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Executive Sufimlary

This study was performed for the purpose of de te rmin ing  how the Air  Force

developed Intrasystem Elect romagnet ic  Compat ib i l i ty  Anal ysis Program (IEMCAP)

could best be implemented in the USAF weapons system procurement process.

This purpose was somewhat broadened to include the ent i re  In tr a sys tem Analy-

sis Program (lAP) . The procedure employed was to pe r fo rm an extensive li t e r -

a ture  search and s t ruc tured  interviews to determine the cur rent  procedures

and methodology . Anal ysis of the results  lead to conclusions and recommen-

dations and a prcpo sed handbook. -

The following is a l ist  of the major conclusions and recommendations of

the study.

1. Adequate contractor support requires inclusion of LAP requirements
in contractual  documents.  Methods for  accomplishing this  are in-
cluded in the handbook.

2. Su f f i c i en t  data for  suppor t ing LAP requirements are available ea r ly
in the procurement cycle .

3. The major cost saving area for the use of LAP appears to be in
system test planning.

4. Specification tailoring through the use of LAP is a desirable goal
but requires a cautious approach until more experience and results
are available .

5. The LAP is best applied at the prime contractor level.

6. A central intrasystein compatibility analysis program facility is
required for supporting the project management community.

7. Seven USAF documents should be changed as recommended in this report .

8. The TAP should be run , as a mir~imum , at the time of the developmen t
of the EMC Control  Plan , at the Preliminary Design Review (PDR), at
least once before Critical Design Review (CDR), at CDR , and for the
sys tem tes t plan.
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9. The minimum size criterion for the application of IEMCAP is for
systems of 100 or more possible EM interactions (combinations of
emi t te r s , receptors  and p o r t s) .

10. Waiver and deviation requests and Engin~ ering Change Proposals(ECP ’s) where EMC may be affected should be accompanied by an
appropr ia te  TAP ana lys is .

11. The system procurement EMC handbook contained herein should he
implemented. Its use and adequacy should be reviewed after a
suitable period of tine , such as one yea r , and then modified as
appropr i a t e .

12. A user handbook for the imp lementation of the TAP , ~~~~ ~ ~~r o L l p  of
programs , should be developed.
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EVALUATION

The objectives of this effort were directed to the following area5 .

(I) What type of data is available at the different stages of

the weapon system acquisition process?

(2) How much will the data need to run IEMCAP cost?

(3) What data items should be included in the procurement package?

(4) How will the tailoring of specifications affect the prime

contractor—subcontractor relationship and the prime contractor—Government

relationship?

(5) How w ill testing be impacted by this analysis?

The objectives were obtained . Sachs/Freeman examined each area

th oroughly, summarized the results , and made recommendations on the

applicability of an IEHCAP analysis to various size programs . Through a

ha ndbook , Sachs/Free man ha s p rov ided guidance on app lying the Air  Forc e

Intrasystem Analysis Program to Air Force System Procurements at all

phases of the life cycle.

The results of this effort will be widely distributed . Attempts

will be made to make the handbook an official Air Force handbook. In

the interim , it is suggested that the Program Offices use the unofficial

handbook as a guide to t h e i r  ENC programs.

(
~.

f,6IES C. BRODOCK
p r o j e Ct  Engineer
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I E M CAP_ IMPLEMENTATION_EFFORT

I. GENERAL

1. Introduction

This section will describe the scope of this project , the procure-

ment process that it supports , and per t inen t EMC tools and techn iques. The

rol e of E~ C anal ysis In the weapons system procurement process is presented .

The content and utilization of intrasystem EMC analysis programs are dis-

cussed.

2. Objective & Back~~ ound

The obje tive of this effort is to obtain Information on data avail—

abilit y , costs , revisions to Contract Data Requirements List (CDRL) items ,

analysis cost impacts , additions to contractual specifications and statements

of work , arid o t her  factors pertinent to the application of the Intrasystem

Elec tromagnetic Compatibili ty Analysis Program (IEMCJ to new weapon system

procurements . The purpose of this report is to document the results of the

project. This first phase was intended to review the system development

p rocess and the IEMCAP concep t and to ga ther da ta concern ing the use of

IEMCAP and related techniques in the system acquisition process emphasiz ing

the management aspects. One method used for assessing the role of computer

based EMC analysis was a series of meetings with a structured format. The

subjects pursued included the organization of the ENC effort , its place in

the management structure , support requirements for IEMCAP , scheduling and

costs of running IEMCAP , the uses of the outputs and possible other uses of
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the data base. The second phase was to follow—up on the results of the

first phase by develo7ing modifications t-o,. documents , suggested 1EMCAP and

the Intrasystem Analysis Program (lAP) scheduled , cost—benefit trade—off

data,and general project management guidance for the implementation of the

TAP .

3. The Five Phases of the Ac 4uisition Life Cycle

The acquisition life cycle consists of five phases: conceptual ,

val idation , full—scale development , production and deployment. T1.~~ r~ gIme

is described in AFSCP 800—3. Significant aspects of this process are spe-

cific DoD policy guidelines. Among these are:

(a) flexibility in the selection of the strategy or technIque
to be used for airy given system development ;

(b) emphasis on hardware development during concept formulation
to reduce technical risks;

(c) Incremental independent development of subsystems and com-
ponents in the initial stages of major system developments;
and

(d) the introduction of multiple decIsion points during the
development and acquisition of new systems .

The five phases of the acquisition life cycle represent a formalized pro-

cedure not always fully utilized for all programs. Specif ic  pr ogr ams may

skip phases and various program elements may be in any or all phases at any

time .

3.1 Conceptua l Phase

The first phase is the Conceptual  Phase. Technical  m i l i t a r y

and economic bases fo r  an a c q u i s i t i o n  program are es tabl ished in th is  phase.

Included are d e f i n i t i o n s  of operat ional  c a p a b i l i t y ,  doct~~ine , and specific

mater ia l  requi rements .  Performance cha rac t e r i s t i c s  may be es tab l i shed  onl

y2



i n  v er y  ~k n e u a i terms . ( r i t i ca l  t e c h n i c a l  and o p e r a t i o n a l  Issues are iden—

t it I ed t or U H  l u t  ion in  sul sequen t  phases.  The out pu t s  of t h i s  p hase are

alt ern ative concepts and t h e i r  c h a r a c t e r i s t i c s , e s t ima ted  ope ra t i ona l  sched-

u les  , and procur em ent cost and s upp o r t  pa r ame te r s .

These p l a n n i n g  documents  provide the f i r s t  o p p o r t u n i t y  fo r  the consid-

e ration of I~-1L . P r e l i m i n a r y  s e l ec t ion  of the f r e q u e n c y  band , modula t ion  and

th~ r p r i n ci p l e  t e c h n i c a l  c h a r a c t e r i s t i c s  of the  system are r equ i r ed  in the

case of C—E e q u i p m e n t .  An app l i c a t i on  for  an exper imenta l  f r equency  allo-

c at i o n  is also r e q u i r e d .  For sys tems and e q u i p m e n t s  not s p e c i f i c a l l y  de—

si~’r1 ( ( l t o u t i l i z e  the RF s p e c t r u m , a d e t e r m i n a t i o n  of system t ec h n i c a l

c h a r .c t e r i s t i c s  is needed to e v a l u a t e  and establish controls on potential

m u t u a l  interferenc e . The I~~C a c t i v i t i e s  arc  p r i m a r i l y  concerned w i t h  d e t e r —

raining t h e  occupancy  of f r e q u e n c y  bands , r e q u i r e d  b a n d w i d t h s , appl ica t ion  of

app r o p r i a t e  s ’ o c i f i c a t i o n s  and  st a n d a r d s , and in  d e v e l o p i n g  an e s t i m a t e  of

l M C  f e a s i b i l i t y  as an in p u t  to t h e  f i r s t  d e c i s i o n  p o i n t .  The organization of

am E~ ( ; A d v i s o r y  Board and t h e  deve lopmen t  of an EMC Program may be des i r ab le

f or  cu r t a i n  pro j e c t s .

1.2 V a l i d a  t f  i i

Th u  second phase of t he  LCS~~1 is the  Va l i da t i on  Phase.  In th is

phase t h e  c h o i ce  of  t i n ’  a l t e r n a t i v e  is v a l i d a t e d . F r e q u e n t l y  t h i s  phase

i n c lu d e s  t in ’ c o n u t  ru t Ion of p r o t o t y p e s  to r e f i n e  costs , envi ronmenta l  im-

pac t , and operationa l and t e c h n o l o g i c a l  f a c t o r s .  Extensive  s tudy and ana-

lysis , h a r d w a r e  deve lopment , t e s t i n g ,  and eva lua t ion  is devoted to providi ng

a basis for ~1t~ Is Ions concerning full—scale development.

F~ 1t: act ivit les in this phase include preparation of the EMC—related



port ions  of the equipment  performance s p e c i f i c a t i o n s  fo r  the p ro to types , de-

velopmen t of p lans for  the EMC portion of development and operational tt st s ,

reviewing results of the ENC testing, and ver ifying that potential EMC pro-

blems have been averted or can be expected to be resolved during later phases.

At this point frequency and bandwidth requirements are usually in final form ,

requ iring application for a developmental frequency allocation . At this

stage an appropr ia te  anal ysis  capab i l i t y  could be app l ied  to t a i l o r i n g  the

EMC spec i f i ca t ions  or s tandards to provide appropriate EMC protection at

the least cost.

3.3 Full—Scale Development Phase

The th i rd  phase in the LCSMII is the F u l l - S c a l e  Development Phase.

Dur ing  th is  period the system and p r i n c i p l e  items necessary fo r  i ts  suppor t

are fu l l y  developed and engi neer ed , fabr ica ted , and tested . The intended

output  is a minimum p re—produ ct i on  system tha t  c losely approximates  the  f i n a l

product , the documentat ion necessary to en ter  the ~r odu r r i o n  phase , and test

resul ts  tha t  demonstrate tha t  the product ion  sys tem w i l l  meet s ta ted require-

ments .  Eng ineering development con t rac t s  are awarded and the second set of

development and operational tests is conducted . The program office activity

is heavily oriented towards design reviews and the test program. The initial

production contract is awarded following the complet ion of the development

and operational tests.

The products of this phase are subjected to a third set of tests.

The ENC considerations and actions in this phase include preparation of the

ENC par t  of the equipment  development s p e c i f i c a t i o n s  ( i n c l u d i n g  g e n e r a t i n g

the l imits  fo r  the t a i l o r e d  spec i f i ca t ions ) , p r e p a r a t i o n  of the EMC t es t s

4
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T

for the second and third test series , and review of the EMC test results.

Also included are verification that ENC performance of developmental and

initial production equipment is satisfactory and verification that the system

or equipment is ready for production from an EMC viewpoint. The operational

spectrum allocation application is prepared at this time .

3.4 Production Phase

The fourth phase , Production , encompasses the program from pro-

duction approva l to delivery and acceptance of the last item . EMC activity

i s concerned with the production specifications , conf iguration management ,

engineering change proposals , and system and equipment t e s t ing .  Category IT

and III testing is monitored to determine whether latent intrasystem or inter—

system EMC problems e x i s t .

3•~

The fifth phase , Dep leyment, begins with the user ’s accep tance of

the first operational un i t  and extends u n t i l  the system is phased out of the

inventory. There is usually an overlap with the production phase. At times,

production and deployment are discussed as one phase.

4 . The Ind ustri al EMC Cycle

The view of the EMC engineer  or a n a l y s t  at  the i n du s t r y  level is

not usually as broad or long—term as the above LCSMM description might imply.

One reason is that an ind iv idua l company or EMC group w i l l  not  necessari ly be

Involved in the same project over the entire time span. Seen f rom th i s  level,

the work w i l l  a l so  be assigned as separate tasks with no guarantee of contin-

uity.

The EM (: process at this task level is a cycle that may be repeated

many t ines throughout the I.CSMN . The following subparagraphs are an exp
la—5



nation of the procedure .

(a) Review customer requirements. The request for quo ta t ion
(RFQ) or request for proposal  (RFP)  is the usual first input.
The operational requirements and specifications are analyzed
and an EMC program approach and requirements are defined .

(b) Define contractual commitments. Clarify and amend specifi-
ca t ions , and de termine customer , con trac tor , and subcontrac-
tor obligations and commitments. Then assure data interface
and analytical capability,.perform trade—offs , negot iate re-
qu iremen ts, and f i na l l y ,  esiab l ish a schedule.

(c)  Prepare Control  Plan . Pe r fo rm EMC f r equency and time domain
analysis based on system configuration and mission analysis
definitions. Def ine  problems and methodology to provide sol-
u t ions possibly by establishing system/subsystem requirements
for  design , control and test. Refine the schedule and define
an EMC program for the system and each subsystem in enough
de ta i l  go as to serve as a mangement tool for monitoring and
controlling the EMC effort.

(d) Implement EMC Program . Ensure tha t  the analysis , design test
and documentation effort defined in the Control Plan is per-
formed as required . Prepare and upda te da ta base and take
appropria te actions to assure EMC as the program progresses
by imp lementa t ion  of the methodology established .

(e) Subsystem tes t .  Fi rst , wr i te  test procedures , the n v a l i d a t e
marginal designs/design trade—offs. The final step will be
qualification testing.

(f) System tests. Develop and prosecute system tests , then vali-
date system and subsystem compatibilities. Follow—up by e—
v a l u a t i n g  problems , v e r i f y i n g  solut ions , and document ing
results.

Therefore , the procedure , as far  as the con trac tor is concerned ,

is p r i m a r i l y one of anal yz ing  and ve r i f ying EMC condi t ions  wi th in  his system

in the p a r t i c u l a r  phase in which he is currently involved and taking pre-

ventative or corrective action as appropriate. The lAP should be extremely

valuable in this activity. The particular portions of the EMC cycle per-

formed , the accuracy requirements , da ta inpu ts , and required out pu ts are a

function of the particular life cycle phase. For example , while the use 

of6



tai lored EMC specif ica t ions mig ht not be appropriate in the validation phase ,

they may be very appropriate for the production phase.

5. Intrasystem Compatibility Programs

A major ob jec t ive  of th i s  e f f o r t  is to de term ine the implemen tat ion

of IEMCAP ( In t r a sys t em EMC Anal ysis Program) in the system acquis i t ion pro-

cess. The objective of IEMCAP is to facilitate the practical implementation

of EMC at all  stages of an Air Force sys tem ’s l i fe  cycle , from conceptual

studies of new systems to field modification of old systems . IEMCAP is a

s o f t w a r e  development s imi la r  to three  pr io r  in t rasys tem pr ogra ms de signed for

three d i f f e r e n t  appl ica t ions . One of these was desig ned for  a i r c r a f t

(ATACAP), one fo r  spacecra f t  (SEMCAP) , and one for  ground systems ( I SCAP) .

IEMCAP , in tur n , is pa r t  of an overall Air Force Intrasysteur Analysis Program

(lAP ) wh ich is composed of the following :

(a)  I EMCAP ;

(b) a series of supp lemental models ( fo r use in conj unction with
I EMCAP) that  provide addit ional  analysis for  a i r c r a f t  stores ,
elect roexplosive devices and systems , l igh tn ing , mag neto—
sphe ric substorms , and s ta t ic  e lec t r ic i ty ;

(c) nonl inea r and EM/near— field  anal ysis models (which will
cha racter ize  the input/ output  relation of nonlinear c ircui ts ,
EM/near—field interactions, and antenna and aper ture  coupling)
being developed fo r o f f—l ine  use ;

(d) inst rumenta t ion , test , and measurement support equipment ;

(e) t rain in g cour ses;

( f )  v a l i d a t i o n/ i m p l em e n t a t i o n  e f fo r t s ;  and

(g) Air Force management (data base).

To put IEMCAP in perspective , it can be viewed alongside other ser—

7



vice or app l ica t ion  intrasystem models which have been or are being developed,

parallel with T F.MCAP. Examples of these are such programs as SEMCA (Ship-

board Electromagnetic Compatibility Analysis) developed by the Navy and de-

signed for the analysis o the electronics mounted on a ship superstructure ;

and COSAM , (Cosite Analysis Model) an ECAC program based on developing analy-

sis f or spec i f i c  gr oups of equ ipmen ts , (e.g., UHF ground—to—air communica-

t ions , VHF-FM tactical communications). Other programs have and are continu-

all y being developed by such organ iza tions as Gr umma n Aircra f t , Litton , the

Univ er sit y of Pennsy lvan ia and others.

~. Overview of IEMCAP

A m o r e  detailed description of IEMCAP is included in the handbook

(Attachment 1). This section is intended to summarize its capabilities to

provide a basis for further discussion . IEMCAP is designed to:

(a) provide a data base which can be continually maintained and
updated to follow system design changes;

(b) generate EMC specification limits tailored to the specific
system;

(c) eva lua te  the impact  of g r an t ing  waivers  to the t a i lo red
specifications;

(d) survey a system for incompatibilities;

(e) assess the e f f e c t of design changes on system EMC ; and

(f) provide comparative analysis results on which to base EMC
trade—off decisions.

The basi c med ium for  model ing signals is the freq uency domain .

Each e m i t t e r ’s emiss ion  c h a r a c t e r i s t i c s  are represen ted basi ca l ly  by its

power output , tuned frequency, and spurious emission levels and frequencies

( in t e rm odula t i on  is not present ly included in the mode l ) .  The model assumes

th at harmonic spurious output  levels can be approximated by one or more

8



straigh t line segments. Spurious output frequencies are determined by the

user or as harmonics of the tuned frequency. When app l icable they can be

genera ted by the computer code .

The receptor representation is similar to that of the emitter. The

rez eptor characteristics are represented by its sensitivity, tuned f r eq uency,

selectivity curve , spurious response levels and spurious frequencies. It is

assu”ed that the spurious response levels can be approximated by one or more

stra ight lines. Spurious response frequencies can be generated by the code.

When they are not , the user must determine these frequencies external to the

pr ogra m using ava ilable techniques such as the superhe terod yne convers ion

pr ocess, etc.

Antenna gains are determined by preprogramme d equa tions for low gain

types. Med ium and high gain are represented by multilevel patterns in which

each level is spec i f ied by a gain and associated azimuth and elevation beam

width . Provision is made for three discrete gain levels.

Various models of coupling or transfer functions are included in the

program. Filter models used are single tuned , transformer coupled , Butter—

worth tuned , low and h igh pass , band pass and band reject. The filter trans-

fer  models calc u late the “insertion loss” (in dB) provided by a filter at a

given f requency,  i .e. , the reduct ion in delivered powe r due to insertion of

a fil ter.

There are two antenna—to—a ntenna propagation models available.  For

ground systems the propagation model is a simp l i f i e d  theoretical  ground wave

model which assumes a smooth earth surface with a 4/3 earth radius accounting

for atmosphe ric r e f rac t ion . An in t ravehicular  propagation model calculates

the propagation loss associated wi th an electromagnetic coup l ing  pa th when

9



both eml t ter and rt~ct~pt or i i  o loc.t ed on the same aircraft or sp i t ‘ r~ I . The

power received Is rel at ti f t o  the ‘over transmitted , free spat t’ transmission

(Fri is equat Ion) m d  a shading S et  or due to t h e  p r % ’ s t ’ t i c e  a t iii’ vehicle whose

bulk may be intt’i ~osesI in the region between emit t em nd ret ept or

Environn .nntal electromagnetic h i d  ~n t e I , ,  L i o n  with the system

wiring is determined . External fieldr. ‘‘ti t er m vehi t i~ thro ugh dielectric

apertures in the system ’~s skin and couple tu tu immt~d1atelv adjacent wires .

The coupled RF energy is a function of t h e  i p t i turn si te and location . A

t ransmiss ion  line model is then to~ed to compute the currents induced in the

wire loads.

Wire couplin g between wires in a common bund le  considers  capacit ive

coup l ing due to the  i nt e rw ir e  capac i t ance  as we l l  as I n d u c t i v e  coup ling due

to the mutua l Inductances  between the  wires. The approximation is made that

the total coupling can be computed separately. Relatively complex wire

configurations [e.g., shielded (single or doubled shield), unsi,~ elded , twist-

ed pai r , balan ced or unbalanced] can be handled .

The equipment case model treats each case as though it were a

dipole . The coupli ng model assumes a fa l l  of f  of ( l / R ) 3
, where R equal s the

distance between cases, for both the electric and magnetic fields. This

agrees with standard EM propagation theory.

The data output contains the leve l of in terference from each source

(outp ut port)  to each receptor ( input  po r t ) .  This may generate a voluminous

prin tout . It also summarizes the total interference in each input port due

to the sum of the ouput ports.

10
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7 . I EMCAP and Militar y Standards and S ecifications

The major standards and specifications associated with the

intra system EMC assurance process are as follows :

(a) MIL—STD—461A, 462 & 463: This is the basic set of stan-
dards used to control the EMC interface of equi pmen ts and
subsystems . They cover the requirements and test limits
for the measurement and determination of the electro-
magnetic interference characteristics (emission and sus-
cep ti b i l it y)  of elec tronic , electrical , and electro-
mechanical equipment. The requirements are applied for
general or multi—service procurements and single—service
p r o c u r e m e n t s , as specified in the individual equipment
specification , or the contract or order.

MIL—STD—46lA contains the required l imits and levels , MIL—
STD—462 contains the test procedures and MIL—STD—463 con-
tains definitions and terminology . Table 1 summarizes
the items covered .

The limits established in MIL—STD-461A provide no guaran-

tee that equipments will not cause mutual EMC problems ,
but are an attempt to arrive at levels that would preclude
such situations without incurring prohibitive costs for
overprotection. The standard includes provisions for an
EMC advisory group .

(b) MIL—E—6051D: Th is  specification outlines the overall r~
quirements for system EMC . It includes control of the
system EM environment , lightning protection , static elec-
tricity, bondin g and grounding. It is app lied to comple te
systems , including all associated subsystems and equip-
ments. it . also includes provisions for an EMC advisory
board (EM(.AR) and requirements for analysis.

(c) MIL—I— 6181D: This specification covers design require-
ments , interference test procedures and limits for elec-
trical and electronic aeronautical equipment to be in-
stalled in or closely assocaited with aircraft. The test
procedures which are specified cover the following types
of tests:

• Interference tests — conducted and radiated tests which
measure the magnitude of the interference signals ema-
na ting from the equipment under test; and

o Suscept ib i l i ty  tests — conducted , radia ted , interinod—
ulat ion and front—end reject ion tests which determine
whether an equipment will operate satisfactorily when

11



TABLE I

TRI—SERVICE EMI MIL—STD—461A/462 TESTS

Test Test Identification Frequency Range Army Navy A . F .

______ ______ 
CONDUCTED EMISSION (CE)  _______

CEO1 DC Po,:~ r Leads 3OHz—SOHz Yes No No

CEO1 AC & DC Power Leaos  3OHz—20k}Iz NA Yes Yes

CEO2 AC Power Leads lOkHz—SOkHz Yes No No

CEO2 Control & Sigrtal Leads 3OHz—2OkHz NA Yes Yes

CEO3 Control & S’~gnal Leads 
3OHz—5OkHz Yes NA NA

CEO3 AC & DC Power Leads 2OkH z-5O~fl’h z NA yes Yes
CEO4 AC & DC Power Leads 5OkMz—50~~i z Yes NA NA
CEO4 C o n t r o l & S  i gnai Leads 2OkHz -5OMH z NA Ye s Yes
CEOS Control & Signal Leads SOkHz—5OMHz Yes NA NA

CEOS Inverse Fil ter Method 3OHz —5 OMH z NA Yes NA

CEO6 Antenna Terminal lOkHz— 12. 4GHz Yes Yes Yes
C30? Power Source Tactical Veh . l.SMHz—65MH z Yes NA NA

CONDUCTED SUSCEPTIBILITY (CS)

CSO1 DC Power Leads 3OHz—5OkHz Yes No No

CSO1 AC & DC Power Leads 3OHz—5OkHz No Yes Yes
CSO2 AC & DC Power Leads 5OkHz—400MIIz Yes Yes Yes

CSO3 Intermodulation 3OHz—lOHz Yes Yes Yes

CSO4 Rejection tindes Si&(2 Cen) 3OHz—lOHz Yes Yes Yes

CSOS Cross—Modulation 3—Hz—1OGHz Na Yes Yes

CSO6 AC & DC Power Leads Sp ike Gen. Yes Yes Yes

CSO7 Ant. I~ put—Sguelch Cir. Impulse Gen. Yes Yes Yes

CSO8 Rejection Undes Sig (1 Gen) 3OHz—1OGHz NA Yes Yes 

RADIATED __EMISSIO N_ (RE)
REO 1 Magnetic Field 3OHz—3 OkHz Yes Yes NO

REO 2 Elect ric  Field , Broadband l4kHz— I GHz Yes No No
REO2.l Electr ic Field , Narrowband l4kHz—l2.4GHZ Yes No No

REO2 Electric Field l4kHz—1OGHz No Yes Yes

REO3 Spurious & Harmonics lOkHz—4OCHz _ ‘Ies Yes Yes

REO4 Magnetic Field 2OHz—5OkHz Yes Yes Yes

REO5 Vehicles & Eng—Dr iven Equip. l5OkHz—1GHz Yes Yes Yes

REO6 Overhead Power Lines 14k }Iz—lGIl z Yes Yes Yes

RAD IATED SUSCEPTIBILITY (RS)
RSOI Magnetic Field 3OHz—3OkEz Yes Yes No

RSO2 Induction Field Spike Spike Only Yes No No

RSO2 Mag. Induction Field Power & Spike NA Yes Yes
RSO3 Electric Field lOkHz—400MNz Yes No No

RSO3.l. Electric Field 2MHz—l2.4CHz Yes No No

RSO3.2 Electric Field .lxf—lOf etc. Yes No No

RSO3 Electric Field l4kHz—1OCHZ No Yes Yes

RSO4 Electric Field l4kHz—3OMHz No Yes Yes

12



exposed to e x t e r n a l  i n t e r f e r e n c e  s i g n a l s .

(d) MIL—STD—469: Specif ied here ire those engineering desi gn
requirements ~~tablished to control the spectral charac.-
teristics of all pulsed systems , especia l ly  radars , oper-
at ing between 100 and 40,000 MHz so as to achieve EMC and
to conserve frequency spectrum .

(e) MIL—STD—704A : This standard delineates the characteris-
tics of electric power supplied to airborne equipment at
the equipment terminals and the requirements for the uti-
lization of such electric power by the airborne equipment.
The purpose of this standard is to foster compatibility
between aircraft electric systems and airborne utilization
equipment to the extent of confining the aircraft and
ground support electric power characteristics within de-
finitive limits and restricting the requirements imposed
on the electric power by the airborne utilization equip-
ment.

(f) MIL—STD—154l(USAF): This standard was developed as a com-
posite system specification for space systems . It in-
cludes the requ iremen ts for  equ ipment level and system
level EMC tests. It also includes design requirements
ta i lor ed to the space env ironmen t , as well as manage ment
controls for an EMC program. it incorporates parts of
MIL—E—60~ lD , MIL—STD—461, and MIL—STD—462 with numerous
additions and m o d i f i c a t i o n s. It includes an analysis
requirement.

(g) MIL—STD—l542(~J’ AF) : This standard is a companion document
to MIL—STD—1541 encompassing ENC and grounding require-
ments for basic facilities and equipment including air
condi t ioning , ligh ting, etc.

Many of these specifications and standards cover the same para-

meters and are applied to the same equipments but contain different limits or

levels. As an example , Notice 3 of MIL— STD — 704A (11 April 1973) modifies the

spike limits for Air Force procurements by extending them to both AC a~d DC

power. The CSO6 limits of MIL—STD—461A new apply to both AC and DC power

lines. MIL—E—6O5lD requires that spike amplitudes be suppressed 6 dB below

equipment thresholds. The combination of requirements of MIL—STD—704A and

13



MlI— E—605 1D are not necessarily consistent with the requirements of MIL—STD—

461A. In such cases the imost stringent requirements usuall y ap p l y .

The technical relationship of the specifications and standards dis-

cussed , in I EMCAP or any intrasvstem compatibilit y analysis program , can he

categorized in four ways:

(a) The analysis can be used to develop or modif y tailored speci-
fications for the specific system .

(b) The analysis can be used to determine whether the system will
meet certain system level specifications such as M1L—E—6051D.

(c) The analysis can be used to determine the relationshi p betw een
spec i f ica tions , such as the case of MIL—STD—704A and MIL—STD—
461A discussed above , alth ough IEMCAP does not specificall y do
this.

(d) The analysis can use specification limits as a model parame ter
to determine system compatibility. For example the use of
MIL—STD—461A limits to determine system EMC problems .

The first area discussed , the tailoring of specifications and stan-

dards is an optional feature of both IEMCAP and SEMCAP . Any of the other

i n t r e ~ystem models could also he used this way but the systems do not speci-

fically address this tunction. The second area , known as “baseline anal ysis”

In IEMCAP , is simp l y a systems analysis with outputs consistent with the

parameters of the specification to facilitate comparisons. The third area ,

the comparison of standards , is done by many intra— system programs. One

examp le is ISCAP , where separate subroutines for analysis of M~L-STD—469

and MIL—STD--188B were included . This , al ong with the optional use of

MIL— STD—461 limits as model parameters , all ows for level comparisons. The

fourth area , the use of the MIL—STD levels as a data recovery technique is

also a fea tu re of many pr og rams , e.g., when design or measured data
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is not available the specified limit data is substituted. t’IIL—STI)—461A is

used in  I SCAP . IEMCAP uses ? I I L — S T D — 4 6 1A  and ? I I L — I — 6 l 8 1 D .  The use of these

standards is a f u n c t i o n  of t h e i r  degree  of a~-p l i c a b i l i ty  to the s p e c i f i c

sys t e m  of concern .

7 . 1  Sp e c i f i c a t i o n  Gene ra t ion

One of the objectives of IENCAP is  to ass i s t  des i gn and EMC

engineers in developing EMC s p e c i f i c a t i o n s  such t h a t  the  sys tem wi l l  opera te

in a compatible mode. The present method of incorporating EMC considerations

into system design consists of applying rigid limits such as those in tilL—

STD—461 to the individual equi pment/subsystem which comprise the total systeo.

Compliance with these limits is insured by testing these units in accordance

with MIL—STD—462. Gent~r;’l design guidelines are provided to contractors in

such documents as AFSC Handbook DH 1—4. The system integration ontractor is

also tasked by MIL—E—6OSlD to develop a system EMC plan . This plan defines

the contractor ’s overall EMC program and emphasizes the incorporation of ENC

considerations during init i al design . Included as a part of this program are

extensive system tests to insure system EMC before deployment.

1ENCAP inc ludes a capability for specification generation ,

i.e. , developing a tailored specification . This is done as follows : [211

(a) The first event is the adjustment of the emitters. Th is
is done on a one to one basis. One of the M emitters is
chosen and analyzed against one of the N receptors , The
an a lysis is performed and is based upon the linear re-
lationship for power coupled from an emitter , through a
transfer medium , and received by a receptor. The general
communication theory equation relating power spectral
density present at an emitter ’s output port is expressed
as follows:
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o.p.s.d. ~ (!)

where

o.p.s.d. = oufl u~ p
~~ ~ctr aI ~* n s i t v  (in watts/

l i z )  r e c e i v e d  by i t ;  t~~r I ( a t  I t s  detect r) t rea
e m i t t e r  j ,

(f) = output :ower s;uc~ r u density (in watts/
I l iz )  at  t h e  terminals ot source j (in-

cluding cv p w e r  as delta t unctioris),

T.. (f) = power transter function of the coupling
m e d i u m  be tween  source j and receptor i ,

B . ( f )  = receptor  response function relating power
1 

at the detector to power at the input
terminals.

If the .p.s.d. is greater than the receptors susceptibility
level , which is described by the  rece ivers  response f u n c t i o n ,
then the n

5 
(f) is redw cd until either o.p.s.d. is less than

I
the receptor ’s susceptibilit y leve l or (f) has reached its

I
adjustment limit. This adjustment procedure is performed for
this emitter and receptor pair for all of their common fre-
quency range and if the frequency in question lies within the
unrequired  range of the e m i t t e r  po r t .  I f  the f r e q u e n c y  is
within the required range of the emitter no adjustment is per-
formed . This is repeated for each of the N receptors . The
IEMCAP chooses another of the (M—l) emitter s and performs the
smae procedure on a one to one basis with the same N receptors
This continues until all M emitters have been analyz ed and
adjusted to all N L e E p t o r s .

(b) The second event is the adjustment of the receptors . This is
done on a ti to  one basis. One of the N receptors is chosen
and analyzed against all (m) of the emitters at the frequen-
C i e S  d e s cr i b i n g  its receptor port spectra. If

M

~ ( o . p . s . d . ) ;  is g r e a t e r
i=l

than t h e  r e c e p t o r s  s t isc ep t  ihility level , then the B.(f) is
increased until either

M
E (o.p.s.d.); is less

i= 1
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thin the sus ept ib i  1 i t y  level  or  B . ( f ) i~ reached i ts ad] uist—
m ent  l i m i t .  T h i s  i d j  u s tm en t  pr o eàure  is p e r f o r m e d  f o r  t l i l
re ept or through its I requency range and it t h~ f r e q u e n c y  in
quest ion l ies  w i t h i n  the  u u u i r e q u i r e d  range ot the receptor
port. L i k e  the  e m i t t e r  a d j u s t m e n t , i f  t h e  f r e q u e n c y  is wi th -
in  the r e q u i r e d  r a n g e  1)1 the r e c ep t o r , no a d j u s t m e n t  is per-
f o r m e d .  Th i s  p rocedure  is repeated on a ~1 to or~e basis until
a 1 1 N r e c e p t or s  h a v e  b een a n a ly z e d  and ad justed .

I f ~ t( AI a l so  c a l c u l a t e s  an iiitegrat e EMI margin which is an
o v e r a l l  I i g u r e  ol merit representing t h e ratio I t h e  power
rece ived  by the  r e c e p t o r  to s u s c e p t i b i l i t y  over the e n t i re
frequency range . The program computes the margin per band-
w i d t h  at  a l l  s p e c t r u m  samp le f r e q u e n c i e s  ( b o t h  e m i t t e r  and
re~~~p t o r )  . For b roadband  emiss ions , t he  r cceived  s i g na l  is
~he power contained in one receptor b a n d w i d t h .  This level
is  compared  to the  power r e q u i r e d  t o  p r o d u c e  a response  In
the  recep tor  a t  t h e  sample f r e q u e n c y .  T h i s  r a t i o  per  band-
w i d t h  is i n t e g r a t e d  over t h e  range of f r e q u e n c i e s  t o  o b t a i n
the broadband component of t h e  i n t e g r a t e d  m a r g i n .

For narrowband emissions , the power received is independent
ol the receptor bandwidth , and the integral becomes a sum-
mation . The narrowband signal can be represented by one
delta f i nct ion in the center of the receptor bandwidth.
The narrowband spectra are limits in that no s~ ngle delta
function ‘In exceed  t h e  s p e c i f i e d  level .  I f  a “s ’asur ing
i n s t r u m e n t  is c o n n e c t e d  to  t h i s  por t  and tuned across the
hand , the program assumes that the instrument reads exacth
t h i s  s p e c i f i c a t i o n  level  everywhere .  This is e q u i v a l e n t  to
having one delta tunction per instrument bandwidth across
the hand with amplitudes at t h e spectrum level. These n a r r o w —
band leve ls  a re  assumed to v a r y  l i n e a r l y  from sample po in t  to
sample point for the summation . The integrated EMI margin
is the sum of the broadband and narrowband components.

II. SUt~iARY OF SURVEY

1. Introduction

One of the centr al features of the initial phase of the e f t o r t  was

to determine the a c t u a l i m p l e m e n t a t i o n  of the EMC proc o;s in the weapons

systems development process. As a partial means of satisfying this require-

ment , a series of interviews was scheduled . These were structured interviews
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u s i n g  a p r e p  l anned f o r m a t .  This section discusses the results of that survey.

The v i s i t  schedule accomplished during the f i r s t  phase of t he  ef-

f o r t  is c o n t a i n e d  in  T a b l e  2. The purpose of these visits was to gather

data concerning the present and future use of IEMCAP for the o r g a n i z a t i o n s

contacted and to discuss suggestion s for its integration into the procure-

ment process . The specific responses and comments of the individual organ-

izations are available in the SFA project file.

2. EMC and C~~ pora te Org~mni zation and Management

The reason for looking into the area of the placement and or-

ganization of the EMC I unct ion was to determine whether sufficient continuity

ot stat fing would exist to assure adequate maintenance and understanding of a

program such as IEMCAP. Such searching will also determine the visibility

of the EMC function . Another area of interest was the credibility of EMC

analysis results in regard to the various levels of management.

Tile results of the discussions showed a universal acceptance of

the EMC functional area as an integral part of a matrix organization . ENC

specialists are assigned as needed to specific projects but continue to be

identified as EMC staff. The organizations that have had a part in develop-

ing ENC analysis models as end products in themselves , ei ther f or governemen t

or commercial users , were much more functionally oriented . That is , they

tended to centralize the EMC function more . Those that were not involved in

EMC model ing for other than their own use were more project—oriented . In

some of these latter cases , it is doubtful that the EMC staff would be able

to support and maintain an I EMCAP—type capability due to minimal staffing and

cross—transfers of personnel into other technical areas. One key to pro—
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TABLE 2

Date Organizat ion Personnel

9 Augus t 1976 McDonnel l—Douglas  Corp . C. Wein stock
St .  Louis , Mo. R.  E. Pluminer

10 August 1976 RAND Corp . A. Hiebert
Santa Monica , Cal.

10 August 1976 General Dynamics Corp . R. Hinkel
San Diego , Cal. M. Derr

11 August 1976 Hughes Aircraft Corp. S. Sabaroff
Los Angeles, Cal. Y. Sheets

M. Malinic
R. Stroup

11 August 1976 SAMSO Lt. Col. J. Brown
Los Angeles , Cal. Lt. Col. N. McGuiness

11 August 1976 Rockwell Corporation E. Hughes
Seal Beach , Cal.

12 August 1976 Rockwell Corporation (B— i Office) R. Abernathy
Los Angeles, Cal.

12 August 1976 TRW Corp . B. Cooperstein
Los Angeles , Cal.

13 August 1976 IUS SPO Cpt. Caro
Los Angeles ,  Cal .

13 August 1976 Aerospace Corp . C. Pearlston
Los Angeles , Cal. J. Coge

13 August 1976 DSCS SPO Cpt. Garrett
Los Angeles , Cal. Cpt .  Brown

R. Aust in
C. Kelly
P. Sheldon

13 Augus t 1976 GPS SPO Cpt. Ible
Los Angeles , Cal. Cpt. Rennard

31 August 1976 G.E. Aerospace C. Condon
Valley Forge , Pa. D . Peden

D. Ling
M. Massaro

13 Sep tember 1976 Atlantic Research Corp . W. Duff
Alexandria , Va.
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TABLE 2 CONT ’D

Date Organization Personnel

15 September 1976 Boeing Aircraft Corp. D. Holtman
Sea tt le , Wash.
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viding a sufficient and continuing EMC staff is to provide the proper incen-

tives to corporate management. In the case of the EMC model developing organi-

zations , the new product aspect is a powerful incentive . In other organi-

zations the proper contractual instruments and incentives (in the form of

bidding advantages due to a strong EMC capabil i ty)  wi l l  have to be factored

in to provide a s t rong ENC funct ional  center .

Othe r organizat ional  d i f f e r ences  also appear to have potential

impact on IEMCAP implementation . Where the EMC specif ication compliance and

test areas are isolated from design , there appears to be an attitude of

achieving EMC through repeated test cycles and redesign . In those organ i-

zations where the ENC and design groups are separate , there appe ars to be an

adversary situation when the results of E1IC analysis are presented . There

appears to be a lack of confidence in analysis results when performed by

other groups. Measurement results are more readily accepted and , therefore ,

this separation of EMC and design personnel leads to a heavy reliance on

testing. Many of those interviewed felt that the availability and use of

IEMCAP (or equivc lent analysis) would help this situation . Those who have

had the opportunity to use such programs have noted a much higher degree of

acceptance of the computer—generated resul ts  than those developed b y hand

calculations . Higher levels of confidence led to less reliance on tests

and , therefore , larger cost savings .

3. IEMCAP Data Requirements

The preparation of the required input data for IEMCAP analysis

is a subject of inquiry for several reasons. Among these are the costs of

preparing the. data in relation to present costs , the availability of the
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da ta in rel at ion to  desir ed sch ed ul ing of analysis runs , and accuracy re-

quirements. It was a unanimous opinion that the data required for IEMCAP

is no differert than the data that would normally be used for a compre-

hens ive EMC analysis. This data is normally available from the various

design groups , altho ugh it has to be gathered piecemeal from many sources.

The add itional work entailed in IEMCAP data preparation is converting the

data to a computer compatible format. This was not considered to be a

si gnificant additional effort by most of the respondents.

There were divided opinions regarding the timeliness of the

da ta. The aircraft people felt that , except for wire—to—wire analysis, there

was sufficient data for IEMCAP analysis available by the time of the formal

pr oposal  e f f o r t  ( s ince  most  p r o j e c ts  go in to  prel imi nary des ign one to two

years before an RFP actually is promulgated). In the case of wire—to—wire

coupling, the routing and bundling designs are not usually available until

about one year after contract award. Therefore, for  aircraf t , the antenna—

to—antenna , antenna—to—wire , field— to—wire , and box— to—box analyses can be

perf ormed very ear ly  in the procurement process and could provide available

inputs to the design procedure . This is also probably true for such space-

craf t as the space shuttle , although this particular project was not con-

tacted directl y.

Most satellite project people were not too concerned with antenna

coupled problems . This created major concern for the wire—to—wire case.

The w ire rout ing and harne ss des ign is not finalized until very late in the

design procedure . It was felt however , that each satellite project is

suff iciently unique so as to preclude the drawing of general conclusions .
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In regard to other required design data it was felt , as in the case of air-

craft , that the data was available and that converting it into a computer

compatible forma t was not an effort requiring a significant magnitude of

t i m e  or money.  It was also found that manufacturer ’s data was not felt

to be reliable. There are two kinds of data used , wire data and semicon-

ductor devices operating characteristics data. The latter data is used to

determine bandwidth of susceptible circuits. This data was considered a

significant source of error by some of the respondents.

These findings were somewhat surprising in that the additional data

preparation costs due to using a program such as IEMCAP seemed to be a sig-

nificant source of objection and consternation at prior IEMCAP presentations .

This was not borne out by th e interviews . The major difference appears to be

the extent to which ENC anal ys is wo u ld he pe r fo r med , regardless of whe ther

IEMCAP would be available. Those organizations where a thorough effort was

planned did not foresee any major additional incremental costs in data pre-

paration . In those organizations where there was a skimpy EMC organization

to start with , the add itional data gathering costs incurred by requiring

T ENCAP was fel t to be significant.

4. Utjliza tl on of IENCAP Analysis

There were three major uses determined for IEMCAP analysis.

These we re in design support , spec i f i ca t ion  support (including waiver and

deviation analysis), and test program support. In regard to design support ,

the primary use is to assist with antenna placement and to highlight the EMC

impact of design decisions and changes. In the specification area all the

organiza t ions seemed quite wary of using Standard EMC Analysis to tailor
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specifications . However , i t was unan imous ly  agreed tha t IE1ICAP would be a

major too l in waiver and deviation analysis.

The effects on t h e  contractor—subcontractor relationship were dis-

cussed at length. One of the matters of interest was the possibility of re-

covering some costs by relaxing the MIL—STD—46lA (or MIL—l54l (USAF) for

Spacecra ft) limits as result of an IEMCAP analysis. The results of these

discussions indicated that significant cost savings would pr obably  not be

achieved unless some prior arrangements could be developed during the con-

tract negotiations. For examp le , the possibility of establishing cost incre-

ments during contract negotiations based on ±20 , ±40 , or ±60 dB changes to

the MIL—STD levels was explored. It was felt that this would be difficult

t o  achieve (except for such gross increments as 60 dB) where , f or examp le ,

the use of shielded cables could be factored in or out as required .

The use of IEMCAP for test planning purposes was thought to be a

significant area of possible savings . This would come about through reducing

the number of critical circuits to be tested . This opinion was not univer-

sally held as there would have to be a high level of confidence in the IEMCAP

capab i l ity before acceptance of such results. In one case enough confidence

was alread y insti lled in the use of an I EMCAP type of progr am to enable the

sponsors to waive test requirements resulting in a significant cost saving.

In other cases the only time it was foreseen that test requirements would be

reduced was where there were such severe time schedule requirements that

all the tests for MIL—E—605lD, for  examp le , could not be accomplishe~I. In

all cases it was felt that the ready availability of an IEMCAP—type capabil-

ity would be welcome and would be exercised provided that the requirements

and costs were fac tored  into the pro jec t .
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5. Spec ific Comments about IEMCAP

The most commonly voiced problem with the use of IEMCAP was

the interpretation and summarization of the output. The use of some type of

summary matrix (as is currently being developed by RADC) is thought to be

very important. The use of the integrated EMI margin was also questioned .

IEMCAP has not been used in any specific project as an integrated capability.

Parts of IEMCAP and IEMCAP—type programs (SEMCAP , ATACAP) have been used

extensively. Many of the comments are based on these other capabilities .

It is significant that specific differences in engineering models between

IEMCAP and the other capabilities were not a subject of concern to the

respondents.

6. Documenting IEMCAP Recjuirements and Results

The formal integration of IEMCAP into the procurement pro-

cess was also a subject of inquiry . The following ideas were discussed .

o A d d i n g  an EMC analysis  requirement in AFR 800—3.

The reaction to this suggestion was mixed . Those opposed
felt that 800— 3 is too high level for such details .

o Chang ing M1L—STD—l541(USAF) to reflect an EMC analysis
req uirement.

This idea is accepted by SANSO and Aerospace.

o Inc luding I EMCAP in existing CDRL items.

Some felt that a new CDRL item should be developed . In
genera l , the inclusion in the EMC Control  Plan and Test
Plan DID ’s was thought to be sufficient.

o Including EMC analysis in the RFP evaluation criteria.

This was felt to be very important in providing an incen-
tive to contractor management for early EMC analysis.
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The contra tor organizations all agreed on the desirability of

including the analysis results in the EMC Control Plan. The suggested sched-

ule of running IENCAP at least four times throughout the project development

phase was generally agreed t o .  The suggested schedule was:

o between  C o n t r a c t  Award and Pr el iminary Design Review (PDR);

° at critical Design Review (CDR);

o between CDR and System Test Plan ; and

° at System Test Plan .

It was  anticipated that the normal design change process would result in

r e q u i r i n g  IEMCAP runs an average of every three months.

It was not felt by any of the people contacted that it would

be neces sa ry  for subcontractors to run LEMCAP . It was also stated that most

o: the s u b c o n t r a c t o r  ENC Cont ro l  Plans were “boilerplate” and not worth much .

This was not pursued further as it is outside the scope of this study. The

important point is that EMC control is imposed by the prime contractor on

the subcontractor by controlling the MIL—STD—461A or equivalent limits. This

was conf irmed by discuss ions concern ing the role o f the organ iza tions when

they serve as a subcontractor.

One important exception was found on the B—i program. In this

case the electronics package is a subcontract in itself. In such a case the

IEM(;AP capability could be utilized by such a subcontractor.

7. Add itional Uses for IEMCAP Data

The s u b j e c t  of o the r  possible uses for  the IEMCAV data base

was discussed. The industrial organizations that did not have a wire—tracing

or harness routing automated capab i l i t y  thought  t ha t  such use of the data
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base would be a possibility . One area that was unanimously agreed to was

the desirability of maintaining the major system data bases throughout the

life cycle of the systems. This will result in rapid and economical analysis

of modifications.

8. SPO Att i tud es Towards EMC

The SPO ’s that were contacted all evidenced strong support

for ENC analysis. One of the major motivations on the part of those most

enthusiastic about EMC was prior EMC problems on other projects. This lead

to the question of establishing an EMC “lessons learned” file to develop a

basis for justifying EMC funding as well as avoiding repetitive problems.

There was a defini te  correlation between the degree of EMC concern and

association with past projects where EMC problems had cropped up.

III.  THE ECONOMICS OF INTRASYSTEM EMC ANALYSIS

1. Introduction

The economics of Intrasystem EMC analysis concerns a number of

factors . Among these are the cost of installing the analysis system, the

cost of using the system for a project, the competing costs of manual analy-

sis , and the benefits of utilizing the systems. These factors as well as

method of evaluating prediction models in terms of Type I and Type II errors

are discussed in this section.

2. General Factors

One of the objectives of this study is to determine cost consid-

erations in using IEMCAP or. an equivalent program in a weapon system acqui—
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s i t ion  program.  In order to develop such cost information , the con t r i b u t i n g

facto rs have to he I solated .

These are:

(1) the initial cost of installing the program ;

(2) any costs of ma in ta in ing  and up da t ing  the program; and

(3) the variable cost of using the program on specif ic  p ro jec t s
includ ing data base preparation and maintenance.

The benefits to be accrued by using the program include:

(1) red uced anal ysis costs (savings in manpower);

(2) reduced test costs;

(3) possible prevention of retrofit or reduced costs of redesign
due to early analysis; and

(4) reduced costs of subsystems and equipment due to the use of
tailored specifications .

The study has shown that there is no “typ ical” system ei ther technically

or adm inistra tively, but it is nevertheless possible to generate coarse cost

estimates.

3. Cost Factors

The costs of acquiring and implementing the program include man-

power , training, and computer debugging time. At present these costs range

be tween $1 ,000 and $15,000 according to industry sources. This depends on

past experience of the contractor , in ternal organiza tion , accounting pro-

ced ures , etc.

The costs of maintaining and updating the program are difficult

to assess since the effort is fairly new. Maintaining and updating costs

are those overhead costs incurred in keeping the program current , partici—
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pating in liaison activities and meetings , and training and related activities.

The program i tself , and up da ted versions , are suppl ied b y the Air Force on

tape. This cost is estimated to be zero to $15,000 per yea r , based on man-

power rates and loading factors. In cases of continuous EMC activity on

major projects , the overhead costs might be reduced considerably or be non—

existei . t  since the project effort would accomplish these functions .

The cost per project for the additional data preparation and

computer running time to use IEMCAP (as opposed to manual analysis) is esti-

mated at $1,000 to $15,000 by industry sources. However , some of these

costs are offset by reduced engineering analysis manpower costs. These fig-

ures are based on the use ot programs similar to I 1 MCAP .

4. Benefi t  Factors

The major cost saving factor is the reduction of retrofit and

test effort. These savings could be quite substantial. As an examp le , West-

inghouse is developing ALQ—l3l pods for use on seven different aircraft. In

order to save money , IEMCAP is being used extensively. The savings for an

effort of such magnitude as opposed to MIL—E—605lD testing is estimated at

$300 ,000—$ SOO ,000 by Westi nghouse personnel.

The MINUTEMAN program contains a requirement (MIL-E—6O5ID) to

demonstrate that the weapon system and all associated subsystem/equipment ,

both airborne and ground , will be capable of perfor m ing the ir in tended

function without a deleterious impact from the electromagnetic environment.

The method of fulfilling this requirement is:

(a) selection of cr i t ica l  c i r c u i t s  by manual analysis ;
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(b)  des ign and f abr i ~ation of sensitized circuits to demon—
strati the 6 dB s a f e t y  margin ; and

(c) monitoring weapon systems for failures or anomalies during
o p e r a t i o n .

A pr oposed hybr id approach using the SEMCAP program was developed and pre-

sen ted by TRW . This procedure was designed to utilize the analysis program

to reduce but not eliminate the test program. An additional benefit of

this proposed approach is the savings in time . In the case under discussion ,

the schedule could not be met by the older test  p rocedure . The cost savings

were  es t ima ted  to b e 50% or , for the project under consideration , about $1.5

million . [6]

5. Model Evaluation

Based on these cost factors the answer to the cost—benefit anal-

ysis is obvious . Any problem stems from the question of the adequacy in sub-

stituting an intrasystem analysis program for system tests. The us~ ~f in—

t r a s y s t e m  analys is  programs has been based on the build—up of user conf idence

ove r a period of years. This has developed a qualitative level of confidence

in these programs on the part of the users. Quantitative assessments of

IEMCAP will expedite Its use. An RADC sponsored effort to evaluate IENCAP

through its use on the F15 project has lead to such data. Programs concep-

tually similar to IEMCAP have been applied on large weapons systems . One

such program was used on the N a v y  E—bA p r oj e c t . [ l ]  The resul ts of the anal-

ysis of 17 ,500 possible emi t t e r— recepto r combinat ions  are summarized in

Tabl e 3 below.

30



TABLE 3

Cf~fPARI SON OF MODEL RESULTS
(Mea sured/P r ed i c ted)

Measured
I n t e r f e r e n c e  No Interference

Interference: 41/71 30/71
Pred ic ted :

No I n t e r f e r e n c e :  1 2/ 1 7 4 2 9  1 7 4 1 7 / 1 7 4 2 9

An analysis of this table sh ows that there were 53 interference

cases measured , of which 41 were predicted . There were 71 interference situ-

ations pred icted , of which 30 did not occur. Twelve interferenc e situations

occurred which were not predicted . The analysis performed was based on the

most detai led models a v a i l a b l e .

If we define a type 1 error as the p r e d ic t i o n  of i n t e r f e r e n c e

when no interference is measured and a type 2 er ror  as the p r e d i c t i o n  of no

i n t e r f e r e n c e  when interference is measured then :

‘~e (type 1) = 30/71 = .42 and

~e 
(type 2) = 12/17429 .00069.

If the pred ic tion models are capabl e of pr edicting all modes of interference

then these errors can be assumed to be independent. In order to reduce the

p r o b a b i l i t y  of t ype  2 e r ro r s  so that  v i r t u a l ly a l l  i n t e r f e r e n c e  cases that

are measured have also been predicted , it is necessary to accept a high pro-

bab ili ty of type 1 errors , i.e. that a considerable proportion of predicted

interference will not in fact occur . The exact relationship of these two

errors for IEMCAP will not be determined until the program has been exercised

on a number of procurements.

One way of looking at  such a pred icted process is by the use of

Bayes Theorem . Let C1, ~~~~~~~ Cn be m u t u a l ly exc lus ive  and exhaus t ive
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events and let B be an event for which one knows the conditional probabil i-

ties , P (B)C
1

) of B , given C
1
, and also the absol ute pr obab ilit ies P (C 1) .

One may then compute the conditional probability P (C
1~

B) of any one of the

event s C~ , given B, by the fol low ing f ormu la:

P(B  C .) P(Bf C .)P ( C  )
P(C ~B) ——--

~ 

= 1 i
i n

P ( B )  
~ P(B1C .)P(C )
i—i .1 1

T h i s  f o r m u l a  is known as Bayes Theorem.

An example of its use could be ~he following hypothetical situ—

ation.[5] Suppose tha t a test for cancer could be devised where P(AI C)~
.95 ,

in which C denotes that a person tested has cancer and A denotes the event

tha t the test states tha t the person tested has cancer. What is P(C~A).

i.e ., the probability tha t a person who according to the test has cancer

a c t u a l l y has i t ?

P ( C / A )  = 
P ( A I C )  P ( C )  

-___________

PCA Ic ) P(C) + P(A IC c ) P (C c
)*

Assuming that P(C) = .005 , i.e., the probability that any person taking the

test actually has cancer is .005, then

.95 (.005)P ( C/ A )  — 

.95 (.005) + (.05) (.995)

= .087.

Th eref ore , although the hypothetical cancer test is highly reliable , i.e.,

It will detect cancer in 95% of the cases in which cancer is present , in only

8.7% of the cases in which the tes~. indicates cancer is cancer actually

present.

*The c superscript Indicates the complement of the probability , i.e., the
probability of nonoccurrence.
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This s i t ua t ion  is very s i m i l a r  to t h a t  of interference in an

a i r c r a f t  as discussed above.  I f  we let M represen t measured interference and

P represent  p r e d i c t e d  interference then , using the model discussed , the

p r o b a b i l i t y  t ha t  i n t e r f e r e n c e  w i l l  no t  be measured where i t  is not p r e d i c t e d

is:

p (M t’ 1pc) = .99931

or the model is 99.93% effective in screening interference. However , the

probability that interference will be indicated by measurement in cases where

it is predicted is:

P(MIP) = .58

or , in only 58% of the cases where interference is predicted will such inter-

ference actually be measured . In terms of type 1 and type 2 errors , assuming

that measured data represent s the real world , the probability of type I error

is:

P(M CIP) = .42

and for type 2:

p (MIp c) = . 00069 .

While this description of the model indicates high reliability,

an objective evaluation require s the consideration of cost data. If the

major savings have to do with reduction of test costs , even further reduction

of the type 2 error is required. This will cause an increase in type 1

errors .  The r e su l t s  of the model described , in the te’ininology defined , ar e :

P(PIM) .774

or only 77% confidence tha t all the Interference cases measured would be con-

tained in the prediction. If it Is desired that the model only miss one cas e

that .~~t ually occurs in the situation described the probability of a type 2
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error P(MIP
C
) wou ld  have  to be reduced to .000057 from .00069 . The resultant

coi l  t idenee I eve I tha t ;il 1 the in t t r f e r t n c e  cases would he included in the

predIct ed data would he .98. Actu a l data would he required to determine the

e f t e c t s  on the  t v~ e I e r r o r .

F u r t h e r  p u r s u i t  of such model evaluation is i n d i ca t e d .  I t  is

Im p o r t a n t  t o  n o te  that most mod el e v a l u a t i o n  is done u s i n g  a c o m p a r i s o n  of

measured  and p r e d i c t e d  v a l u e s  ( u s u a l l y in d B ) .  Th is  is an i m p o r t a n t  f a c t o r

h u t  o n ly  an i n t e r m e d i a t e  s t e p .  The r e s u lt s  of t he  use in the model in the

specific project and its i m p a c t  in t e rms  of d o l l a r s  goes beyond dB compari-

sons. In other words , i f  t h e  p a y o f f  i s  in r e d u c i n g  t e s t  cos ts  (as it appears

to be at this point), the  dB bias that ’  would have to be introduc ed to provide

a c c e p t a b l e  c o n f i d e n c e  levels  wou ld  be l a r g e .  This  dB bias  would also assure

tha t there w o u l d  be l a r g e  e r ro r s  in  the  p r e d i c t e d  vs. measured data compari-

sons if these art based on dB levels.

‘xamples f tv j ical results of such comparisons are contained in

~1gures I and 2 [7 ] .  These results ire based on SEMCAP prediction data. The

f i ~ ’, t i r e s  show t h e  compar i son  of measured vs. predicted data for two spacecraft.

The first figure shows a -orrelation diagram in dB , and the second a correla—

t i on  d i a g r a m  in voltage with a 6 dB and a 20 dB bias. Note that 20 dB would

be r e q u i r e d  to Io’ rnl is.~ all the point s .

6. I EMCAP 1,~p 1emen t a t ion C r it e r i a

Cr iteria are standards , r u les or test s by which a deci sion is

made. The criteria required for the effort determining the best way to im-

p l ement I EMCAP fall Into two categories: criteria for determining the use of

I EMCAP on pro jects (Wh i~ h projects should i t  be app l i ed  to? When should it

he used?) and crIter ia for determin ing which documents should be used to cre-

at e the requirement for using the analysis program .
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C r i t e r i a  i r e  a lso  s ep ar ab l e  i n t o  the fo l  l o w i n g  t h r e e  c a t e g o ri e s :

(a)  cha r u t e r i s t  i t ’s to  he a c h i e v e d ;

(h )  ehia r~i cte r i sties to he p r e s e r v e d ;  and

(c) char . ’ u ’ t e r i s t  i cs  t he avoided .

The e s t a b l i s h m e n t  of’ thesu criteri a is in terms of specifi c pa r a m e t e r s  inc l ud-

ing cos ts  and impact on the p r o c u r em e n t  process .

!mj~1emen t . i t  ion o n P ~~ j yet s

The ut iii za t ion o t~ I EM CAP f ron a cost  a n a l y s i s  vi  eWpo i nt is

h e a v i l y  w e i g h t e d  o w i r d s  its use on t h e  b a s i s  of p o s s i b l e  t e s t  sav i n g s  a l on e ,

not  Inc lud  ing  t h e  sav i n g s  to he rca 1 Ized b y r e d u c i n g  the  eng in cr ing iii ; ! I v si s

manpower r v q u i  r em e n t s .  ‘ri le p re s e n t  obstac it ’ to realizin g these s a v i n g s  is t h e

con f I (I eflc e one c ni  expect from the use at  I EMCAP . This is expected to he

resolved w i t h  t i m e  as result s become available.

The en ter ia  for tb Imp l ementation of t h e  I EMCAI’ capabi l i t ~ ’ on a

sy s t e m  s hou l d  c o n s i d er  some m i n i m u m  size , since it is obvious that there is a

po in t  of m i n i m u m  sy s t e m  S iz e  i t  w h i c h  t he  use t u f  m a n u a l  a n a ly s i s  is less

expens ive  than  t h e  cost f in s t a l l i n g  and r u n n i n g  the  I EMC AP sys tem and pre-

paring a data base. The I EMCA I system Is provided at no cost to the c o n t r a c —

t or .  The (‘ st  of computer t ime for  a s i ng l e  c o m p u t e r  run  f o r  a l a r g e  system

is on the order of $250 — $1000 . The cost of data preparation is only the

cost involved  in t a k i n g  t h e  d a t a  f r o m  a “raw ” f o r m a t  to a c o m p t i t  i r  t o mp ’ i t i b  l e

medium , s i n c e  the data has to hi available for manual engineering a n a ly s i s  as

w e l l  a l t h o u g h  not  In a r i g i d l y  i i n t r o l l e d  f o r m a t .

The h r e ;ik— ev en  p o i n t  I s  t h e r e f o r e  the  p o i n t  a t  w h i c h  t h e  cost of

computer running time p lus program- required data conversion costs equa l the

cost of manua l engineering anal ysis. The loaded cost of manua l e n g i n e e r i ng

a n a l y s i s  1~ about $200 per man—day .  The cost ( I f  d a t a  p r ej ~~r at i o n  f o r  computer
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i n p u t  i s  a b ou t  $ 100  p i n  m a i i — d i v . A s su m i n g  a m i n i m u m  of f o u r  r u n s  ( a b o ut

$1000 — ~l ) O M ) ,  the h rt 1 k — e ~~i’il point is r e ach e d  j r  ;i s\’ st e m  t h a t  r e q u i r e s

about I to “4 fl(.i1i~~W k ’ ’h< S i t f l i I i l u t i l  engineerin g analysis.

T h e r e  ar e  ~i t  i p o s s i b l e  a d van t a g es  t o  u s i n g  IEMCAP it s well is

t o s t .  The use at .i  standard m e t h o d  of ittt om at e d i n i l y s i s  assures neprod u ci—

hi l i t  ‘‘ o f  r t s i i l  t s, a stan d ;ir ’l d a t i  base , and i standard o u t p u t  format. Tilei’e—

to rt , l F ~1( ’\ I ’  s h o u l d  be a p p l  t ed  at the minima l system level. Since there i s

11 ’ ’ di r e t  cost l i t a  tor I [ M h A P , a p r e l  i m i na r y  c r i t e r i o n  f 100 or more possi-

bl e coupling ath s is ‘ u s  id e r~ d ipy r opri at e (based on t i  I to  4 man—week

cn g illl’e r ing m an p o w e r  fi y r ’  deriv ed above).

I rrp l emeui t a t i  our iii l)ticurrient S

The & r i t c r i i t  t i  be used in  e s t a b l i s h i n g  t h e  d o c u m e n t a t i o n  re-

q u i r e me n t s  m cl ii i ing ieh ‘ v i n y  I E M C A I ’  li s t ’ n all a p p r o p n i i t  t’ system p r u  ire—

‘ i r i t s , p r e s e r v i ng  t l i t ’  p r at  sy s te m  of c ri t r a ’ t u a l d o c u m e n t a t i o n , and  , i v o i d —

in g  u i n n  ‘ t r y  i d d i t  j o u i t i  I n ’urnent ation cr rr ’w CDRL i t t ’ns. T h i s  last ct i—

t nia r~~ ’,’ he achi & ’ v ’ I  by i r r t & ’ ’ r i t i n g  the requirements into e x i s t i n g  doc ir n t s .

‘ l i i i  o r i i ’ r r t a t  l a i r  a t  lIMCA ’ t w i r d s  syst ’rrs requires some d e f i n i t i o n  ot  ii sys-

te m t ron in i .N (  Stand point . The flu’’ t st r. i Hit I o r war d  de f i i i i  t i an i s that an

t p p r o p r i i t i  ‘ ‘ t  em t o u i si  ~t S  o t  tw &i  ‘i  more electric a l or & l e ’ t r o n i c  subassem—

b I i es r gi n I zed per torn a ec i t i c t uuic t ion

Thti die I s ion as to wh I cii of the doe t im en t  s shun 1 d i c  mod i f  i ed a 1—

— S req u i ri’s i r s  i lera t i o n  at  t i u t ’  ~ p~s i f i c d l  SC ip l i i i  ( EMC an;i I vs I s ) and t i t

I V i  ‘ I  ot  i i i  I i i i ’ i u i  t . F’ r i x irrlj l i , in t i i ’  e t se  at ‘II L—ST I)—4 99  , t h e  I evi l is

I t t be t i ,  i i i  y h  to i i i ’ l i i i ’  a di s u s ; iaO of t In t vpe  at  F21C a n a l y s i s  to be

used . In  rn . ’; t c i  s c;  t h e  ( l i i i ’ i l l n i fl t s re f t  r e u l c e  ca ll other . I n  o r d e r  to avoid

& x t r ; i r t i i ’ ;  d i f f l c i i l t  le’; r r e d u n d a n c y ,  a h i t r i r c h i y  of requ irements can he

est ahi ;~~~l. ‘I til s h i t  i r I l v  won Id  hand I i  such cases where , I or examp le , a
‘18



pr imary  source , i . e . ,  M I L — E — 6 O S 1 D , is r e f e r e n c e d  i n  a g r i l l i f  1 ) I D ’ s. Ky

adher ing  to the h i e r a r c h y  the c h a n g e  w o u l d  he tri a d ’ t i  t h e  s c ’  i t  i c a t  i o n  i n t l

would a u t o m a t i c a l l y  be i n t e g r a t e d  i n  t h e  pr o cri r & ’ i; ’ rit process. Iii spec it

tion could be referred t o  as i primar y s i r ’ document.

In summary . t h e ba sic crit e r ia to he used in l i t  e rmin ing th~ doc-

umentation requirements .~ r ’ :

(i) cur t ‘l i t do t ; ’ , ‘ it s

(h) I ‘h tn~t I vs i s;

( t I  ,ipn r ; r  i t ,  I I  at d e t a i l ,

i i I s v s  I ‘ill i h u t  d ,t ml

( i )  ii’ j ’u,t rv ’;o&ir ’ ’s

A review of the I iii  i t s  is t ei t in Table 4 was performed . The results of

appl ying the above cr i t e r i a  to determine which of these documents should be

changed are ref l ’ c t i ,’& i in  t ha t t ab l e .

IV.  CONCLUSIONS

1. ~2r,~o
r ;it e ~I i r i;jornen~~,S_up,p,~ rt

The maui ,i;’, t ’ t ’n t  s u p p o r t  t o r  u s i n g  lAP in the  corpora te  EMC c y c l e

is almost exclusively based on contractua l obligations and f u n d i n g . There is

presently a broad acc eptance of the results of TAP type analyses for decision

making purposes. The situation might change , however , if the results of

using LAP do not represent  a pos i t ive  Improvement in the in t rasystem EMC

process.

2. C o n t r a c t o r  S t a f f  Support

The efficiency of the use of lAP is a direct function of the

experience and training of the contractor staff. Due to the stop and go
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I A ;l ,F

)O( ’I ~ ’IF , N I  ~- M O D l  Fl C R I T E R I A
i Item i t ’s r i pt ions

I , i t t ’ g t i r ’ , I I  1 s t  P l an  l’ r i i ’ l u i r c s  1) 1— 1— 1 7 1 1 1 / T — l O h — , ’ No 3

, ‘ n t ’ n , i l  l u st P1w I r  tar t ’s 01-1—3707/1— 107-2 No 3

I ‘‘ - I  R e ja rt s — (h uR l ii D!—T— 171M/T— l I h—J Ni t  3

Catcy rv I I  l i s t  R e p o r t s  0 1 — I —  I i I 0 / T — 1 2 0 — 2  N i 3

A~ cj t iuic&’ l est Report D 1 — T — 3 7 2 1 / T — ] 2 5 — 2  N a

En , l i t t e r  log (t i n g e  Pr iposa I~ 1)1 E H28/C—l41— l No 3

l < t ’ u u t ’ S t  jar I I u ’ v i , t  i cn / k ~; i i v ’ r  l)T—E— 3129/C— 142 No 3

Ele t t r . i ’ ,’ ri& ’t Ic Co mp a t  i h i l i t v  Dl—R— ’3530/S— 1h h— l No S
Pl ot (References

M I  I. — F— 6051)

Subs”stem b e s i g n  Anal ysis Report l )I—S—358l/S—lO l—l Ni 3

‘~i t e g u r v I ‘ l i s t  P l a u i s / P r , i t ’ i l i u r e s  Dl—T— 1702/T—102—2 No 3

LI ce tromagnet Ic (hitii p ;tt i hi l i t ’~’ Dl —T— 3 7 0 4 / T — l 0 4 — 2  No
lest i i  in—S ys tems and Sub—
syst ‘~s / ‘ F~qu ipme nt

Sj e c l f  I c i t  i o n / St  ;iir dards

~‘1 I L—S ’l I ) — 4 t i l , E l e c t r o m a g n e t i c  E n t e r f e r e n c e  No 4
Character 1st 1 is Requ i rements for Equ i pment

Ml l, — S ’t~ )— ! .~, E lect r u u u ; t g u ~i ’ t  Ic I n t e r f e r e n c e  No 4
i t e r  1s t  ii’ s , Measurement ot

MI J , — S ’li>—6 61 , D e f i n i t i o n s  and System of No 4
Unit s, El ’e t romagriet Ic I n t  i r  I e r & ’n ’e Technology

M I I . — 5 I I - - ’ 4 h h , Radar Eng i i r t ’ t .’ r l n g  l ) e s i g n  No 4
ui , uii r crircui t F h i ~ t r rnagni’ t ii ’ Com patibility

M I !  — h ’l ’D—— ’4~~O _ Li n t  i I ’ , u r ; i t  i a n  ( n t  r i  No 3

M I L — S T D — 4 8 1  , Co n flyi r ititi n Control (short f i rm) No 3

M I  I , - h ’ f l u - - iS? , C u t  i~’, u r a t  ion S t a t u s  A c c o u n t i n g  No 3
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TABLE 4 (Continued)

I)OCI’Ml’NTS MODIFY cRITERIA

Sj’e&’i f i cat ion/Standards ~~t _d,)

M I I , — S I D — 4 9 0 , Spec I f i c a t i o n  P r a c t i c e s  No 3

MI L_ S’I’Ii_ hl)Y , System Engineering Management No 3

M I L - S I ’ I ) - 7 2 1 , D e f i n i t i o n  of Effectiveness Terms No 3

M I I, —SI ’h—8’3 (, MinImization of Hazards of Electro— No 3,4
rn ;ignre t ic Radiation to Electro—exp losive Devices

M I I - S ’ l l u — 8 8 l , Work Breakdown Structures No 3

MIL—STD- 382, Safety Engineering No 3

‘tIL—B— 5087 , Bond ing , E l e c t r i c a l , and l ighting No 3,4
Protection , for Aerospace Systems

M I L — S T I ) — 1 5 4 1  (USAF) EMC R e q u i r e m e n t s  f o r  Sapce Sys tems Yes

NIL—W—5088 , W iring, Aircraft , Installation of No 4

MIL—E— bOSl , Electr ’m ,;s’netic Comp atibilit y Require— Yes
ments , System

Manua l s/Handbooks

AFM- l OO—3 1 . F r e q u en c y  Management  and E l e c t r o m a g n e t i c  Yes
Compatibility , 13 M a r  1970; Chang e 1, 22 Dec 1970;
Chang e 2 , 2 M a y  1972;  Ch ange 3, 31 Oct 1972

AFSCN 70—5 , Work Statement Preparation No 3

AFS CM 207— 1 , Se& r i r  i t  v E n g i n e e r i n g  No 3

AFSCR 110—1 , M a n ; i g e r u e n t  of Contractor Data & R ep o r t s  N i ’  3

AF SCM 1,5—1 , ConI igurat lon Management Ni i  1 ,3

AFSCM 175— I , Sy stem Project Office (SPO) Manual N i 1 , 3

Al”SCM 37 ~— 4 , Sy s  t e r n  Program Management l’rocedure N i i  1 , 3

AFSC i tisig n Handbook 1—4 , Electromagnetic Compat ibility Vt’s

A I ’ SC De ign Handbook 2 — 5 , A r ma m en t No .4
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‘FABLE 4 ( C o n t i n u e d )

MOD I FY C R I T E R I A

R e ; ’a I , ; t ion s

Al” ~ 80—2 , l h ’ ’ u ’ ~ ’ ‘ i t s  t set! in  t he Management  of A i r  Force No 3
B e a t  i ch Iu ’v i’ I apmcnt

AFR 1 5— 1~ Conf i ;‘u; r ’at  ion Management Ni) 3

AFR 80—21), Can ‘ ‘ l i t Forrn iul at ion and Contract l)efinlt ion No 1,3

AF’R ~1 (1—2 3 , The 1’ .S. A ir Force Electromagnetic Yes
( t ” p ;t t ib i I i t v i n  ti gr im

ti ll 
-
i 

~ o t t o , !  ‘ ; ‘ u u ’ u i t r i i c ; i t  ions  E l e c t r o n i c s  No 3
‘ n ,  . ‘ , .a j c ; u I ( C I M )  P l a n n i n g  and P r o gr a m m i n g

‘J R  l t t I t _ 
. I’ Icc tn ;‘ t , ’ un , ’ t I c Compat  ib i  l i t  y P r o g r a m —  No 4

i i  at  (7 .S. M1 I i t i r y  E l e c t r o n i c  E q u i p m e n t
I r u ’ ’ ! r i n  ‘‘ ‘ ‘ i n t l  ‘ I t t

S i i i  - hi d io Fri tltt eni c y Management No 1,3

,\ rg  1 ( 1 1 1 — , l h ’ , ’ t  r i ~’ u , t , u r i ’ t  I c  l o t  c r f erence and Yes
ii , !  I i  I i o n  I l ,t ,’,trd s

MI’S 17 ’ — l  , ‘~ i n r tgernent i t  Systems Program No 1,3

\!E i i ,-~ ’ . 5 v s t em  P r o g r a m  O f f i c e  No 1,3

,\FS 1? — I , 5\’st em Program Di r e c t o r  Nt ’ 1,3

A l ?  375- ’., System Program Documentation No 1,3

,\} h :~ (~1)— 23 , Research and Technology Assistance No 3
to “,stems Program

AFSCR 800—2 , Management of Miil ti -Si’ rv l c e System , No 3
Pr o g r a m s  and Pro j ec t s

AFSCP 8013-3 , A Guide fo r Program Management Yes

AFSCM 375—7 , Configuration Management No 3
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n a t u r e  of EMC project funding, staff continuity was found to be lacking in

some cases. It appears that this will be a chronic condition and will require

frequent presentation of training courses , assistance , and simplified running

procedu res and data outputs.

3. Ea r  l y flat a Availab ilit y

The input data required for IEMCAP and other components of lAP is

available earl y in the life cycle. The data is usually developed in design

activities prior t i  any formal EMC activity. The major ex c e p t i on i s  wire

r o u t i n g  and bundling data. T h i s  p rob lem can be tolerated until the design is

finalized by the use of estimates.

4. lAP Cost—Beneficial for iJse in Sys tem Test P1annin~

Syst em tests , such as those in M I L — E — 6 O 5 l D , are costly and time—

consuming . Automated intrasystem analysis has demonstrated the ability to

save considerable funds by reducing the required number of tests and time

required  f o r  t e s t i n g .  This area of utilization apparentl y represents the

great est potential for cost savings.

5. S,p ecl  11 c a tI o n  Ta i lo r

Tailor ing of specific ations on the basis of TAP results is a

gener al l y accepted goal but one that must be approached with caution . The

addition of a validation phase to the LCSMM has somewhat mitigated the

urgency and importance of absolute accuracy in specification tailoring .

Potential cost savings can be validated on prototypes prior to large produc-

t ion commitments. The combination of anal ys is , tes t ing and spec i f ica tion

ta i l o r i ng ,  based on the overall results , represen t s a sys temat ic  appr oac h to

cost savings and EMC achievement.
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1 ut r ’tct at  /Suhc ’n t  u ’ ,t ~ t~ ’r R e l a t i o n s hj j i ’~

IA!’ s h o u l d  he i c , ’ , on ly ‘ I t  t tie p rl i ’ti contractor I ’ve1 except In

r a r e  i n s t  rices (suclt as  t! ~ B — i )  w h e r e  the e n t i r e  iv i n ! c s ; t c k a g t , is a sub—

ctrn tr ,ic t . I t  , t l i l i ’ ,I r s  t h a t  t i t i ’  ta !lt i ring 1 spt ’c i t  1 ,  , i t i t n i s  f o r  suh i ’ i n t r a c t

i te lIs is n i t  highl y critical in regard to cost savings. However , t h e  use of

lAP to d t t  ~‘m’i inc t h e  i m p a c t  of w a i v e r s  or dcvii! ions provides an important

c ipab i l i t’ .’ and is i ’xp&c t ed to he of r e a l  a s si s t a n c e  in p r o j e c t  m a n a g e m e n t .

The i t s ,  of di ! ferent cost e s t im a t e s  base, ! on t . ’ i i l o r i n g  t h e  s p e c i f i c a t i o n s  Dv

i n c r i ’ m i ’ n t  ‘. ( s u c h  is +20d B , ~-4() d B , +60d B , etc.) does not seem to  be fea s i b l e

in m a s t  cases .  T h i s  is due to  t h e  i f l . t ! i i l i t y  to a cc u r a t e l y e s t i m a t e  cost d i f —

€ ‘ renc ’es except I or t !ie~~~~’ ‘t gr i ss change s  ( such  as 60 or 80dB)

7.  lAP C e n t r a l  F a c i l i t y

It is apparent tha t a p e r m a n e n t  c e n t r a l  f a c i l i t y  is t equ i r ed  to

p r o v i d e  i nt r a sv s t e n  an a ly s i s  p rog ram suppor t  to the project n~aniagement corn—

inunit y. Among t ! , e  reasons f o r  t h i s  r~’uairement are t h e  needs for continual

i 1 it l ii t ing  of  t h e  lAP it, self , 1 iti son and training of users , data base stan—

d a r d i z a t  ion and st orage f i r  svs t ’n is t h r o u g h o u t  the  p ha se s of ~h t  T, ( ’S~’tM and t h e

,~ i t l t ” r  i n g ,  a n a l y s i s , storage and d i  s s e n n n l n a t  ion of experiential dat ,t concerning

s v s t i ’ I n  pr ifIennis and t h e  T A P  i t s e l f .  O n l y  a ct ’ui t r ; t l i ’ied facilit y c i i t l d  e f f  i—

c lent. 1, unc t ion in sitch i capat ’ i t y

8. DocumentatIon Ch ,trn ,’~~s

The pr i tii ’ r u t i l i ’ , tt i on and funding tif lAP project support

requi! res a basis in ri’guxl ‘it lens , spec I i c O t  Ions and ‘t i l e r  documen ta t i on .

The r e  is no ba~~i~ user giil dan i i document available . The suggested changes

and .i handbook ir ’i t j p i ’ r r ! i ’ !  t a t h i s  report . [i. ’’ ,t ee d t or an SPO EMC Pt’ogr arni
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Plan  f o r  l a rge  p r o j e c t s  is a l so  e v i d e n t .

9. Sched ule for lAP

‘the major purpose for lAP is to support the project - In order

to optimize that support the scheduling should be flexible. A sugges :ed min-

imum for TAP runs is at times of:

(a) EMC Control Plan dev elopnn ient~

(b )  Pr i ’l  lnninarv Desi gn R e v i e w  ( P D R )

(c) once at  an i n t e r m i t! C i t e  t Die between I ’DR and C r i t i c a l  Design
R e v i e w  ( D I R ) ;

(d )  C l ) R;  and

(e) system t ’’ ~~t pl ann ing .

10. Minimum Sizi Pr~ject far l F?’lCAP

The qu e st  ion i t the mi ni m um pro A e ct s i z e  f a r  r e q u i ri n g  I FTM (’AP

s i u l t p i i r t  I r i m  a .t  s t i l u ’ i p o i n t  is dif I i cu it to a n s w e r  s i n c e  t l t e r e  ‘ i n ’  low cast

5VSti’i’i ’~ that i ’ m  have sever ..’ and si gn i t  l e a n t  Ni problems w h i  I ’  c e r t a i n  hi gh—

cost  systems inn ha’:.’ v i r t i u , t I  lv no !‘~ !( lirahlem pat t ’ntt ia l. The cast t r a d e — o f f

itrv i’ based tint , t n i , ilvsls ct is t ‘- , i n d i i ’~i t . ’s t h i t  system s where t h e r e  a r e  100 or

men ’ h u m e r i t i rm. (i’ rnl in ;it ions o f  emitter and receptor ports) justifi e s th~’

Ut il iz a t ion lI , MI ’AP. l i i ’  t her components i t the I A I ’  r a v e  n o t  hei ’n s i m i l t r - —’

ly evaluated .

11 . ‘1 !~~‘ IIII 1 , i ct i f  l’?’D’AP i n  t h e  N e g o t i a t i o n  P r o c e ss

Oni’ m a j t i r  item of stri tl y in this Investigati on was t h e  p o t e n t i a l

impact i t i t I av t ’r u i i ‘ u t  /t : 111 rae t o r / S u b c o n t r a c t o r  C o n t r a c t i n g  r . . ’l a t  l o n s hip s  of the

use of I E!’O AP f a r  t t i l i i  in g  spec i f  icati i r n s . The major basis for this consid-

e r a t i on  Is t i t e  o f t e t t - e x 1i r e s s e d  q u e s t i o n  of  how t o  en te r  i n to  a c o n t r a c t
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w i t h o u t  s t r i c t l y  t e l  m i ’ 1! s p i ’ c i t  ~t ’ . t t  ions . I t t ..’ nia~ t r  a rea  a f f e c t e d  on l a rge

sy s te m  p r i n ’u l ’ c ’ ’ i ’n t s  i s t , ‘ , ‘ , i n t  r u i ’ t  r ’ / s i m h c t i n t  r o t o r  r e l ; i t  i o n s i t i p .  The p r i m a r y

[MC cont  n ‘1 on t h e ’ s u b c i ’t u t  r a e  t a r  i s  u s u a l l y  M l  l .— S T I ) — 4 6 1 A .  l” in a n c l a l  commit-

men t  ‘-. b..’ t i ~’ ’t ’n t h e ”  ‘ n i t ra t a r  and t h e ’  s u b c o n t r a c t o r  ar e ’  n e c e ss a ry  a t  t h e  t i m e

a ~~ ‘. ‘~ I em ; ‘nopas . i  I i s  s u b m i t  t a t !  and , a l t h o u g h  t .‘t i i on  In g  of t he  spec i f  i ca t  ion

c a n t  h.. t h i n,’ it that t i m e ’ , I ii.. EMC d ,tt a base is usuall y not  s u f t  i c l e n t  to p e r —

a det a iled a n a l y s i s .  ( t i n ’  w ay  to get a r o u n d  t h i s  p r o b l e m  is to r eques t

ilt e rn .i t e bids f o r  i t e m s  m e e t  ing  t h u  specificati on with 20, 40 or 60dB varia—

it i n n u. ‘th e sm i i t !v has shown t h a t  such ca sts , except for very large EMC

S;’ c i t ! cat ion d i  fference’s (on the order’ of 60dB) tire difficult to determine ,

It also shrews t h a t  tb., c ti s t voniation ,s would be minor when compared with the

utti l i t c:’ t st

T h e r , ’ t t i r e , i t  appea r s  that some t a i l o r i n g  can and shou ld  be done

i t t  t h e  e a r l  l e s t  ih a s e  of tire procurement. This will not , however , obviate the

need for w ,iiv , ’r s  and d e v i a t i o n s  and consequent  w a i v e r  and d e v i a t i o n  a n a l y s i s .

Ti l t  i n u i p t i c t  of  I b ’ N i A b  on t h i s  c o n t r , t c t o r / s u h c o n t r a c t i i n  r e l a t i o n s h i p  w i l l  not be

i t :’:, i t  er i t  i I t ~ at I ci t t h e  p r e s e n t  ni ’ giit iat ing reg l nti e , hut to o f f e r  nor. .’ t e c h n i —

i i i  s ub s t i n u  e as  t h i s  is  f o r  d e c i s io n  as i t  pr gnesses.

V .  R E L ( M ” M [N I t A F I O N S

I . I CAI’ Ftmc l i t

‘Hue co n c l u s i o n s  of t h i s  s t u d y c l e a r l y i n d i c a t e  t h a t  a c e n t r a l

~‘SAF i n t r o ’ . ’. ;t 0 .inna l y s is support f a c i l i t y  is needed .  I t  is  t h e r e f o r e ’  recom-

mended that such a f a c i l i t y  hi established at RADC . The lAP development

effort Is c u r r e n t  ly being performed there mmi i a great deal of the e f f o r t  w i l l

concern long—term modific ation , refinem ent and general updating of the codes.

Train in g ‘rigrans and a newsl etter have also been developed . This form of
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a c t i v i t y  appears  to be a continuing requirement. A central data base

reposi tory  wi l l  be r equ i r ed  as the  da ta  bases fo r  p r o j e c t s  are developed and

the systems progress through their life cycle. The results of the app lica-

tion of lAP to projects should be evaluated and the lessons learned should be

compil ed .

2. Projec t Management EMC Handbook

The at tached dra i t of th~ Project Management EMC Handbook should

be circulated . Comments should be solicited and modifications made as appro-

priate. This process should continue as the EMC techn iques are introduced

and their impact observed .

3. Docuimentat ion

The’ integration of TAP into the systems development and p rocure-

men t process requires that the following documents be modified as recommended

below .

(a) AFM lOO— 3l_~~~1uency Management and Electromagnetic Compat-
ibil ity (Chapter 4)

“4.10 Intrasystem Analysis. Rome Air Development Center

has developed an Intrasystem Analysis Program (lAP)

for use by contractors in system development. Com-

ponen ts of the sys tem incl ude:

a. IEMCAP ;

b. a series of supp lemental models (for use in con-
junction with IEMCAP) t h a t  p rovide  a d d i t i o n a l
a n a l y s i s  fo r  a i r c r a f t  s t o re s , l i g h t n i n g,  magne—
tospheric substorms , and static electricity; and

c. non l inea r  and E M / n e a r — f i e l d  ana lys i s  models
which will charac teri ze the input /output rela—
tie.’n of nonlinear circuits , EM/near—field
i n t e r a c t i o n s, and an t enna  and ape r tu re  coup l i n g
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being developed for off—line use.

The programs are available to Air Force contractors.

Training courses are presented per iodically. Sched-

ules and further details can be obtained throug h

RADC / RBC .

4.11 iF:M~:A b (1ntras~~ tem EMC Analys is Pro~ ram)

The ’ In t r a s y s t em  Electromagnetic Compatibilit y Analysis

Program (IEMCAP ) was designed to provide  an e f f e c t i v e

and cost beneficia l means of EMC analysis throughout

the s tages  of an Air Force system ’s l i f e  cycli ’ , f r om

conceptual studies of new systems to field modifica-

tion of old systems. Ground , aircraft , and space/

missile systems art’ within the I!MCAP capability. The

p r o g r a m  is r e lativel y computer independent and has

b e ’enu imp l e m e n t  i’d on severa I c i u u u i l u u t  . ‘r s  . I t  is pro-

grammed In USA standard F’IiK ’I ’RA ,\ IV langua ge and

r equ i  r i ’s  a p p r o x i m a t e l y  1K words at core.

IEMCAP analysis demonstr ates the relationship be tween

et~ u 1 i p m en t  and su b sy s t e m  EMC pert ornn .inee and total

sy st e m  [MC characteristics in s p e c i f i c  t e r m s .  It

t h e r e f o r e ’  p r o v i d e s  the means f o r  t a i l o r i n g  EMC

requirements to the specific system . This is accom-

pl i shed by modeling the system elements and the

mechanisms of electromagnetic energy transfer to

accomplish tim e following tasks:
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a. provide a data base that can be continually
maintained and updated to follow system design
chang es;

h .  g e n e r a t e  EMC s p e c i f i c a t i o n  l i m i t s  t a i l o r e d  to a
specific system ;

c. evaluate the Impact of granting waivers to the
spec If icat ions;

d. survey a system for ‘incompatibilities;

e. ana l yze  the  e f f e c t  of des i gn changes  on sys tem
EMC ; and

f. provide comparative analysis results on which to
base EMC trade—off decisions.

4 .12 ~~~~~~~~~~~~~~~~~ The Input Decode and Initial Pro—

cessing Routine (IDIPR) is the  f i r s t  p a r t  of I E M CAP.

It is divided into three basic routines. The Input

Decode R o u t i n e  (LPDC OD )  reads and decodes the fre ’e-

field input data from punched cards and rhne ’cks the’

data for errors. Next i,s the Initial Processing

Routine (IPR). This routine performs data management ,

interfaces with spectrum models , and generates the

working f iles. The data base defining the system !

subsystem/equipment characteristics is stored on a

magnet ic disc ot ~.ipe called the Intra u ;vstem File

(1SF). The program then enters the Wire Map Routine

which generates cross—reference map arrays for use by

the wire coupling math models during analysis. At

this point , execu tion of IDIPR terminates.

The second section of IF.MCAP, called the Task Analysis

Routine (TART), uses the da ta comp i led by ID1PR to
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perform one of the f o u r  analysis tasks listed below.

a. Sp ecification Generation — This subroutine
adjusts , within specif ied limits , the initial
non- r ’quired emission and susceptibility spectra ,
attemptin g to make the system compatible. A
silnuinui , i rv ot interference situations is printed .

h. Baseline System EMC Survey - Tin’ subroutine ana—
ly z e s  the system for i n t e r f e r e n c e .  I f  the maxi-
mum t f  the EMT point margins over the frequency
range’ for a coupled emitter—receptor pair exceeds
the use r spec ified printout limit , a summary of
the inter ference’ Is printed . Total received
signal into each receptor from all emitters is
also printed .

c. Trade—Off Anal ysis — This subroutine compares the
interference from two EMC analysis runs. The
effect on inter teren ce of antenna changes , filter
e!uany,e’s , spi’ctrt irr’u parameter changes , wire changes
e tc ., can he assessed f rom this analyses.

d. Specific ation Waiver A nal y sis — This subroutine
a l l o w s  a d j u s t n : u i ’n t s  to s e l e c t e d  port spectrums
(often to represent a waiver request) and evalu-
ate’s the Impact of this change.”

(b ) AFR 8O-23 , ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
g~a~~ 14)

“a. Emphasize’ EM[ In tin’ design and development of electri-
cal and electronic equi pment (see AFR 57— 1 , AFR 80—2 ,
and AF’R 8 ( 1 ( 1 — 2 )  t o r  p o l i c y  on the management of design
and development. This Includes the required use of the
Air Force’ developed intrasystem Analysis Program (lAP)
or equivalent mathematica l modeling techniques to ana-
lyze system EMC during the design , devel opmen t and pro-
duction of systems , subsystems , and equipments. ”

(c) AFR 100—6 Electromj~~netic Interference and Radiation Hazards
(Paragrap h 6, AFSC Responsibilities )

“K. Prov ides , thr ough RADC/RBC , in trasys tem EMC analys is
support and technical assistance on related problems .”

(d) AFSCP 800— ’l , A Guide for P~~~~ am Managemen t

1. Paragrap h 8—21 , Elec tromagnetic Compatibility (EMC):
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Subpar agrap hs: a.(2) AFDL should be AFFDL
a. (4) ENAEA should be ENAMA
a. (6) Change to: “Exploratory devel-

opmen t in all  f ace ts of EMC and
In trasystem EMC analysis and
modeling.”

2. Add to Subparagraph 8—2l.b.:

“The u ti l iza tion of the In trasys tem Anal ysis Program
( lAP)  fo r  the purposes of EMC ana lys i s , de t e rmin ing
the effects of waivers and dev iat ions , ta ilor ing EMC
specifications and standards , iden ti f ying possible ENC
problem areas for  test p lanning  and general EMC support
is required . The Air Force has developed this capabil-
ity as a fami l y of compu ter pr ogra ms for  use b y Air
Force contractors. These are available through
RADC/RBC .”

(e) MIL—E—6051D, Electromagnetic Compatibility Requirements ,
Systems

1. Add to paragraph 3.2:

M. Mathematical modeling .

2. Add:

3 .2 .16  Mathemat ica l  Model ing .  M a t h e m a t i c a l  model ing
shal l  be used to ana lyze  the system EMC during
the design , developmen t , and production of
sys tems , subsystems, and equipments. The
objec t ives  of th i s  model ing are to op t im ize
design , predic t and solve po ten t ial EMI prob-
lems , and tailor EMC requirements and testing .
Ma thema t ical models of s u f f i c ien t scope and
accuracy shall be used to achieve these objec-
tives. Where app l icable , these models shall
descr ibe  antenna—to—antenna , wire—to—wire , and
e x t e r n a l  f i e l d — t o — w i r e  coupl ing  modes. Environ-
ment al sources such as lig htn ing and prec ipita-
tion static shall also be described . Whenever
possible , computer—implemented  models such as
those of the  Ai r  Force In t r a sys t em Anal ysis
Program shall ‘be used .

3. Add to paragraph 3.3:

W. Ap p l i c a t i o n  of mathemat ica l  modeling throughout  the
phases of design , developmen t , and produc tion .
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4. Add to  paragraph 4.2:

5. Results of the app licat ion of mathematical modeling
te’ch ni ques in develop ing the test program .

(f) A ir Force Desfj~n Handbook DH1—4

The’ changes to DHI—4 have been developed and reviewed by ASD

and are present ly being incorporated in the handbook.

(K) MIl~—STl)—154l (USAF) Electromagnetic Compatibility Require—
ments for Space Systems

Ap propriate changes to MIL—STD—15 4l have been developed by

SANS() and are being incorporated .
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