im ~s consi -i~c t ion in the se1ec t~on ~

‘-
~~ a new module form

factor. The marginal gain in circuit board a~ca for conceptual module
#1 over “improved SEM ’ is certainly not worth the loss in SEM compati-
bility . The “improved SEll’ 2B module would clearly be a superior choice
over conceptual module #1. The ma turity of multi -layer boards and inter-
board connection techniques support the choice of the “improved SEll” 2B
over concept #1.

~~

- J 3. (Non-SEN user , but familiar wi th program ) - Conce ptual module ~l
appears to have approxima tely the required circuit board area . Do not
be
~~~e that “improved SEM’ nas sufficient circuit board area , but it is

an ~nteresting approach and should be considered .

1 4. (E x i s t i ng  SEN user ) - Cannot imagine many , if any , di gita l func-
tions having intersystem commonality that would not fit on an “improved1 77
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SEN’ 2A module. A 100 pin i/O connector may be require~, but h e j ~-.~i-~
that 80 p ins would satisfy most all requirements. Min itn ui - compalii~i~ tty I
of any new SEM module with existing SEM snould be tie blade and tni i i

fork connector on 0.1 inch centers. I
5. (Existing SEM user) — Technology is driving the reni ired mod’fl’-~ 

-

circuit board area smalle r . However , h-igner l~ve1 func L~ r’ - • r f  . -~ I - r ir ; -

~ 1~ iti — i~ ~/U -inS. The Lero ins ert io ’ orce cc. - ~~~~
- to~’ ~~~~ ~~ ‘‘ ‘ 

~~
to satisfy future module fun cti oi r~,Jui-?m ~nts.

(~ ; istia ; SEM us~ ’) -

a. Ca~not irn-ig i -
~-~ an~ ~1ectron 4 . f u - t 1 - - - i  I~ s~ - , I t] —

~
- - -

~~ -~~~~~
‘ I

inters ~t-~m cn- i~rr -ial ty r.nt wo-j i d ~~ c~~cr a j u , ’~ T ’ t ~ ri — - : ‘ - - )fl

Al l  ~~~~~~~~ ~~C - : - ~i~c ~~~~~~ L ~~~~~~~~ ~~ -: w~th ‘~~r ~~~ ~~~~~~ ~~~~~. - r .  

-,5

SC~i ’ ~ modu le would ia’,~-~ su ffici2~ . board area ~nr tr~- •in u- - i~~’, ~~~ -~~ ~~~~~~

Tne oa~ance would fit e~~iIy on an ir~-oroved SEll ’ 2B modu~e. Then: ~~~~~~~

only a few large function modules th~t can be i v~ 1ied as h~’ ~~ ~o~- - - - -

tial iit ~ .~~js tem commonality These will f~t on the “~nnrovpd ~FM” 9’~ - 5 5

module. Ltimate that an ~v ’raçje syst~ci w il u ~e 2 ~-rr~
,’),’~?,” ~ 1~~~

,5 P
modu e.

b. Expect to see great usage o~ 28 and 40 pin ljWs . Tbp “ i”-~- - -n vr ~ 
-

~~

SEM” height w Jl be acce~-ta b~~, sn c~ not many , if an’. functi -inc wi ll

requ ire more than one 40 oin DIP.
c. Conceptual module *i would be a good industry m€ch ~ r ir~~1

standard , but wi l l yield many uniqu e modules since designers ~-~11 ~~~~~

cc ~r &ir as much circuitr y i’s possibl e CI the n-Sc r ~ulE. Wi th  clever s’ ~~ -j- :

,~artiti or in g and te-:rno~og~ choice , t~e ‘improved SEM ’ module will wi - U
v i d e  ~i ~yitem design of tess vclum€ that would co-iccpt ~~~

- i-~~ o ’ ~I-e

ever-present need for unit logic which will more effici enti” fit ‘~ i- i.

“improved SLM’ lA module.

B. ~~ditiona i module packaging comments were oDtainei~ during t I’j c  si’ ne

t~me period from individuals not exposed to thr S~M o~r.kaqino etU ,i~~
and co- cept~a1 E~-Ju u es. Thece are suuinlarizei a’ . fo g l : -ws .

73
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1. For data processing functiona lity , a module must be able to

I accom odate at least 140 ICs. Recommend a 6” x 9S module with 200 I/O
pins and able to accomodate 140 DIPs or 160 flat packs.

I
2. For commercial electronic systems, the sma ll versus large

I module is controversial from a life cycle cost viewpo int. A large card
subsystem presents a logistic support problem in the coliTnercial environ-
ment .

3. Industry representative repor-t’ng on why they chose a small card
(1” x 511 ) unit logic approach for desi~n o f a noim~rc~a l computer appli-
cation:

I a. Simple daughter board .

b. Daughter board design independent.

I C. One-pass computer aided design (CAD) system.
- - d. Flexible entry to mother board .

e. overall sy5tern cosc.

I
4. Must change more than simply achiev i ng higher density packaging

to fit needed electronics into advanced missile s. Hybrids appear to be
a more likely solution thai1 LSI which cannot do everything .

I
5. Memories represent the major hardware packaging cost of aircraft

electronics and shoula be cne packaging forcing function. ]

79 
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55 Table 1. Component Description

?A C~.A0E* 1 ~&E. I ~~~~~~~ ~~ ~~ I ~~ 
~~~~

. 
I~~~~~.

— 
~~~

- (14p 1/4, x 1/4”) 01 1 0.326 0.280 0.115 0.5 10 0.085 0J66
(14p — 1/4” x 3/8”) 02 1 0.390 

- 0.280 0.115 0.510 0.085 0.199
(14p — 3/16” x 1/4 ” ) 03 1 0.326 0.220 0.115 0.450 

- 
0 370 0.147

t I (lOp - 1/4” x 1/4 ” )  04 1 0.290 0.240 0.115 0.470 0. 08 5 0.136
(16p - 1/4” x 3/~ ’) 05 0.440 0.305 0.1~ 0.535 0.085 0.235

3 (24p — 3/8” x 5/8”) 06 1 0.640 0.440 0.11~ 0.670 0.000 0.428
- 

(24p — 3/8” x ~/2~J~ 07 1 r 0 576 0.395 O I 1 E  0. 825 3 -000 0.360

I (24p - 1/4” x 3/d ’ ) OS 1 L°668 0.305 0 lIE 0.535 0.090 0.357
- - 

- 
(40p - MOT 621-01) 09 2 

- 
1.040 0.420 j~o.iis 0.65 0 0. 100 0 679

(14p - 1/4” x 3/ 4”)  11 1 0 796 0.320 j 
_ _ _ _ _  

0.200 0.255

J (j6p_ - 1/4” x 7/ 8” ) 12 1 ~~ Og6 0.320 
—~~~~~~~~~~ ~~~~ 0D 0.287

(2~p - i f 2~~x i-i~~j13 ILL~2..Q~ 
0.620 ____-- ____

(2 8p _- jE~J_~~__jj, 2 
- 

i.430~~~ Q 62O 
_ _ _ _ _ _  

0 19Q~~0.3S7
(40p - ‘- ‘01 6~ 4-O3) ~5 2 2. CiO L 0 .625 

J  
- 8.1 55 1.256

~~0 p - I ~ TEL CERAMIC) 16 j 2 2.10~j 0.730 _______  
O.233 JL470 

—

(Al)  8 LEAD 10-5 21 1 DIA 0.370 
1
~.0

1~~ 5
to 0.110

— S 

(A2) 10 LEAD 10-5 22 
- 

1 DIA 0 .370 0.185 to
- J t 

_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _ _  
0. 

~ 
_ _ _  U

I (x) 3 LEAD 10-5 23 1 DIA 0.370 j0.26u to 0.1 10 j
C V )  10-3 24 1 1.550 1 1.050 0.450 to

1 10-8 25 
- 

2 IJIA O .600  
_ _ _ _  

j 0.175 0.233
1/4W RES RCRO7 31 

- 
0 0 201 [ 0.0980 0 .03 5 0.356 0.0 93 0 . 3 3 5  - 

-J 1/ 8W RES PCR OS ~2 3 L I ~ 0 1  0 3650 0 .035 0 .210 
- 

J . C O O H O . 0 1 1

TUB CAP (TYPI c~-L2 _~~~~~~~~~~~~~~~~
‘
~ 0 .2 0 8  0. 135:- 7 .335 o ios o.o~

~ 
CR0 06 C H I P  CAP .~~~~1... 4~ 0 .27 0~~~~~~~~~~ _ _ _ _  

0.C30 0 .0 66

T R I M  POT RI- i l  35 
~~~~ 

L28O~ 0.1~Q_ J 
- 

_ )_ O.37 5 0.141

41 / 3. 190 1 0. I0O ~ 0.020 ( 0.036 0 .C4 4
12~~~EADLESS 

_ _ _ _ _ _
4 2 7

~~~

O .26 O

~ 

o 26o +~~~~p~p_~ iO 00TH~~O 045_ ! Q ~
S24p L F~ DLE SS 43 7~~~ O 3~~-~ 0 34~~~ 0 020 *~~

H 1__o_ o~~_j 0 133

- 

~~~

- I 28pjE-~DLESS 44 7 O .61C~ 0 .410+ b 0.O 2O ~~ I I IO T H 0.045 0. 185
43 p L ~A O L E SS d5 1 3 . 1~~~~ 0.470 + 0 . 023 - 

— f 0.045 0

-~~ -5_I ~~~~~~~~~~ 
—

~~



_____________________________________ 
-_-—_. 

~~~~~~~~~~~~~~~~~~~..~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~
-

. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- _______
—_—- _____

NAFI TR—2146

- 

~~ le 1. Corn~~nent Desc ,ipt :;i (Cont~ra~ed)

PAC KA GE* REF LEN WW PIU S WI 0+ HT AREA

~~~LEAOLESS 46 7 0.714+ 0.714+ ~0.020 
______ 

0.045 0.53?

1” x 2” HYBRID 51 _ 8 1.000 ~- O .500 0.233 0.730 0. 0 .70 0

~~~~~~~BRID 52 9 0.625 0.500 0.230 0.730 1 0.120 0 455 —

30-36p HYBRID 53 9 1.000 0.500 0.230 0.730 J 0 . iP~~~~~~~
OS. 7 3S

28-56p HYBRID 54 9 1.490 0 .62 - 5 0.233 0.855 0.135 1.274

30-64p HY B RI D —~~ 55 9 1.000 
- 

i .00’J O .2~~ ‘. .2 33 
- 

OJ~i i H 0

19-72p HYBRID 56 9 1.130+ 1.180 1.410 0.150 0.150 1.98Ej
*NOTE : 01 to 09 - Flatpacks REFEREJICES:

11 to 16 — Dips 1. MIL-M--~0 i0-~ ~~~ 3m ,.
21 to 25 - Metal Cans 2. Industry
31 to 35 - Discrete Cor~ponents 3. ~1IL-R-39008B
41 to 46 - Leadless Hybrids 4. Industry - Sprague
51 to 56 - Hybrids 5. MIL-C-5568 1

6. MIL-R-27208C
7 ,. 3M Tech No tes

- 
8. Hybrid Cerami c
9. Industry - Isotronics

- -4

I

A -2 -~~ 

~
---

~~~~~~~~~~
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NAFI TR-2146 
-

Table 2. Device Footprint Data

I i- — 

0. 1 X 0. 1 GRID (MLB) 2 Ti~iES C0~-1?. AREA

I _____ ____ 
c.k-F 50%

I 
_ _ _ _  ~~~

. 
_ _ _  

r
_ _

L’-~ ~~ AREA
1

I t~1 O. ’-~ - c,.ti 0.24 
_ _ _ _ _ _ _ _  

u.~ tj .d7 0.485

02 0.5 0.6 0.30 66.3 0.6i~~ 0.87 0.580
03 1 0.4 0.5~~~ 0.20 0.5b ~i.77 0.428

1 04 U.4 j~~~.5~~~~ 0.2O ~~ o .O 0.50 0.86 0.397
05 0.5 0.6 ~~0.30 

- 
/o.3 0.75 0.91 0.686

-I 06 ~~O.7 ~~~~~~~~~~~~~ 76.4 -__1.09~~~~~i.14 1.250
07 0.7 0.7 0 . 4 9  - 73.5 I 0.93 1.07 1.049

08 0.7 O. 7J O.49~~ 72 .8 ~~ 1.14 0.91 1.041
09 1.2 0.3 0.96 70.7 I 1.78 1.11 1.970

1 11 1 0.9 0.4 0.36 70.8 L1.35 0.55 0 .742
12 1.0 0.4 0.40 _71.8 1.53 0.55 0.836—, 

- 
~
. —  

a- 
- — 

-
S

13 1.4 0.8 1.12 _71.4_ 2 20 1.06 2.331_
14 1.5 0.8 1.20 73.9 j 2.44 1.06 2.584

- 15 2.1 - 0.8 1.63 74.8 3.43 
- 

1.07 3.660 -
a- ~ — -

— 16 2.2 0.9 1.98 74.2 3 .5 8  1 . 1 9  ) 4 . 2 8 4  ,~~~1

21 0.5 0.5 0.25 43.2 0 .520 DIA 0.215
22 0.5 0.5 0.25 _ 43.2 0.5~3 DIA 0.215

23 0.5 0.5 0.25 43.2 0.5!3 DIA O.215_
24 

- 
1.7 1.2 2.04 19.0 2.65 - 1.79 4.743

_25 0.8 
- 

0 .8 0.64 
- 

44.2 1 .20  
- 0.566 ~

‘

- 
— 

31 - 0.5 0.3 0.15 23.0 0.17 - 0.61 0.102
32 ‘ 0.4 0.~~ _LQH2 11.6 0 1 1  0.36 0.040

33 0 . 5  0 . 4  0 . 2 0  1 9. 5  49 0 . 2 3  0.113
34 0.5 0.5 0.~5 26.4 0.42 - 0.46 0.~ 93
35 i.e. 0.3 0 . 2  - 33.6 2.19 0.19 0.410

41 0.3 - 0.3 0.0 9 48 .9 0.32 - 0.32 0.105
S 42 0.4 0.4 0.16 48.8 0.44 0.44 0.197

43 - 0.4 0.4 .°J~ 
83.1 0.59 0.59 0.347

44 0 5 0 ~~ 
~~ 

- 74 0 70 - 0 70 0 490

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~~~~~~

_

~~

_ _S____ _

- -‘~~~~~~~~~~ - a-~ ~~~~~~~~~~~~~~~~~~ - - S - - - -

I~~UT  .rL) )~~~~Hr-~, L ~~ I -~

v.~e Foo~~r :,t 3-~~a ~~~~~~~~

S 

ON 0.1 X 0.1G~~D (MLB) 
1

kLL~ I AREA 
}

EFF % LEN WID t~~
-2
~

46 
- 
0.8 0.8 0.64 I 84.2 1.22 

- 
1.22 ~~~~a- 

51 1.2 0.9 1.08 4 67.6 1.71 1.25 - L851 -

52 0.8 _ 0.9 0.72 63.3 1.07_ [ 1.25 1.330
53 1.? 0.9 - 1.08 ~- .3 L~~~~_~ 1.2 127
54 1.9 1.0 1.90 67.1 - 2.54 1 1.4t 

_____

55 1.2 1.4 1.6S 73.2 1.71 2.10 ~.j - 4
56 1.6 1.6 2.56 77.7 2.41 2.41 

1 _______

~~~

~~~ L.
~~

1-

‘J i.~~.

,
.
.

~~~~~~~~~~~~~

-

14~ 
.
~~~ 

‘
~

A-4 :~ 
‘

~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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I NAFI

APPENDIX B
I COST BOUNDS DEFINITIONS

1

I.

i

____________ - -_ -•-~:
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—55—— — ---5--—-- —— -—-5 —~~ , --5—. -5-—
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1 NAFI

I Definitions

S R = Ratio of Life Cycle Spares to System Modules.
N5 

= Number of Spares Needed Per System to Satisfy

I the Sparing Policy (Total at Bases and Depot.)
NM = Number of Modules Per System.

J NE 
= Number of Systems Supported by a Particular Spare

Stocking Location.
N7 

= Number of Module Types Per System.

N
0 

= Number of Integrated Circuits Per System .

i Nic = Number of Integrated Circuits Per Module .

tL 
= System Calendar Life , Hours .

t0 = Delay Time in Replacing Spare Module Removed From
Stock , Hours.

- tT 
= Depot Receiving , Shi pping, and Testing Time Delay in

Cycling Good Returned Modules , Hours.
= Failure Rate of Module , Failures Per Hour

- 
‘-IC = Failure Rate of Integrated Circuit , Failures Per

- Hour. (Reliable Type Failures Under Normal Opera-
ting Conditions. Does Not Include Induced Failures.)

K = Ratio of Induced Integrated Circuit Failures PlusL Non-Integrated Circuit Module Failures Per Integrated

r Circuit to Integra ted Circuit Reliability Failures.

L = 
A
M

N IC A IC or AM = (l+K L )N IC ~~L Njc~~ic
1 A 7 Mean Number of Spares of One Module Type Removed From

Stock During Time , tD.

KGB = Number of Good Modul es Returned as Fa ile d For Eac h
- -  Failed Module.

..i ~ N Number of Operating Base Locations.

- 
- KOC = Ratio of Operating Hours to Calendar Hours .

U-
- - - U E = Number of Standard Deviations Needed Above Mean For

X “x ” Probability of Adequate Spares of Any One Module
Type During Time , t0

. Gaussian Norma l Probability is

Assumed wi th Mean Equal to Variance and Equal to A1

- - :  a-i
—5---- —~~~~~~55----- - — - -~~ -—- —5- - —— -i—-— — —5----
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NAFI TR-2146 I

P(s) (x) NT Probability of Adequate Spares for System Having N -I
Types of Modules dur ing T ime , tD~ 

I

NEB Number of Operating Systems Supported by a Base.

- 

- NED Number of Operating Systems Supported by a Depot . .~~~ 

-

NED = MXN EB~ 
if Only One Depot .

NSB 
= Number of Spares Stocked at a Base. - 

-

N50 = Number of Spares Stocked at a Depot. -

t00 = Delay T ime i n Replac ing Spare Modul e Removed From Base -

S Stock , Hours.
tOE = Delay Time in Replacing Spare Module Removed From Depot

Stock., Hours.

- 

- A la = Mean Number of Spares of One Module Type Removed From
Base Stock Dur i ng T ime , t00.

= Mean Number of Spares of One Modul e Type Removed From
Depot Stock During Time , tOF~ -

x = Probability of Adequate Spares of Any One Module Type
During T ime, t0. —

~~~

c~i ~
1

a - - 5- S1_I~~~~~~~~~~~~_-5 B-2 
-
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APPENDIX C 
:.~

• ENVIRONMENTA L SPECIFICATIONS

i _ I
1

I
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I
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NAFI T~-2146

Table 1
_________011000L SP!CtFlCA1lON MIL-F.4150( tOOTUIC) 

______________________ ~~~~~~~~~~~~~~~ 

-

Te.tw-.to,-. 0o~~at ,og Na-,nO00ratt0~ Ooooa ttnq II000p..-attog AIttlodo

3073000, z 
— _________

Cold 00OthS,- -S4~(-30 P) to .S2 ((.l23~f) — - - -
~~~~~~~~~~ -lol-orf) to •SVC(olZ5~F)

2 - . -

On—tITr..plciI1 
~•(,33•f ) ~~ .7l~C(.)0J~ P) 3 — - 

- 
- — S

All AMe, . 0’(o32 0) to .IrC(.l2S~,) . . .

0700001: - -
-

S 
All *vg.o . —€2’(—lO f) to .71.C(.160F)t . - . -

T000W1000 &H00La-
C14t0 1 — — -04•C to S5’C(-HS~ to •13I’F)~ -t2~ to •05 C(-0 0 to •lIl ~f) 50.000 f~ t

C0At4oa-~O.5 oOH 11,01 (Lot.oo,5/shock) (3.0 to. Hg) Clato I
(30.0 Ia. Hg) opsr.tIo..

C1.to 1* . . 44~c to 5S~C(-4S~ to *l3l~F ) 3 -IV to 4S~t(-e0~ to •110TO) ~~,.tI. .. 30.000 foot t —- co*tboooul 0.0 1.,. l (to t roo.s/ Shock ) ($00 to Hg); 00000m-attoq . Cl.t1 I
(30.0 to . log ) opo rattoo - - l0.~~ 00.1 (3. 4 to. Hg)

7$ - ~~~
. to .5S~C(-40 t o •33~~7) 3 -02~ t o •0S C(-80~ t o lI3’F) 0~.r.tt,ot . 11.000 fo,t

000tI000o$ too 1.0.1 (totr,ooofthoct )  (10 10 in . Ito ) ooo.p~~sttog ,
(30-0 1.. h g) opoo-.tIoo S0.000 f oo t (s .d to~ 

Hg)
Ct .st 2 - — -54 to •7l~C(-IV to •100~F)

4 -or to •90 C( I0~ to .?0?f) 70.300 fo.t sow socooflAaool 5550 100.1 (to t ,eo,oo /Sboot) (1 32 in. lIt ) Clots C
(30.0 to. 149 ) ap.,.tio

Closi 3 - . -S4~ to .9S’C(—tS C to *203 ’F)~ -02 to * ) 2S~C(-80 1 to .357 F) 100 .000 b e t  saso a,
cO.,tInhboot $10 1.0.1 (Eot .-oo.s FSItoct) (0.33 to. hg)  COast I
(30-0 to. Hg) Hpoootlol

C1.u 4 - - -04~ to •125’C(—lS’ to 3SJ~F)  -02 to .100•C(-H0• to •W f ) too ,ooo coot tao. isS COnt l00000 Ito l.ool (Lo t .oo.s/Shook( (0.33 II. . log) Claoo
(30.0 t~. Hg) op.,-atioo -

Clus $ - - - - - -l4~C •

toot s.
(30 .0 0
c~.1-.tI

S 01100:
(Eo.sood-10si..lt p..d)

1, 00*0 01- tHoM - — -
3.00(0 - - -

(OHoltoood. tootol’t,oll.d .oota-’oi..ot)
3. 110.-, - ‘ — -

(30.10.1W, coo t ,.ttod o.oth-oowotj -
4 . iMp o 10... — . 5 0 . .

00105: 1. fqvipo.st 51401 Ho 04shgod tO 00.-f.m .WO, this c~~ Isod •fIIcto of tIMis ’-AtofO Hod sol ar ,04iAtIeI~ It 511111 Ho bat.d 00 I t~~~~O,Ot01-,
•f ‘02°C(.I2$~F) •~l ft. foIl l.04c t of o,lp. ,.tltatboo •f 300 ITg p., soos no f~~t 1110 .10000 ow- sow .-. fool) 00’ hi0s~ for ot lqast
fooa- How-s . 711. 7l~C(ol$0~f )  1001.00 tl~~ 1-$t pog Is ato Hod I. rosal t fl-I. tOo cowlood .ff00t, sf t..p.. -.to.-. 0.0 s.ia , MIj otlos .

0. £10400101 $11.11 porf005I sob . III. c.eIOod officio of 0114504. 004 11*00 t1000rotoM ; this ..0t towo.-gtor. 100 to Mdw,4 h-I • 1-atO Of
I.N°C(3.0 F) p..- 100 O u t  of oloe atl o o lAo.o ,.a 10,0); ..q. - t.....-at o.e it 0000 foo t • too, at so. 10.01 oio.s ) . H o C ( 3 .  s~F) t ius I

. S~ .0~Cfl 0Vf ) •lo~t ll.l0~C)3~F ’

. 3S .00 C(07~P)
3. •7rC o.a1.o ; IoIHmItt•ot .00.-alt.... 30 •io~I.s.
4 ~~~ o.ot..; lnt0.oftt.og Ofo,01 lO, . 30 ‘bo u t
S. •l24~C oo.1 a; otor.itt.ot 000rotIse . 30 ohootp.: 10 .boot.t at ol30~t

6. oll O C oI oo; hn t .noht t .ot opO.o t ii.. , 30 Itootol ; 10 .to,t.I at .210 C(.100 F) .
7. • 130C o.oI~~~; bet IMit100t 000’athoo , 30 040010..

for alti t ads al.oo 100,000 foot , thin ooolo.e*t s io.-.-o.odtsg fov$-,oo,nt .1411 oo t •.m04 7)~~ aid aeo 51411 Ii 1,0110011 for
1-03.010* of boot lOt, tI~ 100.-Isobt ogs b~ t hodottlo., ,adlattoo , 0~ sow otto. ..aOs.

14. •79~~ unto,,; Iot100Ittoot Opo1-p.$Ho, 20 stootot. 

~~~~.__~~~~ __0. ~5-~~_ .5._~~S¼ —a - .~~~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ o _ —~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~ . ~~~~~~~ ~~~~~~~~~~ _ 
~~

__ — __
~~ 

-
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H-

101441400 (MISSO LES) 
____________________ 0.14-9440%

Altl t odi OpolAt004 ‘lon opo ratbog AI lh I d n 0pw-at n~ ~~.opo,-atls g

W foot 5.. at 011.-i-MOO , So as OIL—i -Moo . too. as NIL-f-SOlO, —I lo. Hg) Ctast I Class I Cloo o I

istIog. 30.000 TOot Sow is HIt-C-lOgO . ~, as HIL.t.1440 , So.. HO 111.4-3400. - -• Is. Hg); 0000p..-at ioq , Cu ss IA Clot s 10 Cu ss 1* . . . .  - - --~~ fast ( 3 4  Ii. Hg
lu ng. 11.000 foot - - -• in °~); oooopo.-attnq,Ii O u t  (3 . 4 ho . hg)
00 f b i  Sow as nl&-(-5430 S.o.s at nIL-C-lOgO . Sow ts 011.4-5400. . -32 li. Hg) Clas s 2 Cl ass 2 Class 2

o~O0 fI.t low .~ MIL.C-5400. Saa, ~s pt;i.t—54gO S.. •s oa-l-soco , - -00 4.. Mg) Clots 3 Ch it 3 t Ilts 3

00 foot Sow at NIL-E-S4oQ , taos os IIIL -(-S400 , Sow ot NIl-C-lOgOI ihi. 49) Clots a CO ast I Cla ss 4

- -54’C t, •fl~ to -42• to •7Z3~C 2 ,000 .000 foot 1 
- .

~~ 
7 .1 ( .40~ to ol27~ f )  10.10

cosu*ooo.s oga 1..-,) (!otrg.s o/Slisck)
- (30.0 40. Hg)

.po’ot l.o

- — - - - -S4 to ‘4VC(-15 to •I414~P) -OV to o71~C( -I~ to •l$O’F)- . - - - -20’ to -.rc(-lr to .I4g~f ) -6?’ to o7I’C(-IO’ to •l601)

- 
- —00~ to ‘41’C(-4O’ to •105 P) -Hr to o7l C(40’ to ol40~f )

S — - . 0’ to .Src(.3r to 0122’p) ~IQ• ~ o l °C(.00’ go •II0’f)

COPY AYAII.AB LE TO DOC DUES NOT

PERMIT FULLY LE~ B1E PRODuCTIOH

- 
. 

c-i ____
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~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
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~~~~~~~~~~~~~ - -~~~~~— 
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NAFI TR-2146

Tabl e 1 (Conti nued ) 
________

GENERAL SPECIFICATION MIL-T-2 1200

Te~~erature Operating Nonoperat ing Alt i tude

Class 1 (Airbo rne) -54 C to +55°C (-65°F to +131°F)9 con tinuOus . -62°C to +85°C (-80°F to +185°F) 50,000 feet
sea level (30.0 in. Hg) (3.4 in . Hg)

Class 2 (Organt zatuu nal . -40°C to +55°C (-40°F to +131°F) 9 cont Inuous ; —62°C to +85°C (-80°F to +185°F) Op2 ratutg . 50 .000 feet
Flight Im p ) sea leve ) (30.0 in. H~ ) ( 3 4  i n . lOg);

rlonoper ating, 10,000 feet
(20.6 1,. Hg)

Class 3 (Intensedlate, 0°C to +55°C (+32 F to +131°F) continuous; -62°C to +85°C (-80°F to +l85aF) Operating , 50,000 feet
Shop) sea leve l (30.0 in. Hg) (3.4 In . Hg);

nonoperating, 10.000 feet
(20.6 in. Hg)

Class 1 — — -54°C tO 55°

Class 2 
- 

- - —40°C $s -I55’

Class 3 - - 15°C to +~5~

Class 4 - - - 0°C to •-S °C
(7

Class 5 . . O C  tO +50°C

Class 4 - - - +10°C to .40

Cl.ss l - -

I .71°C siIximt~N. int enoi tt eo l t operat Ion . 20 minutes.

~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ 

.—_~t - ~~~o -~~ .- — ~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~ — - -
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M1L-T-24000

A3tit ~dt Operating Nonoperatlng Altitu de

50,000 feet - -
(3.4 in. Hg)

Op~ratthg. 50,000 feet -

(3.4 in. Mg),
sonaperating . 10.000 feet
(20.6 is. Hg)

.th4. 50,000 feet - - -

(3.4 is. Hg);
~~ s ret$ng , 10.000 feet
(20.6 in. Hg)

.54’C to +55~c (-65 F to •l3~’F)9 -6~~C to +05~C (-80 c to •185 F) 50,000 feet
(3.4 in. Mg);

• Operating and nonop.ratlng

- .4~~C s, 444% -(—eVc~i. -ore to 445’C ~-~ •r to #~8VF) ~~er.tfng, 10.000 f it
(20.6 In. Hg)~nonoper.tIn9. 50.000 feet
(3.4 In. Hg)

- — 15 C to #55 c (+5 F to e131 F) —SS C to .75’C (-67 F to •167~~) Operating, 10,000 f eet
( 20.6 In. Mg);
ponop.rettog. 50,000 feet
(3.4 In. Hg)

• - O C  to +55 C (+32 F to +131 F) -62 C to •85 C (-80 F to +185’F) Operating, 10,000 feat
(20.6 In. Hg);
nonaperatisg. 50,000 feet
(3.4 In. Hg)

— O C  to +50 C (+32 F to 412VF) -55 C to •75 C (-67’r to .167 F) Operating, 30,000 feet
(20.6 In. Mg);

• nonopereting. Sfl.000 feet
(3.4 in. Mg)

— +10•c to 440’C C45~~F to •104 F) -58 C to •75 C (-67’F to .16PF) Operating, 10,000 feet
(20.6 in. Hg);
nonoperatlng, 50,000 f., t
(3.4 is . Hg)

- To be specIfied In detail specification -
~~~

_ _  ~~~~~~

•

1

_ _ _  
_________ 

C 3

k • -
~~

•-
~~~~~~~~~~~ 

-
~ 
-~~~~~~~~%a’- 

_ _~~~~~~-~~~~ru •.. • I i!’~~~~~ 1~J 
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NAFI TR-2146

Table 1 (Continued)
51- 1-4111 531-1-3400 511-1-1440%

(Groul,I ) 
• 

(Abberwe ) Iseul Ship abe S5sri) 5 - 1411W

• Ftu,gus:

poer atiuig lost per MIL-STD-434 , requirr.e.t 4. Test per 511-510-454. r.quirweeuit 4. Testliug i3iall be per ilIL~ STD.$IO. ..tImd 5%. lest per 51L-StO-434 . requin

lowopsestiag Test period shifl ~~t be IThs tbaa 28 diys. lest period shill sot be less the. 20 days. Toj4 period Mill Sot 4*
p• ihesidity:

• beeritise ap to SI p.vcest vith u t p.rstwre of tip to 100 pesce.t, Iu.cludth cisdittoss be to 11 pei cest for both stisieu$ sod lip to 110 percant at tsoSiI~ZLlt (l0’l) . tuIclcdin4 COsdeM.tten due whePei~ cendessaties tub,, p1st, 1. s.d .5 *nt,rsltteqt periods, iscIed$r4 cnWitioes OfC(), dichudiep cobeit$aod
to ton.v.tsee ch.ngss. A it it ide. sCi the eqvi~~~nt. wherot, cendossoties tah~t plate is led litton lobes place iii sod eq

• level to epdeesiest.ly 10.0)3 lest es the cuuipesv.t I, the is.. si lets, ate,
(20.4 liMp), sod feest.

Maeperattog UP Ii 100 perciOt. lulcisdilig cobeensbtios Do 0. be
___ to t~~~sriters cbsnpoi. Altitude, so.
level to appes.is.tsly 11,000 feet

• (3.44 liMp)

Salt log (A tphere): At specified Is Ike detoilsi .qulpeeiit 
~~ 

peqi~~~it shell wltilst.iul, ii, both so ~we spbeififl to 1kw isdividull .quip.e.t The IihiiP ,’t 55.11 .it$ustg
ipsclfltsti~ii (3.1.th.T.17. 4,I,stTi~f .~~ beAOSIrsting ceuuditse., so- ipscificqticm. ti’s c~~~lek sqdipeeiit or eperstisup sod oseeperotluig

• poturo to salt-see atosipodre. (3.2.24.41 portises thereof shell be copebI. .f with- loser. t salt-e.. e~~~sp5.
stsedinp the ssit fog test t.etified Sri

___________________________ _________________________________________ — 
this opSclf$cetl.n. (3.3.3.4)

Shecb~ When shoc k or vlbfuiiori Isol.tor, •?l wild, Subject poulpeist to to ippact shocks of P410,8, Ot herw Ise specified, equi~~~at stall Subject eqv i~~~wt to 1$ Isp
the stIn tS’s, ~~ iitcde Os ‘s,y port shell lOg , casuistieg of 3 shocks Is opposite wlthttDd yade A , type A, cu ss I. shoct cons$~tinq of 3 sheets is p
set be sore thee three ttpe, tire ~~~1Itude Itrectibes •løsg Sick of 3 uritsilly P0VP015 test trf NIL.S- 901. (3.3.3.13) sleep loch of 3 aitusily N
or the spelled vibratice it test frOgs’s’- d’cwllr lees. each shock isplus. to hive SitS, shock Iquslit to Meg
ci.. fran 10-21 cps . ant sore th is t ie s ti.e den tin of 11 .1 so. (3.2.24 .6) ii ,i an.
tlans ii 20.34 eps. (3.2.31)

Ilir sti an: 0. lb. 5~~t~~i4~t shell operate satisfscterliy Unless. otherwii, specified. .gsi~~~ t Shell Vibrettee, ispolr uits she~si’sis sebjected to s,ibrstiee withil, tile withStand. type I test ef NIL-SID-187-l. to the detai l .gsI~~~.t sps
frequueocy reaps (5 to 21 bes ts ) sod ~~~ll- (3.3 :3. 14) (3.2.14.4)
tile (0.00001 11 0.01 tac it leshl e 5~opfl .
tude) as sp ecif ied In ISa detail

— 
egulpesuit Spscificitios. (3.2.21.3)

Esplosive Preoftup : . This cenditile is 5.11sf led whirl c~~~o. . 
- 

TSIs c.sdittos is iatiifii
1,5085, which I. eo..sl sperstiew p~~dvce, witch in sires) .psritlis
or in. likely to ppeduce, sparhii, en lu sty te oreduce. opsntIi

• ancluup eel Shicit Ope ‘st coMsinsd w ith ie which is, sit cou,tsIMl ed
pretsen$aad ceotlisins. Ira side soplostert c~~tai~~~s. .r. side rupli

• _________________________ ______________________________________ 

proof . (3.2.?) 
_______________________________________ (3.2.4)

• tlsc t rw peuetic Iet.rfsreuuto: Ii accondsuiue with 5(1-510.454. require- In accandsoce with iStL -ST0-444 . ~sgut re- In sotsrdsots wi th egL-STtu-4s4~ require- I, occondsico with fill-Sit
t ll ~ equipeseto ietegsatsd let. a soot 61. (3.L ll) soot 61. (3.6.4) lost ii. (3.1.4)

tyetw~ssboypte. shill confer, to NIL-f - -
1141. (3.2.12)

CorrOsiel’ S.s lstaac e: . f~,.pn5 ellepa .5511 be ill eccoaloana with Is OSc.rdsee. wi th NIL.3T0-434, nigitf t~ le,’rows alloys shell be he
MlL-ST D—444 . ,~~j ir et 13. (3,1.4) et 11. (3.4.11.2) 511-310-434. reqelr uut I

(.t le.sre : Ia ectir dsac. w ith 511-310-434, reqw lr.- 1, acco,’dsace wit h flIL~$T0-434, require- Is eccordiec. with lllt.St0-434, refriro
eest 11. (3 .2 .14)  not SI. 13.2.3) ansi SI. N*t-ST0-i10. 13.7.2)

m.l .~.) ~~~~ 
I. attendee., w ith 5)1-310.434, require- Iii .cc.rl.so e w ith 511410-434 . require- Is 5C$enleac. .111, NIL-StD-434 . require- Ceolieg pne,Ist ~~s see ~~west Si. (3.2.11) west 32. (3.2.1) soot U. (3.1) be in accordance wi t h NIL.

___________________________________ ___________________________________ went 42. (3. 1.))

heistv~~ Pschst s: Ii, .ccordasce with 5(1-510.444. require- I,, eccssdenco with 511-310-444. esquire- Is sicerlesce with 51t4l0-454. requIre- In sct.rleac. with NIL-SIP
west 31. (3.7.20) went 31. (3.2.17 ) soot 31. (3 .72 .4 )  went 31. (3.2.11) 

—~

• I
• 4

t . • p.,~~~~~~~~ ~~~~~~~~~~~~ ~~~~~ 5*... i_.. ... .

k~~~ ~~~~~~ _. .~~~~~~~ -
~~~~~~~~~ t..1~ .~_ndsii_._ .~__ .~d_t 
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NIL -f-siege 511—1-21200 N1L-T—11000 • ~ •

I ~~~~. Test per 5*1-510-154, reqoirsnst 4. Test per 511-310-434. ralelirawent 4. (quu lpuso nts shi ll be i~~~u’ee1ly fespuo~iu’snt - 
-

tOrsugil sot.nie)s caritnel. ,5’s requir~Teat period shell rust is 1,5 idea 7$ Says . Test period shell rust be loss lisa 7$ Says . is the *tillsd opecificattait. ,enifitot$ae
• toiling shell be conducted so Ipecinile •• her.ia. • 

~~

‘

I UP t. 350 pietist at ~~~ efetawsa op t wc Up t. 100 perceot~ $isl~~in cSedit,euus Up to 100 percent fir Clasee~ i tu 4; III ,so (W~ F). tacledieg cosdittent uluersie tousles- .ufusr~f. cslde..eti.e hiss plac is awl on Cl.tsu I aid 4; and. as neqsin.l lit flueseller takes p1st. is awl or the equi~~~st, the sqsIp~~~t, 
• . detailed Ipeciflcatl.. ?sr tlss$ 1 ‘.‘•~ ‘~~~~ -~~in heuuipe lt. • ~~~~~

0. 0. 60

ii hi equipment shj)) elthst.nd. is 1034 an • 
ii ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1, •thV!Isq. rsuqu~re4 Ohs leitsiled - — - — ‘~~~‘~~~~‘end waspenuc leg cendftlen, es- - 
~~ rtris,~ I~~

-
~~~~TTT0s. cehaw. test. i~.T so specified4’ poser. to sslt-ssa osnspisre. (3.7.1S,D) posno to lil t-s n e~~ spiture. (3.2.)e.$~ hequin.

hell Subject .quipssat te II topset shed s of II,, (abject equsi~~~nt to 1$ i.pact shecris of 135, Swijact h iss I, ~ , 4, 5, 4 equuionoet toI con t ist ing of 3 shoals is opposite dtr ect i.e, ceas isti ep 54 3 thuclus iii op posite dlrectieuus II (pact ituscks 54 tSp; Ciess 3. 30p ’ o ;ul,uuq each ii 3 n1,il, perpsedtcw(ar ,wis. d e e p  ~~ l es 3 r,tue SIy perpend icular i.es, arid Clis i as specified is the detailed• each o~~l ~~~ II. I. ~~ e a ft. . derail., of each shock i~~~Jo. to levO 0 tIsi daretisul of specificat ion .
11 il an. (3.2.10.6) tt *l in. (3.1.ItS .l) ‘

~ s ll Pu rsu es nequuir sts shall be as specified Visr. t i.. toots shell be in actord.oco with Unless otlueusuita reiui~~4 is the deta i ledis the detail eqwipunost tpec tficatis. . 511-1-5472 fir the Use, s.d NIL-Sb -sb for spec iflc.tl os , al l  c lastet shell soot the(3.2.35.5) the Ai r Fort, sod Aep is h ut s  spaèiffld specified parf’s’soe.a end eccurucy require-
is the 4.15(3 speciftcatisi, nests oputif ted her.iu,.

Ibis c it lor is setiofi ed abse sepeweuns. The sqwiiesrt shell not cause igidt i.n if an The aperst lan if Class I cr4 2 (arid Class 4
~ witch in as.an) opes’eties psedso,, en are alelant-.oplesis.-gaseoso .uztene with air sqsipwest wIres required is th i detailedlikely on predewe, spentiep or antis, aid ul’ss op.na*iutp in such in l~~~1piuena. spsdiffcetlsu), ilusll stat cause ignition• .5kb en, sit csnsirild wilMa pros,uni~~~ of as ~~ iast-esple.iv,.pss.aus ob tuse• cu,teios’s. are de eopI.oi,a-pru.q, with air.• (3.3.1)

In accOiduece with 511-110-144 , require- In eccord,nce with MIL-STD.414, require- Uslets ,tiir’uis, specified Is flue detailsnec $1. (3,3.5) soet $1. (3.7,10) n~~ ificet i... UI aNtis) .5.13 he in nc
tei~dsnce wile UL-Stb.IIl , leg as specif ied
kereifu.

• Fes nesa all eys shi ll be Sri scceed.nde wit h In eccendeuc. witb 511-310-454, require-
MtL-STD—414 , roqe trsnnt 13. (3 I a )  went 11. (3 .1 .4 .7 )

- Is .ccu’rdesc. with PIL-%TD-454 . regsire. -• . weed 44. (3 .2.3)

Ce,l~~~ pne,i,ies, awl tMpe,~l snips Ibsil In adda,dsuuee .155 5(1.570-454. require-
be in ncsord~~., wits 511-315-444. requIre. soot U, (3.2.5)
soot 50. (3.3.))

Is salielsoce .$tS 5(1-311-404, requIre- Is secardsiup. wit h NhI. -S10-434 . regjire. -
— II. (3.1.11) went 3* , (3.1.13)

— _ _ _ _ _ _ _ _ _
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Table 2 

*1* 105CC

! 

Tes perat uro Hum idity -

I 
~~~~~~~~ 

9 0 .  Furqus lion- Shock V ibr ition (s clot ur e Salt Spray ‘~~~ ‘udt
Operating )c - ” a t u nq Operat in q Ope rat in i

*8/uPs-I s -20’ to •7 1 C .23 to u$5’~ 511-010-810 950 950 S i s  shocks 10 to 55 Hz 511-310-101; 5k - O lD - Rho 10 .300 fe et
• Radar lest Method 508 . of 30q at a Method ~C J  ore rit ion ;

5.t (7 )  Proc edure I tine ‘lura. P,’,,ced re I 60 .000 f eet

I t ion of 10 no no no perat ’on

*14/FCC-il) ) -34 ’  to •7i ’C .62’ to •/1’C 1411-010-310 1411-510-810 1411-513-810 1411-513410 MIL_ STD_ 810 - MI1— STO-$lO TM(1-313 .bl O
fhsltip ieaer Method 508, MethOd 507 , Method 507 , Me t hod $16 , Method 514 , Method 509, Me.’.~l SO).Set (2)(7) Procedure I Procedure I Procedure I Procedure I Procedure I Procedure I Prs.ced ~re I

Rad io Set Met hod 508 . Me t hod 507 . MetHod 507. MethOd 514 . Method 509 , Method 500.I *lu/PRC-72 .30’ to .02’: .54’ to .68’C IIL .S1O-8I C MIL-STD-810 MIL-STO-810 - 14I1-51D-8i0 - 1411—510-810 5)1-510—810

(fl (S) Proced ure I Procedu re I Proced ure I Procedure Procniure I Procedure I

014—4 103) )/ —54’ to •71’ C -62’ to .7 i ’ C Mfl, .S10 -8i0 M I L — S ID — SlO MIL-SiD-i lO 1411-310-510 Mft -S ~s -8lO - MiL-S T O— 8b0 MiL-S1D -8i0
GIC Method 508 . Method 507 , Method 507 . Method 516 . trtho d 5 14 , Met hod 509 , Method 500 .

Group (2 )) 7)

I 

Nultip les er Procedure I Procedure I Procedure I Procedure I Procedure I Procedure I Procedure I

9-22 11 )/ —$4’ to •79’C -62’ to •7i ’C 511-513-410 M IL-S l I l -StO 1411-513-810 511-510—8 10 M11- STD- 810 - PIL .51l i -51O M IL-S T0 — 810
MCC- 12 Method 508 , Method 50) Method 507 , Mithod 516 Melhod 514 , Method 5~ 9 , Method 500 ,
Trai ler (3) Procedure I ProceO, re I Procedure I PrOced ure I Proced ure I ~roc.durr Procedure I

I 
Alu/Pt C- 71( ) -30’ to •52’C -52’ to u68 C Per para- 1411-510-RIO MI L -STO- t iO  ‘‘~~-S1D-tI0 MR-S IT-s iC . ‘ :L -STD- i iO  M1L- ST O-410
Radio Set g raph 4 .b . 4 . i . c  MethOd 507 , Method 507 , Method 516 , b’rt i’od 514 , ‘~ 3u od 509 , ‘c lod £00,
( l ) ( 9 )  of M !L-R-2783 8 Procedure 1 PrncMdure I Procedure I Pro edure I Procedure I P - .~ce urr I

NI/IFS—Sd) ) 0’ to *49’C -62’ to •7~~C Per detai l  96~ 100% Per detail P~r detai l - Per deta i l  12,050 fee t
‘5.. Indicitor specification . spec if ic at ion s p e c i f i c s —  speci f icat ion oye rut io n;

I Group (6) t io n 53 ,000 f eet
nonopera t ion

C~~860/ -54’ to •71’C -6c ’ t~ .7) ’C 511-510- 45 4 MR-Ol D- BIT MIL— S1O- 8l0 511-517410 MIL-SlD-$ 10 - MIL-5T D- 8l0 i0 ,C31) f eet
GPS( ) Oeqt. 4 Method 507. Method $07, Method 516, Method $ 14 , Method 509 . opers t ’ on ;
Radon. ( 2) Procedure Procedure I Procedures I Prøce- Procedure 60,000 feet

and Xl

I 
____________ 

m d  V dure s 0 nonoperatiour

• 1413- 46 5/A —54 ’ to *71’C -62 to •95’C 511-511-810 MI1-S’O-SlO Ml L—ST O -8 10 MhL- ST0 .810 MIL-51D410 — M l L - S ~ D- i I9  80 ,000 feet
iRaltipi.osr Method $08, Method 50 7 . Method 507 . Method 516 , Method 514 . ‘eth cd £ C 9 .
(6) Procedure I Procedure I Procedure I p rocedure I Proce- Prorrdurr

! 
du n IB I C

CM Inertial -54 ’ to •SS C -62’ to •85’C M IL-STD-810 M11-STD -8 10 MR-S IC- Plo MTL- STD- 8 l0  MIL-SID - BlO - 1411-511-810 1411—510- 810
Ooppier Method 548.1 , Method 507 .1 , Method 607 . 1 . TMethod 5 16 .1 , Ict bod Met hod 504.1 , Methoi 500.1 ,
lis ei g at oo n Procedur e 1 Procedure I Procedure I Procedures I S ’ X  1 . Procedure I Procedure I
£guipunent (6) and IV Procedure 1 50,000 feet rio.

7 A1l/ARC-l09 -54’ to •55’C —62’ to •85’ C 1411-313-110 MlI,- S T D - 5 3  ‘ I L - S T D . M lO  Mi1- ST D-01~ I I L-S T I -310 — M i L-S T I~~7 l O ‘ I L - S T 0 - ChI )

,.~ UHF Ridlo( 6) liethod 508. 1 , ;letbod 537 I , l i r th od 5-31. 1 , eth od 5 1 6 . 1 , ‘etpo r 5 14 Method 0.3 3 . 1 . leti,od 5-10 .1 .
Procedure I Procedure I Procedure Procedures I Procedure ProceJure I Procedure I

and IV 50,000 f eet ma, . -:

~ VHF/NI Ridlo -54 to .SS C -62’ to •85’C MIL-51Q- .I’O MI L-ST I - I lO  MIL..$1D _ 310 r1L.S10~C10 lL- ~ lD-bl0 - MI L- S TO- f lO 111.510_t iC
• ‘ !“ (6) Method 508. 1 , lkethOd 507 .1 . Method 50’ . ) , let )nd 5 16 . 1 , “~~P cd 513 .’ ‘-lethod 509 .1 , !‘eth,d 500.1 ,

Procedure I Procedure I Procedure I ‘roc edures I Procepuri I Procedure I 0roce3ure 1
• and IV 50 . 000 f eet -au .

VHF/FM Radio -54’ to u55’ C -62’ to oi5 C 1411-510—8 10 Mi1-S T D- 919 MIL-S10-liO ‘11-510410 ‘~~~~~~ “ 1O - !4I1-S10410 IIL-510410

Procedu re I Proce dure I Procedure I Procedure s ‘ ro~(’,jure I Procedure Proc edu re I

f 

(6) Method 508.1, Method 507. 1 . Method 507 .1 , Met hod 51 6. 1 , ‘~.~ h- ’ t  5 ) 4 .1 Method 509 I, Method 500.1 .

and IV 54 .000 feet rus s .

HF /SS6 Radio ~54’ to ‘SS’C -62’ to ‘85’C iiIL-51D—FiO 1411.510-810 MIL-STD — 8l4 MIL - STD - O io ‘ I I L .cT o _ nfl - ‘ I L - c T D - 3 ) . ~ I MIL-S1D-810
(6) Method 509.1 . Method 507 .1 , liethod 507 .1 , l’~thod 516 1, ‘elPod 5 1 ) ’  Method S.3~~~ , ‘-ieth~d 500 . 1 ,

Procedure I Procedure I Procedure I Procedures 1 Pr~cs 1ure I P— ocedu ~e I Prccedure I
!‘ — s.d IV 50.000 feet an

* ‘ Ahu/ APX .64(V) -54’  to •SS’ C -62’ t o •85’C 1411-510—51 0 M11-ST D-810 TM IL-ST0-710 l4IL-STO- )hlO ‘ i I i -OT D-9l3 - M)1.31D-11O 1411-510410
• IPF (6) Method 506. 1 14et ho ) $07.1 , ‘iethi,d $07 .1 . Method 511. 1 , “e lPod 514 .1 MMtb,d Ofl fl l ‘ ethod 500. 1.

Proced ure I Procedure I Prsced. . re I Procedures I Proced re I PrPcelu re I Procedure I
• sea Iii 50 ,700 f eet io u .

• Crush .54’ to .S5’ C -62’ P.o ‘SS’C Plil-S ID-ilO Nh -Sb -Rb 1IL~ST0-dl 1411-010-RIO P11-510-liD ~IL-1,32- I0 R I L - S T O - O l O
Position Method SOt .b , Method 537 .1 , Method 51)7 .1 , ‘Iethod 011 1 , Method 514 .1 ‘letho l 509. 1 , “stPiod 500. 1 .

a Indicator (6) Procedure I Procedu re I Proc ed ure I Prece dur ro I Proc pdu rul I Proced rr Procedure I
and IV 50 ,000 ‘cc

I’,4d154 5.1 . Method 600 . 1 hlrt5rs j 507 .1 , Method 5;.) 1 , Method 516. 1 . ‘r t P r d  010 ’ Method 503.1 . “u t ’ Od 500 . ) .
‘ 

L 

Att i tude -54 to •55 ’ C .62’ to ‘eS’C ‘15-013 .810 1411-510 .310 ‘ l L - ~ TT 1fl ‘ilL’311’ ’10 “15 .~ 1l.31R - 1411.510-MI • ; -S1 ) -d10

System (6)  Procedure I i’roce ture I Procedure I Procedu res I Procedu re I Procedure I Procedure I
and IV 50 ,000 fee t n.

*OF (6) ~54’ to .55’C -62’ to “;S’C 111-31 7.110 ~ r 1 -S .30 - ’i0 pP i t . S10 .pbfl “1 13 )fl ” t - c l.lfl - ‘ P l I -~ lD-blO • ‘ ) L - 31T - ’ 0
Method 606.1 . b’ethod 511 1 , “o i l  5’~ I. “‘thOR 516 ,1 , “ol onI 51-i Method ~ufll .t , ‘r)l’o l 1 1 ,

~~ 
_____________ 

Pr ocedure I Pro cedure I ‘rO( C . u r O  I Pr’ iec-l , rrt I co ci ~re Pr o ce du re I PreLe-I. ~rr I
________________ _______________ ______________ __________________ _______________ ________________ 114 _____________ _____________ _______________ 
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Table 2 (Cont.) AIR FORC E

Temnerature h umid i ty  • -•
Syst em ! hOe- Fun~u5 lion- Shock Vibration Enclosure Salt Stray AltitudeEq u ip me nt Oper ating Operating Ope ru t ino 

- 

Operat ini -

1,05119 (6) - 54’ to .SS C -62’ to •85’C 111-510—810 MI1-5TD-8l0 ‘110-5)5-110 “11-010-RIO R11- STO-t1O - 1411 ‘0- 010 1411-SIB-RiO
Method 508. 1 . liethod 507 1 , Method 507 ,1 , lietiuo.l 51 6 1 , MethOd 514 .1 !io ’~ e ’ 1109.1, Ilethod 500.1, - -
Procedure I Procedure I Procedure I Procedures I Proce dure I Prcce ~ i n  I Procedu re I

and Ia’ 50,700 feet ‘an. -

Mach er -54 ’ to ,55’C -62’ ho •B5 C 1111—510-110 1411-513-0 10 “IL-OlD- 110 1111-510-010 MIL-S10-lllO — 1411-510-RIO 1411-510—001 .3
Beacon (6)  Me t hod 508.1 , Method 50 7 1 , llr. thod 50 7 . 1 , I’ethod 515.1 , i-iethod 514 ,1 Method 504 , 1 . Method 500.1,

Procedure I Procedure I Procedure I Procedures I 5roc edure I Procedure I Procedure I
and IV 50 ,000 feet mu.. f )

Glide Slope -54’ to ,5S’C -62’ t o *85’C 1111-S10-Cl0 MIL-S10-810 1411-010-110 1411-510—310 ilhl-STO- PlO - IIIL-STD-Rb 0 MI1-ST0-801
(6) Me thod 508.1 . Me thod 507 .1 , Method 507. 1, Ilethod 506.1 ,  liethod 514 ,1 Method $09.1 , l4tIi~d 500 1, -

Procedure I Procedure I Procedure I Procedures I Procp4~re I Procedure I Proceduri I —
and IV 50 000 feet mao. 

- -

VHF -54’ to e5 5’C -62’ to ‘-BS’ C 1111-510—810 11I1-S10-310 141L-S 10— 3I 0 1411-510-010 MIL-510-813 — 1IIL-STO -BlO MII—S 10—V01
Ns vinatlo n Me thod 508.1 . Metho d 507,1. llethod 507 , 1 , Method 516.1 , Me thod 514 ,1 Method 509,1 , Method 500.1 , ,
(115) (6) Procedure I Procedure I Procedure I Procedures I Procedure I Procedure I Procedure I —

and IV 50 .000 feet i’s.. -

1141.5)4 (6) -54’ to •55 ’C -62’ to •05’C NIL-S OD-el I 1411-510-010 1411-510-810 1111~ 510-RiO 511-311)-RiO - 1411—510—BID ilIL-510-301 , -
Method 508 1, Method SO ) .) , Method 507 .1 , “etuuod 516 , 1, lethOd 514 ,1 Method 509,1 , ‘Ieth~d 500.1, 

-

Procedure I Procedure I Procedure I Procedures I Proced ure I Procedure I Procedure I -

and IV 50 ,500 f e t  ~ o,

Inertial -54’ to .51 ‘C -62’ to •85 ’C IIIL-S3O— 8l0 1411-010-010 511—5 10—3 10 1411-S O D-d O 1411-510-1110 — 1410-510-3 10 MIl -ST O— RO)
Doppler Method 503.1 , ilethod 507,1 , Method 507,1 , Method 516,1 . Intend 514 ,1 Method 509 .1 , Method 500,1.
Nav iac t i o n Procedure I Procedure I Procedure I Procedures I Procedure I Procedure I Procedure I
System (6) m d  IV 50 .000 feet ru,.

Mult irode -54’ to • 55’C -62’ to o05 ’C 111L-S1D-hI0 MIL-S 10-)1)0 1111-010-810 l~II.-ST D PiO 1411410-RIO - l’ Il-STD-PlD 1411-510401 -
-

• 
Radar (6) Method 500 .1 , Method 50 7 , 1 , Method 501.1 . Method 516 1. Method 5 14 .1 ‘el I- i 509,1 . Method 500, 1.

Procedure I Procedure I Procedure I Procedures I Procedure I Procedure I Procedure I 
- 

-
and IV 50 ,000 feet ru,

- 54’ to p55’ S -62’ to o65’C 1 10- 510-610 1411-510- ItO MI1-STD-ll0 1410-510-310 1411-510—810 - “ 10- 030 - RIO I1-)ID- .33) 
— 

-A lt imeter iiethod 508. 1 , “ et iio d 5 3 7 . 1 , Method 507 , 1 , bIetbiod 516. 1 , Ilethod 514 .1 Method 509 1. Method 530 , 1 , - 
-

(6) Procedure I Procedure I Procedure I Procedures I Procedure I Procedure I Procedure I
and I V 50,000 feet ‘dr .

US.A8E

( 1) lion Puck (6) AvI onics - Genera l 
•0,

(2) Ground Based (Sheltered) (7) Ground Support (quiranent
(3 )  Mobile Oars (8) Velon1c ~ - Hint. Perfo rinanci
(4) ShIpboard (9) Mobrle - Jeep
(5) Submarine (10) Porta b le LI

LI

copy LYMU F. 5 r7 TLOtt 
U ~
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Tabl e 3 4IAVV

Ienpcra t ure Hurul d l ty
System! ton- Funnus Don- Shock Ol b ra t ln n Enclosure Sult Spray Ai t S tudequige*n Oper .rtlvq Oper,,tlnq Dce rut inn 0p~rut hnn

All/ou1l~— 6 0’ to 50 °C —143’ to ‘75 8 ‘110~ 570~454 950 950 511- 5-901 °l1-SID-167 4 l L .S1O . .’’~V E(J - 3T 3 No, 151 —
Sonar Oysters .1 Grade A , ~~~ I reol 55 or -~ )n~~ 011 ,1 or
(5 ) lynn A 4 to 33 lIz ‘411-510-103 03314 11111

C lat s I
__________ 

o r l I

AN/SPS-49 0° to S O C  -62 ° to “P1 °C, Pl11.S10.454 950 955 MIL.S-901 410.510.167 411-510-1011 FED-Ol D 5~~, 151
Rada r Set (4> eucept Class 2 rent 4 Grade A , lyne I rseteod 8 11.1 ‘1

eat io s ed COUlD - Class I
‘lent ‘104 0 

—
— J AN/SQPI-ll 0’ to 50°C -62° to 71°C 953 95% HIL- S ID-167 - - - —

Botto.’. Type I
- Toçiorj raphy

Survey
Subsy s te rs (4 )

‘
~
‘ AII/ SIIR-l8 0° to 50°C -10° to 65°C 50% - — - - -4 Tactical In ai r; 0° to

~~ Towed 35°C In water
Arr ay
System (4 )

~~ *04/8 (V)—S 0° to 5 0 C  -iS’ to •75°C 1411-370 —4 54 953 95~ P’:L.s.qOl 1111,410-167 1111,410-lOB FED-S ID So. 151 -
“-S Sonar System reqt 4 Grade 0 , T yne I method Cl i i

(5) 
___________ 

C lass  I

AP4/ BQR-24
Sonar

— Rec e ivi ng Set 0’ to 50’C —143 ° to v75~C MII.- ST D—4S4 950 951 1411— 5— 90 1 1111-0)0—16 1 Mhl-STD- O3 400-5)0 lo. 151 —
(5) reqt 4 Grud. 14, lyon I nethod 811.1

_________________ ____________ 
Class  1 - 

-

- 

AN/APS-80 -34 to -62’ to .85°C 1411-1-5422 903 900 1111-1- ML-E- 54 00 - 1111-1-547? re005 To 30 ,000 feet —Radar Set uS5 C reqts 51122 Curv es I
- (6) reqts and II

AN/APN- ld i? /  -54’ to -62° to 1411-1—5422 1000 100% 18 Sm- Freq 5 to - 511-1-5422 rests To 90.000 feet
o . A l t i meter let  ‘95°C +125’ C reqt s pacts of 580 co at a

(8) iSq at i roe. acc el—
1511* ,ivr- eratio,r of

- atiom of ~l0q .-~11 ±1 m%

A5/A SN.51 -54° to -62° to 4-95°C - 908 90% - 1411-0-5400 - - -— Display Set (4 ‘1 °C Curv es I
______________ __________ 

and II
° *5/1411-41 -54’ to -62° to .85°C - 9011 900 — 1411-6-5.400 - - -

Oiopensinq ‘55°C Curve I
Set Counter- .3

- Measures,

L Chaff (B)

— *5/551-23 -54 ~ to -62’ to .85° C ‘41 1-7-54 22 - 6 imtrncts 1411-1-5422 - 511-1-5422 reqts up to 35,000 feet - )
(I- - Scnooucy (6) ‘55°C ragEs of lOOn rents

at a tine
duratIon
of

—~~~~~~ _________ _______ _____ 
Il ol mo

hs 300 - )7  0° to  5O’C -62° to • 7l~ C M IL — STO- 454 95% 95% 1411 -S—V Ol 1411-510 —7 67 iiIl. -S TD-108 FE D—S b No. 151 —
reqt 4 Grade A , T ype I methOd 811 ,1

Type 8,
(11 11t  - ech ‘ 31  Cims u I

7-151 ( ) /AJB- 3 3d’ ~o -62’ to .95°C 1111-1-5422 903 901 1111-1-5400 — lIIL- ’t- ’ta reqts 10,000 feet

~~ 
~~r Au t t Gpro ‘‘ I C reqt s Curv e III

AN/UPII.i36 -28’ tO 62’ to 75’C 1411-510-454 95% 95% 1111-5-901 1410-510-1 67 “11-5 )0-10* Ftt ~-51O tIer . 151 10,000 opera t on;
Sadie Test S.t •6S’C riqE 4 Gride A , T ype I method 811 ,1 50 .000 feet,
(6) Type A , nofbooeritiiiei

C)aui I

- AM/ate-Il -28 .3o -62 to •7l ’ C 411-510-454 V5% 95: 1111-5-901 l’lI1.SlQ-i 67 1411-570-454 100-5)0 No . 151 —
ElectronIc °65 C  req t 4 T ype A , )ype I .-eqt 55 method 011 ,1
Couettre aS- Ci ao ~ I
wren R.c,rerei
Set b i o S)

~~
,P

— _~~~ o4_ _, 
~~~~~~~~~~~~~~~~~~~~ - —. —— -- -

~~~~~~ 
-. - —-- — -- -- -- - I
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Table 3 (Cant.) h Ay S

Teio ve rat u re iIuiiiid r t y
System ! to n Funq us Ion- °hock V i bration Enclosure Sa l t  Spray A l t i tud e
E~uiPrimet Operat inci Operat inrs Operat inq Occerat inri

~~fense 0° to 50°C —18 ° to ,15’C 110-510— 4 54 100% 1001 1411-5—3 01 1411-510-167 1411-510—108 110-510 i1~ . 751 To 00,000 feet
Weapon s System reqt 4 Gr.sde A , lope I method 8 11. 1
(5) Type A ,

Class I

Coni-iand O to SO’C -18° to .15°C F’ lL - STD -4 54 1001 100% 1111-0-901 MIL.S10- 167 1411-5)0-103 FED-SIT 30. 151 to 50 .000 feet
Subsystem (5) reqt 4 Grade A , Type I method 011 ,1

lyon 4 , —
Class  I

Tact Ical 0’ to 50°C —16 ’ to .75°C 1411-310— 454 100% 100% P111-5.90 1 M IL-ST D- ’ 67 111- ST O.108 FED -ST O No. 151 To 50 ,000 feet ~~Na nigatton reqt 4 Grade A , Type I method 811.1
System (5)  Type A ,

C l ass  I

Exter ior 0° to 50°C -18° to .75°C 1411-510-454 100% 100% PI l L -S- V O l M !1~STD_ I 6 7 MI L -S TD-l08 FED- OlD No. 151 To 50 ,000 feet
Corionuvicat ions reqt 4 Grade A , Type I rr,et?rod 811. 1
Sy stem (5)  Type A .

Class I

Inte rior 0’ to 50°C —18’ to •75’C 1411-510—454 100% 1001 1411-5-901 1411—070-167 ‘411-310-108 FED-OlD No. 151 To 50 ,000 fee t
Coerrunications reqt 4 Grade A , T ype I method 811 .1
System ( 5)  Type A .

Class  I

Badar 0’ to 50°C —18’ to .75°C ‘411-510—454 100% loOt 4-411-5-90 1 MI1-STD-161 ‘110-310-100 400-310 lix . 151 to 50 ,000 feet
Subsystem (S) reqt 4 Grade 0, Type I method 811 .1

Type A , 
. 

-
Class I

114 Subsystem 0’ to 50°C -18° to *75°C 14I1-S10-454 100% 100% hill-S-VO l 1411-073-16 7 “IL- STO-10 8 FED—S ID NO. 151 To 50 .000 feet
(5) m O E  4 Grade A , Type I method 811.1

Type A ,
_____________ __________ 

Class I

PerIscope 0’ to 50°C -18° to * 15°C 1111-510-454 100% 100% 1411-5-901 14I1-ST D-167 1411-ST D- 1O8 FED-STO No, 151 To 50 ,000 feet
Su bsystem )5) reqt V Grade A . Type I rre t lrod Sil l

Type A ,
_______________ ___________ 

C lass I

Nenltoring 0° to 50’C .78° to *75° C 1411-510-454 100 % 100% 1411-0-901 1411-510-167 1111-570-108 FED-STO No. 151 lo 50,000 feet
Subsystem (5)  reqt 4 Grade A , Type I method 811.1

Type A ,
Cl ass I

Central 0° to 50°C -15° to ‘75°C 1411-ST D-’454 1007 100% M114-OOl 1411-ST0-l67 1411-5)0-108 400-5)0- Plo , 757 lo 50 ,000 fee t ‘ , -
Computer meqt 4 Grode A , Tyoe I method 81 1.1

I
’ Complex (5) Type A ,

Class I -. .

Standard 0° to 50°C -13° to •15 1 44I1—STO—454 1000 1000 1411—5—901 1111-510-167 1111-510-lOS 110-510 Mo, 151 To 50,000 feet
lnfo rinati o reOt 4 Grade A , Type I method 811.1
Di splay Type A ,
Subsystem (5) Ctass I

AN/SIT S~26 0’ to 50’C -62° to .15°C, 1111- 010-454 955 9SS 1111-0-901 MI L-S TD- 16 7 1411-510-108 hot  required —
Sonar System e,cept SlIP reqt 4 Grade A , lyp~ I
(4) eodules VII Claus II

-55°C

45/5 70-5 3 0’ to 5 0 0  -62° to 15’C 1411-070 -454 95% 95% 1111-5-901 MI1.STO-167 lI . 170_ ice Not required - ‘, -
Sonar Sys tem re’qt 4 Crude A , T ype I -n”
(41 Class II

*8/505-53* ou to 50’C -60’ to ‘75°C ‘411-510—454 955 95% 1411-S-VOl 1411-ST D- l67 ‘.1 ..S TI-108 Not relucred -
Sonar System req t 4 Grade A , Type I
(4)  

__________ 
Class Il

A M/SOS- OS 0’ to 50°C -62’ to +7S°C 1411-570-454 95% 95% 1411-5-901 MI1 -ST O-16 7 910-510- 108 - -
Independent reqt 4 Grade A . Type I
VarIable Class I C ,
Drptt. Sonar (4)
System

AN/505-38 0° to 50°C -62’ to .75°C MI I -S T O- 45 4 951 95% 1411-5-901 1410-010-1 6 7 1411-510-708 - -
Hull Sonar rv qt 4 Gradi A , Type I
Sys tem (4 )  Type I.

Class I -kj
A !l/Sr7 3~S6 0° to 50°C -62’ to +75”C h4Il -ST D-4 54 951 95% 1410-5 .901 M11- ST D- 16 7 ‘410-510 —108 — 50 ,000 feet ‘

~~$.onar System req t 4 Grade A , lype I (aarlnri
(8 )  Type I, transport)

C lat~ I

USAGL :

( 1 ) Man P~r.h 6) A v Ioni cs - General
p - (2) Ground Gased (Stcelter id 1) Ground Supso rl fq u i ’ ime nt

3) H~bI 7e Van 8) A~ionl cs - l~ fl5 Pe rforwwn ce
Shipb oard 9) ‘4ob hl e - Jeep

~~~~~~~~~~~~~~~~~~~~~5 S u b r~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Po~~~~Ie 
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Table ‘! A~ IT

J Temperature Hurildity
System! 1loe~ Fungus Non. Shock Vibration Enclo sure Salt Spray Alt i tudequ ~~ Operating Operat lnq Operating Oserating

AN/G1Q-2~ ) —5 4 to •66’C -52° to .71°C ‘411-1-152 071 97% Per detai l  1-1 tO 55 HZ — - 10, 00 0 feet .

(2) 50.000 feet. j
Radio Set op c °ciflcat ion plo-rating;

_________________ _____________ ______________ ___________ ___________ 
nOnOper uting

AN/PRO-?? -40° to .65°C -62° to .71°C 14J1-5T0-8i0 97% 97% Per detail ‘0 to 55 lIz - 1411-510-810 lO,~ :10 feet .
Radio Set Method 508 spec ificat i on Method 509 operating ;

• (1)(9) 40 ,000 feet .
moeope ratir .g

A1I/PRC-25 -40° to .65°C -62’ to .71°C 1411-SIC-SIC 97% 975 Per detail 10 to 55 liZ - 1411-570-810 70.000 ‘oct
Radio Set Met lrod 503 s peci f ic at Ion Method 509 operatbn q ;
(l)(9) 50.00-3 feet .

nonoycratinq

14138 Test Set. -18° to •54°C -54° to v7l°C IIII-STO-BlO 95% 95% 18 Impacts of Per d eta i l  - — —
6A l Test Method 508 30g at a time speo i 1~ c s -
Proqranerer duration of tior,
(7) 11 ns eac h

AN/GSQ-169 °l° to °64’C -57’ to *74°C MII-STD-3I0 94% 94% Per detail 10 to 55 Hz — Per deta i l  10,000 feet .
DetectimS- Method 5013, spec if ica t ion  specif icat ion oper at c~ 9;Tra eSni tt~’0 Procedure I 50 ,033 feet,
Set , E lectro— nonoperat cng
magnet ic h O )

Teletypewriter Method 507 . Method 507 , Method 516. Method 514 , Method 500 .
Aih/FGC’25( ) 3’ to °S5’C -65° to .71°C — 1111-510—3 10 1l11_ 570_8I0 1411-573-310 1411-513-810 — — 1411-513-810

Set (2 )  Proc edure I Proced ure I Procedure I Procedure It Procedure I
Part I

Ai4/APTI-123 (V) -43° to °S5~C -62° to .45°C MII-STI-Vl0 97% 975 Per detail 10 to 55 lip - F10-STD 10, 133 feet ,
Tran sponder llethrOd 508 specIficat ion No. 151 operatcmq;
Tes t SetU) Method 811 .1 53 ,C11 feet ,

nOnoperatinq

*M/TPiI-25 0° to ° ‘ s °C .62° to ‘85°C lh11-STD 13l0 100% 100% 1111-SIC-Tb 5 to 55 HZ - MII-ST D-B1O 14 ,100 feet
Radar Method SOil . Method 5 16.1 IlethOd 509 ope.’ut i’i J ,
lest Set (7 )  Procedure I Procedure F 50.300 feet,

mono/c rating

A?i/USM-4l0( VI-)) ‘23 ’ to °35’C 0° to .50°C IIII-ST0-454 90% 90% - - ‘411-510- - -
IV)  Electronic R.~t 454
Equipment e5t Req t 55

L Stati on (7 ,

r I TransceI ,er . -40° to ‘65°C -53° to .68°C — 1000 100% Per detail 10 to 55 lx - 1111-5)3-20? 10 ,300 feet,
?4F-Nf-fImF . speci f i t a t i o n Method 101. oper ,f r-z ;
VeNicul a r  am a Condi tion 8 50 ,000 feet.
Man—Pack (1119) ironoperatin’)

AN/G56-1 O )V ) .4~) to f 2 ° C  -62° to v68°C — 100% 100% Operat hnq, 10 to 55 Hz - - -1330 to
Fire Direction Type I . Sq; 10,000 feet
System. Type II, 20g; operatl.%;
Artillery (7) Norcopemating, -1300 to

vehicular , 40.030 feet
1O

~
; air drop. mo noperat lng

It AN/APM -305 0° to ‘So : -62’ to *85°C MII-Sl0-9 10 100% 100% 11I1-STD- 810 S to 55 Hz - 1111-0)0-810 10. 130 ‘r e t .
Transpon de r . Method 508 Method 516. 1 Method SOS el— rat ing;
Test Set (7) Procedure V 50 .310 f ret ,

nOnorceratlm g

A1IIARI1-89( ) -54° to °S S°C -62° to .85°C 14 I1-STD- 3l0 100% 100% 1111-1-5422 ° I I L-T -5422 — ‘411-510—810 07 to
DIrectIo n Method 508 Parts I and Curve III. ‘iethOd 509 50,713 fret ,
Finder Set (8) II figure 5 ,pcralii’3 - -

~~

Ail/ARC .115( 1 -54° to ‘05°C -62’ to .155°C 811-510-810 100% 100% 1111-1-5422 1411-1-5422 - ‘i L-ST O- l I l O Up to
Radi o Set (6) Method S08 Parts I Method 509 00 ,000 f ee .

•nd II ,pcratin’) ‘. h ~

I , A h4/PR C-7 0( ) -46’ to .52°C -57 °  to .71°C ‘i IL.OTO .r.lO lilL-510.ihfl ‘Il l-STO- illO “ 11- 1) 0-910 II to 55 lIz - 1411-010-81° II , 1’l f ee t ,
Rad io Set (l)(9) Method 5015, Method 507 . Method 507 , ‘ !othou 516. Method 509, sc,’~ -r tie q;Protod ure I Procedure Procedure Procedure s Procedure I 50 ,- DO hee l .

III Ifl II 4n4 -1 flofOpri’Oli n g

- - I Ali/GMO -1 —54° to °56’C -62 to .71°C 111-013 -910 91% 97% Per detaI l  . - li l t -Ill - 110 -
- ‘  - Naw in S e t ) ? ) ) 7 )  Method 003. tpecl ficat lon IlethOd 509

Procedure I

AM/PhlQ-I -50°  tO ‘66°C -62° to .11°C b I 0 - O T i . ~~l0 ~~~ - - - - 10,000 f eet ,
Me teorol ogi cal MoT ho l 38 o pe rating
Statio n (2)

C-il COPY AVAILABLE TO C~C ~2 S  P~- . - - - -  - - - - - M1I~ Eli I~~~rmflI,C,nnnnLinnn
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Table 4 (Cont.) ARMY

T emperature Hmmnid itv
System! Non- Fungus lIon- Shoc k Vibration Enclosure Salt Spray Alt itude
~ 

P~iC Operating Ot erat in e Operating Operating

8th/NIT-il -57° to ‘71°C -57 ° to .71°C 4 IC-STO - I ,l 0 0l1.51D~0 lO 1111—S IC-sb 14I1-STfl-31 0 1411-510-110 - — Up to
Radiosonde ilet irOd 508. Method 507 , ‘iethod 507, l-lptliod 516 , Method 510 , 10 5.000 feet ,
Oet ( 7) Procedure I Proced ure II P rocedure II Procedure II Procea rmi- eSI . operating - 

-
Parts I
and ?

AM/T PM-22 0°C to .55°C -62° to .85°C — 95% 951 Per detail S to 55 Hz - - 10 .030 fee t ,
Radar specificat ion operating ;
lest Set (7) 40,000 feet .

nonoperat ing

Ali/A RII- l0 3)V ) —54° to ‘71°C -62’ to *95°C — 95% 95% 18 iopacto of - — — 30,000 feet.
TACAN lsg at a time operating,

Naniaation duration of 50 .000 feet ,
Set (6) 11 ms each rronoper oting

USAGE :

(1) Man Pack (6) Av Ionics — General
(2) Ground Based (Sheltered) 7) Ground Support Eouloment
(3) Mobile Van 8) Avio n Ics — Hi gh Perforn.amce
( 4) ShIpboard 9) Mobile — Jeep - ‘
(5) Subn ,ariee (10) Portable

U -

~~~
.

-
I
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SEM TRADE-OFF CRITERIA AND DEFINITIONS

1 1. MODULE COST - The relative projected production cost of the module.
The projection is related to size, producibi lity , complex i ty, density and

I- technology res t r ic t ions.
- - 2. NUMBER OF PINS/ACTIVE MODULE PAC~(AGING AREA - The number of pins

divided by the total maximum module packaging surface.
3. COST/IC - The “Module Cost” as defined in criteria #1 divided by the

-~~ 

number of IC’s. The number of IC’s is a weighted average of 16 pin dips
and 16 pin flat packs.
4. ASPECT RATIO - The averaie of the module and circuit board aspect
ratios. The module aspect is defined as the over-all height of the
module divided by the over-all width of the module. This includes any

- cooling fins , side guides , connec tor s, keying pins and screw heads, The

- - circuit board aspect ratio is defined as the over-all height of the active
circuit board divided by the over-all width of the active circuit board .
The active c i rcu i t  board is defined as the area that can actually be used

- 
to mount electr i cal components. Thi s area may be different  from the total
area and may also be different for different technologies (e.g., flat
packs which would allow usage of both sides.)
5. PIN SPACING - The spacing or distance between connector pin centers.

— This spacing is measured in both the X and V dimensions. This factor also
considers the grid pattern (e.g., rectangular , diagonal).

- 
- 

6. NUMBER OF PINS - A simp le count of the connector pi ns that are needed
- to accommodate efficiently the range of function levels having system

commonality .

7. THERMAL RESiSTANCE * Thermal resistance , defined as degrees Centi-
grade/Watt, measured from the hot spot on the component case to the worst
case module therma l interface point.

) - 

8. DEGREES CENTIGRADE/WATT/BOARD AREA - Thermal resistance , defined as
I 

, degrees Centigrade/Watt multiplied by the maximum board area. The maxi-
-
- n-

- . - 
-

- mum board area is defined as in criteria #4. The thermal resistance is
measured from the module therma l interface point to the system heat sinkS

-: 

- 

- 
9. WATTS/VOLUME - DEGREES CENTIGRADE - The summation of internal and

- ~~~~~~~~~~~~~~~~ external thermal resistance Inverted and divided by the module volume .

- -m

0-1 ~~~~~~~~~~~~~ -~~-~~~~~
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(Module volume is defined as the over-all height of the module times the

over-all width of the module times the over-all thickness of the module ,

including any cooling fins , side guides , connec tors , keying pins and screw

heads. Sometimes called the “slo t vo l ume ” .)

10. EXTRACT ION/INSERTION FORCE - The force required to insert and extract
the module from its operating position after all restraints , locking devices ,
etc., have been removed .
11 . RELIABILITY/IC - The over-all reliability of the module divided by

the number of “IC ’ s” that can be placed on a module.
12. RELIABILITY , MECHANICAL - he reliability of the module after the re-
liability of the electrical components have been subtracted out.
13. QUALITY - The relative ability to insure module quality through normal

‘- inspection and test procedures. Related to size , complexity , density and

technology -
14. APPLICATION FLEXIBILITY , MECHAN ICAL - The capability of the module
mechanical design to be used in a wide variety of supporting structures
(enclosur es , racks , AIR ’s, etc.) and with different therma l interfaces.
15. TESTABILITY - A measure of the ease with which the module may be

- ‘ tested . Related to the number of gates/pin on the module. —

16. PRODUCIBILITY - A measure of the ease with which a particular module
- j design may be produced . This is a complex of all those factors that can

inf luence  the ease of fabrication , such as , mechanical tolerances , special
- processes , tooling and the existence of automatic machinery .

17. VOLUME/IC - The module volume (defined as in #9) divided by the
number of IC’s that can be placed on a module. The number of IC’s is a
weighted average of 16-pin dips and 16-pin flat packs.
18. ENVIRONMENTAL FLEXIBILITY REQUIREMENTS - The capability of the module

design to meet the different environmental requirements~.

- 
i: - 19. FUNCTIONAL FLEXIBILITY - The capability of the module design to

acconviiodate efficiently the range of function levels projected to have
system commonality Efficiency is defined as (board area used/board total

area) X (pins used/pins availabl e )
20 WEIGHT/IC - The overall weight of a module with IC’ s divided by the maxi-
mum number of IC ’s that can be placed on the module . The number of IC’s is

-i ~~~
;.‘ ‘ a weighted average of 16—pin dips and 16-pin flat packs, p_Il ~

~~0 
_ _  

__________
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I 21. IC OPERATING COST/HOUR - The “module cost” taken from criteria #1
divided by the number of IC’s on the module time the failure rate of the
IC’ s taken from criteria #11 . The number of IC’s is a weighted average

f of 16-pin dips and 16-pin flat packs.
22. CONNECTOR FLEXIBILITY - The relative capability of the connector

j design to meet different requirements of voltage , curren t, frequency ,

contact resistance , etc .

1 23. COMPATIBILITY WITH SEM - The relative one-way compatibility of the
candidate module with the existing SEM module. (One way compatibility is
defined as being able to mix wi thout severe penalty existing SEM form

~~

- factor modules and new form factor modules in a new system design.)
24. INCREMENTAL GROWTH - The relative capability of the candidate

J module design to be expanded incrementally. This inc ludes the effect of
incremental growth on size , weight , cost, aspect ratio , number of pins ,
etc .

- -  

25. TECHNOLOGY COMPATIBILITY - A measure of the flexibility of the
- candidate module design with respect to differing technologies. For

example , can dips , flat packs , custom LSI and hybrid circuits all be used
- without severe penalty?

26. GENERAL MECHANICAL - An evaluation of the general mechanical design

-~~ of the candidate module. This includes such considerations as key pins ,
‘

~ pin shields , handling interfaces, mar ki ng surfaces , etc.
27. SYSTEM MAINTAINABILITY - The impact of module mechanical desi gn of
system maintenance (the impact for example of extraction or replacement
method on MTTR).

a
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