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EXECUTIVE SUMMARY

The purpose of this study project was to investigate and

illuminate the role of the United States Navy ’s Standard

Electronic Module (SEM) program in the electronic systems

acquisition process. The report exam ines past efforts as

well as present and future applications .

The report examines landbased , shipborne, airborne and

submarine applications ranging from operational SEM based

equipment to systems presently in development .

An overview of several current studies is presented to

demonstrate the potential for wider application of the SEM

concept. These studies include the use of SEM in the design

of shipborne radar, TACAN , airborne radar, and general pur-

pose transmitters.

Based on the data researched and the interview respon-

ses, the author concludes that the wide-spread use of SEM

based electronic systems could result in significant life-

cycle cost savings and greatly improved system availability .

These potential benefits are based on proven improvements

in system reliability and ease of maintenance , and a reduct-

ion of the maintenance skill level requirements.

Additional savings could be realized due to shorter

development times and less expensive operations and support

costs due to modular commonality (both intersystem and intra-

system).
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SECTION I

INTRODUCTION

In the past , mil i tary electronic systems were develop-

ed in a manner that encouraged proliferation of electronic

hardware. New systems were designed with little if any

thought given to commonality with either existing systems or

other systems being developed at the same time . As a result,

we find ourselves faced with long lead times and h igh tech-

nical risks in fielding new equipments , high maintenance

skill level requirements, and poor logistic support. The

resulting high life-cycles costs are becoming increasingly

unacceptable in the light of dwindling defense budgets. In

an attempt to halt the continuing proliferation of packaging

technologies being used in military electronic systems (and

at the same time improve reliability and life-cycle cost)

the U.S. Navy is actively pursuing a design standardization

program . The Standard Electronic Module (SEM) program “pro-

vides the hardware acquisition manager and design engineer

alike with a practical electronics hardware methodology that

is consistent with the goals and objectives of the Navy and

industry.” (1-21)

Purpose and Scope

In a study report written in November 1974, while at-

tending the Defense Systems Management School , Mr. John A.

Wyatt examined the main features of the Navy Standard Hard-

ware Program (subsequently renamed the Standard Electronic

Module Program). In his report, he speculated about the

1
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likely impact on its effectiveness “in terms of its ability

to bring about significant life-cycle cost reductions in elect-

ronic systems.” (5-1) Additional goals were “to show how the

use of Standard Electronic Modules affects the cost of sys-

tems in which they are used” , and “to demonstrate the results

in quantifiable terms” by comparing “two distinctly separate

modular systems .... .i.e., the AN/BQQ-5 and the Trident
(AN/BQQ-6) sonar systems.” (5-2)

The purpose of this paper will be to understand , from a

systems acquisition viewpoint, what Reliability and Maintain-

ability (RAM) and Life-Cycle Cost (LCC) advantages might be

realized through wide-spread use of SEM in future Navy elect-

ronic systems.

Specific goals will be to:

Investigate the progress in implementing the SEM pro-

gram in the Navy during the ensuing time period be-

tween Mr. Wyatt ’s November 1974 report and the present.

Analyse past attempts, successes and failures.

Analyse present efforts.

Arrive at conclusions and recommendations .

The scope of this paper will be to:

Describe the goals of the SEM program , and the mechan-

ical and environmental requirements for the modules on

which the program is based.

• Compile a representative list of electronic systems

presently employing SEM concepts , exam ine two such

systems in detail , and report on the conclusions of

2
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several other SEM application studies.

Examine the poli t ical  cl imate (concerning SEM )

which exists in OSD , in Industry , and with the Navy .

Examine the possible impact of widespread u t i l i za t ion

of SEM based systems on:

Design to Cost (DPC)

• Life-Cycle Cost (LCC)

Logistic Support

Reliability and Maintainability (RAM)

• Product Improvement

• Training and Maintenance Skill Levels

Limitations

A complete examination of the entire Standard Electronic

Module program is beyond the scope of this paper, and although

Tn -Service implications will be touched upon, lack of time

precludes an in-depth examination of efforts outside the Navy.

For the same reason, no attempt is made to present complete ,

life-cycle costing models.

Data Base

The sources of data used in preparing this paper are

listed in the bibliography . All conclusions and recommendations

are based on these sources as well as the author ’s personal

observations while assigned to air and sea units of the oper-

ational fleet, and tours of duty on both OPNAV and NAVIVIAT

staffs,

3
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SECTION II

THE NAVY STANDARD ELECTRONIC MODULE PROGRAM

“The Navy’s Standard Electronic Module (SEM) program is

a highly successful design standardization program that is

commanding considerable attention within the Department of

Defense as a result of its achieving significant cost and re-

liability improvements. This program establishes a rational

discipline for the development process for military electronics

systems by providing families of functional electronic mod-

ules which are already developed , documented , qualified ,

and for which a wide industrial base exists.” (6-132A )

Concept

The SEM concept is based on the principle of limiting

redundant design through the use of standard functions , thus

achieving cost benefits through consequent large production

volumes and wide competitive availability . Equally important

are the expected increases in reliability and maintainability ,

coupled with decreased logistic support requirements.

Definitions

The following terms may appear several times throughout

this paper. The definitions of the terms will have the same

meaning that they would in any document controlled by the

SEM program .

Standard ModuleS - those modules having potential
for multisystem applications which have been docu-

mented and qualified in accordance with the require-

ments of MIL-STD-1378.

4
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• Special Modules - those module having l i t t le or no

po tential for multisystem applications. Documentation

and qualification is the responsibility of the ap-

plicable Program Manager.

• Key Codes - three letter symbols for marking and

identification of both special and standard modules.

The first and last letters of each symbol indicate

the combination of keying pin configuration and ro-

tational orientation used to safeguard against in-

correct insertion of modules into receptacles.

Organization

The Navy SEM program organization is made up of three

main functional areas: the Technical Management Activity .

the Design Review Activity , and the Quality Assurance Activity .

The first of these is the responsibility of the Naval

Electronic Systems Command (NAVELEX), whose functions in-

clude the establishment of SEM objectives, organization and

direction of Navy Laboratory efforts, promotion of the pro-

gram within the Navy, and sponsorship of module development

activities.

The Naval Avionic Facility , Indianapolis (NAFI) serves

as the Design Review Activity and is responsible for the re-

view and classification of each SEM module . Additionally ,

NAFT is tasked to assign SEM module key codes and specifi-

cation numbers, perform advanced exploratory development

studies relative to SEM module designs , provide technical

coordination and assistance as required , and maintain the

5



SEM data bank and information retrieval system .

Documentation

The mechanical and environmental requirements for SEM

modules are specified in the following documents which also

describe the electrical functions and reliability require-

ments for each module type :

I
I REQUIREMENTS FOR EMPLOYING

L STANDARD ELECTRONIC MODULES

MIL-HDBK-2L1.6 SEMP PROGRAM
MANAGERS HANDBOOK

MIL-HDBK-239 SEMP APPLICATIONS
HANDBOOK

IVIIL-STD-1634 SEMP MODULE
DESCRIPTION HANDBOOK 

I
MIL-M-28787 MIL-STD-1389

MODULES, ELECTRONIC, STANDARD DESIGN REQUIREMENTS FOP
FT,ECTPONIC MODULE PROGRAM , STANDARD ELECTRONIC

GFN . SPEC FOR MODULES

INDIVIDUAL MODULE
fl’~~~H SHEETS (SPECS)

6



Configuration

The basic SEM module ( 1A size) configuration is depicted

in Figure 1. The principle rationale for this physical form

factor was based on a size and configuration which would en-

able rapid replacement and yet be able to accommodate reason-

ably high functional complexity . At the same time it was im-

portant that the modules be in a cost range which would

justify throw-away upon failure and in a size and configur-

ation compatatible with existing electronic technologies

(flat packs, dips, LSI, etc.).

Provisions for module growth incrementF for use in the

expansion of module size allow increases in span by incre-

ments of 3.00 inches and in thickness by increments of .300

inches.

The SE~ program has evolved to where it consists of

approximately 280 different module types. These modules are

made up of the following general families:

Digital logic : from basic gates to memories , micro-

processors etc .

• Interface circuits : drivers , receivers, logic level

shifters etc .

Converter: analog to digital, synchro to digital etc .

• Analog : operational amplifiers , filters , switches etc .

Power supplies

• Miscellaneous : resistors, capacitors, terminators,

inductors, transformers, relays etc .

Figure 2 is a representative list of 42 SEM types.

7
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1 SEPTEMBER 1911

STANDARD ELE CTRONI C MOD ULES PR OGR AM
MODULE LISTING

Formerly NAVELEX 0101 ~053B
SLASH
SHE E T KEY MODULE NAME sIZE MODULE DESCRIPT ION REV STAT US
M2 8787/

1 GDJ Latch 1A Four 4-bit la t c h e s . TIE (QBA ’) A AP
2 GDE F l i p - F l o p ,  i—k IA Six  i-k f l i p - f l o p s , H S T T L  ( 2 ) AP
3 GDA Gate . HAND 1A Twelve 2-input strobab le , R AND gates , H S T T I. (1) AP
4 GOt Gate . OR , E x c l u s i v e  lA Mu l tipl e e x c l u s i v e  OR/NOR gates , i ii (QOB’) (1) AP
5 BOL M u l t i p l e x e r  1A Three 8- input d i g i t a l  m u l t i p l e x e r s , lii A AP

(kHC’)
6 FDA Counter . Binary . Synchronous 1A Three 4-bit synchronous binary counter s. ITt A AP
7 GDN Decoder . Binary 1A One of sixteen binary decoder . IT t (QBE 3) A AP
8 SOC Gate. HAND 1A Six 4-input and two 3 - i n p u t  pow er HAND gates . A’ AP

H ST 1 1
9 LOP Gate . HAND 1A Four 8-input NAND gates. 111 (3) AP

10 GDB Gate , NAND 1A Six 4-input and two 3 - i n p u t  HAND gates , H STT L ( I )  AP
11 KDL Adder , Di g i t a l  lA Two 4-bit and one 2-bit adders, lit (I) AP
12 KDJ Arithmetic Logic Unit 1A Two 4-bit arithmetic logic un i t s . iii (2) AP
13 FPQ Network , Resistor , Independent 1C Two 2.37Q and two 3320 , 4W . resi stors (PPQ’) AP
14 JBD Term ina to r , Resistor-Capacitor lA Single ended term i nator (ADD’) AP
15 PMN Fuse lB Eight fuses  (FMN’) AP
16 iDE Rece i ver , In terface lA Eighteen logic level receivers . TTL (A H8’) (1) AP
17 LDJ Gate , AND - O R - I N V E RT 1A Six AND-OR-INVERT gates, IlL (CBJ’) (1) AP
18 LDQ Gate , HAND lA Twelve 2—input HAND gates , IlL (C HG ’) (3) AP
19 LOft Gate , HAND lA Six 4 - Input and two 3-Input HAND gates , TIt ( 1 ) AP

(CHE~ )
20 LDC Inv e rter 1A Eighteen inve rter qates . TTL (CBL ’) (3) AP
21 WD U Gate. HAND 1* Four 8-input HAND g a t e s . HSII L (1) AP
22 ABE Diode , Programmable 1A Twenty Indep e ndent h i g h  speed diodes (ADE’) A ’ AP
23 SBI Receiver , Interface lA Receiver , SEM i nter f ace . 28V to Sf (501’) AP

(S Ql 3)
• 24 OPt R e c t i f i e r . Low C u r r e n t  IA Twelve L 7 5 -a m p  r e c t i f i e r s  ( Q P R ’ )  AP

25 HPJ R e c t i f i e r . High Current 1C Three 8—amp diodes (RPJ’ ) AP
26 GPN F u s e  18 One 20-a.p fuse  ( Q P N ’ )  AP

27 SO N C o u n t e r . Up and Down , B i n a r y  1A Four 4 -b i t  s ynchronous  b i n a r y  up /do wn ( 1 )  AP
counter s . TTL

28 PDM Shift Reg ister lA Two 32-bit shift reg ls ter s ,,ITL • AP

29 FDH I n s e r t e r  1A E ighteen Ins er te r  g a t e s ,  H S T T L  (1 )  AP
30 BBA Count e r , Up-Down , B ina ry  lA Three b inary  up /down c o u n t e r s .  ITt A ( 1 )  AP

31 300 Counter , Up-Down , B CD . P r e s e t t a b l e  1A Three BCO . p r e s e t t a b l e  up /down c o u n t e r S , l i t  A AP

32 (BR F l i p - F l o p .  0 -Type  IA Six 0 - type  f l i p - f l o p s . I P T I L  A AP

33 303 S h i f t  R e g i s t e r  1A Four 4 - b i t  s e r i a l / p a r a l l e l  s h i f t  r e g i s t e r s , A AP
ITt.

34 JBN M u l t i v i b r a t o r , M o n o s t a b l e  1A Tw o monos tab le  m u l t i y i b r a t o r ~ (JON ’ )  A ( l )  AP
35 (Pt R e s i s t o r , Power 1C 3 840 power r e s i t t o r . 12 w a t t  (N PI ’ )  AP
36 Y ET Fuse lB One 3-a.p t low b low fuse (Y M I ’ )  AP
37 Y E W F ,se  18 Eight fuse s . 1 ma . 4/10 , 3/4 . 2 , S amp; 2 ea . AP

1 /4 and 1 amp (Y MW ’)

38 RPM R e l a y ,  DPDT 18 Four u n d e rvo l ta g e  DP OT r e l a y s  ( ( P M ’ )  A ( 2 )  AP
39 (B C Adder 1A Two 4 - b i t  and one 2 - b i t  adder . IS IT L A AP
40 (81 I u l t i p l e z e r , Dig it a l  1A Th re e 8- inp u t d i g i t a l mul t ipl ~~ser~~, IPITI A AP

4 1 (B E F l i p - F l o p ,  i - k IA Si , 3-K f l i p — f l o p s ,  111 ( 2 )  AP
42 38k C o m p a r a t o r , Magn i tude lA One 4 - b i t  and one B - b i t  expandab le  magn i tude A ( 1 )  AP

c o m p a r a t o r s .  LP T T L

Figure 2.
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SECTION III

PAST SEM BASED EFFORTS

One of the earliest large scale uses of SEM s in an oper--

ational system was the redesign of the AN/BQG-2B Signal Com-

parator. The first installation of this equipment was aboard

the USS BARB (SSN 596) in March of 1970. The Signal Com-

parator cabinet contains 256 SEMs which perform virtually

all its electronic functions. Demonstrated Mean Time Between

Failure (M TBF) is over 1,200 hours , compared with 150 hours

for the unit it replaced. Equally impressive is the Mean

Time To Repair ( MTTR ) f igure of .25 hours.

Follow-oris to the successful AN/BQG-2B effort have in-

cluded the following major system applications : 
\

PROGRAM OFFICE SYSTEM DEVELOPER

PM-i MK 88 MOD 0 POSEIDON FCS GE

NSEA AN/BQR-21 “DIMUS” SONAR HONEYWELL

NSEA AN/BQQ-5 SONAR IBM

NSEA AN/DKT UHF TELEMETRY NAFI/ECI

NSEA SUBMARINE ACOUSTIC SPERRY GYROSCOPE
WARFARE SYSTEM

PM-i MISSILE MONITOR LOCKHEED
SIGNAL CONDITIONER

PM-i MK 98 MOD 0 TRIDENT FCS GE , HUGHES

NSEA AN/BQQ-6 TRIDENT IBM
SONAR SYSTEM

NELE X AN/BQH-6 SONAR RAYTHEON

NAIR HARPOON GSE McDONNELL DOUGLAS

10
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PROGRAM OFFICE SYSTEM DEVELOPER

NAIR AN/AWG-21 WEAPON NAFI
CONTROL SYSTEM

AIR FORCE TACTICAL WEATHER RADAR NAFI

ARMY TOW MISSILE GUIDANCE SYSTEM NWSC

It is worthy of note that the major user of SEM design

concepts has been the developers of submarine systems. Based

on the successes achieved in this warfare area, the Naval Ma-

terial Command is presently investigating additional areas

which would be feasible for SEM implementation . Several pos-

sible applications will be discussed in the next section.

11 
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SECTION IV
PRESENT SITUATION

Over 5000 SEMs are presently in use in electronic sys-

tems throughout the Navy . Approximately 20 of these systems

are operational, with another 50 in various stages of develop-

ment or production . In complexity they vary from a relatively

small Test Set (AN/BQG-28/4A), which uses 27 SEMs per unit, to

a Trident Fire Control System (MK98) using 13420 per unit.

It is interesting to note that the very large SEM~ count mak-

ing up the MK 98 is actually comprised of only 88 different

Standard Electronic Module types.

The ~aJority of the SEM based systems in use, as well as

most of the systems under developthent, are associated with

submarine systems . Several ~tudies and/or development efforts

have been completed however which appear to demonstrate the

feasibility for much wider applications of the concept. The

remainder of this section is devoted to examining an exten-

sive development effort aimed at demonstrating the feasibili-

ty of a family of Modular Radars, as well as a cost trade-

off analysis between Alternative AN/ARN-84 TACAN Systems .

Additionally , the conclusions of several other SEM applica-

tion studies will be briefly noted.

217S Modular Radar Prpiect

The U.S. Navy presently has over a hundred different

radars in its current inventory of supportable systems. In-

cluded are over twenty-nine different radars in the surface-

12
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search category alone , with many of these performing basi-

cally the same functions.

Of prime concern in the operation of these equipments is

a figure of merit, called Operational Availabil i ty, which is

defined as the percentage of time the radar is functioning

properly given that the radar operation is required. Not in-

cli~ded in this calculation is the time when radar operation

is not required , such as when the ship is in port.

Typically , radar systems exhibit Operational Ai.raila-

bilities on the order of 30 to 40 percent. The availabilities

are influenced by factors such as mean-time-between-failure

(MTBF), mean-time-to-repair (MTTP), availability and quali-

fications of repair personnel, availability of repair parts,

and the ease by which technical manuals can be used for

fault isolation. In addition to attempting to improve the

availability figure, the problem of logistic support for such

a large number of unique radar designs adds to the complexity

of the problem .

In an effort to demonstrate a plausible solution to the

problem areas identified~the Naval Electronics Laboratory

Center (NELC), San Diego , California, undertook to design a

family of modular radars which could meet the operational re-

quirements of the 29 different types of surface-search radars

in the active inventory . Additionally it was decided to ap-

proach the problem in such a way as to demonstrate a two-for-

one improvement over the existing systems. This two-for-one

improvement, it was found, was very difficult to put into

1’3



words . Would doubling the output power be a two-for-one im-

provement even if it required tripling prime input power?

Would cutting repair time in half be an improvement if the re-

pair part cost four times the cost of the other part? It

was decided that in order to choose a goal that could be

quantified , the system would be develope d to show a two-for-

one improvement in life-cycle cost (over a 15 year period),

while meeting or exceeding all of the operat ional require-

ments. The program was started in 1973 using funds provided

from the Naval Material Command , with plans for completion in

1975. The program title , 2175, then stands for “two-for-one

in seventy-five” .

A survey was conducted of all the surface search radars

in the Navy’s current inventory . As was stated earlier, it

was found that 29 different types are presently in the active

status. Further , if all of the modifications of these 29 types

are taken into account, there are actually 53 different designs .

They cover two frequency bands, produce peak output powers

from 10 to 270 kilowatts, and can be grouped into four cate-

gorical areas i

Type I - Major Combatant

Type II - Precision Navigation

Type III - Major Auxiliary

Type IV - Small Boat

Figure 3 lists the basic parameters for these four radar

types.

The simplest approach would have been to design one radar

14
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BASIC PARAMETERS FOR SURFACE - SEARCH RADARS.

TYPE I TYPE I TYPE III IYI3E II & IV
TYPICAL RADAR AN/SPS-Io AN/SPS-55 AN/SPS-60 LN 66

Fr cq. Ba nd C X X X

Peak Power
(km-
(Minim um) 190 130 35 - 75 10

J5u l se R ate 62S-65O pps 750-225O pps 75 0-ISOO pps 1250 -2 SOO pps

Pulse Width 0.25-2.5 psec 0.12-1 .Opsec 0.1.0.5 jisec 0.05-0.5 psec

Power
Tube Type Magnetron Magnetron Magnetron Magnetron

1-F Freq. 30 M I-li 60 MHz 60 MHz 45 MHz

Bandwidth 1-5 MHz 1 2- 10MHz 2- 12 MHz 14 MHz

Noise
Figure 14dB 10.1dB 7dB 11dB

-‘V

Input 1ISV 6O Hz I I 5 V 6OHz I I 5 V 6 O Hz I I 5 V 6O Hz
Power 3 Phase I Phase I Phase I Phase, or

12-36 Vdc

Figure 3.
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to meet all requirements , however, it would obviously not be

possible to meet the long range requirement for major com-

batants while satisfying the small size and minimum power-

drain requirements for the small boat. It was decided , there-

fore, to design a family of radars which would demonstrate a

high degree of commonality of functional sub-systems while at

the same time meeting the four type requirements .

It was next decided that the 2i75 Modular Radar Program

would be designed using a modular concept. After an ithesti-

gation of the various modular formats, the SEM concept was

chosen . The reason for this choice was that these modules

were already in the Navy logistic supply system , were of pro-

vert high reliability , and the plug-in feature would lead to
-
‘V

more rapid repairs. Additionally , these modules were avail-

able in a wide variety of digital circuits such as multiple-

input AND gates, flip-flops, multivibrators , shift registers,

and the like , as well as analog circuits such as OP-AMPS ,

oscillators, buffers, and voltage regulators. These circuit

modules have a range of application which encompasses not only

a family of radar sets, but all types of e1~ctronio -~ ystems.

The advantage in logistic support is obvious ,

A large problem area in present systems is that of repair

of failed systems. Problems of component storage and shipping

and training of repair personnel has caused attention to be

given to a throw-away-on-failure concept. The average cost

for a SEM is about $60, well under the $150 to $200 figure

usually stated as the maximum for the throw-away concept.

16



Another important feature of the 2175 Modular Radar de-

sign is its commonality , not only within itself, but across

system lines. It can be envisioned that all Navy electronic

systems such as communications systems, command and control

systems, radar systems, sonar systems, and electronic war-

fare systems could eventually have a high degree of common

parts. This would result in lower cost due to increased pro-

duction runs of modules , easier logistic support, and better

availability of parts (one module might, for example, support

ten different systems aboard a ship).

Flexibility of design is another by-product of this

approach . The SEM program specifies form, fit and function,

but does not dictate the circuitry to achieve these. The

manufacturer is allowed to use any fabrication technique and

circuit to achieve the function , the only requirement being

that NAD Crane approv’e the design as meeting the form , fit and

function requirements. Should the manUfaCturer desire a de-

sign that does not exist in the SEM inventory , he can submit

his design to NAFI for approval and inclusion in the SEM list-

ings. It would also be possible to redesign selected modules

to improve performance of an existing SEM based radar without

requiring a whole new radar design.

The family of surface-search radars would have to include

systems sufficient to fill the four type requirements noted in

Figure 3. The 2175 approach was to design in such a manner as

to achieve maximum commonality . Five levels of commonality were

defined and are shown in Figure 4. The intention here was to

17
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use common components on different SEMs, to use common SEMs

in different sections, to use various sections to build dif-

ferent groups, and to use common groups to construct different

sets.

The performance requirements for the four types led to

defining the following groups which would be needed for the

construction of the four types:

• One receiver (used in all types).

• Three transmitters (C-and X- band high power,

and X- band low power).

• One signal processor.

• Two power supplies ( one ll5V ac and one 28V dc).

• One built-in test equipment (BITE).

One timing and control.

Three microwave units (C-band high power, X-band

high power, X- band low power).

These group-level modules or building blocks are shown in

Figure 5. It should be pointed out that the three trans-

mitters and two power supplies are not really unique sections

since they have a high degree of commonality at the SEM level.

A comparison of the degree of commonality between the four

types can be shown by using the Type I system as a baseline

and expressing the percentage of SEMs and components in the

other sets that also exist in the Type I. Doing this leads to

the following figures

Type II- 90 percent common with Type I

Type III - 100 percent common with Type I

Type IV - 81 percent common with Type I
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This percentage includes SEMs, microwave components , magnet-

rons, cabinets , control box, cabling , cooling system , mount-

ing plates, cable connectors, delay lines, and card cages.

As pointed out earlier, the attempt of this program was

to demonstrate a two-for-crie reduction in LCC while maintain-

ing at least equivalent performance. Comparisons of the op-

erating performance were calculated using a computer program

and can be found in Figure 6. The figures shown compare each

of the Modular designs with a similar radar currently in use

throughout the fleet, and are useful for mathematical compari-

sons.

An independent LCC study was developed by EG&G Washington

Analytical Services Inc . to estimate the LCC of the 2175

radar. As stated in NELC ’s final report on the 2175 Modular

Radar Project:

The report examined all cost areas except
manning . This cost item was excluded because it
was felt that it would be the same regardless of the
design of a particular radar. The report shows
that if the Type I C - band, the Type II, and Type
IV X-band systems only were used ( these represent
current requirements), the average cost-per-year,
based on a 15-year useful life , would amount to
$5,300. A separate calculation of only the Types
II and IV yielded the same LCC ($5,300 per set per
year). This means that the Type I, C-band set,
when included in the family , has a life cycle cost
in the family of $5,300.

The only surface-search radar found with com-
plete data was the AN/SPS -10 and its Mods. A re-
port prepared by AFINC Research Corporation gave a
complete break-down of the life-cycle costs for
987 AN/SPS -10 radars. The data, as calculated , were
for a 10-year expected life . Since the LCC estimate
for the modular radar was based on a more realistic
15-year expected life , a correction was needed in
order to compare the LCC estimate with the AN/SPS-lO

21
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figures. To do this , development , production , in-
stallation, and disposal costs were kept constant
as one-time costs while maintena~~e, technical andmanagement, and modification costs were multiplied
by 1.5 to reflect the 15-year period. This calcu-
lation is shown in Figure 7. The estimate for the
modular radar was made using 1975 dollars. By mul-
tiplying the AN/APS-lo costs by 1.66, generally taken
to be the escalation in costs from 1965 to 1975, we
arrive at a comparative 1975 figure . The result of
the calculation shows that the AN/SPS-lO, if de-
signed and used today, would cost $10,747 per year
per set. When this is compared to the estimated
cost per year of the Modular Type I C-band set of
$5,300 per year per set, an improvement of 2.03 to
1 is shown in favor of the modular set. (2-47)
The same NELC report states the following conclu-

sions:

The 2175 Modular Radar Program has successfully
completed its original objective of showing the
feasibility of building surface-search radar systems
in a modular format having a high degree of com-
monality leading to reductions in life—cycle costs.
(2-51)

The ful l  potential of cost savings using
SEMs , while shown to be worthwhile in just the sur-
face-search radar alone, will be even greater as
more and more electronic systems are designed us-
ing Standard Electronic Modules. (2-53)

ALTI~RNATIVE AN/ARN - 84 TACAN SYSTEMS

One of the most often stated reasons for not using the

SEM concept is that the resulting systems tend to be

heavier and bulkier than conventionally designed sy~:tems

of equal performance . By and large this tends to be true.

Designers of submarine , shipboard , and landbased electronic

systems are inclined to trade off these limitations in or-

der to reap the benefits inherent in SEM designs in the areas

of LCC , MTBF , MTTR , and commonality . Those responsible for

the design of airborne systems, however, are much more

23
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LIFE-CYCLE COSTS (CORRECTED).

AN/SPS-IODATA $ Pcr Yr $ Per lOYrs S per lSYrs

Development 37.43 374.30 374.30
Procurement 1523.50 15235.00 15235.00

Installation 1532.00 15320.00 15320.00
Maintenance 3682.34 36823.40 55235 .10
Mgmt & Tech Service 150.28 1502.80 2254.20
Modif ications 24.44 244.40 366.60
Disposal 832.78 - 

• 

8327.80 8327.80

97113.00

Cost per yr per set = 56474.2 (1966 Dollars)

Cost Today = $6474 .2 X 1.66 $10747 (1975 $)

LCC Saving = 
$10,747 2.03/ 1.0
$5300

These are actual reported costs. The ARINC report shows an average cost of
$3,682 per year per set (based on 1975 dollars) . it should be noted that the ARINC data
on the AN/SPS-1O represent low estimates. This can also be seen by noting that ARINC
lists the acquisition cost of each AN/ SP S-l0 as $15 ,23 5. A check , made with the Federal
Stock Number Book , revealed that the purchase prices for the AN/SPS- 10 series varied from
$1 7,530 to $52 ,000. These costs are shown in table S.

PROCUREMENT COSTS FOR AN/ SPS-I0 RADARS.

Set Price Quantity in Use (1972)

AN/SPS.10 $47 ,500 42
AN/ SPS-IOB 47,500 21 5
AN/ SPS-IOC 27,750 50
AN /SPS.IOD 17 ,530 83
AN/SPS-IOE 52,000 33
AN/SPS.IOF 29,000 85
AN/SPS- I OG 44 ,900 (not available)

The reason for the wide spread of costs has not been det ermined.  However , a look
over the list would lead to a conservative estimate of cost of S30,000, at least , if these sets
were to be procured today. The ARINC figure , when mul t ip l ied  by the 1.66 escalation
factor , yields a figure of $25 ,290. Again , t h is fi gure can be observed to be on the low side.

Figure 7.
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constrained , especially in the area of increased weight.

A recent cost trade-off analysis funded by NAVAIR and

developed by EG&G Washington Analytical Services Center In-

corporated looks at a cost trade-off between the existing

AN/ARN-84 TACAN and a SEM based TACAN system which meets

the same specifications and performance . The analysis looks

only at the LCC aspects, with one of the basic assumptions

being that:

The SEM hardware will plug-in and fit in
the same space as the present AN/ARN-84 units.
There are no significant space and weight dif-
ferences between the two alternative systems, (3-5.1)

A irborne TACAN equipments can be grouped into three gen-

erations, with the present equipment, the AN/ARN-84, being

in the third generation . It was procured by the Navy to ob-

tain increased reliability, and in this regard it is considered

a success. It is, therefore an excellent modern avionics

system with which to compare a SEM based system .

The analytical process used in performing the
cost trade-off consisted of the following steps:

Hardware calculations compared the cost
of the follow-on custom system (units 2001
through 4000) with a like number of SEN
systems (units 3 through 2002). Both
were placed on the same learning curve .
Figure 8 conceptiaally depicts this com-
parison.
The two alternative systems were for-
matted into a Navy Work Breakdown Schedule
(WBS) for electronic systems. This served
as a check-off list of program activity .
The list of WBS elements was carefully
examined and only those areas where a vari-
ance between the two alternative systems
existed were further developed in the trade-
off analysis.

2.5
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• A detailed cost estimate for each area of
variance was made for the two alternative
systems.

The calculations are then combined to give
a cost summary (3-4.3)

The conclusion reached was that a $10.5 million sav-

ings (FY 7t~ dollars) could be realized through use of the

SEM system over a 10 year life-cycle. Figure 9 is the com-

plete cost summary . The possible cost savings to be realized

as a result of commonality with other Naval systems was not

considered.

While EG&G was developing the cost analysis just dis-

cussed , the Naval Weapons Support Center , Crane IN. was also

conducting an alternative AN/ARN-84 study for the purpose of

assessing the weight and cube impacts of the SEN system . The

following presents pertinent technical comparisons for both the

Existing TACAN (AN/ARN-84) and the SEN based TACAN :

EXISTING TACAN SEM

Size (in3) 1211.39 1211.39

Weight (lbs) 46 52.09

Power (W) 302.5 303

Reliability (Hrs MTBF) 500 29,856

The study indicates that although the identical equip-

ment cube was maintained and MTBF improved by a factor of

60, the weight can be expected to increase approximately 12%.

The Standard Modules Subpanel to the Electronics Panel,

De f ense Materiel Specifications and Standards Board was estab-

27
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FY-76 Do l la r s
DOD A c q u i s i t i o n  Cyc le  Cus tom SEM

PROGRAM I N I T I A T I O N :  Sunk Sunk

FULL SCALE DEVELOPMENT: Sunk

Systems Engineering $ 150.0K

Module Development $ 998.2K

Sub to tal Sunk $ 1,148.2K
2 H a r d w a r e  Systems f o r  Test $ 152.0K

Support & Services for Testi ng $ 298.4K

Sub to tal Sunk $ 450 .4K

PRODUCTION :

Hardw are $43 ,520.OK $38 ,880.Ol~
($21 .76K ea) ($19.4K c~ )

Support & Services

• Module Spares $ 1 ,092.3K $ 41.3K

• Rotatable/Swing System 3,264.0K $ 2,910.0K

• Other Support and
Serv i ces 30 ,464.0K $30 ,464.OK

Subtotal $34,820.3K $32 ,695.3K

DEPLOYMENT OP ERATIONS
• (only those costs where a

variance exists)
Rep leni shment Spares  $ 5 ,441 .0K $ 71.0K
Residu al Value — (S 14.2K)

Sub total $ 5 ,441.0K $ 56.8K

To tal Pro g ram Cos t 10 years $83,781.3K $73 ,230.7K

Sav ings (not escalated ) $1O ,550.6K

Figure 9.
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lished in February 1975 by the Assistant Secretary of Defense

(Installations and Logistics). The purpose was to examine the

merits , means and long range implications of more wide-spread

use of SEN with emphasis on reducing production lead time ,

costs and proliferation of microelectronic devices. In their

Final Pep’~rt, the Subpanel listed thumbnail sketches of sev-

eral studies which examined the technical and economic feasi-

bility of implementing various electronic systems with SEN.

In order to point out additional examples of areas being con-

sidered as possible SEN candidates the following are listed.

ANALYSIS OF THE RIME DIVISION DIGITAL MULTIPLEXER TD1069 (xE-i)

~~ IMPLEMENTED WITH ~~~
This study , conducted for the Army Electronics Command by

EG&G Inc., concluded that the SEM configuration would :

• Be accommodated within the existing volume .

Be compatible with the specified operating

temperature range.

• Match the weight of the existing design.

Result in reliability improvement of 56,ooo
hour MTBF vs. 7,500 hour MTBF.

Result in a life—cycle cost of $13.0 million

vs.$21.2 million .

The study concluded that this equipment would be an

excellent candidate for SEM implementation , and the Army

should seriously consider its implimentation .” (4-10)
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ANALYSIS OF THE AN/UYK-t5 DIGITAL COMPUTER IMPLEMENTED WITH SEN

This  study , also conducted for the Army by EG&G Inc., gen-

erated two separate SEM configurations for comparison with

the existing AN/IJYK-15 design. The first of these designs used

existing SEN . while the second used new higher functional

complexity SEN, with both configurations maintaining functional

interchangeability . The results of the study were :

AN/UY K -1 ~ SEM SEN

Pow~r Dissipation (W) 120 119.7 65.4

Weight ( lbs . )  146.6 155 142

F e l iability (Hrs-N TBF) 2800 6300 7300

LCC (Mi l l ion  $) 30.8 31.5 24 .4

“As illustrated , SEN can be an attractive alter-
native for the ground-based computer system , provided
that new higher functional complexity modules are
made available .” (4-il)

ANALYSIS OF THE COLLINS 6~lS-l/1A GENERAL PURPOSE HF RECEIVER

IMPLEMENTED WITH SEN .

This study , conducte d for the Air Force Avionics Labora-

tory by EG&G, Inc., concluded that ~although significant in-

creases in reliability could be expected (7,500 Hr MTBF vs.

3,400 Hr MTBF), with a corresponding reduction in LCC (40

million vs. 62 million), the SEM design resulted in an in-

crease of 30% in size with a probable increase in weight as

well.” (4—15)

ANALYSIS Q~ THE PRECISION APPROACH CONTROL CONSOLE Q~71-1333/GRN

IMPLEMENTED WITH ~~~~~~~~.
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This study , conducted for the Naval Electronic Systems

C omman d , conc luded that the SEN design “would require less

volume (2 75  in 3 vs.  734 in3) ,  less weight (6.18 lbs. vs.

10.96 l b s . ) ,  result in improved rel iabil i ty (66 ,850 Hr.  vs.

5,773 Hr. MTBF), and lower LCC ($3.1 million vs. $6.7 million).”

(4-16)

STANDARD ELECTRONIC NODULE RADAR (SEMR)

This work was performed for the Air Force Avionics Labor-

atory by the Naval Avionics Facility (NAFI). The objectives

of the program were :

To use SEN in the development and fabrication of

an Air  Force X-band radar system .

• To provide Air Force Engineers with experience in

system and SEN design and fabrication.

To eva luate the suitability of existing SEMs for

avionics applications.

• To provide data inputs to aid in the definition of

a standard avionics module .

SEMR is similar in performance to the existing APN-59,

a weather/navigation/beacon radar system in wide spread use on

cargo aircraft. Characteristics are :

Frequency - 9375 MHZ

Power - 6o-loo KW

Pu lse Wi dth - 4,2.34 ms

PRF - 250,1000,2000 HZ

Preliminary conclusions are :

-— 

31 
—



Implementation of power supplies using SEN is

initially too costly .

Standard SEMR Modules are not readily available .

Weight/volume of SEMR is approximately double

the APN-59 .

SEMP program did not demonstrate a reduction in

design/development costs.
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SECTION V

SUMMARY AND CONCLUSI ONS

Summary

This report has presented the salient fe ature s of the

Navy ’s Standard Electronic Module program . In this section ,

those SEN features which appear to have impact potential in

the area of electronic systems acquisition will be grouped

under one of three headings and briefly summarized. These

groupings are : Development/Production , Operation/~1aintenance ,

and Logistic Support .

Development/Product ion

Dwindling financial resources and a long history of

cost over-runs and long development phases in the acquisition

of military systems has resulted in ever increasing pressures

on the services to develop and pro duce future systems based

on Design-to-Cost (DTC) and Life-Cycle Cost goals.

Cost over-runs happen for a variety of reasons , some of

which obviously cannot be affected by the use of SEN . Many

over-runs, however, have been brought about due to poor initial

cost estimates or contractor buy-ins. Specify ing SEN in the

design of future systems can go a long way in correcting

these deficiencies. Since the cost and reliability of the

majority of the modules to be used is known in advance, pro-

gram cost estimates can be made much more accurately . For

the same reasons, acquisition managers will find it easier to

identify artificially low contractor estimates.

~33
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Decreas ing a system ’s development time benefits the pro-

gram both in cost savings and in the achievement of an early

Initial Operational Capability (b C). Improvements in this

area can be realized through the use of proven hardware , exis-

ting module designs, documentation~and vendors, and shorter

lead times while enabling the developer to concentrate on

over-all system design . Addit ional  savings in time can be

realized due to min imiz ing  the problems ordinari ly encountered

in transitioning from the breadboard phase to the production

phase .

Ope ration/Maintenance

Studies have shown that the largest single expense

associated wi th  the l i fe-cycle of a g iven system is devoted

to Operations and Support (O&S). In the case of an electronic

system , the associated O&S costs are greatly influenced by

the availability of the system . Availabili ty is , in turn , a

function of the reliability and maintainability aspects of the

equipment in question .

That the proven high reliability of a SEN implemented

electronic system maximizes availability is readily seen .

Less apparent, however , is the equally important impact of

SEN on system maintainability . Documented MTTR times in the

neighborhood of 15 minutes are not uncommon for systems em-

ploying Built In Test Equipment (BITE) in conjunction with

SEN . For example , even systems as large as the TRIDENT

BQQ-6 , which employs over 13,000 SEMs per unit, can be

fault isolated down to one of 15 modules. Once the fault

34
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has been thus narrowed by the BITE, further trouble-shooting

can be achieved by simple substitution using modules known to

be good. Further cost savings are possible based on the op-

por tuni t ies  for common test equipment , the throw-away-upon-

fa i lure  concept, an d the re duction in maintenance skil l levels

required.

Logistic Support

The lack of commonality among electronic systems has 1~d

to serious logistic support problems and costly investments in

parts inventories. The widespread use of SEN based equipment

cou ld greatly simplify these support problems in a cost ef-

fective way since fewer items would be required in the parts

inventory . Additional savings could be realized through the

use of modules in the federal supply system , as well as multiple

source availabil i ty. The throw-away-upon-failure concept

neFates the requirement for costly repairs, and the large per-

centage of SEMs common to multiple systems gives the modules

residual value even after the system for which they were

originally stocked is no longer operational.

Conclusions

There are many conclusions that can be drawn from , and

supported by the data presented in this report. Those con-

clusions which appear to have the greatest potential impact

on future electronic systems are summarized in this oection .

It has been established that the use of Standard Elec-

tronic Modules can result in reduced life-cycle costs

and a decrease in the maintenance skill levels required.
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This  is predicated on the assumption that the SEM

program wil l  continue to utilize functional speci-

f ica t ions  to promote intersystem commonality and

str ingent qual i ty contro l to ensure requisite high

rel iabil i ty.

Although S1~M appears to be applicable to many classes

of electronic systems, it is not necessary to imple-

ment all portions of a given system with SEM~
Weight and volume savings have been noted when im-

plementing existing systems with SEM , however , an

estimated 10-15% weight penalty can be exper~ted for

a SEN based system vs. a system of equal performance

which u t i l i zes  s ta te—of—the-a r t  microelectronics .

For this reason , SEN may have l imited applications

in airborne electronics where the designers may not

have the option of accepting the we ight penalty in or-

der to realize the positive attributes of SEM .

The use of SEN simplifies product improvement since

emerging technology can be incorporated into existing

equipment by updating the applicable modules rather

than the entire system.

Using the same te chnique , system reliability can be

increased by improving the reliability of selected

modules instead of redesigning the entire system .

A deterrent to broader acceptance of SEN is a general

lack of knowledge concerning the program.

Another deterrent is that potential contractors prefer
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to use their own custom module designs. This assures

them of 10-15 years of continued business in support

of each new system they field , a benefit they may not

realize if they are required to design the system

making maximum use of SEM .
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SECTION VI

FECOMMENDATIONS

Based on the conclusions stated in the preceding section,

the following is recommended:

Acquisition managers of electronic systems should be-

come aware of the SEM program and understand what pro-

gram benefits can be achieved by its implementation in

future systems .

The Naval Material Command should take positive action

to insure that approval to acquire all future electronic

systems be contingent on receiving written assur-

ance either: that the system is being implemented

with SEM , or that system constra ints make it incom-

patible with the use of SEM .

OSD should take positive steps to coordinate and en-

courage a Tn -Service SEM program .

.-The Defense Systems Management College should make

future Program Managers aware of the SEN program by

structuring one or more lectures around the concept.
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