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FOREWOR D

This report contains the principal findings of the Lower Cost ECM

Conference sponsored by Hq USAF , Director of Reconnaissance and Electronic

Warfare and hosted by the Air Force Avionics Laboratory. The meeting was

held on February 4, 5, 6, 1975 at the Dayton Convention Center, Dayton, Ohio ,
and brought together one hundred and sixty-seven recognized leaders in the

ECM field from industry and government representing more than fifty-two

industrial firms and all the military services.

Ten panels were established prior to the conference, each having a

specific charter and each having prepared questions to address. Panel members

were required to develop as large a data base as possible in preparation.

The ten panels were:

• Transmit Tubes I Solid State Power Amplifirrs

• Receivers • Logic Systems

• Antennas • Aircraft  Integration

• Microwave Components • Systems Design

• Power Supplies • Infrared Systems

Prior to the conference, an Executive Steering Co~niittee was established

composed of senior Air Force people. This group reviewed the results of the

conference and formulated a priority list of recommendations . This report

contains those recommendations.

Conference chairman was Mr. George Nicholas , Air Force Avionics

Laboratory , and Conference organizer was Mr. Floyd 1~i ’~-ie , Air Force Avionics

Laboratory . °Calspan Corporation supported the conference throughout under
contract F33615-73-C-4112. Special credits go to Messrs . L .L . Gilbert ,
A .J . Dear lov e , T .H . Mellenger , and D. R . Bit ikofer .

Publicat ion of this report does not constitute Air Force endorsement
of the findings and conclusions. It is published for the exchange and stimu-

lation of ideas.
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Section I

INTRODUCT ION AND SUMMARY

1. INTRODUCTION

In today ’s environment , the Department of Defense finds itself

confronted with a two-pronged dilemma. On the one hand , the cost of supplying

men and equipment to our armed forces is rapidly increas ing, and , on the other

hand, DOD budget requests are subjected to increasingly closer scrutiny. This

dilemma becomes particularly acute for the Air Force in the area of ECM. To

counter emerging threats ~equires increasingly sophisticated equipment , but ,

since we currently are not actively engaged in a war, the need for such equip-

ment is often questioned . To begin to resolve this problem , the Air Force

Avionics Laboratory has undertaken a task to isolate the ECM cost drivers and

to formulate specific cost saving recommendations .

More specifically, the objective of this study was to generate a set

of recommendations which , when implemented by the Air Force, would lower ECM

acquisition costs. To achieve this objective required a four-step process:

(1) specify and collect required data , (2) isolate cost drivers (technical and

nontechnical), (3) derive a set of performance vs cost relationships, and

(4) estimate the cost savings in ECM procurement associated with technology

improvements and generate specific recommended actions.

Data collection and specification is in itself a formidable under-

taking . The reluctance of contractors and Air Force program offices to dis-

close data , the differences in accounting systems , tile poor quality and reli-

aI)ility of some record keeping, all combine to make datd collection extremely

diff icult .

To simp l if y the data collection process , the .\ir Force Avionics
Laboratory organi:ed a three-day Lower Cost ECM Conference (February 4, 5 , 6 ,
1975) which brought together the leaders in the ECM f i e ld  from both industry
and government . The primary purpose of the conference I~aS to identify cost

drivers at the system , subsystem , arid component level .  In addi t ion , a set of

1
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action items which would be of value to the Air Force ~ere identified . In

general , specific cost data were not provided at the conference , but the

sources and points of contact to obtain specific data were identified . The

conference, by bringing together so many representatives of the ECM community,

has laid the groundwork for a continuing and meaningfu l dialogue between the

Air Force and industry which should ~csuJ t in lowering future ECM costs.

The conference was held at the Dayton Convention Center utilizing

ten conference rooms for panel sessions and the auditorium for joint sessions.

Ten panels had been established prior to the conference, each composed of

people from government and industry having known expertise in areas that are

of prime importance in lowering costs. Each panel had a specific purview,

and each utilized prepared questions as a guide for discussions . Panel members

had been requested to develop as large a data base as possible before coming

to the conference. Each panel met for three days , and then each Panel

Moderator provided a summary of key findings to the Executive Steering Committee

and all the panel members in a joint session . See Appendix C for the agenda.

The conference was keynoted by M/G Lovic P. Hodnette, Director , Reconnaissance 
*

and Electronic Warfare, IJSAF . General Hodnette outlined the critical nature

of escalating costs of avionics and the crucial role of the conference in

ident i fy in g reco mmended ac t i ons . The ten pan els we r e:

Transmit  Tubes
Rec eivers

Antennas , Radomes and Transmission Lines

Microwave Components

P ;:or ~~~~ ies

Sol id ~ t : f ~~e Paw~ i A mp lifiers

Lot:, Ic Systems

A rcr~~ft Integration

.~vstem Des i gn

IR Systems

2
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This report is confined exclusively to the findings of the Lower

Cost ECM Conference. Continuing efforts to collect data and quantify the

potential cost payoff for a few specific Air Force RF,D applications are in

progress. The major effort in quantifying cost payoffs will occur during

FY-76 under a separate analysis program.

The remainder of this section is devoted to summarizing the findings

of the Lower Cost ECM Conference. Section II contains th - reports from each

individual panel. These reports were prepared by or in concurrence with the

panel moderators. Section III takes a brief look at Lower Cost ECM from a

systems viewpoint . Section IV contains the recommendations of the executive

steering committee. Appendix A is a list of conference panel members. Appen-

dix B contains a list of Executive Steering Committee members .

2. SUMMARY

F a. General

Since the panels dealt wi th generic sys tems , no do l l a r  values  were
placed on the cost drivers or savings that would accru e from the i r  recom-
mendations . However , in some instances , percentage values were placed on

cost items which enabled the panels to hi ghli ght areas where the greatest

savings could be real ized .

Each panel deal t  w i th  costs in their  spec i f ic  area wi thout  neces-
sar i l y r e l a t ing  them to the overall  f l y-away or l i f e  cycle costs,  The m p h -
cations of this autonomous approach are th at the highest cost drivers may not
be spec i fica ll y i d e n t i f i e d .  For example , an 80% cost sa’;ings  in one area may
on l y  re f lec t  a small  f l y-away cost savings , whereas a 10% cost savings in

anothe r area may r e f l ec t  a greater  f ly -away  cost savings . To put th ings  in
the i r  proper perspective , the resul t s  of a previous study are cited . This
study dea l t  wi th  ex is t i ng systems and i den t i f i ed  cos t s  at the subsystem leve l .

“Summary Report on the Air Force/ Industry  E lec t ron ics  Manufac tu r ing  Cost
Reduction Study ,” Te chnical Memorandum AF ML-T M -LT-7 5 , 15 Ju ly  l9~ 4.

_ _ _ _ _  _
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Listed below (from that  study) are the average subsystem costs for the ALQ- 87 ,

-94 , -117 , and -119.

% of Total System
Item Acquisi t ion Cost

Power Supplies 16.7

Microwave TWT 29.9
Solid State Microwave Components 3.7

RF Components 15.0
Processor/Programmer 13.2
Structure/Chassis 1O.~
Systems Integrat ion - 11.0

It can be seen from the list that the microwave area (TWTs , RF

components) and power supplies (for TWTs) comprise the bulk of the ECM system
costs. The Lower Cost ECM Conference had a pane l devoted to each of these
areas , so that they were thoroug hly  covered . By referring to the table , the

reader can place the panels ’ recommendations in perspective when a t tempting to
relate cost savings of each panel to overall  system acquisi t ion cost savings .

The panels worked autonomously so that their  recommendations only

ref lect  upon the cost drivers pecu l ia r  to that pane l .  Howe ver , a review of

each panel indica tes  tha t  the  sam e cost drivers are common to many of them .

Sone of the more common cost dri vers iden tified are:

Threat D e f i n i t i o n
St anda rd i : : i t i on  (lack of)
Sp e c i f i c a t i o n s
Procurement Procedures

Test Equi pment

b . Flircat I cf inition

Ih rea t  d e f i n i t i o n  is a pr ime cost driver if the designer has to
desi gn to wor st - ca se  threat d e f i n i t i o n s  or to a f ixed set of perforn ’ance speci-

fi c a t i ons .  11w L’eneration ut a set of reference scenarios (part of a bid set)

is recommended because it allows the designer flexibility ia establishing

design parameters and weighing the tradeoffs involved . A final F:CM system

4 
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design is then established by the manufacturer rather than the Air Force.
This design wi l l  then reflect  the lowest-cost set of performance parameters

which can be selected and still defeat the threats to the level set by the

Air Force ’s analyses . The Air Force maintains control by specifying minimum

performance parameters , minimu m growth capabil i t ies , and effectiveness levels

to be obtai ned in pertinent scenarios .

c. Standardization

Most of the ECM panels cited stand ardization as a method for achieving
future system cost reductions . Below is a compilation of the  s tandardiza t ion

recommendations of the various panels .

Lack of standardization is a current prob l em associated wi th  microwave

components. Component package size standards are prac t ica l ly  nonexis tent , w i th

almost each component “buy” resulting in a package redesign . “Catalog ” items

are not truly available. It is recommended that standard package sizes be
established for use wi th  components . Other areas where s tandard iza t ion  should

be app lied include TWT amplif iers  and power supplies , microwave in tegrated

circuits , antennas , microprocessors , and logic design.

It is recommended that AFAL perform a study to determine the cost

savings that cou ld be attained in production by s tandard iz ing  TWTs and a power

supply matched to the tube design parameters. Emphasis should be placed on

the lower-level TWTs .

It is recommended that AFAL initiate a program to study the suit-

a b i l i t y of s tandardizing hi gh-usage RF and microwave circuits and components

in i n t e g r a t e d  c o n f i gu ra t ions . Each ECM system has a m u l t i t u d e  of low-level

RF and video c i rcu i t s  and components which , if proper ly  integrated into MIC
(mic rowave ipte iu -a t ed  c i r c u i t )  modules , could e f f ec t i ve ly  reduce cost , volume ,

and power as a re t rof i t  to present equipments (when nodif ied for performance

improvement) .  The modules would also form the basis  for standardized low-level

modules providing such func t ions  as RF amp l i f i ca t ion , mod u l a t i o n , s ignal  sources ,

mixers , etc.

5 
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Recommendations of the Systems Panel included comp i l ing  a cata log of
selected industry-developed MIC modules and development of an interin

standardized l ist  of MIC modules.  Cost savings over previous lump constant
and hybrid MIC circuits is unknown but can be h igh depend ing on the extent of
the standardi zation .

Standardization would reduce ECM antenna costs by eliminating Non-
Recurring Engineering (NRE) and testing costs (which typically average $50,000

per antenna) and by increasing production lot size by decreasing the number

of antenna models which have nearly the same performance characteristics.

Specific recommendations include:

• ECM antenna frequency band standardization , perhaps
an octav e with  an overlap at band edges.

• Standardization of base sizes and mounting provisions .

Provide rationale for use of modifications or additions.

• Catalog previously developed antenna types and specifi-

cations to aid in selecting antennas which would not

require developmental NRE costs.

In the area of logic design , standardization should be applied to:

• Documentation of operational computer programs

• Software language

• Functional  interfaces .

d. Commer cia 1 Coi~!ponents

A s tu dy of the ap p l i c a t i o n  of s tandard commercial components to the

~~ l i t a r y  prob l em is recommended . Area :5 such as qua l i ty  contro l , environmental
suita}’ility , and reliability should be considered . Unnecessary cost driving

specifications should be modified , and maximu m use of commercial hardware should

be made . Replac ing MIL SPEC parts with commerci-’l parts in those areas where
the manufacturer has a demonstrated knowledge and sufficient back-up data could

lead to signficant savings.

6
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e. Specif icat ions

Tn general , the rig id application of MIL SPECS results in over-

spec i f i ca tion  of many parameters and unnecessary cost growth . For examp le ,

specific pe~ formance requirements can have a very major effect on Travelling

Wav e Tube (~WT) amplifier cost. Thus, both state-of-the-art performance must

be avoided and expensive features must be examined for cost e f f e c t iv i t y .  This

recommendation could be imp lemented by having the end-user , the sy stem

manufacturer , and the tube vendor review performance/cost tradeoffs at the

beginning of the system development. Simi lar tradeoffs should again be

mad e af ter  de l ivery  of the prototypes and prior to start of production .

I t  is recommended that  power supply requirements be reviewed relative

to over-specification of TWT requirements , including in some cases , unnecessary

protective circuitry . Also , the power supp ly designer should be allowed to

communicate with the TWT designer before the power supply design specifications

are finali:ed.

More attention should be given to preparation of the general iequire-

ments portion of the specification , to allow the power supp ly desi gner to
obtain more of an in-depth appreciation for these requirements and to facilitate

an intelli gent interpretation of the specification , so that tradeoffs and/or

spec i f i ca t ion  addi t ions can be proposed , whi ch w i l l  u l t i m a t e l y  resul t  in cost

sa v i n g s .

Simi larly , antenna vendors should be encouraged to seek re laxa t ion
of firm patte rn (and VS WR) specs af ter in it ia l desi gn e f f o r t s  are completed
and befor~ the ted ious , co s t ly  tweak ing  of antenna p a t t e r n s  (which would be
requi red to meet the l e t t e r  of the antenna s p e c i f i c a t i o n s )  is performed .

T h e  system suppl ier  (component buyer) , for the sake of a conservative
desi gn , very often requires either an unrealistic performance specification

or or.~ that i s  ove r - spec i f i ed  for the actual  system . Close r cooper ati on and

g r e a t€ r  communica t ion  between system desi gner and component s u p p l i e r  could

lead to lower costs. In pa r t i cu la r , many M I L  SPECS could be relaxed becaus e

a realistic appraisal of the actual operational environment ma show that

specification relaxation may not result in any loss in operational performance.

-7



Other areas where over-specification results  in excessive costs are
data requirements and workmanship standards.  DD 1423 , “Contract Data Require-
ments” are, in total , a high cost item . A part of initial program effort for

each new procurement should be a review of data requirements . Data requirements
and data procedures need to be streamlined to make data procurement most cost-

ef fec t ive .  Data Cost t radeoffs  should be made part of program negot iat ions .

The workmanship standards of MIL-STD-883 and MIL -3 85l0 are excessive

in some areas . An example is the 10% minimum-width tolerance specified for the
foil conductors of P . C .  cards . When f inal  inspection is visual , conductors are
preferab ly designed some 10 to 20 times the minimum size required for the

current to be carried . Specif ying a ~ 10% tolerance forces contractors to
implement less than optimum manufacturing methods and makes visual inspection

difficult .

f. Procurement Practices

Costs of most major components are very significantly affected by

the quantities , lot sizes , and production rates involved with the particular

procurement . Learning benefits and preproduction efforts can cause significant

reductions in unit  costs for high-volume procurements . Where practical ,
advantages should be taken of this  reduced uni t  cost. Partial advantage may
be taken by obtaining reduced costs for special component parts or subassemblies

that may be common to different major components or major subassemblies.

Various procurement and schedule considerations are listed below .

• Procurement quantities , lot s izes  and production rates
should take into account the effect  on uni t  costs .

• Provisions should be male to allow early and continuing

interface checks between tubes and system components.

• Required data items should be reviewed re la t ive  to their

cost effectivity .

• Considerat ion should be g iven to supplying specia l ized
test equipment on GFE basis , pa r t i cu l a r l y  for low-quant i ty
procurements.

8 



-. -. — ~~~~~~~~~—— - - - •  
_____ .5-— --- , —~~~~~~~~ -.-.. -

• Where procurement schedules and quantities are uncertain ,

consideration should be given to funding for stockpiling

of long-term delivery items .

The contractors should hav e the lat i tude to optimize the schedule for cost.
In the past , the procurement cycle has been ineff ic ient  in two ways . Research
and development programs throug h preproduction on the first production run
have been too accelerated . Production has been too stretched out . Both

production and R~ D suf fe r  from in termi t tent  funding .

g. l est Re quirements  and Test Equipment

I t  was noted in several cases that  both qualification and acceptance

t e s t i ng  could have been reduced by using greater se lec t iv i ty  in def in ing  the
tests rather than apply ing , in toto , previous test procedures. The recommenda-

tions are that :

• Use o~ similar design (to already qualified units) be

employed to the maximum extent poss ib le  to reduce the
extent  of qua l i f i ca t ion  tes t ing  (up to 50 percent
savings may be poss ible)

• G reater use of test  his tory be made to reduce the
number of acceptance tests required .

For exa mple , it was noted that a required radome reflectance test
accounts for 25 to 30 percent of the electrical segment test cost; wi th  normal
radome desi gn , t h i s  tes t  is passed w i t h  a f a i r ly  large marg i n .

RF power t e s t ing  requires expensive equipment , both to acquire and
maintai n , and only a li mi ted  number of f a c i l i t i e s  are a v a i l a b l e , not a l l  wi th

the same c a p a b i l i t i e s .  It  is recommended tha t  the A i r  Force catalog and update
a summary of facility capabilities and inform users of the current Status of

such f a c i l i t i e s .

In the area of antenna system pa t te rn  t e s t ing , i t  was noted tha t  the

Air  Force is develop ing a n e a r - f i e l d  antenna p a t t e r n  anal yze r  which  could be
made a v a i l a b l e  for industry use in evaluating some aircraft-antenna interface

C) 

~~ ~



problems . The use of this  capabili ty could avoid costs in bui lding system
test stations for antenna pattern evaluations . It is recommended that the use
of this facility for these types of tests be further studied to determine recom-

mended applications .

Selection of parts ( i . e . ,  parts tes t ing)  is a maj or production cost

because of the wide variations in parts.  More automatic test stations would
reduce thi s cost , but , because of the low volume and uncertainty of procurements ,
it does not pay for a supplier to invest in this type of equipment . Govern-

ment funding in automatic test stations may be of value in lowering the cost

of ECM equipment .

The usefulness of extended burn-in tests should also be examined to
determine their true value. This is of particular concern when the burn-in

test requires the commitment of extensive test fac i l i t i es .

It is also recommended that a service test phase be ini t iated as part .1
of the R~ D cycle. Five to ten prototype systems should be procured during the
phase prior to a production commitment . Test units should be installed and used

in command aircraft concurrent with extended bench qual if icat ion testing .
Periodic reports r e l a t ing  to parts fai lure , equipment configuration changes ,
and performance testing should be made and consolidated into the R~D loop .
While the cost savings associated with  this  technique were not quantified , it
is readily apparent that  significant savings would be accrued by enabling early

fixes to the equi pment conf igurat ion earl y in the equipment l i fe  cycle.

10
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Section II

IN h ) IVI DUAL PAN E L RECOM MENl)A~J’ ION S

1. TRANSMIT TUBES

a . Introduct ion and Summary

It was noted that a previous study had identified transmitters as

a major contributor to the cost of ECM systems . Rapid product obsolescence ,

insufficient development , and low production volume were highlighted by this

previous study as major prob lems facing the manufacturer of microwave tubes

for ECM systems . Also , of the two major transmitter components (transmit

tubes and power supplies) , tubes account for a nominal 30 percent of the total

system cost .

Most of the ECM systems built within the last few years emp loy TWTs
having output power capabilities of several hundred watts CW or 1-2 kW pulsed .

Cross-field amplifiers , such as used for ECM systems , provide average output

powers that are normally hi gher than those provided by TWTs . Power oscillators ,

such as ~TMs and MBWOs , are also of interest . Unlike the amplifier devices

having a range of an octave or more , these oscillators provide fractional

octave b a n d w i d t h s  with power levels of 100-400 watts average.

It is genera1ly recognized that a communication gap exists among the

customer , the system manufacturer , and the tube vendor relative to the role

played by tubes in the determination of system performance and cost . This

comm inication problem , as well as the more major cost problems relating to tube

0.,cam etL -I-s and i c- tacos , pr~ ..Iuction costs , and test c c u u i r e m e n t s , we re discussed .
\lso cons id--red were a p p l i c a t i o n s  e f f e c t s , such as 1 :- f a c e  an d l i f e  c y c l e

requirements.

*

~t imm ; i r y  Report  on the Air Force / Indus t ry  Elec t ronics  M a n u f a c t u r i n g  Cost
Red uc t i on  Stud y, Technical Memorandum AFMI._TM_ LT.-r5 , 15 July 1974.

11
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(1) Ini t ial Cost Facto rs

The basic factors contr ibut ing to in i t ia l  tube costs were examined
in detail .  To es tabl ish the sens i t iv i ty  of the tube ’s e lec t r ica l  performance

to costs , a reference tube was defined and the generalized effects  on cost

were noted as the parameters were varied . It was readily established that tube

requirements that approached the s ta te-of- the-ar t  were unusual ly  expensive.
Similar ly ,  tub e features ( including both e lectr ical  and mechanical)  that added
s ign i f i can t ly  to the costs but were not s ta te-of- the-ar t  were examined in
detail .

Examination of production costs revealed that these costs are

determined by the combination of in i t ia l  unit  cost , the reduction of this  cost

that can be accomplished by the learning experience , and the reduction that
results from the use of specific tube preproduction efforts. Typical learning

rates vary quite widely, as much as 80 to 95 percent , and are dependent on

numerous factors . These factors include the total  quant i ty  purchased , the lot

size , the production rate , and the degree of standardization . Because of the

si gnif icant  differences in internal  tube design parameters and fabrication

techniques that are used by the various tub e manufacturers , the poss ib i l i t ies
for standardization are somewhat limited . There are, h owever , some areas
where s tandardizat ion could be of b e n e f i t .

Appropr ia te ly  invested support funds can be used to al ter  both the
in i t i a l  unit costs and the shape of the learning curve . These funds can be in
the form of advanced development , engineer ing development , and/or manufactur ing
methods programs . It was shown that meaningfu l payoffs could be achieved by

~~ich inv estments .

Th e usefu lness of environmental and other special tests was examined .

I t  was noted tI. ~t some test dup l ica t ion  i t encountered by tub e vendors and that
some tests are of doubtful value . Some of the data items were also questioned

as to their cost effectivity .

12
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( 2 ) Appl icat ion Considerations

Althoug h l i f e  cycle costs were not one of the maj or considerations

addressed by th is  pane l , i t w as be l i eved to be of sufficient importance to

receive some at tention . Available application information , as wel l  as

additional information requirements which are necessary to compute life

cycle costs , were identified. Computer programs are available to al low sub-
sequent calculation of the life cycle costs . Cost tradeoffs could then be

made relative to practicability of repair , and , if appropriate , the nature of

the maintenance program could be altered . The cost impact of the turnaround

time required to return the tubes for repair was also considered .

The des i rab i l i ty  of an early interface between the tube and system
was examined . It was concluded that , if necessary , the system schedule should

be slipped to allow tes t ing with the power supply, modulators , and output RF

components. It  was also concluded that these components should be made avail-

able for tube optimization during the manufacturing sequence.

b. Specific Recommendations

Although the recommendations of this section are directed toward

transmit tubes , the effects of other transmitter components should also be

considered. As noted above , transmit tube procurements should not require

performance that exceeds available device capability . A standardization

effort was proposed that would provide the tube capabilities that are needed

to meet the mid-term (2-5 years) ECM system needs. The pane l also recognized

that the major technology advancements that are normally accomplished in a

~ to 10 year time period should also be continued . Various procurement con-

siderations were also regarded as important and are d t iiled below as part of

the recommendations .

(1) Standardi:ation

As noted above , individual development programs , separate from

procurement , were proposed to provide the improved system capabilities needed

in the 2 to 5 year time period . To allow such programs to be established , it

13
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is f irst  necessary to identify families of transmitters wh i ch wi l l  economically

provide the system capabilities of the future . Included in this determination
mus t be the effects  of various application requirements such as cost of owner-

ship. This standardization mus t include both the performance of the t ransmit
tubes and related parts such as RF connectors , hi gh-voltage leads , and high -
voltage connectors . The details  of appropriate program s must be defined to

accomp lish all  the required developments. Also , preproduction ef for ts  that
wi l l  reduce the production costs of existing desi gns must be defined. Althoug h
the output transmit tubes are the components of immediate interest in this
section , they cannot be considered independently of the driver (s), exciters ,
associated power supplies, and microwave componenis such as diode switches ,

phase shifters , and isolators . All  of these components should properly be

considered part of the transmitter , and the actual standardization determina-
tions should be made relative to the overall transmitter requirements .

ECM System Requirements: The above standardization efforts must be

keyed to future ECM system requirements . This w i l l  necessarily include
consideration of the required levels of peak , average, and CW RF power . These

power levels should be determined on the basis of existing and projected threat

capabilities and the power that is needed to provide the desired J/S for
appropriate ECM techniques.

Transmit Tube Requirements: Transmit tubes must be defined to provide

the projected ECM system requirements. This would include definition of the

basic performance required to provide the necessary band coverage. Note that

basic performance , and not the details of internal construction , shou ld be

-
- J . ~~ j~~ ate extLrnal u~ J1aIiIcal ~~~ e lect r ica l  features should

hi e st., .d,.,di:ed , w i t i L p cna l i~~~.g any p r t i cula r  manufacturer . The

rcsults of pr eViou s Lower C t ; - t  ECM eff~.r.:; can ~~~~ used to provide the starting
point needed to determine what speci fi c developments are required . Both the

costs of development efforts required to provide these transmit tube capa-

bilities and the actual tube procurement costs should necessarily be evaluated .

1-4 

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



The near- to mid-term recommendations provide for substantially
increasing the investment in exploratory and advanced development of microwave
tubes for ECM so that the tube s ta te-of- the-ar t  can be pushed ahead of present
and future ECM system requirements. Emphasis should be placed on pract ica l ,
low-cost solutions . A number of relatively small programs in key areas , having

funding levels of $100K to $250K such as to provide the desired program

efficiency , were recommended .

Typical of the development items recommended by the panel are those

listed below.

(a) Improve the tube efficiency by designing improved collectors

and circuits.

Objective: To increase efficiency by 5 to 10 percent .

(b) Improve electron gun and focusing , including cathode/grid

material program.

Objective: To provide high-mu grid technique capability

acros s the band from 2 to 18 GFJz .

(c) Provide improved dual-mode pulse-up .

Objective : To extend pulse-up capability by 1 to 3 dB.

(d) Provide increased tube bandwidth .

Objective: To reduce tube cost by improved bandedge

performance and to minimize or eliminate equalizer costs .

(e) Provide improved tube stability .

Objective: To improve yield.

Application Considerations: A necessary consideration in standard-

izing ECH transmit tubes is the effect of life cycle costs . Investigations of

sufficient detail should be made to allow consideration of effects such as

reliability , component life , and , if possible , field replacement costs. An
obvious example of this type of consideration is a component whose initial

cost may be low but which requires frequent replacement , and as a result may

15
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be very expensive to own . Other appl ica t ion  effects  concern the environment
external to the t ransmit te r  (e . g . ,  RF loads and prime power charac te r i s t i cs ) .

Preproduction: In addit ion to the development of basic component
capabilities , preproduction efforts , needed to reduce production costs , should

be considered. These programs should be timed such that the component capa-

bility is established in a timely fashion relative to system procurement

schedules . Specific types of programs are detailed below .

• Manufacturing Methods Programs should be initiated wh i ch

are applicable to classes or families of tubes , supporting ,

in particular , low-quantity procurements .

• Mate r ials  Programs should be funded in the areas ~f t a h o

mater ia ls , components , and fab r icat ion t echn i ques .  Many

material and component development s would have value t o

all manufacturers .

( 2) Long-Term Advancements (5 to 10 years)

Recommendations for long-term solutions generally provided for
increasing the exploratory and advanced development efforts to provide more

advanced capabilities. They included the development of capabilities such

as 10 dB pulse-up and efficiency improvements beyond the near-tern projections .

(3) Proc urement Procedures

A n i m m e d i a t e  t ime period (0 to 2 years) re commendation , which the

~anc- 1 c on s i d e r o H  of p r ime  importance , is to in s t i t u t e  a program of periodic
review of t u b e / sy s t e m  performance t r adeof f s . An examina t ion  of the costs of
the t ube package and t e s t i n g  requirements  should also be made.

This  recommendation was made because specific performance require-
ments can have a very major effect on tube cost. It should be implemented by

having the end-user , the ~~stem manufacturer , and the tube vendor rev i ew

performance/cost tradeoffs at beginning of the system development . State-of-

the-art performance m u s t  be avoided and expensive features  must he examined
for cost effectivity . Similar tradeoffs should again he m ade after deliver y

of the  r - t o t v p c : z  and p r ior  to s t a r r of p roduc t ion .
16
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Various procurement and schedule considerations are listed below .

• The effects of procurement quantities , lot sizes , and production

rates on unit costs should be considered . Production gap s

should be avoided.

• Provisions should be made to allow early and continuing

interface checks between tubes and system components.

• Cost effectivity of required data items should be reviewed.

• Consideration should be given to supplying specialized test

equipment on GFE basis , part icular ly for low quanti ty
procurements.

• Where procurement schedules and quan t i t i e s  are uncertain ,
funding for stockpiling of long-term delivery items should

be considered .

(4) Cross-Field Amplifiers

Many of the above recommendations are appl icable  to both TWTs and

CFA5 ; the following considerations pertain to CFAs only. It was recommended

t~~Ldt existing programs to solve CFA electron gun and circuit technology

problems be continued . Future R~D programs should he based on the results

of these efforts. Investments in delay line techno1og~ for existing CFA

devices should be undertaken if a satisfactory return on the investments

can be established. Determining the feasibility of using low-power (~4O watts)

CFAs for phased-array radar applications , where efficicncy and phase linearity
are of particular importance , should be considered .

VTM development s that could be considered , if the need can be justi-

fied , are an increase in tuning range , an increase of efficiency from 55 to 65

percent , and an increase in frequency range to above 10 (~II: . Hi gh-power VTM s

may require efforts to avoid possible long shelf life problems . \vc i l abil ity,

high cost, and long lead time of Alnico magnets is of concern . Work on

samarium-cobalt magnet desi gn and application was suggested .

17 - 
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2. REC E IVERS

a , Introduction and Summary

The receiver panel identified cost drivers that are common to all

receiver types while acknowled ging that several different types of 11CM receivers

exist. In general , costs of all receiver types are driven by:

• Changing Threat Environment - In this regard , the ECIV~
community is driven by the need to meet the changing

threat environment; this environment dictates the

system requirement, which , in turn, sets the requirement

for the receiver type to be used .

• MIL-SPEC parts - The required use of MIL SPEC parts in

areas where the commercial equivalent part will suffice

is a significant cost driver in any form of receiver .

• Maturity of Technology - Systems employing receivers

not produced in production lots sustain production

“bugs” which add significantly to the cost . Many panel
members were of the opinion that receiver equipment

moves from the R~D stage into the production stage 
. 1

with insufficient production engineering effort.

• Environmental Requirements - Although these requirements

drive the cost, no changes could be seen that would

reduce cost; it was difficult to correlate percentage

of receiver cost with environmental specifications . All

.u t - 1, a n c l  members tended to agree- that the environmental

cond i t ioi~s st ipu l a t ed  i . e nece:o~;try , considering the

w ide dep loyr ic t o f US for c e s .

• Form Factor - Changes in  form factor  to accommodate a
new installation usually require a complete mechanical

redes i gn , w h i c h , from the sub-panel members ’ experience ,
is a s i gn i f i c an t  cost .

18
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• Documentation - The documentation required for m i l i t a ry
receiver procurement is extensive , compared to that

required for commercial purchases .

The recommendations of the receiver panel centered on modeling ,

components , and ins t i tu t ional  practices as three areas of potent ia l  cost
improvements.

(1) Modeling of Receivers

Because of the necessity to main ta in  various form s of receivers to

support diverse ECM applications (including Ri -lAW) and because of the

increasingly complex funct ional  requirements of the receiver/processor
ensemble , a more quanti tat ive analysis of receiver appl ica t ion dur ing the

original eng ineering development phases was ident i f ied  as necessary to

minimize both ori ginal costs and downstream modif ica t ion  costs .

(2) Component Improvement and Cost Reduction

Various RF / IF  video components were ident i f ied  as candidates for
improvement , both in technology (performance levels)  and r e p e a t a b il it y/
standardization to reduce selection , ali gnment , and special order vendor

costs.

(3) Ins t i tu t ional  Practices

Several si gnificant  cost drivers were ident i f ied  in th is  area:
\ 11I. specif icat ions  (over-spec), test and evaluat ion procedures , the selective
use of commercial versus JAN components , and general workmanship requirements.

b . Specific Recommendations

(1) Modeling of Receivers

It was general l y agreed that  e x i s t i n g  appl ica t ions  require  support
of both crystal  video and superheterod yne receiver t echnologies . Expanding

requirements for power management , increased si gnal dens i t ies  and types of
s ignals  that are encountered requires c o n t i n u i n g  support of 1PM , channel ized ,

19



and microscan technolog ies , as well  as hybrid confi gurations of the generic

types of receivers . Current approaches tend to concentrate on appl ica t ion
of ei ther the “best ” or “lowest cost” receiver type or combination , but no
common quanti tat ive cri teria exist for determining “next best” or “next lowest
cost” in terms of defined information throug hput of the receivers to permit
effective performance/cost sensi t ivi ty  tradeoffs . This aspect is par t icu lar ly
critical when angle of arrival parameters are involved . It was recognized
that , to a great extent , present-day ECM receivers are designed on a worst-
case approach and this should be rectified to a s ta t i s t i ca l  approach .

The generation of a reference scenario , combined wi th  a f l e x i b l e
modeling capabili ty based upon s ta t i s t ica l  techni ques for the various forms
and specifi c configurations under analysis , is recommended t -  effect  signifi-
cant cost savings not only in the original design phase , but to reduce over-

specification and desi gn and the f inal  receiver procurement cJst .

(2) Receiver Requirements

The panel ident i f ied important parameters and provided relat ive cost
fi gures on several of them to indicate the tradeoffs involved . The important
parameters of an ECM receiver were identifi ed as:

• UP Accuracy

• Sen s i t i v i t y

• Frequency Coverage

• P r o b a b i l i t y  of Intercept

• Error Rate

• k e a c t i u i i  T i n e

Relat ive cost f i gures on some of the parameters are :

DF Accuracy The cos t of a system requi r ing  an angular
accur ac y of less  tha n 6~ i s  approximate ly
an order of m agn i t u d e  g reate r tha n th at

requi r ing  a 12 ° accuracy .

20 
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Sensi t iv i ty  The cost of a -80 dBm receiver is approximately

3- 4 times that of a -40 dBm receiver.

Error Rate The production cost of a receiver system that  can
handle 10 simultaneous threats with an error rate-

of one per uni t  time is approximately one- th i rd
tha t  of a receiver system that  can handle  60

simu l t an eous th r eat s w i t h a ne g l ig ib le  error r a t e .

Receiving ari d processing the entire threat  scenario wi thout  error
is a cost ly requirement because it is a worst-case approach . A s t a t i s t i c a l

approach (yet undefined)  was considered to be a bet ter  approach to process ing
the th reat scen~ r i .

~3) Com pon en t Impr ov ement an d Cost Red uct ion

The crystal  video receiver cost driver of s i gn i f i cance  was i den t i f i ed
as being the detectors.  They require improved in teruni t  performance consistency

and improvements in sensitivity and dynamic range .

Superheterodyne receiver cost drivers center around the components
related to the tuner ( t y p i c a l l y ,  70 percent of overall  receiver cos ts ) .

Spec i f i c  components i d e n t i f i e d  were pre/post selectors , vo l t age - tunab l e  local
osci l l a t or s , and m i x e r - p r e a m p l i f i e r  ~‘1IC techni ques .

IbM receivers that  take the form of frequency or t ime discr iminators
f or enc oding ha v e si g n i f i c a n t  cost e lements :  RF l imi ters ; polar discr iminators ,
and the general area of logarithmic signal processing components.

Cha nnel i . :~~J receivers current] . v su f fe r  f re~ the cost elements of
components  per channe l .  Va u r ne dcma ~a! , ba scJ on so~ .~~ - t andardi zat ion cri terion ,
could reduce the  cost of th is  form of receive --  by a factor  of four in the near
future .  ~A~V technology is par t icu lar l y a t t r a c t i v e  in th is respect and should
be emp has i zed .

M icroscan receiver costs are d r i v e n  by the  \ CO components , d i spers ive

delay l i nes , and components required for the preprocessing f u n c t i o n .

2 1
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(4) Test and Evaluation

The level of test ing required is not usually specified by government
contract except for the final acceptance testing . Intermediate testing on

printed circuit boards and the like is specified by the contractor ’s qual ity
contro l and production test groups . Sub panel members thought that a reduction
in intermediate testing would decrease the yield on final testing and thus

increase the cost. An investigation of the necessity for simultaneous
environmental testing should be conducted because of the cost involved .

It was estimated that testing may cost as much as 15 percent of a

project, but, for the most part , the required government tests are not exces-

sive; however, the documentation and retesting after a minor change are
signif icant  cost factors . It was too difficult to define any cost because

each company has its own accounting procedures . Selection of parts (i.e.,

parts testing) is a major production cost because of the wide variability of

parts. More automatic test stations would reduce this cost , but because of
the low volume and uncertainty of procurements , it does not pay for a supplier

to invest in this type of equipment . Government funding in automatic test

stations may be of value in lowering the cost of ECM equipmen ts.

(5) Stand ardizat ion

The workmanship standards of MIL-STD-883 and MIL-38510 are too

s t r ingent  in some areas . An examp le is the 10% minimum-width  tolerance

specified for the foil conductors of P.C. cards . When final inspection is

- - ‘ , ndu :tr ~ ~rr  pre~ erabiy desipned some 10 to 20 times the minimum

s i z e  required for the current to be carried . Specify ing a *10 percent tolerance
forc es contrac tors to imp l ement le~ s t 1- a ~ optimum manufacturing methods and

makes visual inspection difficult.

‘lost sn -stems are overspecified , which causes a s igni f icant  cost

growth. Better use of present-day technology is the way to proceed to obtain

cost reductions.

Contractors feel that they should be consulted more in the MIL-SPEC

formulation and also be allowed to use their judgment in the selection or

22
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rejection of parts in production. If allowed to do this , contractors should

warranty the i r  equipment .

The 11CM receiver panel was of the opinion that a standardized set

of receivers to meet the bulk of conventional  ECM system needs is not f eas ib le
nor would i t  be cost-effective . The retrofit cost of using a “so-called”

sta:idard i zed receiver in an ex i s t ing  a i rcraf t  would be p roh ib i t i ve . Even

if the re t ro f i t  problem were ignored , the specification on the form factor

and the amount of growth capability that should be included appear to be

unresolvable problems .

(6) Ai rcr af t I n te r face

The fo l lowi n g factors we re ident i f ied as key i t em s i nvo l v in g a i rc raf t

inte r face :

• For m Factors

• 1311

• Ph ys ica l  Environment

• Antenna Location

• Obtai n i n g  Accurate Data for A i r c r a f t  I n s t a l l a t i o n

The last  i te m above was considered the  mo st si gn i f i c a n t  cost dr iver  heca~use
inaccurate data affect a l l  the other factors.

The size of the system determines the method of integration . Large

sy stems be ne f i t  from a s i ng le i n t eg ra t ion  con t r ac to r , w h i l e  sm a l l e r  p ro jec t s
and r et rof i t s  can be m ore e f f e c t i v el y ha ndled b y the  supp l i e r .

Pa st  expe r i ence  ind ica tes  tha t  the i n t e g ra t i o n  is f i n a l i z e d  too
ear ly in th~ sys tem de v e lopmen t  and i n s u f f i c i e n t  t ime  Ls a l l o c a t e d  to t radeoff
stud ies or t h a t  competent  receiver  desi gners are not involved in  the t radeoff
st u dies .

(7) Research and Development

Ihe  pane l  den t i f i ed  two sp e c i f i c  areas in  sb i ch R~ D funds  cou ld be

used to e f fec t  a cost  reduc t ion  of FCM rece ivers  for  p resen t -day  system require-
ment  S . —
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• The development of distributed receiver techniques to

overcome form factor problems is in order .

• Determinat ion of the degree of commonality among ECM
receivers and receiver requirements for the purpose

of ident i fying hig h-usage items that are amenable to

LSI , MIC , or t h i c k — f i l m  techni ques , which could yie ld

lower system acquisition cost , is in order .

(8) Manufacturing/Procurement

The total 11CM equi pment market is about $500 m i l l i o n , and it appears

that six companies receive 75 percent of that business .  I t  also appears that
about six companies do all the ECM receiver business.  Therefore , competition
does not appear to be excessive. Some panel members believe that using

“design-to-price ” procurement and requiring the supp lier to g ive at least
a S-year warranty w i l l  weed out the marginal  suppliers and , in general , result

in an improved s i tua t ion- - in  terms of lower-cost products. “The design-to-
price” concept fosters a harder look at t radeoffs  so that  the supplier mi ght
give the best performance wi th in  the dollar constraints . It is recognized
that improvement s in  ECM system procurement methods are in order , but the
problem is complex and could not be given su f f i c i en t  a t ten t ion  due to the
short t ime av a i l a b l e .  This one ques t ion  should  be the subject  of a future

conference.

Most LCM receiver  suppliers believe that their present manufacturing
techniques are cons i s ten t  w i t h  the  volume of business that they receive . The

LC’~ ~~~l J U : ~~t~~~~
; is ~~~~. .:. :ii iL e to iis in ~he :0-ca ed automation techniques ,

hec -~u;e of -- ~~~~~- vc1.!fl e inv~-h u - . -\t~to ;  .t ic  p ar [~~- inser t ion  machinery is
LN ~ Lusive and c- .n ic einplo . only if a L rge v-~lume of business is real ized . 
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3. ANTENNA S, RADOME S, AND TRANSMISSION LINES

a. Introduction and Summary

Antennas , radomes , and transmission lines provide the interface

between the outside world and the ECM system . Because of their  charter , they

interact wi th  aircraft integration , system integration , transmitters , and

receivers . Efficiency is important because any losses may severely affect
system performance .

The panel addressed fixed and steerable antennas , radomes/coatings ,
transmission lines/connectors/antenn a coupling reduction , testing , and tech-

nology . In general , cost reductions could be made by standardization of both

specifications and hardware , relaxed test requirements (where appropriate),

and improved procurement procedures .

h. Specific Recommendations

(1) Standa rdi z at ion

Fixed Antennas: Fixed antennas are conventional  types ~% h i c h  include

blades , slots , spirals , and monopoles fixed to the airfram e or pod . Areas of

potential cost reduction identified by the panel are :

1 . 11CM antenna frequency band standardization , perhaps an

octave with an overlap at hand edges .

2. Standardization of base sizes and mounting provisions .

Provide rationale for use of modifications or additions .

3. (atalog previously developed ~n~enna ~vpas and specifications

to aid in selecting antennas which w~ 
- net require develop-

mental nurecurring ce .’ineer i~~ (NRE) costs.

These areas deal w i t h  s t a n d a r d i z a t i o n  of ‘ : on v en t i o n a l”  ECM antennas

(frequencies , m e c h a n i c a l  mounting , and pe r fo rmance ) .  The p o t e n t i a l  cost

reductions would be due to elimination of NRE and t e s t ing , which typically

averages about $50,000 per antenna , and increasing production lot size 1w

decreasing the number of antenna models which have nearl y the same perform ance

ch a r a c t e r i s t i c s .
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Antenna Coupling Reduction: The achievement of adequately low

receive-transmit antenna coupling is a d i f f i c u l t  problem , and results of
previous development efforts  are generall y not available.  A data bank of

existing materials , tech n iqu es , and achieved test results of coupling
reduction efforts should be developed by the Air Force and made available

to contractors. This would avoid much duplication of effort and potentially

effect major cost reductions , especially for those coupling prob lems which

require aircraft fuselage treatments . Developmental efforts on lower-frequency

broadband and choke designs and on fuselage surface current attentuation

technology should be performed .

Radomes and Coatings: There is no centralized source for providing

to industry , design and performance information on radome materials and rain

erosion coatings. In most cases , each manufacturer must perform similar

design and test programs to establ ish the prel iminary desi gn and material (s)
selection. It was recommended that AF ML take the lead in character izing

materials  us ing radome shape factors , environments , frequencies , e tc . , and
publishing or making avai lable  this  informat ion to industry as a desi gn guide .
In accomplishing th i s  goal , AF ML shou ld :

1. Develop , using government and industry inputs , a set of

environmental  and m eh a n i c a l/ e l e c t r i c a l  performance require-

me -ate to be used fe~ testing of radome materials. This list

would include a limi ted number of radome shape factors

to be used during testing .

2. Accumulate available test data for the test configuration

s p e c i t ( U  anLi perform ta c  tes ts  required for data not

av a - lahie.

Transmiss ion  Lines  and Connectors:  Standardizat ion and improvement
of t r ansmiss ion  l ines  and cables was si~ar ted by the Air Force about 15 years
ago (evolving i n t o  \ SNAb s p e c i f ic a t i o n e ) ,  hut there still exists a large

var ie ty  of cah le/ - er ’n ec tor  c o m b i n a t i o n s  and there are no q u a l i f i e d  sources for
semirigid coaxial assemblies . Col ic asscublie s comp l ’Jng wi th  the ASNAE

specifications are qu i t e  c o s t l y  ( t w o to ten t imes more than ‘ other ” cable

~f)
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assemblies) ,  b ut cable li f e ha s been increased substantially. Because of the

high cost of replacing aircraft transmission line assemblies , and the aircraft

down-time entailed , the standardization on the ASN-\E series may well he cost-

effective . A study should be performed by the Air Force to substantiate this

premise using as input data past history of required cable replacement and

current production costs .

It was recommended also that the Air Force fund a specifi c program to

develop and qualify a minimum number of transmission line types required. This

would avoid fractured efforts by contractors who are currently required to

provide , as part of individual  programs , cable assembly development and quali-

fication.

Testing: It was noted in several cases that both qualification and

acceptance testing could have been reduced by using greater selectivity in

def ining the tests  rather than applying in toto previous test procedures. The

recommendations are that :

1. Simila r design (to alread y qu a l i f i e d  units) be emp loy ed

to the maximum extent possible  to reduce the extent of
q u a l i f i c a t i on tes t ing  (up to 50 perce n t savi ngs may he

p o s s i b l e )

.2. flreater use of test history be made to r educe  the number

of ,c ceptance t e s t s  requi red .

For examp le , it was noted tha t  a r equi r ed r adome r e f lect ance te st

accounts for 25 to 30 percent of the e lec t r i ca l  segment test  cost; wi th  normal
radome design , this test is passed with a fai”lv lar~e !~argin.

Rb power testing requires expensive t-qui~ r;~ a. , both to acquire and to
main ta i n , and only a l imi t ed  number of f a c i l i t i e s  are a v a i l a b l e , not a l l  wi th

t he same c a p a b i l i t i e s .  I t  was recommended tha t  the A i r  Force ca ta log and update
a summary of facilit y capabilities and iafo m users of the currert status of

such f a c i l i t i e s .

I n the area of an t e n n a  syst - p a t t er n  t e s t i n ~~, i t  eat~ aco ed that  the

Ai r  Force is develop ing a n e a r - f i e l d  an tenna  p a t t e r n  a n a ly z e r  which  could be

- -
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made available for industry use in evaluating some aircraft-antenn a interface

problems . The use of this  capabi l i ty  could avoid costs in bui ld ing  system
test stations for antenna pattern evaluations . It was recommended that the use

of this facility for these types of tests be further studied to determine

recommended applications .

(2) Long-Term Advancements

Technology (Recommended R~D): Areas in wh ich RE~D funds could be

effectively applied to reduce future ECM antenna system costs are :

• Materials

- Better radome and rain erosion coatings

- Lower-loss , reproducible ferrite fabrication techniques

- Better  ceramic fabr ica t ion  techniques

• Lower-cost , e f fec t ive  mater ia ls  and techniques  for fuselage
surface t rea tment  to reduce surface currents

• In tegra ted/ ac t i ve antennas for lower-frequency , broadband
recei ve app l ica t ion s (si ze reduction )

• Digital parallel processing techniques (DIPPA) for broadband ,

lower-frequency DF applications.

It  was also concluded that major cost reductions could be made readily

by sharing,  at working levels , of information and data among vendors and govern-
ment agencies (i.e., better use of present-day technology) , as well as by future

technology advances.

(3) lre~ arel~. at Procej ires

F ixed Antennas : -

• lo t , rather than  t ime-phased , procurement of antennas
to increase  the number produced in any one lot .

• Grea ter  f l e x i b i l i t y  in an t enna  pa t te rn  s p e c i f i c a t i o n s  to
avoid “f i rm ” specs wh ere , i n most cases , F.IW requ i rements
based on t h r e a t  sce n ar ios , ai r c r a f t  RCS est imates , and
s i m u l a t i o n  re-s i l t s  ire not r e a l l y  f i rm . 

-~~~~~~~ -~~~~~~~~~~ --~~~~~~~~~~~~~~~~~
- :~~~~~~~ - -  _



r - ~.r —.r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _, u I _ _ - _ _ _  ~~— ---‘--.—-

The first item above would reduce procurement costs by increasing

production lot size (an average 10 percent production cost reduction is
obtained by doubling the number produced) .

The second item above would be anticipated to yield substantial NRE
cost reductions , but very close liaison would be required among the antenna

vendor , government procurement agencies , and system analysis/engineering .

Specifications of antenna patterns and gain can be u l t ima te ly  traced to
evaluations of averaged aircraft  survival probabi l i ty  versus j ammer ERP , which
generally do not vary s ign i f i can t ly  wi th  “pattern ripples ” or gain var ia t ions
of 1 or 2 dB. Antenna vendors should be encouraged to seek re laxat ion  of firm
pattern (a nd VSWR) spec if icati ons af te r in i t i a l  desi gn efforts are comp leted

and before the tedious costly tweaking of antenna patterns is performed , wh ich

w ould be required to meet the let ter  of the antenna s p e c i f i c a t i o n s .

Transmission Lines and Connectors: The reason for the r e l a t ive ly
high cost of cable assemblies was stated by vendors as the low product ion
q u a n t i t y .  I t  was noted that  cable assemb ly cost has been ma in ta i ned constant
in the presence of i n f l a t ion  because of the increased production due to recent
Nav y use of the ASNAE series cables . (Th e Navy sp e c i f i c a t i o n  is a somewhat
modified version of the Air Force specification , hut  the same cable  qua l i f i e s
fo r b o t h . )  i t  was also noted that 90 percent of the cable  assemblies produced
are for r e t ro f i t  use.  Cost reductions could possibl e- be obtained by wider
usage of the ASNAE series cables (for other services), and a stud y of the
to ta l  acquis i t ion  and repair  costs of Rb systems may j u s t i f y  t h i s  wider usage .

~~ (lL~ -~~- i :  dO~1l

a . in t r o u n c t i on  uJ tn :e -ir y

I v a lu a t i on of mi er ewavc  c o m p e n e n t -~ r e l a t i ve  to possible cost drivers

and t e  d e t e r m i n a t i o n  of recommendat ions  tha t  could he used t e  reduce the se

costs , i ndicated the d e s i r a b i l i t y  of e s t a b l i s h i n g  two major  sub groups of
(1 )  VCU s and (2) contro l and pass ive  m i c r o w a v e  elements. These evaluation s

are reported separately below .
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b. Specific Recommendations

(1) VCO Subgroup Recom mendat ion s

Generally , it was concluded that no particular technological area

could be identif ied as a cost driver . The VCO , in contrast to the typical

microwave component , is pr imari ly  a subsystem in the early stages of develop-

ment and incurs costs accordingly. Specific performance parameters , etc.,

apparently are not paramount in terms of cost drivers . The current state of

VCO development is such that institutional costs do not contribute signifi-
cantly to VCO costs .

R(I D Recommendations

These recommendations are concerned with Government support of

semiconductor technology advancements and with failure rate reductions .

Silicon and GaAs Varactors: The state-of-the-art of both silicon

and GaA s varactor development lags current system requirements by a wide margin ,
especially in the areas related to frequency stability (long and short term)

and reproducibility. Air Force programs now in the earliest stages are

vitally needed and should be extended to cover GaAs devices and manufacturing

control.

Microwave Transistors: Microwave transistors have typically been

packaged to satisfy the needs of RF am p li f ie rs . Unfor tuna te ly ,  the device is
then not optimized for oscillator application . To compound this situation ,

two of the key transistor vendors have recently become marginal suppliers and
may not be l ong-term suppliers at a l l .  Bipolar and FET osci l la tor  transistors
need to be developed , and a reliable source of these devices must be established .

Gunn biodes : (~~In ’ diodes have escaped virtually all attempts at

characterization and are se’tdam reproducinle. Characterization techniques

must be developed and made common in the-industry before the full potential

of these sources can be utilized. Likewise , manufacturing technology for

Gunns must be developed .

Reliability : Early field failure rates for VCOs (1-1/2 to 2 years

ago) were remarkable -- seldom have so many failures been seen . Rut , whereas

20 to 25 percent was common on these early devices , 5 percent is more common

30



;~
—--

~~ 
-.-— -•—-- ----—-

~
-——

~~~~~
-

~~ ~~
•
~~

—
~
---—-

~- - ~--

now . Further reductions in this rate cam and must be ach ieved. The panel

therefore recommended that an end-item burn-in be imposed on all VCOs and

that other quality assurance provisions be enforced by supplier and user

alike.

Procurement Procedures

It was noted that a critical cost driver is due to one particular

component procurement procedure . The imposition of JANTA-type screening
• requirements on microwave semiconductors is extremely expensive when the

semiconductor costs are a major material expense in the end-item . Cost is

escalated drastically by the screening . Sufficient data are now available

to show that the intent of JTX screening can be achieved through a limited
test program. It was estimated that a 96-percent-effective screening can

be achieved for a cost escalation of 10 to 12 percent , compared with the

25 or more percent cost escalation caused by JTX requirements. Therefore , a

strong recommendation was made that the screening requirements imposed upon

active microwave devices be revised .

(2) Control Subgroup Recommendations

This subgroup was concerned with all microwave components , other

than VCOs, that are employed in an ECM system . In contrast to the VCO Group ,
the devices examined are relatively mature ; hence , specific cost drivers can

be detailed .

R~D Recommendations

Stripline: Most current microwave components utilize stripline

circuitry . The basic board employed , a Tef1on-fiberi~inss material , varies in

both thickness and dielectric properties . As a consequence , end-item yield

can be quite low , particularly for large-scale integration of components. In

essence , the effects of circuit board variations can only be determined by

end-item performance (after total fabrication) . The following recommendations

pertain to stripline configurations .
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An investigation should be initiated for a new circuit board material.

The ideal material  should be uniform , homogeneous and isotropic , and capable
of being processed without special problems . Also , it should be machineable ,
drillable , punchable , and impervious to the chemicals normally associated with

printed circuit board fabrication . Cladding methods should be such that the

use of films or adhesives is avoided , since these materials alter the properties

when the dielectric is used in very thin sections . Material thickness range

should be from 0.004 in. to 0.250 in. and should have the following electrical

and mechanical properties :

Dielectric Constant Any value from 2 to 4, as long
as it is uniform , repeatable
and predictable to ±0.01

Loss Tangent 0.0003, Maximum

Usefu l Temperature Range -80°F to +500°F

Tensile Strength 20,000 psi

Flexual Strength 15,000 psi

Impact Resistance 15 foot-pounds/inch

Thermal Conductivity ~ l0 x l0~~ calories/seconds/
cm2/°C/ cm

Coefficient of Thermal ~i2 x 10
5
/°C

Expans ion

I~iater Absorption Zero

An investi gation should be initiated to determine methods of improv- 4
~‘~g ~jualitv cu~~ cai f current circui t bca -J mn~ eria1 .

A program should be initiate -u to develop accurate means of measureing

stripline circuit board parnreters during the production process .

PIN [)iodes: As currently supplied by the semiconductor houses , PIN

diodes are not characterized in the microwave region by the manufacturer .

Consequentl y, circuits can be diode-specific. As with the stripl ine board ,

diode performance is current ly obtained only after insertion into the component
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and subjected to full overall test. Therefore , it was recommended that a

program be initiated to develop production methods for RF characterization of

PIN di odes. -

It was recommended that a manufacturing methods program be initiated

to improve chip mounting techniques . Current methods are costl y and are not

truly satisfactory from a manufacturing basis .

A program should be initiated to improve diode reliability.

Packag ing: Current component costs could be reduced by increased

levels of integration . However , little knowledge is available regarding the

most economic level , given the variabilities of raw materials , connectors ,

launchers , and other production costs . Most system houses , moreover , are

reluctant to employ sing le components much above the single function leve l of

integration. It was recommended that a study be initiated to establish the

most economic level of integration .

A major contributor to component cost can be associated with inter-

con nects between components and s t r ip l ine- launchers  used to couple from
connector to c i rcui t  s tr i p l ine .  Addit ional  development was  urged for obtaining
bet te r and lower cost s t r i pl i n e  launchers and in te rconnects .

Sealing of components s t i l l  remains an economic problem , for both
the overall  package and the in terconnects .  A program should be in i t i a t ed  to
improve current packaging  techni ques .

Co mpone nt package size is practically nonexistent , with almost each

com ponent “buy ” resu l t i n g  in a package redesign.  ‘ Ca ta lo g ” items are not t ru ly
a v a i l a b l e ,  It  was recommended that  standard package sizes be established for —

use with components. -

Procurement Procedures

Discon t i nuous and Short Run Product ion:  Ihe  na ture  of the LCM “buy ”

is such that short and discontinuou s production runs are encoun t e r e d .  The re

is a start-up or nonrecurring expense incurred w i t h  each “buy . driving piece

price hi gher than normally would be encountered in a conventional market .

Althoug h acknowled ged as a cost driver , the panel fell that this is the nature

of the bus iness .
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Nonstandardization of Products: A system supplier (and .omponent

buyer) very often requires component form-factor and/or operating character-
istics to conform to system concept. Greater design effort and the acquiescence

of the system supplier to accept standard packages could reduce some of these

costs.

Specifications: A system supplier (component buyer), for the sake

of a conservative design decision , ve:y often requires either an unrealistic

performance specification or one that is over-specifi ed for the actual system .

Closer cooperation and greater communication between system desi gner and
component supplier could lead to lower costs . In particular , ma ny “IlL-SPECS

may be relaxed because even a realistic appraisal of the actual operational

environment may show that specification relaxation may not result in any loss
in operational performance .

Development Cycle: A system supplier (component buyer) does not

recognize the true cycle of component development . However , competition among
component manufacturers leads to acceptance of short development times , with
the attendant costs associated with schedule delays , etc.

5. POWER SUPPLIES

a. Introduction and Summary

It was es tabl ished that power supp lies do const i tu te  a substantial
portion of the size , weight , and cost of any ECM system . Therefore , it was
concluc.ed that more than the present limited attention should be given to

their design. Als o , because these supp lies seem to inevitably be one of the
last items considered in the ECH package , there is a need for optimum coordina-

tion to accommodate the short development time and to allow for the complex

interface w~ th the other portions of the system .

Cursory examinations were made of several power supply parameters

and features to determine their effect on costs. As a general rule , a 3 dB
increase in output power results in approximately 33 percent increase in cost

for the same tube type , whereas voltage has only a slight effect on cost .

Modulators can add signi ficant costs , with floating deck configurations costing
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as mucn mc 4 : 1  more than transformer types. However , t ransformer- type  modu-
- _ lators have significant recovery prob lems. Dual-mode modulator desi gn costs

can be quite high.

Some parameters do not adversely affect costs , provided particular
‘levels of performance are not exceeded . Examples are efficienci es of not

greater than 90 percent and regulation to not less than 1 percent .

Whereas hi gh-reliability parts may add 20 to 40 percent to parts

costs, the true reliability may not necessarily be improved. In some critical

areas, these parts may not be the optimum choice. There was some belief that ,

although high reliability parts were a production cost driver , they may pay

for themselves if l i f e  cycle costs are considered .

The effect  on cost of reduced weight  and size is not iceable  only when
comparable technologies are considered . Reductions achieved by the use of

different  technologies do not have s ignif icant  e f fec t s  on cost . The choice of
cooling type does significantly affect costs. A cold plate configuration is

preferred to that of direct air cooling .

Protect ion ci r cu i t s  ha ve a si gn i f ican t  effect  on cost and reduce the
supp ly r e l i ab i l i t y . An apparent need re la t ive  to these c i rcui ts  i s  to more
precisely determine requirements and specifications. Although h e l i x  protection
circuits are a fundamental requirement , the need for other protecticn circuits

may be questionable. The average effect of these circuits on unit production

costs is approximately 10 percent wi th  over/under-voltage protect ion circuits
adding costs of as much as 15 percent .

b. Sp e c i f ic  Recommendations

( 1) Mid—T e rm R~ [)

Pott ing Mater ia ls  Standards: It was recommended that  the Ai r  Force

develop standards for hi gh vol tage pott ing ma te r i a l s  so that  ma te r i a l  “~ rchased
in d i f f e ren t  batches w i l l  have r e l i ab le  and p r e d i c t a b l e  c h a r a c t e r i s t i c s .

- - — Pot t ing  ma te r i a l s  wh i ch are used in a2 f l ion liqu id -coo led  power supp l i e s  to
insula te  the hig h v o l t a g e  are one of the major  con t r ibu t ing  fac to rs  to power
supply cost.
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Seals for Fluid-Encapsulated Power Supplies: It  was recommended that

the Air Force develop new feed-through seals and standards for these sea ls  to

minimize the coolant leakage prob lem .

High-Vol tage-Supply Encapsulating Schemes: The Air Force should

consider any research and development programs which would lead to major break-

throughs in high-voltage-supply encapsulating schemes.

High-Voltage Wire: It was recommended that the Air  Force develop new

hig h-voltage wire and new standards for high voltage wire . The two most commonly

used high-voltage-wire insulators existent in TWT power supply design today are

silicone rubber and teflon ; both present significant problems .

High-Voltage Connectors: It was recommended that the Air Force

develop new high-voltage connectors and standards for high-v oltage connectors .

High-voltage connector problems continue to plague ECM systems , particularly

at high altitude .

High-Voltage Switching Devices: The Air Force should develop new

high-vol tage-swi tching devices such as t ransis tors , t r iodes , and fas t , s table

photocouplers. Standards for high-voltage-switching transistors which

encompas s the proper parameters should be developed . ~Iost  of t he hi gh-voltage-
switching transistors in use today come either directly or indirectly from the

TV and automotive industries and are not directl y applicable to ECM systems .

IC Switchi ng Re gulator  Cont ro ls :  The Air Force should consider
developing a fami ly  of standard integrated c i rcui t  swi tching  regulator  contro l

c i rcui ts .  The current market  for power supplies of th is  type is too smal l to
]nd-~ -e company-- :-ponsored development at this t i p ; a standard line of in tegra ted
circuit pulse- width switc h ing regulator contro l circuits could reduce the size ,

ve i ght , and cos~ of power su’Tlies .

New Standards for Aircraf t  Secondary E lec t r i ca l  Power (MI L-ST D- ~ fl -~ l:
I t  was recommended tha t  the Air Force reconsider the electrical power require-

ments for new a i rc raf t  and that  e i ther  3 k fl z to 4 k u :  hi gh-frequency power

at l lS/208V , three phase , ~r alternatively, 200V DC , be cons idered .  M any

studies in the  past hav e es t ab l i shed  the  d e s i r a b i l i t y  of hi gh - f r equency  power :
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the majority concluded that a frequency in the 3-kHz range was optimum . This

would allow for an optimum input transformer having many advantages in terms of

re l iab i l i ty , s implic i ty , and line isolation . This transformer would be within
acceptable size and weight constraints and would be optimized relative to its

effect on the overall aircraft electrical power system , including the weight

and e f f ic iency  of the generator. An in teres t ing a l t e rna t ive  i s  the  use of

200~’ DC , which would allow the alternator-rectifi er a wide range of shaft

speeds and s t i l l  result  in a small power supply throug h t he use of a DC-to-AC

converter operating in the 10- to 30-kHz range .

Alo ng ~ ith the line frequency , the line t r ans ien t s  specified in

MIL - STD-704 should be reexamined .

Computer-Aided Des ign: It  was recommended that  computer-aided desi gn
programs be developed for g iven desi gns to ass is t  in des ign  o p t i m i z a t i o n  and
si ze , wei ght , and cost es t imat ing . The panel unanimously  agreed tha t  computer-
aided des ign i tself  could not solve the s t a t e - o f - t h e - a r t  e f fo r t  required i n

most present-day ECM hi gh-vol tage power suppl ies .  It was b e l i e ved that  e x i s t i n g
programs which show size and weig ht trade comparisons be tween chopper frequency
and other parameters could be extended to provide cost c s t L s a t i ng  procedures

for a given circuit desi gn. As new component s w h i c h  a d v an c e  t i c  present state-

o f - t h e - a rt  are developed , computer-aided desi gn may be ;ih le  to p l a y  a more

si gnificant role in optini:ation of actual circuit LIe~~ig f l  parameters .

(2) Procuremen t Procedures

It was recommended that power supply requirements be reviewed relative

tc- over-saecific~ -tion of Tb requirements , includi ’-~~, ~ some cases , unnecessary

protectiva circuitry . -‘ ac , the pc - - c r  ~upp i desi~~ :i u a i - J  he  required to

~~r~r n u n i c a t e  - - : 1 th the  ft -io si gner be-H- : i-c the  rwe-r sul :~ l e s i  gn specifications

are f i n t l i z e d .  
-

--Icr - att cnt ion should be given to ~Jrep~~ation of t b -  cn neral  require-  H

ments l rtiofl of the specification , to a l low the power supp y des i~ ’IL -r to obta in

more of an in-depth  anni-e - - :  I t t i o n  for these r e q u i r e -n e r D s  and ~ e~ e-j Ii Date an H

intelligent interpretation of the specification , so t h a t  t r c !e - -~~ f n Yor

s p e c i f i c a t i o n  add i t i ons  can be proposed , wh i ch will ultimately result in cost
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6. SOLID-STATE AMPLIFIERS

a . Introduct ion and Summary

As wi th  the other major components employed in ECH systems , the high
cost of employing so l id-s ta te  amp l if iers  is due to both procurement procedures

and technical  l imi ta t ions . Since solid-state amp l i f i e r  devices are generally
not we l l -de f ined , there is a tendency to use them in s tate-of- the-ar t  configura-
t ions. Thus , the general comments of Section I relative to the need for orderly
research and development efforts are also applicable here . Previously de-

scribed procurement procedures for these state-of-the-art devices are also

applicable in th i s  case .

b . Specific Recommendations

(1) Standardization , Mid-Term REEL) -

As noted previously, critical components such as solid-state amplifiers

should be developed on separate development programs to provide the improved
system capabi l i t ies  needed in the 2 to 5 year time period . To allow such
progr am s to be e s t ab l i shed , i t  is f i r s t  necessary to ident i fy  sol id-s tate
amplifiers which w ill be required by I: C ’t systems of the future . This standardi-
za t ion  should i n c l u d e  both the  l a s i c  RF performance and the various interfaces
such as pr ime power , - o n n e c t o rs , and cooling provis ions.  RF performance should
be co ns idered  w i r ~ ch ara c t e r is t i c s  su ch as ba n dwid th , gain , output RF power ,
ef f i c i e n cy , and n oise f i gure . It  was recommended tha t  the following efforts

be pursued as part  of a s o l i d - s t a t e  ampl i f ie r  s tandardizat ion effort .

1. l n i~~~-’te P ’h  t ’ninsi stor orograms to advance the development
of l~ acer ~rar~~is ars fc~ f r equ ca -c i e s  from 50 MHz to 2 .5  GHz:

:i. 10 impro v L the r e p r e a u c i b i l i t y  of important character-
i s t i  cS -

b .  To generate a f a m i l y  of standard t ransis tors  and to
thoroughly characterize each of the standard transistors.
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2. In i t i a t e  R~D t ransistor  programs to develop standard octave-
bandwidth , high-power t ransis tors  for frequencies higher  than
2.5 GHz .*

3. Upon completion of program no. I, initiate R~D transistor
amplifier programs to improve design characterization and

standardization of amplifiers . Computer-aided design

techniques should be employed .

4.  Upon completion of program no. 2 , i n i t i a t e  R~ D t rans is tor
ampli f ier  programs to bui ld  standard t rans is tor  a m p l i f i e r
modules for the higher frequencies required for ECM appli-

cation . Standard ampl i f ie r  modules should be developed for
intermediate amplifier stages , whereas final power amplifier

stages should be developed to meet requirements of a

par t icular  ECM system .

5. Initiate an R~D program to reduce insertion losses of micro-

wave components employed wi th  ampli f iers , inc lud ing  f i l t e r s ,
combiners , direct ional  coup ler s , hybrids , is o la tors , etc.

6. It was recommended that the t ransis tor  ampl i f i e r  developer
should not be the  same company that  develops and manufactures
the transistors used in the amplifiers .

(2) Long-Term RE~[)

It was recommended that  long- te rm developments of broadband devices
us i ng -ievic c other than transistors , especL-lJ~’ l~c diode amplifiers ,

receive continued suppo”t in R~D pb- ’ses in o - -Ier t - l y develo p their
potent ial capabilities . However , such amplif ier devclopncnts must he con-

sis tent  wi th  the need for e v e n t u a l ly  provi d i ng hi gh — p o wer , e f f i c i e n t  outputs
across ECH- type b a n d w i d t h s .  Because t h e s e  a ’e  two terminal devices , they may

ev e n t u a l l y  be more c o s t - e f f e c t i v e  than the th ree  t er m i n c ’ c la s s ec  c~’ Je vices .

*The steering committee recommended that  this  no t cc done.  Se Section IV.
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(3) Procu r ement Procedur es

As wi th  the other maj or components which may be employed in near-
state-of-the-art configurations , solid-state amplifi er procurement procedures

should be governed by the considerations out l ined in Section 1. Thi s would
apply pa r t i cu la r ly  to the short term , where s ta te -of - the-ar t  requirements
should be avoided if costs and del iveries are to be optimized .

7 . LOGIC SYSTEM S

a . Introduction and Summary

The log ic systems panel consisted of a diverse group of government

and industry people. In general , the diverse op inions concerning techniques
for reducing ECM costs were prob ably due to the fo l lowing :

1. Logic systems w i t h i n  ECM systems cover many applications , and
the d ig i t al  technology used is the only  common denominator

for these app l i ca t ions.

2. The maj or i ty  of the ECM manufacturers  be l i eve  that their
competi t ive edge is maintained b y the ir  di g i t a l  processing

technology and , therefore , are u n w i l l i n g  to speak of specifics .

3. The on ly  common ground these manufac ture rs  hold is that the

Ai r Force ’ s own o rgan i za t i on  and purchasing practices are
causing the rise in costs of ECM logic systems .

There was u n a n i m i t y , howe ver , in the view that  savings were urgently
need ed a” J tha t  t h e m  - -~ere areas in which  r e a l i s t i c  savings were , indeed ,
ach ievab le .  I~ w i s  the mod va t or ’s v i e w  t ha t  t he  impact of logic design upon
t o t a l  system cost is p a r t i c ’l a r ly  profound in  t h a t , through effect ive power
management (a logic design funct ion) , the to ta l  system hardware can be
significantly affected . That is , ECM p er forman~~e can be markedly improved

(in term s of higher specular , temporal , and modulation efficiency) for a

given receiver/transmitter configuration . Conversely, the number of trans-

mitters/power supplies needed to jam a given threat environment could be
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reduced through effective management . Therefore , it w-a~ the opinion of the

panel that heavy emphasis upon effect ive  power management techni ques can

s igni f icant ly  reduce system acquis i tion costs .

Commonality and s tandardizat ion were discussed at length . It  was the

moderator ’ s view (not universal ly  shared) that , from an operat ional  and tech-

nical viewpoint , standard ECM systems that could be modularly sized to the

environment are possible. However , from a practical business viewpoint , it is

probably not practically implementable.

The general divergence of thought led to a consensus technique for

f ina l i z ing  the views of the panel .  A s late of recommendations was prepared.
Each was voted on by the group as to content and wording.  The accompanying

recommendations are the consensus of the group as to means of reducing ECM

costs in the log ic desi gn area.

In conclusion , th e log i c des ign panel considered the requirement  for
real is t ic  specif icat ions  for both systems and components to be the majo r  cost

driver among those presented . Secondly, they cons i dered the interplay between

acquis i t ion  cost and l i fe  cycle cost to be fundamentall y important to cost

savings. They also recommended a continuation of Air Force-spoasnred studies

of this nature in terms of regular meetings of small ~aarking groups . This will

assur e that  the a t t ack  on t h e cost problem is officiall y and formally pressed .

h. Specific Recommendations

(1) Hardwa r e

Conmer c i a l  Components: A st:udy of the a i - r l i c t t i o n  of standard com-
merc ia l  components to the  m i l i t a ry  problem was rece- ~C le d .  Areas such as

quality contro l , environmental suitability , and relia ”~ l i t y  should be con-

sidered . Unneeded cost driving speciH ;at i ns should he modif ied , and maximum

use of commerc ia l  ha rdw are  should be - i-J o .

Large Scale Integration (L SI )  : -- ; t e r he r e  - :a ’l - ~~y i a  ~l which

would  be spe c i a l i z ed f or ECM m a n u f a c t u r e r s . L x a i a n l e s  of comr C I l e n t s  wh i c h  would

be usefu l in ECM equi pments and which are not ava i 1 a h l e  n ow are~
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• Fast LSI compare between l imits

• The large functional bui lding blocks

• Content-addressable memories

Microprocessors: The development of small , hi gh-speed microprocessors

should be fostered and supported. Modularizat ion was recommended , and standardi-

zation in basic arithmetic and logic units seems to be possible and desirable.

(2) Design

Di g i ta l  Circuitry: Designs should be directed towards sensibly

maximizing the use of dig i tal  circuitry as a cost saving device . The center

of the system , the computer , is dig i tal , and it was recommended that  the
preprocessor and the techniques generator , and even the transmitter at the

output , use d igi ta l  circuitry .

Functional Modularity : The use of functional  modulari ty in prepro-
cessing and techniques generation was recommended . It would provide for some

standarization in hardware, in system design, and in sizing the equipment to

the problem. It would also reduce the system impact due to changes of expan-

sion.

Performance Specifications: A study should be undertaken to determine

real is t ic  system requirements as a function of vehicle and engagement area. It
was further recommended that performance specifications be wri t ten in terms of
specific scenarios as opposed to worst-case parameter requirements. This would

afford the designer greater flexibility in configuring an adequate and lower

cost system.

(3) Standardization

Documentation: Documentation delivered with operational computer

programs should be standardized .

Language: The standardization of language should be studied .

Algorithms: Standardization of algorithms , except in limited cas es ,
does not appear practical without standardized hardware. However, documenta-

tion and dissemination of algorithms is recommended .
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Functional Interfaces: Attempts should be made to s tandardize func-

tional interfaces within the logic system .

General: A study should be started and definitive work published on

the possibilities and limitations of deinterleaving, parameter derivation , and

ECM techniques . This would avoid needless repetition of studies and possible

false starts in hardware development .

(4) Software

Higher Order Languages (HOL): The use of higher order languages that

are commercially supported was recommended. The savings in initial design and

in support would be significant . However, the unit equipment costs may be some-

what higher due to the relative inefficiency of the HOL. It was emphasized that

the savings in HOL w i l l  only be realized with the use of mature compilers and

translators.

Software Packages: The panel recommended that the contractor provide

distinct software packages to accomplish the following :

• Effective bench test and validation of receiver/transmitter

subsys tens

• In i t i a l  f l i g ht test evaluation of the system

• Operational mission requirements

Sufficient schedule flexibility should be permitted for conducting

the evolutionary levels of test ing to confirm operational software .

(5) LFe Cycle  Costs

The panel acknowledged that a conflict exists between acquisition

costs and life cycle costs and recommended a continued study of the problem

to allow industry and the Air Force to define total system cost and weight the

elements properly .
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(6) Advanced Development

Introduction: Reprogrammable multiple pulse train trackers, multiple

pulse train deinterleavers and bulk-data memory comparators are specific areas

that relate to immediate and pending logic problems . Hardware/LSI (Large Sca le
Integration) developments in these areas wi l l  have broad ECM system appl icat ion

potential , will contribute to reducing overall system costs and increased

system flexibility, and at the same time will lead to establishing universal

low cos t ECM sys tem logic building b locks .

Pulse Train Tracker Module: Present and future power management type

ECM systems utilize PRI pulse train trackers. This capability is in essence

reinvented with each new system start. The development of a versatile log ic

tracker module would lead to log ic module standardization and provide cos t

saving benefits. The flexible tracker module should : be reprogrammable; be

computer/microprocessor-interface-compatible; be capable of handling stagger-

type pulse trains ; provide data smoothing for jitter-type pulse trains ; perform

PRI interval and phase corrections ; and provide synchronous timing pulses to

ECM technique generators. The payoff would be significant cost savings

resulting from minimizing redundant hardware on a per-signal basis and modular

commonalities . The tracker module would be capable of tracking at least 16

signals simultaneouisy.

Pulse Train Deinterleaver Module: A companion to the P1(1 tracker is

the pulse train deinterleaver module . This flexible module should provide the

capability for real-time deinterleaving of composite video pulse trains and

should be interface-compatible with crystal video , superheterodyne , and

channelized receivers . This interface flexibility would permit the nodule to

have broad ECM application potential and provide significant cost savings as
a basic ECM logic building b lock . This module should be reprogrammable ,
capable of identifying a pulse train as either a new signal or a stagger sub-

set of a currently acqu ired signal , and capable of acquiring both frequency
hopping and jitter type signals. This module should be interface-compatible

with the PRI tracker for pulse train handoff and update. Microprocessor/com-

puter interface compatibility should be provided to enable priority structuring

and updating of active threat file.
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Bulk Memory/Data Comparator Module: ECM data processing throughput

rates for current and projected signal environments are significantly increasing .
Current software/computer approaches and implementation techniques are

approaching throughput saturation. The choices available as a solution to

this problem are either faster clock rate processing or parallel hardware pro-

cessing. The former approach would necessitate evolving to higher speed

computer/processing equipment with associated higher power, cool ing , and cost

problems. The latter approach would increase hardware costs significantly. In

the area of log ic/processing , this increase in cost may not necessarily be the

case due to state-of-the-art LSI integrated circuit technology .

Parallel/bulk memory data comparators directly impact costs , data

processing rate and throughput capacity . Current modules such as CAM (Content

Addressable Memory) type memories have an eight-word by four-bit storage and

comparator capability . State-of-the-art  IC (Integrated Circuit) technology
makes it potentially feasible to extend this parallel bulk memory comparator

• capability . A high-bit-density module would contribute to signif icantly
increasing data processing throughput capability without paying the penalty

and cos t of higher-speed/power-type logic technology .

8. AIRCRAFT INTEGRATION

a. Introduction and Summary

The Aircraft  Integrat ion Panel considered a number of important
factors relating to ECM costs. Among the key factors considered were :

• An t enna/aircraft interface (including radomes)

• ECM equipment interfaces (connectors , cables , transmission lines)

• Environmental Contro l Unit (ECU) interfaces

• ECM/prime power interfaces

• ECH/ Elec t romagnet ic  Interference Compatibi l i ty  (EMIC) impacts

Cost d r ivers  were considered from both the user and supplier point

of view . Problems re la ted to two types of instal la t ions (modifications to

existing vehicles and designs of new systems) were considered. It was evident
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that the earlier planning for aircraft integration and installation could be

performed , the greater the cost reductions would be in this area. Add-on

installations by their very nature tend to be costly because of restr ict ions
either on aircraft or ECM equipment modifications , or the complications of

EMI/EMC problems.

The findings of the Integration Panel applied across the board to

avionics in general and emphasized s tandardizat ion and near-term improvements.

b . Cost Drivers

Since add-on ins ta l la t ions  tend to be more costl y than new i n s t a l l a -
tions, the panel identified typical cost drivers in the aircraft installation/

integration associated specifically with a B-52 and indicated that the figures C

would also be reasonable for an F-4 modification . The following five major

cost drivers and their associated factors were identified :

Percent of Total
Installat ion/Integration

Cost Drivers Costs -

1. Antenna/airframe interface 40
including radomes and transmission
lines

a. Antenna pa t te rn/ i so la t ion
measurements

b. Structural modification

2. ECM/EMIC impacts 20

a. Radar Warning Receivers

- Equipment Susceptibility

- Use of ad aptive thresholding
and noise cancell ing.
s themes

- Inherent rejection of
undes ired signals by
precision RWR signal
processing
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Percent of Total
Ins ta l l a t ion/ In tegra t ion

Cost Drivers Costs

b.  Act i ve EC~1
- Sui table  provisions for

blanking , lookthroug h ,
etc., incorporated into
ECM equi pments during
des ign phase

- Standardized b l ank ing
interfaces

- Use of phys ica l ly  s imi lar
pods to reduce f l i ght
certification costs

3. ECM equipment adaptors, cables , 20
harnesses , r acks

a. Equipment adaptors and
mounting racks

- Equi pmen t size
- Environmental requirements

b. Cabling and harnesses

- Maj or cost impact : hi gh-
frequency coaxial cables

4. ECM/prime power interface

a. Comp atib i l i ty wi th exi sting 10
a i rc ra f t  power sources

S. ECM/ECU interface--using ram air 10

a. Required temperature levels and
equipment heat dissi pation

b. Compatibility with existing
ECU p IlL Rage

C .  Sp ec i f i c  R 0 0 0 m u l c n d a t  I ens

The r ecom m enda t ions  i d e n t i f i ed areas or technology r e q u i r i n g  R &D wh i ch

would impact acquisition costs. A g a i n , because many of the aircraft installa-

tion/integration problems are associated with modifications or add-ons ” to

existing systems , many of them are directed towards those types of systems and ,
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by their nature, do not represent “new technology starts.” The rec\nnmendations ,

in some instances , are similar to those of the other pan els , but they are

specifically identified because of their cost impact on aircraft integration .

(1) Hardware

Transmission Lines: Development of improved cable and RF transmis-

sion line systems is required .

• A need for an integrated development approach among the

EW system supplier , cable/transmission line supplier , and

system integrator

• Funds should be allotted specifically for improved cable

and transmission lines with emphasis on lower loss cables

and connectors and wideband characteristics with consis-

tent phase characteristics

• Competition should be fostered to develop more sources

for complete transmission line/cable assemblies

• A need to develop EW equipment desi gn techniques wh i ch would

eliminate the need for flexible waveguides

Power Supplies: Develop high-frequency , solid-state prime power

suppl ies, for new installations only, which would reduce the weight and lower
the cost to both aircraft and EW equipment .

Cooling/Sealing: Liquid cooling systems are preferred because they

are more cost effective in hi gh-densi ty heat loads , and an integrated cooling

system design approach should be considered early in the system design. In

conjunction with liquid cooling , improved seal design techniques are required

to reduce maintainability problems .

(2) Environmental

Nuclear: Nuclear hardening requirements for EW equipment should be
evaluated to determine if any unique requirements exist , and any available

expertise should be disseminated to the EW community .
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Specification: Missionized environmental test specification develop-

ment should be explored , since cost reductions may occur by deleting nonessen-

tials in MIL—E-5400.

Temperature: Temperature cycli~ig and temperature extremes should he

minimized so that component requirements can be relaxed and wider use of

commercial components be made .

(3) Systems

Multiplexing (MUX) : Multiplexin g techniques for high-s i g n a l - d e n s i ty

applicat ion are desirable and should be carefu l ly considered in the design of
an EW ins ta l la t ion  because MIJX would reduce quantities of transmission lines ,

reduce EMI/EMC problems , and provide S/V payoffs . However , a tradeoff study

should be performed prior to incorporating a MIJX system to determine cost!
performance gains.  

-

In t eg ra t ed  Packag ing : A study is required of w a y s to reduce or

eliminate duplication of packaging and environmental cantrol components. A

key consideration of this study should be the maintainabilit y impact af such

criteria.

(4) ~
-
~t E f l ( 1 a 1 1 1 ~~~~ I all

I n t e g r a t i n ~ C o n t r a c t o r :  If  a separate i n t e g r a t i o n  contractor approach
is used , then a sing le program manager for the aircraft installation /integration

who h as authorit y/m saons ibi litv t o  control overall Elc e q u i p m e n t/ a i r c r a f t  inte-

g ra t ion  s h o u ld  be u s e d  he  mi’: a l so  be the pr ime c o n t r a c t o r .

D at a :  i’he con~ r a c t o r  d - ~~ t a format  should ~~ used as much as poss ib le

and the numb er of da t a  i t e m s  and dat-i approval items required should be reduced .

C .-~lso , fh e  number  of d a t a  s u hr n i s s i o n s  
~ni rt -~ should he reduced throug h th-

e X p a n d - - i  u se  of the  d a t a  a c c e s s i on  l i s t .

GF L :  The use of ~l i or the  imposition of standarilhat i on requirement~
must c a r e fu l l y  c o n s i t ( - r  the impact on t h e  t o t a l  sy s t em a c q u i s i t i o n  cost  and th e

l o g i s t i c  p i p e l i n e .
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DAIS: The digital avionics information system should consider the
cost impacts of the EW function early in the design phase because of the unique

characteristics of EW systems and the dynamic nature of the threat ; more

cost payoff may accrue from digital processing outside the DAIS framework .

AGE SPO: The establishment of an AGE special projects office similar

to the life support or simulator SPOs should be considered to determine the

balance between the flight line AGE and BITE (Bu ilt In Test Equipment) and also

to minimize the proliferation of AGE.

Test: The merits of a centralized EW integration test facility

(including a ful l -scale  anechoic chamber) should be studied.

Aircraft Signatures: Control of radar cross section , infrared , etc .,

should be required in new aircraft and external stores design.

EW Installations: The preferred approach to aircraft EW system

design is internal installation with adequate growth provision (by modulator

add-ons) to reduce the impact on installation cost and aircraft performance . C

MESA: The mult i funct ion elemental system approach should be considered
because it may reduce redundancy of the total avionics package and provide cost

savings because of commonality .

Thermal/Mechanical Design: The EW equipment suppliers should exploit

the existing knowledge in thermal and related mechanical design techniques and

develop a handbook (similar to the SAE Aerospace Thermodynamics Manual) for

use by EW manufacturers .

9. SYSTEM DESIGN

a. Introduction and Summary

Recommendations were formulated relative to component development ,

standardi zation , system requirements , and institutional procedures . Components

recommended for further developmen t were MICs , SAW devices , and TWTs. Improve-

ments in bandwidth , average power , pulse-up , and efficiency of TWT amplifiers

were included . Standardization recommendations were directed toward TWT

amplif iers , microprocessors , and software . System-oriented considerat ions
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inc luded  the determination of effects of reduced RCS , the determination of

o n - a i r c r a f t  antenna pa t te rns , and the basic format of fu tu re  system configura-

t i ons.

h. Sp e c i f i c  Recommenda t ions

( 1)  Mid —Tern  R(~l) Standardi:ation

Mici -owave Integrated Circuits (MIC)

I c  was recommended tha t  AFAL i n i t i a t e  a program to stud y the  suit-

ability of standardizing hi gh usage RF and microwave circuits and components

in integrated conf i g u r a t i o n s . Each ECM system has a multitude of low-level

RF and video circuits and components which , if properly integrated into ~I l(’

modules , could effectively reduce cost , volume , and power as a retrofit to

present equipments (when modified for performance improvement). Ihe modules

would also form the basis for standardi zed low-level modules providing such

functions as RF amp lifi~.ation , modulation , si gn al sour ces , mixe r s , e tc .

An additi onal task  recommendat ion was to compi le  a ca ta log  of
sele cted indus t ry -deve loped  M IC modules to develop an i n t e r i m  s t a n d a r d i z e d
l i s t  of MIC modules . Cost savings over previous lump constant and h y b r i d

MIC ci rcu i t s  is  unknown but can be hi gh , de pending on the extent  of the
s t a n d a r d i z a t i o n .

Surface A c o u s t i c  W a v e (SAW ) Devices

It was recomnended t ha t  AF AL i n i t i a t e  an eva lua t ion  of surface

acoustic wave (SAW) devi ces re lative to 11CM system needs . These devices offer

t il e po ssi h ni tv of s i ~~n i f i : n t  cost and s iz e  ~ovings in a number of applica—

tions. hhare appropriat e , lL - :n nImL- n uIt Ions should be r~dc for specific SAW

de v ice dev clap rn oiu ts to meet (‘M s y st e r  requirements. Do ssib le app lications

and estima ted cost savings of SAW devices t o  ECM include:

• Channel filters t a r  r e c e ive r s  (est . 35°o savings on receiver costs)

• Dispersi ve delay line receivers

• I~C IOu Ii lu-s jar r e p e at
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• Frequency synthesizers

• IF filters

• Pseudo—real-time correlation

The study should include considerations for reducing and/or developing system

techniques for circumventing undesirable characteristics of SAW devices such

as:

• Trip le  t ransi t  effects

• Direct feedthrough

• Bulk-wave propagation

• Quarter-wav e transducer effects

• Bid i rec t iona l  inser t ion  loss

• Impedance mismatch

TWT Ampl i f ie r  Improvements

Bandwidth: Multi-octav e TWT technology may be needed . Applicable

equipments are low-cost , lightweight systems where the price goals do not permit

use of normal octave band TWTs . This tube would be employed to meet ECH

requirements where the threat is of a low priority in one octave , and all high

priority ECM signals can be countered by a single tube. Ideally, the tube

would have a form factor such as to fit in the applicable existing equipment.

Dual-octave coverage is a design objective . This tube , utilizing the existing

equipment power supply ,  may result in a net 10% savings in system costs , even

when extending the tube cost by a factor of two. Before pursuing development

of a multi-octave TWT, the appropriate studies should be conducted to better

quantify the savings associated with such a device.

Pulse-Up Duty Cycle: It was recommended that effort be given to the

development of a TWT with an extended duty cycle (10%) and an increased pulse-up
capability (to 3 dB). The tube would have application for the F-l5 ICS , B-i ,

and Multews. Specific technology needs are :
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a. Improvement of multi-collector configuration

h. Efficiency

c. Means for higher dissi pat ion to improve the tube duty

cycle characteristics

The cost improvement program could result in an approximate 10% saving .

Frequency Synthesizers

It was recommended that AFAL initiate a study to investi gate the cost

advantage of a frequency synthesizer for ECM . These devices produce a stable

source of microwave oscillations at a commanded frequency within 100 nano-

seconds of receiving a di gital command . As such , the frequency synthesizer has

the capability to perform ECM techniques for pulse , pulse doppler , and CW

signal generation , and it can be a source of BIT (Built-In Test) simulation.

The study should include a determination of how the frequency synthes i zer can

best perform these functions and the system interfaces involved in these

applications . The study should also consider the cozt effectiveness of a

• frequency synthesizer as compared to other methods of performing the stated

1CM f u n c t i o ns for 11CM sy stems of several  degrees of complexity. Assuming

favorable cost cffectivenes~ , it was recommended tha t  a brassboard development

be i n i t i a t e d  to d e m o n s t r a t a  the  frequency synthesizer performance for use in

sy s t e m s  employ i n g  advanced U M  a r c h i t e c t u re .

c. Stan dard i : : I t ion

(1) S t a n d a r d i z e d  TIVT and Power Supp ly

It was ~- ecel l m a!de. l that AFAI. perform a study to determine the cost

s a v i n g s  t h a t  could he aUained in production b y s t a n d a r d i z i n g  TWT s and a

p oaer  SU I )p ly  m at c h e d  to ~he tube design parameters . Emphasis should be p laced

Ofl t i c  l o s e r —  l ev e l  I~~1s.

(~~
) ‘d1 c royj ’oc essor ~‘t 0 n a n  ir a  t ~on

The p o t e n t i a l  - :ost sav i n g s  tha t  may be rea l ized  by s t a n d a r d i : at i o n

and o ther  t echnolog i c a l  aa \ - lnce s  in t~~~
- RF chain could qu i t e  e a s i l y  be con —

sumed in the dove I r’neiit of pi croprocessors tha t  are required to -pc w i t h

m ore c-’:- i c nd -lenser threat e n v i r on m e n t s  . R~ -:~-nt iv , microprocessors have
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been proposed as central elements to perform the fol lowing EW/ECM system
functions :

• Demultiplexing dense environment data rates

• Signal sorting and threat recognition

• Antenna control (steering, DF calcula tions)

• Adaptive receiver control

• ECM techni ques generation

• Displays and intersystem communications

• BITE with signif icant ly  reduced AGE requirements

Currently, many different structures exist. This hardware architec-

ture could be standardized to prevent cost growth . Studies should be initiated

now to investigate the feasibility of such standardization , at least to address

the near-term mod-kit solutions that will be required through 1980.

The Air Force should take advantage of the “standard” microprocessor

family currently going into commercial/industrial production to realize a
considerable cost savings potential.

(3) Software Standardization Study Subset (Near and Long Term)

• Optimize part icular  ECM suite functions (i.e., enhance signal
correlation and linearize VCO operation) by utilizing hybrid

firmware , software tools , and components.

• Sectionalize the software in current systems to speed

operations (i.e., PRI/pulse sorting, frequency determination ,

etc.) and to enhance software applicability to specific EW

missions in adaptive EW systems as well as dedicated EW

systems .

• U t i l i z e  core-oriented instruct ion sets currently dedicated

for system control , where these instruct ion sets can enhance

signal processing and jamme r control. This application infers

foreground/background software operations . Also , the relief

of executive routings should be accomplished by firmware .
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• U t i l i z e  dis t r ibuted processing techniques in updat ing
current software to be more responsive to the EIV system

requirements , which Include:

- Sequencing software tasks

- Dedicated sof tware t asks

- Software d is t r ibuted among interconnected processors
to accomplish decentra l ized dis t r ibuted computing .

• Permit a standard a l locat ion of procedural software for
future system inequities (hardware workarounds).

• Integrate algorithms and new system control functions

via software into existing systems to extend applications

and life cycle.

• Conduct Bl i functions by software/firmware on an automatic

timel y basis.

d. ~ystein Requirements

(1) Advanced 11CM S\stem Architecture Study

It was recommended th at a stud y be initiated to evolve the character-

istics of a future c1980) low cost 11CM system . The study should consider

existing technology , nanelv , the util i :ation of distributed microprocessors ,

a data bus , software , and BIT modules . The system should permit the addition

of growth functions while still retaining the basic architecture . Specific

functions of the cene ric system should include: emitter listing , threat

warning, comp lete jamnler contro l , si gnal correlation and signal enhancement ,

and IISM functions .

rhe study should define the basic architecture for a low cost system

operating in the 19 -) environmen t . B I T  should be incorporated , negati ng

si gnificant l y the requirement i o ~ - \ C l . .
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(2 )  RCSR Cost Impact Study

The committee emphasized the importance of radar cross section

reduction (RCSR) as a cost driver. Before RCSR can be given up as a practical

cos t driver , the true integrat ion costs to design it into new (B-2 , F-19) and

existing (F-l6) airframes should be determined through a RCSR cost impact study .

A continu ing study was recommended , emphasizing preintegration meetings between

the ECM and a i rcraf t  in tegra t ion contractor  and the cogn izan t  SPO .

(3) On-Aircraf t  Ant enna I’a t te rn  ~1easu remcnt

The panel recommended that the Air Force consider providing a fo il-

scale electromagnetic mock-up facility for each new aircraft wh i ch is expected

to require E~M equipment installation. The mock-ups would be used to measure

on-aircraft antenna patterns for use in analysis and simulation tests , to

determine optimum antenna locations , and to evaluate the effects that external

stores and var iable-geometry airfram e structures have on rad ia t ion  pa t t e rns .
Such measurements have already been made on mock -ups of the B- 52 for

Linebacker II , on the F-4 , and are already planned for the F-ill. This same

facility could include capability for full-scale electromagnetic compatibility

tests in a (secure) anechoic chamber .

e. Institutional Recommendations

(1) Scenario Data

It was recommended that ECM manufac turers  be provided w i t h  threat

scenario data very early in their program , even at the RFP stage . The data

would be used to help improve the effectiveness of the design and could assist

in reducing costs. A flexible but standard scenario(s) would minimize the

need for a total scenario analysis with each new contract .

(2) Aircraft Integration

Early partici pation of the ECM manufacturer in the airframe/equipment

integration should he a matter of USAF policy . Close contact between the

manufacturers ’ design eng ineers and the prob l em/environment of the proposed

ECM equipment location should materially reduce costs by avoiding costly

misunderstandings. 56
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(3) Cost Analysis Prior to Production

At the CDR and/or at the conclusion of flight testing , the Air Force

and the contractor should conduct a value analysis to trade cost versus

performance wi th  a view toward obtaining the most cost-effective performance .
Candidate tradeoff parameters could be simplification , power output , frequency

coverage, antenna pattern as a function of single-shot probability of kill , and
cost. Consideration should be given toward providing the using Command with

performance versus cost sensi t ivi ty data during the requirement formulation

process so that the requirement is more responsive to cost . The using Command

should also be made aware of and urged to participate in cost performance trades

during the equipment development acquisition process.

(4) Re commendation for Service Test Phase as Part of REID Phase

The Panel recommended that a service test phase be initiated as part
of the R~D cycle. Five to ten prototype systems would be procured during the

phase prior to a production commitment . Test uni ts  would be ins ta l led  in
using Command aircraft concurrent with extended bench qualification testing.

Periodic reports relating to parts failure , equipment configuration changes ,

and performance testing would be made and consolidated in the R~ D f ixed loop .
The cost savings cannot be quant i f i~ d , however . It is readi ly  apparent that
significant savings would be accrued by enabling early fixes to the equipment

configuration early in the equipment life cycle .

(5) Data Item Recommendation

DD 1423 , “Contract Data Requirements ” are, in total , a high cost item .

-\ part of initial program effort for each new procurement should be a review

of data requirements. Data requirements and data procedures need to be stream-

lined to make data procurement most cost-effective . Data cost tradeoffs should

be made part of program negotiations .
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10. IR SY STEMS

a. Introduction and Sununary

The task of the infrared panel was somewhat more d i f f i c u l t  than that
of other panels because the JR EW field stands at a much earlier point in its

evolutionary development relative to the whole of EW technology . Consequently,
the requisite experience base is much smaller . while on the one hand , the

immaturity of the JR EW field represents a drawback , in another sense , it

represents an opportunity to profit and learn from the mistakes and experience

of the more advanced aspects of EW technology . The challenge over the next

decade will be to recognize and differentiate between those problems which can

be solved by analogy to the EW field as a whole and those for which the IR

community must provide its own cost e f fec t ive  solutions.

The initial discussions focused upon organization and ground rules

for the meeting . The panel limited itself to passive and active IR EW systems

operating in the nominal spectral bands 1.8 to 2 .7~ zm and 3.0 to 5.3pm. They

considered five generic types of systems , using data from specific case histories
where available. These are :

• Scanning Passive Warning Receivers (e.g., AAR -34)

• Fixed Field of \-iew Warning Receivers

• Flash Lamp Jammers

• Incandescent Solid Jammers

• Laser Jammers

The panel attempted to restrict itself to a discussion of acquisition

costs, although some points related to life cycle cost did arise. Also , no

attempt was made to belabor the institutional problems because it was decided

that this would be too time-consuming and redundant with findings of other

panels.  However , it was recognized that the institutional problems must be
addressed if cost reductions are to be effected, and a list of recommendations

in this regard is provided . One of the most important results of this initial

conference was considered to be the laying of a foundation for future low cost
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conferences considering IR EW systems . It is therefore necessary to note a
number of specific areas in which the conference was implicitly or explicitly

limited by the ground rules or the panel membership . These are as follows:

• Unclassified Conference

• No Consideration of Performance

• No Consideration of Life Cycle Costs

• Si n g le Panel of Systems Personnel

• Limited to Five Generic Systems

Given the time and background of the panel members , it is unl ikely that more
could have been accomplished by widening the scope. The reasons for limiting

the scope are reasonable for an initial thrust . Nevertheless , it is necessary

to review the impact of these l imi ta t ions  of scope with the intent that future
undertakings of this nature might be more specific and profitable.

Taking each of the above points in turn , the unclassified conference

seemed to be a most serious limitation , for it immediately excluded discussion

of performance parameters of IR EW systems and specifically excluded certain

whole classes of IR F\V systems (e.g., 0CM , OPTINT , etc.). It was therefore

recommended t h a t  future conferences be c l a s s i f i e d .

I t  was  f red acknow l ed ged tha t  the re la t ive ly  modest procurement lots
in JR I - I~ h av~ been the  r e s u l t  of factors other than cost .  Consequent ly ,  more
IR LW systems wciil d not be produced even if the cost were substantially reduced .

Performance is still the controlling factor. A more comprehensive discussion

of this prob l em would be a natural outgrowth of a classified conference and may

he nec~~i i a r  to TP p;~.- 
~q i i i p m u n t s .  However , it was felt to be a part of a more

~ -neral prob lem exisLcnt in the EW field .

\ t  some point in the evolution of low cost EW endeavors , it is

necessary to introduce the question of ultimate performance criteria and the

imp 1i~ —~tion for system parameters~. W L-~t are they? How are they defined ,

measured , sim u l - r ed and - or dc~~ornnined from operational data? Statements such

as , “The systems m u st  both work and be cost effective . “ do not come to

grips with the essence of the cost problem . Performance must be somehow

quantified in terms like mission sur-ivabilitv and this , in turn , related to

____________________________
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parameters such as p r o b a b i l i t y  of detection , ranges and angles of coverage ,

jamming-to-si gnal ratio , etc. I~hen this is accomp lished, it is then seen that

“it works” is only a qualitative number. Cheaper systems will be seen to work

less well than more exoensive systems , other thi n~s h e i n g  equal. The burden

for reducing costs by making th ese t radeoffs in pe: irmance will eventually

fall upon hardware contractors . The prob l em o~ ie~ in ing the measures of

effectiveness and develop ing a methodology for d~’ir ~4 tradeoffs is primaril y

an institutional problem . 
—

Life cycle costs were not considered and pr -al ly  could not he

considered reasonab ly by this panel at this time . The quantities of pr~~iicr ion

and numbers of equipment are too low , and the industry and government attendees ,

L-y virtue of pas t e xp L r i e nce , were  biased to R&D and production as opposed to

maintenance and 1og istics . Lif e cy cle costs for IR LW equipments are expected

to present special prob lems arid substantial costs and should therefore be

considered in the future . One example which was cited shows the importance of

life cycle costs: The maintenance costs for the cooling system for the AAR-34

have thus far been comparable to the entire R&D effort for threat detectors

(all contractors) or to the acquisition cost of 600 units , the exact dollar

estimate of these costs could not be confirmed , but even if they were somewhat
exaggerated, they emphasize the importance of life cycle cc s ts .

Other panels were organized according to systems and components. In

a sense , the IR panel was represented onl y at the system level. While it was

conceded that it would have been premature at this tine to break down the

panel by subsystem elements such as detectors , sources , optics , cooling , etc.,

this should be done at future meetings. Eventually, it will he necessary to

provide more in-depth data on IR component costs. Since the IR part of the EI~
field does not currently constitute a large enou~zh fraction of the LW cost to

warrant 5 to 10 separate panels , an alternate met i l -d for obtaining more in-depth

coverage shou ’d be sought . It is noted t h a t  the IR communit y has  a number of

forums for providing additional depth on the cost pro l-l em . For example , it

may be of value to have a specialt y subgroup of IRIS or ‘he laser conference

devoted to cost reduction . Another possibility would be to have the various

working groups of IRrS put cost considerati ons on the agenda of their meet in~ts.
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The five generic systems considered by the panel did not completely

represent IR E W . For example , decoys and suppression were important omitted

sub jec t s .  Furthermore , there  are other IR ldV systems such as 0CM , Laser

Countermeasures and OPTI NI  which  were not represented . It was therefore recom-

mended that a b r o a d e r  representation of infrared and electro-optical LIV systems

he cons idLke d in the tuture .

b. Current System Costs

The following table gives the estinated cost distribution for the

two gene r ic  tvpc s  of 1 11CM equi pme n t w h ich  h av e h ad l im i t ed  product ion .

COST DISTRIBUTION FOR TROd SYSTEMS

(ALQ~ l 3 ) **

Pa ssive (A AR-34 )  A c t i v e

Components and Basic Research 1°o
Feasihility Studies 2% 22%

-Des i g n (Thro u gh EDM) 10% I S h
• Test and Evaluation 2% 5%

M a n u f a c t u r i n g  85%
600 units 100/100 units

Does no~ include R&D costs of si milar competing th~ ea~ warninF systems.

The active column is based upon the ALQ-123 , where tw o  systems competed
th roug h m e  SN leve l

The A A Q - 4 - S  i s  thoug ht to have  a similar distribution , hu t  first-hand
data were not a v a i l a b l e  for this particular system .

I’he quantity of lR~tI systems is large enough to provide reliable

cost guidelines , but only for two systems , that is , the AAR-34 and the Arc

Lamp Jammers . With regard to the  fixed-field-of-view threat detectors , the

incandescent source jammers . and the l c;er source jammers , not eooiigh systems

have been produced to  provi (ic reli al - Ic guide iines .

(-I
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c. Cost Drivers

The panel identified cost drivers associated with JR systems and

noted that, in the past , cost was completely dominated by performance factors .

However , a design-to-price concept would allow the contractor to perform the

tradeoff in performance by providing ranges for the critical parameters and

allow him to optimize the delivery schedule for cost reduction .

Suppression and signature reduction hat e a substantial  impact on

IRCM performance requirements and , consequently, upon IRCM costs . Conceptually,

cost and performance tradeoffs between suppression and other forms of IRCM
are possible.

Hig h temperatures and attendant cooling problems are the maj or cost

drivers arising from environmental constraints . Window materials with low

emissivity and methods of window cooling are considered to be derivatives of
this environmental problem. It is expected that the problem will become

increasing ly important in the future as systems are required to look forward .

For future IRCM systems , laser cooling is also expected to be a cost driver .

In general , the JR panel was not critical of military environmental performance

specifications. These consensus was that , in general, they are reasonable  and
well thought out . It was noted that , in some cases , the vibration specifications
were not stringent enough for the specific installations of JR systems . This

later point is prob ably a ref lec t ion  of the two specific systems (ALQ-l23 in
a pod and AAR-34 on top of the ver t ical  s tab i l izer )  with which the panel was
most familiar.

Aircraft installation and interface problems are a major cost driver ,

but are considered to be outside the scope of the JR panel .  However , a previous

EO panel foun d that current basel ine EO system ins ta l la t ion  costs are 17

percent of the other acquisit ion costs , and they proj ected that , wh i l e  this

ASE Measure of Effec t iveness  (MOE) , Test Requirements (TR) System Require-
ments (SR) and Associated Analysis: Interim Technical Report , JR Counter-
measures (U) , 30 September 1974, Calspan for AVSCOM under MIPR A5873-F-74-

~~~~~~~~ 

Contract F336l5-73-C-4l12 (SECRET).

Air Force/ Indus try Electronic s Cos t Reduction Conference : Electro-Optics
Panel , March 24-2~ , 1974, St. Petersburg, Fla. (preliminary copy published
by Fairchild Space and Defense Systems , Syosset , LI , E. G. ?duehleck , Chair-
man).
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abs olute amount would decrease , th e relat ive costs o f in s t a l l a t i on w ou ld r ise

to 25 percent . A recommendation for earlier identification of the location

and interface problems was made. The panel did not feel that an integration

contractor is needed or that  cost savings could be made by using an inte-
gration contractor .

Major cost devices are listed in order of importance by functional

areas for passive and active systems in the following table.

JR SYSTEM COST DRIVERS

Active Passive

1. Stabilization 1. Stabilization and Tracking

2. Sources 2. Signal Processing and Electronics

3. Power Supplies and Energy Storage 3. Optics
Design
Fabrication
Materials

4. Optics 4. Detector Arrays and Cooling
Design
Fabrication
Materials

5. Cooling 5 .  Cooling (other and unique)

d . Sp e c i f i c  Recommendat ions

Data Access : Ihe panel felt that they did not have adequate access

to da ta .  Four specific problem areas were cited :

• In t e r s er v i c e  f r a g m e n t a t i o n  of intelligence data

• Jaci -ease-i use of L-documents for evv~ ’~ hing of value

• l ong tine lag.- in data reduction for ~-d tests

• Too much se. recy w i t n  - egard to DOD planning

Number of~ç~~. c t i t — r s :  The number of competitors is about the right

level in the JR 1W field and iso in \arious special areas of the field. 110w-

ever , it was r e c o m m e i i d c - ~ that the competition be continued through the pre-

product ion  or s e r v i c e  t e s t  model level ; t h i s  would reduce acq--i sition costs.

63 



____ _— __ - ._ i _ --,----
_
-
_ _ _

~~
__ ____

-
__ -—-_ _-v.-- -~~~~~~ —~~~~~~~~ --‘---- -‘-‘-~~~~-- --------- _ _ “ _ _ ‘_ ,n ,  -

~~~~~~~~

Simulation Faci l i t ies :  General ly,  the simulators currently used are
considered adequate for active j ainmners to verify basic feasibility . However ,

they may be inadequate for obtaining accurate data for cost reduction , which

implies cutting performance margins rather closely. For passive systems , none
of the simulators was considered adequate. The general inadequacy lies in the

simulation of the background , but the panel did not recommend any solutions

to the problem . They felt that the problem of simulators and their impact

on cost reduction was sufficiently complex to merit a separate study and

recommended that such a study be undertaken .

System Integration: Cost savings are possible through greater inte-

gration with microwave sensors and with on-board processing and displays.

Research and Development: Both new technology and better use of

existing technology are needed to obtain cost reductions in IR EW . Table 1

gives specific areas for which the application of current R&D funds is recom-
mended for the purpose of reducing manufacturing costs in the future . It was

generally felt that , while adequate consideration and funding is given to

new technology in the initial thrust , the funding is dropped too soon after

feasibility is proven or a working model is developed . Frequently, a serious

gap develops because cri t ical  components do not meet s ize , wei ght , and environ-
mental performance cri teria and this , in turn , increases the cost of later

stages of system development . In this sense , it was felt that the emphasis
should be upon development of existing technology .

Scheduling: The contractors should have the la t i tude  to optimi ze the
schedule for cost. In the past , the procurement cycle has been ine f f ic ien t  in —

two ways . Research and development programs through preproduction on the first

production run have been too accelerated . Production has been too stretched
out. Both production and R&D suffer from intermittent funding .

Measures of Effectiveness: Measures of effectiveness or bounds on

performance which allow cost reduction tradeoffs should be provided .

Cost Figures: Approximate cost f i gures of both the R &D and production
levels that are acceptable for a given problem should be provided .
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Section I I I

SUMMARY OF OVERALL SYSTEM RECOMMENDATION S

This section elaborates on some of the technologies presented in

Section II , discusses alternative technological approaches , and groups together

some of the individual panel recommendations to point out possible cost-

effect ive tradeoffs.

1. SY STEMS D E SIGN

The Receiver and Systems Design Panels both recommended the study of

Surface Acoustic Wave (SAW) devices . Presented below are the recommendations

of the Sys tems Design Panel concerning advanced development of SAW devices .

SAW devices hav e many EW applicat ions ( e . g . ,  f i l t er s , repeater delay
lines , oscillators , dispersive receivers); however, they are relatively new

and need refinement to exploit their full utility . When used as filters in

channel ized rec eiver s, they can improve performance and are smaller and cheaper
than conventional filters , the cost and size of which have been primarily

responsible for the limited use of the otherwise attractive channelized

receivers. Since SAW devices are manufactured using photoli thographic  tech-

niques , h igh produc tion/h igh reproducibility is possible. Considering the

number of filters used in a channelized receiver , this factor is important .

Cost reductions can also be confidently predicted when SAW devices

are used to replace conventional delay lines. While USAF does not possess

large numbers of delay line repeater systems , a SAW delay line can be used

in this conventiona l role to effect large volume savings which are also

reflected in lower costs. Improvements such as reduced insertion loss could

effec t ev en grea ter sav ings by elimina ting a TWT in the rec i rcula t ing  ioop .
Also , and perhaps jus t as impo rtan t, the SAW delay line can be emp loyed in a

repeating noise jainmer in much the same way as it is used in a repeater system .

Numerous other EW applications for SAW devices are appearing

frequently (e.g., dispers ive delay l ine rece ivers and secure data l inks for
mini-RPVs).
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Some goals toward developing SAW technology are listed below . Note

that, wh i le spec ific numbers ar e given as goals , and some have been realized

in the laboratory , achieving these values in production w i l l  result  in the
greatest cost saving . Also , it should be noted that the values represent

an overall “requirement ,” and certain applications can be satisfied with

lower performance.

Filters

• Noise figure : < 12 dR

• Sidelobes : 55 to 60 dB

• Insertion loss: --6  dB

Delay Lines

• Extend frequency to 3 GHz

• Insertion loss: — 10 dB

• Triple transit suppression : 55 to 60 dB

Oscil lators

• Extend high frequency to 800 MHz - 1 GHz

• Improve short- and long-term stability for quartz

and other different temperature-stable material s

Dispersive Del ay Lines

• I ncrease bandwidth

• Lower pulse compression ratios

• Improve time-bandwidth products

2. ANTEN N -\ SYSTEMS

Phased arrays are being increasing ly considered and employed for ECM

systems . These arrays are relatively small (15 to 20 elements) compared with

rad ar phased arrays , which may emp loy a few thousand elements. ECM pha sed

array technology is separated into two main classes : scanned-beam and multiple-

beam techniques .



a. Scanned-Beam TechniQues

Scanned-beam arrays presently use f e r r i t e  phase shifters because of

their high-power-handling cap ab i li ty .  The relat ive cost breakdown for the

phas ed array is given below :

Major Component % Cos t

Polarizer 14

Arr ay Elemen ts 7

Phase Shifters 30

Drivers 20

Power Divider 14

Input Switch 15

(to switch among arrays

for 360° coverage)

With regard to ferrite phase shifters , a need was ind icated for
improved manufacturing techniques of low-loss ferrite toroids . At present ,

toroids cost $50 to $200 apiece (a function of frequency and quantity). Also ,

more ferrite vendors are needed to help in driving cost down . Costs of $10 to

$40 per- toroid were indicated as reasonable goals .

Phase shifter drivers should also be developed to reduce cost , and a

recommendation for [SI device development was made. At present , driver costs

are $75 to $150 per unit; $25 per unit was deemed a reasonable cost goal.

h. Multiple-Beam Techni qu es

In mul t ip le-beam arrays developed for ECM systems , a ThT amplifier

is associated with each element ; therefore , the transmitter power output stage

is combined with the array . The relative cost breakdown for multiple-beam

arrays is :
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Major Component % Cost

Polarizer 11

Array Elements 22

Multiple-Beam Network (lens) 33

Input SPNT Switch 33

The costs of TWTAs for use in the array are :

Power Output Cost

20-25 watt $500 (15 ,000-unit purchase)

40 watt $780 (15 , 000-unit purchase)

At present , low-volume cost of a TWTA is about $3,000.

Note that the price of the input SPNT switch is about one-third that
of the array , based on the present cost of $50 to $100 each . Addit ional  design
and development of SPNT switches was recommended to reduce the cost of mul t ip le -
beam techniques.

The selection of a phased-array technique , scanned- or multipl e-beam ,
is somewhat system-dependent . However , for those systems where either technique
is suitable , cost tradeoffs between the two should be made .

3. TRAN SMITTE R GROUP

The transmitter group includes all components in the RF chain , other

than those used in reception . Components concerned are transmit tubes and

drivers and associated high-voltage supplies , exciters , switches , and RF plumbing .

I’hese components mus t be compatible in respect to power hand l ing ,  frequency
coverage , and ~- SiVR . To establish such an overall capability , transmitter

requirements should be based on postulated future system needs .

Component compatibility also requires consideration of interface

hardw are (i .e. , RF connectors , RF cabl es , high—voltage wire , and hi gh-voltage
conn ectors) .
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a . Sol id-St ate Devices

Active and control types of solid-state components are discussed

below; those recommended for development are tabulated in Table 2. Most ECM

requirements dictate a broadband configuration for solid-state amplifiers .

The most common exceptions to this requirement are the narrow-band , solid-state

amplifiers used with expendables , which will not be considered here .

Solid-state amplifiers may be considered for both transmitter and

driver applications . However , broadband devices hav ing  s u f f i c i e n t  bandwid th
for transmitter applications are generall y limited to frequencies below 2 . 5  CII: .

Above this frequency , broadband , solid-stat e amplifiers are limited to power

levels which are only suitable for driver requirements . Such broadband drivers

can be provided to 4.0 GHz using bipolar transistors , and , at marginal power

levels , above 4.0 G1-Iz using Fli t transistors . Because solid-state drivers ,

unlike TWT drivers , do not require high-voltage supplies , they should , in tine ,
offer significant cost savings . However , these devices are presently near

state-of-the-art, and an improved capability for producing such amplifiers is

necessary to realize this cost saving .

TABLE 2. ACTIVE AND CONTROL TYPES OF SOLID-STATE COMPONENTS
RECOMMENDED FOR DEVELOPMENT

HIGH VOLTAGE SWITCHING TRANSISTORS

MICROWAVE TRANSISTORS
— AM P L I F I E R S

• HIGH POWER (UP TO 2.5 GHz)
• DRIVER POWER LEVELS (UP TO 4GH z )

— OSCILLATORS (VFO APPLICATIONS UP TO 4 GHz)

IMPATT DEVICES

BROADBAND DRIVERS ONLY , ONE-HALF WATT . ABOVE 4 GHz

GUNN DIODES
OSCILLATORS ABOVE 4 GHz

POWER SUPPLY REGULATOR CONTROL IC~ (PULSEW IDTH TYPE)

VARACTORS (SILICON AND GaAs) (VFO APPLICATIONS )
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In particular , further characterization and development of the active

devices used in these amplif iers are necessary to ful ly  real ize their  potential
in reducing ECM system costs. Also , as noted in Section 11.4, two of the key

transistor vendors are becoming marg inal suppliers . Thus , to real ize the fu l l
cost-saving potential of using such an important class of component , it is

necessary to devel op both the components and source(s) which can be considered
reliable.

The bandwidths of bulk-effect devices such as Impatts , although moder-

ate, still do not fulfill system requirements . In addition , the available

circuits do not presently exploit the bandwidth potential of existing devices .

Therefore, near-term developments of such amplifiers do not appear to offer

meaningful cost savings.

Broadband variable frequency oscillators (VFO5), which are used as

exciters for many ECM system RF chains, typically employ transistors as their

active elements below 4.0 GHz and Gunn diodes at higher frequencies .

Successful cost reduction efforts for VFOs will be strongly dependent

on appropriate development and characterization of both transistor and Gunn

diode devices . As noted above , establishment of reliable sources is very

important. As noted in Section 11.4 , development of silicon and GaAs varactors
must be continued if recent system requirements are to be met.

Solid-state microwave contro l and transistor switches are the passive

devices of most interest. High-power , solid-state diode switches are particu-

larlv important , considering the various antenna configurations and/or antenna

feed systems to be imp l emented . Switch capabi l i t ies  need to be maintained at
a level compatible with the transmit tube power capability.

Transistor switch devices are basic to the highly efficient circuits

being used in up-to-date power supplies. As noted in Section II.5.b .(1),

character izat ion and control of appropriate parameters of these switching

transistors are necessary to provide the performance necessary to meet low

cost objectives.
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b. Power Supply-ThT Interface

System-imposed TWT gating requirements have a si gnificant effect

on both the TWT and its power supply. A major consideration involves the

decision to provide the NT with either a grid , an anode , or some variation

of these. A grid allows tube contro l with the least amount of voltage swing ,

but has major impact on tube cost and degrades ~~tc beam optics . Such modu-

lator considerations are of particular importanc .‘ihen it is necessary to bias

the tube to minimi ze output noise and/or to conserve prime power . To achieve

cutoff bias when using an anode, the voltage swing required for turn-on is

too high to permit achievement of the minimum delay switching times required

by some systems . If only CIV to pulse-up switching is required , then minimum

switching speeds can be achieved with an anode . Under such conditions , the

non-cutoff limitation can be compensated for by programming the RF input to

the transmit NT.

Anode control presents another problem during turn-on , if no

provision is made for supplying the large modulator voltage required for

beam turn-off. Under such turn-on conditions , the helix current is momentari ly

large; if the helix power supply is incapable of supplying this current , the

tube will be destroyed.

General ly , helix regulation of ±1 percent is relatively easy to

achieve without unusual costs , whereas tighter regulation increases costs.

However, such regulation may be necessary to obtain band-edge performance with

a marg inal TWT . Tighter regulation may also be necessary to meet stringent

phase requirements imposed by antenna arrays .

A floating deck type of modulator can provide the ultimate in

electrical performance but significantly increases modu lator costs. Generally,

the transformer-coupled configuration is simpler and less costl y. However ,

the floating deck configuration allows achievement of minimum rise and fall

times for both short and long transmit pulses . If regulation and/or precision

control of tube bias are required , use of the floating deck configuration

is obligatory.
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c. Band Coverage

A fundamental system consideration concerns determination of the

• number of transmit tubes required to provide both the required band coverage

and the power density needed by the particular ECM programs . This decision is

affected by the threat density that is to be accommodated and the number of

threats that are to be countered by simultaneous , overlapp ing RF transmissions .

The ECM program characteristics that affect power tube selection

can be divided into two major categories, based on the transmit duty cycle:

noise jammers , which require high-duty-cycle transmitters ; and repeater

programs, which require low-duty-cycle t ransmitters . Some applications require

that both types of programs be implemented simultaneously.

Simultaneous transmissions can be provided either by separate trans-

mitter tubes or by one transmitter tube with appropriate additional capabilities.

This generally requires an increase in the tube ’s instantaneous power capa-

bility so that its total output power capability is greater than the sum of

the power needed to counter each threat . Consideration must be given to the

loss of power resulting in part from the generation of IM products . These TM

products may also degrade the effectiveness of the ECM programs being imple-

mented . Similarly, consideration must be given to the effects of suppression

between some combinations of signals .

The requirements noted above for increased power may be fulfilled

either by CW tubes of sufficient power or by dual-mode tubes . Dual-mode tubes

are designed to allow pulse-up during only a portion of the operate cycle to

meet the increased power requirements. This allows the tube~s beam power to

be at a reduced level during the remainder of the cycle , resulting in a lower

drain on the power supp ly .  The duty cycle capabi l i ty  of th is  pulse-up feature

varies greatly among the various types of dual-mode tubes. Pulse-up capa-

bilities of tubes in production are generally limited to 2 to 3 dB , whereas

higher pulse-up ratios are presently limited to laboratory tubes . These

higher pulse-up capabilities should be considered , if appropriate , for systems

whose implementat ion will start in the next 2 to 3 year period . Note that ,

ni like some dual-mode tubes of the past , present-day tubes of this type

generally are imp lemented in a manner that will not significantly degrade

efficiency .
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Design procedures have recently become available which have al lowed

the optimization of broadbanding techniques . These new designs have been
successfully incorporated into laboratory tubes , and a bandwidth capabi l i ty

of more than an octave is now considered to be readily achievable. As in the

case of the dual-mode tube capability , these expanded-bandwidth tubes can be

considered for use in systems whose implementation will Start within the next

2 to 3 years. However, as the bandwidth is expanded , the need to deliver

increased amounts of simultaneous power to more threats is also increased .

Other tube capabilities that should be considered includ e paralleling

of tubes to achieve an increase in power. It has been shown that this approach

does not require critical matching of components. Also , techniques are being

developed for applying the combined outputs of two tubes to a single antenna.

Standard couplers can be used to combine the outputs from two tubes for appli-

cation to multiple antenna3 .

d. Tube Family Standardization

The above discussions on solid-state devices , power supply-TWT

interface , and band coverage provide some of the hardware and system back ground
needed to determine the structure of the RF chain . Addi t iona l ly ,  the require-
ments imposed ~y system cost , weight , and size should also be considered in

the decision proces s Of par t icular  interest is the possibility that a smaller

number of transmit TWTs can be used to cover the required bandwidth . This

possibility is importan t because additional power can often be obtained from
a sing le tub e with s ignif icant ly  less than a proportional increase in cost.

Howeve r, such increased band coverage by a single subsystem may impose
some difficulties on the transmit antenna and the RF plumbing interconnecting

the transmitter and the antennas . A cost tradeoff based on projected system -
~~~

requirements is needed to determine the number of ch annels , the bandwidth of

e a h  channel , and the power outputs from each . Similarly, any component

h -v e l opmen t s  that  are necessary to provide the desired system structures

~‘e dete rmined .
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4 . A I RCRAFT I NTEGRAT ION

Certain design decisions and tradeoffs which deal with aircraft

integration also have major design impacts upon the overall ECH system . These

techn ical are as , which were discussed in Section 11.8 , include a i rcraf t  si gnature
control , ECM pods vs on-board equipment , air vs liquid cooling , nuclear harden-

ing requirements , creation of benign operating environments to facilitate use

of commercial components , and the use of techniques such as multiplexing (MUX) ,

Digital Avionics Information System (DIAS), Multi-function Elemental Systems

Approach (MESA), and integrated packaging.

Two of these technical areas (aircraft signature contro l and ECM

pods vs on-board equipment) warrant additional discussion which is beyond the

scope of the aircraft integration panel recommendations .

a. Aircraf t  Signature Control

Control of radar cross section and infrared signature should be

required in new aircraft and external stores design.  There is a basic overall

- 
cost and performance tradeoff between alternative approaches of reduction of

radar cross section via basic design and use of radar-signal-absorbent materials

vs the higher-ECH-radiated-power requirements for an unmodified airframe . Air-

frame redesign arid the use of radar-signal-absorbent materials may increase

the airframe cost and may sli ghtly degrade the aerodynamic performance , but

will mean that the output power required from the ECM equipment to protect

the aircraft will be reduced . The reduction in radiated power requirements

means a smaller , lighter , less expensive ECM suite and a reduction in electri-

cal power requirements , resulting in a decrease in aircraft gross weight , an

increase in available thrust , and an increase in aircraft performance.

h. liW Installation - Pod vs Internal

The preferred approach to aircraft EIV system design (from an aero-
dynamic performance standpoint) is internal installation with adequate growth

provision (by modular add-ons) to reduce the impact on installations cost and

aircraft performance . The aircraft integration panel indicated that future

aircraft would have sufficient planned capacity for ECM growth , in response

to new or modified threats , so that patch 1iC~1 fixes are not anticipated.
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Past history , however , belies this assumed capacity and it is contended that

planned pod-mounted ECM equipment for certain types of new aircraft has several

advantages, name ly:

• centrali:ed ECM equipments

• minimizati on of black boxes and cables in the aircraft

• simp ler aircraft/ECM interface

• easier modification to ECM system

• less in te r -a i rc ra f t  interference
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Section IV

R ECOMM EN DAT IONS OF STE ER I NG COMM ITTEE

The Lower Cost ECM Conference steering committee , after reviewing

the pane l repor ts, isolated those recommendations they felt were most important .
This section summarizes the output of this panel. The recommendations are

divided into two categories : technical and institutional.

1. SUMMARY OF TECHNI CAL RECOMMENDATIONS

a. Transmit Tubes

1. Conduct a detailed (one contract) intensive study of the

following six areas of development . The study should find

the potential payoff (ROI or $) if money is spent in each

of the areas. This should be followed immediately by a

consolidated development program .

• Improved collectors - to increase efficiency

• Improved electron-gun and focusing

• New cathode/grid material

• Improved dual-mode pulse-up capability

• Increased bandwidth - to improve band edge performance

• Improve tube stability - to improve yield

2. Expand ASD~s program on depressed collectors , to double

efficiency from 20% to 40%

3. Study paralleling TWTs to trade bandwidth against the number

of tubes and associated plumbing .
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b. Receivers

1. To reduce costs of crystal video receivers , start with

detectors.

2. To reduce costs of IFM receivers , start wi th  RF l imiters

and polar discriminators .

3. To reduce costs of channelized receivers , develop SAW

technology .

4. To reduce costs of microscan receivers , start with VCOs

and dispersive delay lines.

5. To allow cost/perrormance requirements studies , deve lop

detailed digital models of receivers.

c. Antennas, Radones, and Transmission Lines

1. Logistics Command will study and report to the committee as

to whether the fol lowing would result in a significant cost

reduction . If so, it is a Materials Laboratory task to

consider materials improvements that would lead to lower

costs. In particular :

• Radome and rain erosion coatings

• Lower loss , reproducible ferrite fabrication techniques

• Cerami c fabricat ion techniques

d. Microwave Components

1. Significantly reduce cost of rejects and designs by developing

a new stripline board material .

• A new board material is required

• Improved qual ity control of bo ards

• Board parameters must be measured during production
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e . Poker Supplies

1. Perform the following tasks in a comprehensive program with

an industrial firm knowledgeable in materials and techniques

for handling high voltage.

• Develop standards for high-voltage potting materials

so that uniformity from batch to batch with rel iable ,

predictable characteristics may be purchased .

• Develop new feed-through seals and standards for these

seals which minimi ze the coolant leakage problem .

• Consider research and development program which would

lead to major br eakthroughs in high-voltage-encapsulating
schemes.

• Develop new high-voltage wire and new standards for

high-voltage wire.

• Develop new high-voltage connectors and standards for

high-voltage connectors .

2. Consider electrical power requirements for new aircraft

and either 3 kHz or 4 kHz high-frequency power at ll5V/208V ,

three phase. Major considerations are EMI , shield ing , motor
speed , bearings. (Note MA-l has 1800-Hz power supply.)

Incorporate the power supply in an isolated system , e.g.,

a pod , expendable drone , etc.

3. Study 200V DC distribution system with DC-DC converters in

each ECM set.

4. Examine the effects  of EMP and speci fy nuclear survivabi l i ty
des ign data. 
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f. Solid-State Power Amplifiers

1. Cease funding of any developments of standard active high-

power transistors for frequencies above 2.5 GHz.

2. Cease funding of any GaAs or Impatt devices for ECM,

except as a low-power driver.

3. Continue funding to AFAL/TE to do the following :

• Advance the development of power transistors

(50 MHz to 2.5 GHz)

- To improve reproducibility

- Generate a family of standard transistors

• Once appropriate transistors exist (first two

recommendations), des ign standardized amplifiers .

• Reduce insertion loss of microwave components employed

with amplifiers .

g. Logic Systems

1. Study and publish a paper on the possibility and limitations

of standardized deinterleaving, parameter derivation, ECM

technique generation , FFT , coordinate transformation . The

purpose is mainly to isolate areas where standardization

would have a high payoff .

2. Develop standardized interfaces , so that microprocessors or

LSI can be interchangeable.

3. Develop small , high-speed modularized microprocessors .

4. Study to determine appropriate LSI building blocks for

unique ECM functions which are common among many ECM

equi pments.

5. Continue efforts to have standardized software languages.
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h. Aircraft  In tegra t ion

1. Build an anechoic chamber for aircraft , with emphas is on EMI .

This testing is too expensive to do in an airborne situation .

2. Build an an tenna pattern measuremen t fac il ity (open air ,
upside-down aircraft).

3. Group A costs often exceed Group B costs . To minimize

these costs , the first step is to develop techniques for

improved cable and RF transmission line systems .

• Integrated development approach

• Foster competition

4. Si gnature control (RCS , IR , etc .) should be a requirement

in new aircraft and external stores design . Consider trades

such as EW vs Mach N o . ,  conformal weapons and pods , etc.

i. System Design

1. Compile a catalog of selected industry-developed MIC

modules and develop a standard line of MIC modules.

2. Use “LSI” on MIC to eliminate connectors and minimize bulk .

3. Study the feasibility and applications of a frequency

synthesizer--particularly to eliminate VCOs.

4. Do not develop multi-octave NT until it is analyzed in a

trade-off study against multiple narrow-band tube options .

2. SUMMARY OF INSTITUTIONAL RI3COMMENF)ATIONS

a. Transmit Tubes

I. Do something to avoid specifying performance beyond the SOA ,

and beyond the knee of the survivability vs power curve.

Actions before , during, and after CDR were suggested .

• Train program man agcrs .

• Flexibility to relax specs after the contract is signed.

• Use incentive (performance) to improve to SOA .
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2. Be sure that cost savings , not technology expansion , is the
goal of any development . Otherwise , someone will now specify

the newly attainable performance , and costs will go up.

3. Develop standard families of tubes, connectors , and leads ,

particularly drivers and power amplifiers (tn -service).

Each year, advance the standard to be current .

b. Receivers

1. Standardize a receiver of each type. (There is a subissue

of whether to start from scratch or build on an existing

equipment.) One reason for doing this is to standardize parts.

2. Mu -SPECS should be flexibly applied on a case-by-case basis.

Encourage companies to comment on the MIL-SPEC before signing

each contract .

3. Try to streamline qualification of parts , especially ICs.

They are now becoming available much faster than they are

being qualified .

4. Apply desi gn- to-pr ice .

5. Find a feasible way to use warranties .

• MIL-SPECS keep getting more stringent (to protect

the government), so costs go up.

• Study ways of enforcing warranties.

• If there are warranties, commercial parts could be

substituted for MIL.-SPEC parts.

6. Consider substituting commercial parts for MIL-SPEC

parts.
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c. Antennas, Radomes, and Transmission Lines

1. Define who should standardize and he responsible for

standardization (AFSC?). This applies to all areas--not

just this panel.

d. Microwave Components

1. AFAL/TE has a workshop on the items listed below . It
should receive the necessary support and continue until

it results in a Military Standard .

• Standardize the definitions of VCO performance

parameters .

• Standardize the tuning voltag e interface between

VCO and system .

2. Eliminate discontinuous short-run production . Again ,

standardized interfaces will help achieve this goal.

e, Power Supp lies

1. Have the NT vendor supp ly the power supply as an integral

pant of the tube to minimize interface prob lems .

f , Ai rcr a f t  In tegrat ion

1. The earlier the planning for integration/installation , the

greater the savings. The anechoic chamber and pattern range

are needed to f a c i l i t a t e  this p lanning .

g. System U esign

I .  A service test phas e should be in i t ia ted  as part of the

RF~D cycle.
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Appendix A

P AN EL ME MBERS

T RANSMIT TUBES PANEL

B. Pal lokoff  (Mo derator) Teledyne MEC

D. Laycock ASD/ENASD

R. Cataldo Watkins-Johnson Co.

J. Thompson Westinghouse Electric Corp .

R Espinosa Northrop Corp .

J. Burgess Varian Associates

T. Madden AFAL

E.  I l l o k k e n Hug hes Aircraf t  Co.

S. Durkin Naval Research Laboratories

R. Wills ~Taval Electronics Laboratory Center

D. Bitikofer Calspan Corp .

0. Doehler Warnecke Electron Tubes Inc.

W . Friz AFAL/TEM

A. Raczynski Microwave Associates

L. Cla mpit t  Raytheon Co.

L. Y arrington AFML

W. Linn Litton Industries Inc.

\!. Weinstein Mictron Inc.
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RECEIVERS PANEL

R. Hollis (Moderator) Watkins-Johnson Co.

D. Newton Caispan Corp .

M. Whatley Texas Instruments Inc.

R. Shockley E-Systems Inc.

D. Lundy Motorola Inc .

W. Hennings Dalnio Victor Co.

J. Collard Varian Associates

C. Brown Systems Research Laboratories

A. Heckman AFAL

W. Elliott Loral Corp .

J. Gala ASD-F- lS
K. Zeiger Northrop Corp .

J. Adair AFAL/TEM
N. Spencer Rockwell International Corp .

D. Kerins ATI/ITEK

H. Hewitt Stanford Research Institute

P. Schulz General Instruments Corp .

A. Parker AFAL
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ANTENNAS , RA DOMES , AND TRANSMISSION LINES PANEL

R. Burnett (Moderator) The Boeing Co.

A. Hale Goodyear Aerospace Corp .

H. Leach Adams-Russell Co. Inc.

.J.  Belcher American Elect ronic  Labs.

S. Sensiper Transco Products Inc.

M. Simpson Sedco Systems Inc .

0. Archer Raytheon Co.

G. Danford ASD

S. Andre Caispan Corp .
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MICROWAVE COMPONENTS PANEL

J. Saloom (Moderator) Varian Associates

H. Howe Microwave Associates

T. Rose Raytheon Co.

C. Hartwig Sanders Associates

R. Knowles Frequency Sources Inc.

K. Schoniger E W Communications

R. White Addington Laboratories

E. Kushner Narda Microwave Corp .

R. Wohiers Calspan Corp .

R. Yaeger Teledyne MEC

K. Engle Motorola Inc.
D. Steizer Omni Spectra Inc.
K. Reddig ASD/ENADA

~3. SU2flfl ~~I’løt ASD/ENAMD

H. Hunt Sperry Microwave Electronics

H. Harrison Aertech Industries
R. Clark Watkins-Johnson Co.

S. Hopfer General Microwave Corp .

A. Gorwara Stanford Research Institute

R. Keinerley APAL

Lt Col F. Covington ASD/RWSV

F. McDonnell American Electronic Labs
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POWER SUPPLIES PANEL

T. Porter (Moderator) Keltec Florida

J. Mulligan ASD/RWE

M . Crane Raytheon Co.

C. Stewart Sanders Associates

J. Pavliga AFAL/AAA

S. Norton ASD/ENACC

E. Heckman Westinghouse Electric Corp .

J. Bartels Northrop Corp.

F. Brandt Teledyne MEC

R . Nelson Caispan Corp .

C. Reeve Watkins-Johnson Co.



~~i1L_-~~~~~

SOLID STATE POWER AMPLIFIERS PANEL

W. Matthei (Moderator) Microwave Associates

B. Frank Varian Associates

J. Meli ASD/ENADC

A. Miller Hughes Aircraft Co.

G. McCoy AFAL/TEM

E. Schwartz Caispan Corp.

R. Schneider Analytic Services Inc .

K. Farber American Electronic Labs .
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LOGIC SYSTEMS PANEL

L. Algase (Moderator) Airborne Instrument Laboratories
K. Overman Westinghouse Electric Corp .
A. Hale Goodyear Aerospace Corp.

J. Caschera AFAL/WRP

D. Lange Caispan Corp .

G. Fath General Electric Co.

F!. McCarter ASD/ENAID

D. Fitzgerald Hq AFLC/MMK

0. Lowenschuss Raytheon Co.

R. Hinchey Sperry Rand Corp .

J. DeCaire AFAL

M. Yachowsky ASD/RWS

N. Betts Itek Corp .

M. Schwartz Loral Corp .

S. Clark Motorola Inc.

A. Sock Litton Systems Inc.

C. Dowdell Comptek Research

T. Gunckel Rockwell International Corp.
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AIRCRAFT INTEGRATION PANE L

Lt Col W. Eaton (Moderator) Hq. AFLC/MMA

J. Goodman General Dynamics Corp.
R. Gregory Naval Missile Center
J. Price SACSO
P. McRaven AFAL/WRD

D. Foster Caispan Corp .
B. Chong ASD/ENAS B
W. Portune AFAL/CCJ

Maj J. Knotts AFLC/MAZ
E. Swain ASD/ENJPC
J. Sinnott McDonnell Douglas Automation Co.
R. Vendt ASD/ENADE

A. Leiker The Boeing Co.
B. Martin Rockwell International Corp .
W. Klose WPAFB/ASD/RWFE

N. Arntz The Boeing Co.
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SYSTEMS DESIGN PANEL

J. VanMeter (Moderator) Raytheon Co.
D. Brooks Northrop Corp.

A. Salzmann Grumman Aerospace
Capt L. Th ompson AFAL/ WRD- l
J. Ripp in , Jr. AFAL/ WRD - l

S. Green Kuras-Altennan Corp .
R. Stewart ASD/ENADB
J. McKinley Westinghouse Electric Corp .
Lt Col J. Myers USAF TAWCJTEW
L. Kidd General Dynamics Corp

B. Kaelin Sperry Rand Corp .

C. Barron General Electric Co.

Lt Col W. Cornelius, Jr. ASD/RWJR

A. Vozza Airborne Instrument Laboratories

H. Cronin International Telephone ~
Telegraph Corp (ITT)

J. Meulemans AFML/LTE

C. Miller ASD/RW

R. Stetson Sanders Associates

E. Ruda Caispan Corp.

L. Heesacker Dalino Victor Co.

A. Kundrotas ASD

L. Porter AFAL/XP
Maj ~~~. Cocsk 1Iq USAF (RDRE)

Lt ~c1 E. Martin SACSO

C. Hoe y U SAF/A F .~L
L. Meadows Raytheon Co.

R. Myszko AFAL /WRD- l
E. Chrzanowski Westinghouse Electric Corp.

Col B. Nix DDR~E
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INFRARED SYSTEMS PANEL

R. Cotterin an (Moderator) GTE Sylvania Inc .
P. McManamon ASD/ENASD
J. Cernius Aerojet Electro Systems Co.

G. Kuh l AFML/LPO

A. Bernstein ITT Avionics

J. Inderhees Cincinnati Electronics Corp.

Capt E . Buck ASD/RWS R

H. Pappas ASD/ENAMB

Maj C. Christodoulou AFAL/WRP

F. Rei lly Texas Instruments Inc.

R. Farmer Xerox Electro-Optical Systems

G. Eckinan Caispan Corp .

H. Trinkle AFML/LTE

H. Anderson Hughes Aircraft Co.
L. Baumgardner AFAL
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Appendix B

EXECU TIVE STEERING CO~~1ITTEE

Chairman

Mr. G. Nicholas

DDR~E ASD
Col A. Honaha;~Col B. Nix

HQ USAF 
Col B . Dube

Maj W . Cook 
Dr C. Mil ler

HQ AFSC 
Mr. A. Kundrofas

Mr. P. Sandier 
AFAL

Col D. Christofferson 
Col 0. Edward s

HQ AFLC 
Mr . C. Nicholas

Col L. Setter 
Mr. W. Portune
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Appendix C

LOWER COST ECM CONFERENCE

AGENDA

February 4

0900 Welcoming Remarks Dr. W. Eppers
0910 Keynote Gen. L. Hodnette
0925 Introduction Mr. George Nicholas , Chairman
0940 Break
1010 Panels Convene
1200 Lunch
1300 Panels Convene
1430 Break
1445 Panels Convene
1630 End of Day

Fehi

~ane1s Convene
Break

~u i 5  Panels Convene
1200 Lunch
1300 Panels Convene
1430 Break
1445 Panels Convene
1630 End of flay
1830 Social Hour

February 6

0830 Panels Convene
1000 Break
1013 l~~~~1: :~Thvc~~L

1230 L ’rn ch
1330 ieneral Session Mod . Report
1430 ~ -~ak
1445 General Session Mod. Report
1545 Closing Discussion Mr. George Nicholas , Chairman
1615 End of Conference
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LOWER COST ECM CONFERENCE

SUMMARY SESSION

Start 1:30 P.M.

Transmit Tubes B. Pal lokoff
Tel edyne MEC

Microwave Components J. Saloom
Varian

Receivers R. Hollis
Watkins Johnson

JR Devices R. Cotterman
Sylvania

Antennas R. Burnett
Boeing

Power Supplies T. Porter
Keltec

Solid State Power Amplifiers (V . Matthei
Microwave Associates

Logic Systems L. Al gase
AlL

Aircraft Integration L/C V. Eaton
Flq, AFLC

Systems I)esign J. Van Meter
Raytheon

Discussion C. Nicholas
General Chairman
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San Carlos, CA 94070 1

Litton Systems , Inc.
ATTN: Mr. A. Sock
Amecom Division
5115 Culvert Rd.
college Park, MD 1

Loral Corporation
ubo White Plains Rd.
Scarsdale , NY 10583

ATTN : Mr. W. El l iot t  1
Mr. H. Schwartz 1

~

- --- - -~~~~~- ----—--~~~~ --~~~~~~~~~~~~~ -~~ - --~~~~~~~-



—~~~~~~ --“ .-—~--——-~~ --------- --r - ~~~
--—--

~~~~~~~~~~ ~~~~~--— —-

r

ADDRESSEE NO. OF COPIES

McDonnell—Douglas Corporation
ATTN : Mr. J. Sinnott
P. 0. Box 516
St. Louis , MO 63166 1

Microwave Associates
South Ave.
Burlington , MA 01803

ATtN: Mr. H. Howe 1
Mr. W. Matthei 1
Mr. A. Raczynski 1
Mr. J. Saloom 1

Mictron , Inc.
ATTN : Mr. M. Weinstein
10126 Porter Rd.
Sarasota , FL 33578 1

Motorola, Inc.
8201 E. McDowell Rd.
Scottsdale , ARIZ 85252

ATTN : Mr. D. Bradley 1
Mr. S. Clark 1
Mr. K. Engle 1
Mr. D. Lund>’ I

Narda Microwave Corporation
Cayuga Associates Div.
ATTN : Mr. E. Kushner
Plainview, NY 11803 1

Naval Electronics Laboratory Center
ATTN : Mr. R. Wills
San Diego , CA 1

Northrop Corporation
•\TT~ : Mr. J. Partels
Chicago , ILL 1

N~~ throp Corporation
600 Hicks Rd.
Rolling Meadows , ILL 60008

ATTN : Mr. D. Brooks 1
Mr. R. Esp inosa 1
Mr. K. Zeiger 1
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ADDRESSEE NO. OF COPIES

• Sedco Systems, Inc .
ATFN : Mr. M. Simpson
130 Schmitt Blvd .

• Farmingdale, NY 11735 1

Sperry Microwave Electronics
KITh: Mr. U. Hunt
P. 0. Box 4648
Clearwater, FL 33518 1

Sperry Systems Management Div .
Sperry Rand Corporation
ATTN : Mr. B. Kaelin
Marcus Ave.
Great Neck , NY 11020 1

Sperry Systems Management
ATTN : Mr. R. Hinchey
Reston , VA 1

Systems Research Laboratories , Inc. 
—

ATfN : Mr. C. Brown
2800 Indian Ripple Rd.
Dayton , OH 45440 1

Teledyne MEC
3165 Porter Dr.
Palo Alto , CA 94303
ATTN : Mr. F. Brandt 1

Mr. B. Pallokoff 1
Mr. R. Yaeger 1

Texas Instruments , Inc .
13500 N. Central Expressway
Box 6015
Dallas , TX 75222

ATTN : Mr. F. Reilly 1
Mr. M. Whatley 1

Transco Products , Inc .
ATTN : Mr. S. Sensiper
4243 Glencoe Ave.
Venice , CA 90291 1

Varian Associates
Eastern Tube Div.
ATTN: Mr. J, Collard
Beverly, MA 01915 1 
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ADDRESSEE NO. OF COPIES

Oinni-Spectra, Inc.
Microwave Div.
ATTN : Mr. D. Steizer
1040 W . Alameda Dr.
Tempe, ARIZ 85282 1

Raytheon Co.
Microwave ~ Power Tube Div.
190 Willow Rd.
Waltham , MA 02154

ATFN : Mr. L. Clamp itt 1
Mr. T. Rose 1

Raytheon Co.
P. 0. Box 1542
Goleta , CA 93017
ATTN : Mr. D. Archer 1

Mr. M. Crane 1
Mr. 0. Lowenschuss 1
Mr. L. Meadows 1
Mr. J. VanMeter 1

Rockwell International Corporation
ATTN : Mr. B. Martin
B-l Div.
Los Angeles , CA 1

Rockwell International Corporation
Mira Loma Ave.
Anahe im, CA 92806

ATTN : Mr. T. Gunckel - 1
Mr. N. Spencer 1

Sanders Associates
ATTN : Mr. C. Hartwig
Guenier Field
Manchester , NH 03103 1

Sanders Associates
95 Canal St.
Nashua , N Il 03060

ATTN : Mr. R. Stetson 1
Mr . C. Stewart 1



ADDRESSEE NO. OF COPIES

Varian Associates
611 Hansen Way

• Palo Alto , CA 94303

ATTN: Mr. J. Burgess 1
Mr. B. Frank 1

Warnecke Electron Tubes , Inc.
ATTN : Mr. 0. Doehler
175 W. Oakton St.
Des Plaines, ILL 60018 1

Watkins-Johnson Co.
ATTN: Mr. R. Clark
440 Mt. Herman Rd.
Scotts Valley, CA 95066 1

Watkins-Johnson Co.
3333 Hillview Ave.
Palo Alto, CA 94304

ATTN: Mr. R. Cataldo 1
Mr. R. Hollis 1
Mr. C. Reeve 1

I

Westinghouse Electric Corpora tion
Aerospace ~ Electronic Systems Div.
i. o. Box 746
Baltimore-Washington International Airport
Baltimore, MD 21203

ATTN : Mr. E. Chrzanowski 1
Mr. 3 . Heckman 1
Mr. J. McKinley 1
Mr. K. Overman 1
Mr. J. Thompson 1
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