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TRCENICAL REPORT: MAVIRAIGVCER 69-C-0178-1

STOMY, AXMID ATRCRATT CUALIFICATICH RANGF SCCITHG SISTEM
ABSTRACT:

Thie gtuly doleruined iLhn technics) feaglbhiliily and optlimum Jdesimm analysis
for nn Arced Alrcradt cuzi=f:icatiom Panze Scovirg Syetim in accordance withk
Concept rormulation citliined in AMCR 70-30 and system requirements cutlined
in a Small Develomient Reguirement (SpR).

After an intensive revier and analysis of the SDR Reyuiremenis had been
campleted, & detall-d investigetion wuws conducted of all available "OFF-THS-
EHETF" scoring grscems. A 'Trade-Off" analysis was wade of the character-
igctica of each of thase cystems versus the requirexents outlined for the
optimum ecoring systonm developed by the revised SIR. A cost effectiveness
effort wes compieted, an Oporational Specification was written, and a
Concept Formulation Revort was preparcd. The renort concluded that an

of ’-the-ghielf scoring cystem using acoustic sensing n:rinaciples be further
developad to meet the functional regiiremants of the optimum system in order
to estisfy armed alrciaft zunnery scoring requirements of the 1970 to 1975
time franme,
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FOREWARD

This report describas the concept formulation work performed under
MAVTRADEVCEN Contract N61339-69-C-0178 with Del Mar Engineering Laboratories
and Boesg-Allen Applisd Research, Inc. The purpose of the study was to
provids the technical, economic, and military basis for the decisiom to
initiate enginsering system davelopment for a helicopter gumship scoriag
Tange.

The basic objectives of the study were to (1) analyze the requirements
of the DA approved Small Development Requirement (SDR), (2) examine sxisting
scoring systems in light of the SDR, and {3) proposs & hardwars system, re-
quiring little research and development, to mest the requirsments. The
ultimate goal is & reliable, dependable, and versatile scoring systeam that
will provide instaat hit informstiom to the attacking helicopter pilot
trainee and instructor pilot. The system must perform acceptable regard-
lass of attack angle and szimuth, type of armament seiected, and type of
target augaged,

The study has ravealed that the technology is not sufficiently at hand
to meet all of the SDR requirements. The most difficult problem areas to
solve are discriminating betwveen the different types of rounds hitting a
target simultsaeously, and providing a detection system that does not
restrict the attack asngle and i3 not susceptible to damage from armament
fired luto the target area.

Two approaches seem logical at this time: (1) reevaluate the SDR to
determine the minimum essential requirements, thereby emabling existing
technology to satisfactorily meet the reduced requirements or (2) embark
on a ressarch and development effort to ascertain if there is any approach
that will meet ths axisting raquirements.

’Wtﬂnl-//,zl’/g’d"d"*
KENMETH W. PETERSON

Project Engineer

Naval Training Device Center

The 1indings in this report are not to be construed as an official Department
of the Army position, unless so designatad hy other authorized documents.

Best Available Cop



© Section

P 98 ¢

<. . RAVIRADEVCEN 69-C-0178-1.
TABLE OF CONTEMIS

nnaowmrox.....0.‘.."..ll..........'0........‘...

General.O..I..‘.Q...0;.........'....Q...............
mm'm‘n OF Tn PROBL:‘:'{O......"..’.l“.‘...‘.‘.....

ngeral................................o............

Definition Or the PTOblem.ooaooooootooa..oo.oco-noco

mHoD OF mmmm’:.ll....O...“.".l....‘.‘."..l.‘

kneralo.OOCOO'...l...l.‘......’..'...'I..‘Q........
Task /1 Review and Analyze che Saall Development
RequircqentOQOQ0.0’...'0...0....‘.000..'..lll.."..‘
Task ;2 Develop Sysiem Functional Analysis and
Requirements AllocatiONeecescecocsosscsccesvrsccccncsens
Task 73 Identify, Analyze and Develop Technical
Summary of Applicable Off-the-Shelf Systems and
St&te"Of-thP.-A!'t TechnOIOIV--onoaoooooonoooo.-oo.oo.
Task #4 Conduet Trade-0ff Studies of Hardware
Idﬁntified in Tﬂ.s‘:s 7'1*300onoao-ooo.-.no-on.-o.-oo-o:oo
Tatk /5 Definition of the Reco-mended System
Preparution of Performance Specification, Costs

Bnd CohedlUleB.cecssoserciasossesscssssonssssoacsnnsns
Task £6 Identify Subsystem and/or Hardware Areas
Where Future Develcrment is Required to Ovtimize

o the R‘?Icom‘.’ndcd Off."the'shelf S;{Stem..........e...‘-..
 Tasx #7 Frepare Concept Formulation Study Report...

Task 7#3 Conduet Technical Reporting Conferences...,
Ems....'....l.'."l.'O.'l".‘0.0‘0.".0"“......

Generaln.-a.l‘aloo.nl.oo.oo.no.Qoooooo!.oll..o.l.clt

Proficiency Triteria, . iicereesssvecerssccccsssscasee
DQVQIO?"-Q:‘.:B.]. m"fiﬁ'“rin:;...........................
mction.l Requremel‘taﬂ....‘..I..'..'....‘......‘..
Cost Ef.‘ectivenels.......-......-...................

DISCU:SICS...-o0-0'.oooon.00'0l.'.otcolo.o.'....o.l.

Generalooonn'oooooclloooooooco.o.-n...D'oo!.coolooa.

i1

M w W w NN NP Hg

AV

.6\0\0\0\0 0 o 0o 00

E B




vII

IEFERERCES
APIEDICRS

“% “ AVTRADEVCLN 69-C-0178-1

cc’r‘c‘w’.;IoA.ISocvoiolao.lolooo;cOloooooocll.ltoclll.c.

Generalono.c.ccooo.ov.000ot-40"00000.0.o0.ls..¢..0

Modifiocd Tevelopuent Tine/Cost Cycle.seeeecescasoes
RECm&:}mATIO:IS..........C.....'...........'.0.‘.'...

General,cceceecocvrsecessscostsscocsssssscnsscesssone
leification CriteriB.cececeessscosecsocessssnsnee
Modified Tevelopment Time/Cost CYCle,..evecscscvnsce
Scoring System Utilization Study.....-..............

RAVIRAIEVCEN - Study Cutline for Armed Air zaft
Qualification Rmage System Comsept Formml: ciom -
3’1.1“000'.0..0.0.000oooo.oo_o

Department of the Army Approved Small Develepment
Requirement SDR for am Armed Afrcraft Qualiffca-

tmwm.o.........-.....
AMC Regnlation, Humber 70-30. o ¢ + ¢« o s o ¢ o ¢ o

Review & Understeadiag of e Small Developmeat
Requirement for am Arwed Afroraft Qualificatioa

w.mm‘m&...............,.

Data Sheets - Atwed Adrcraft Qualificetiom Ravge
.mm'”t-. L ] L] [ ] L] . L] . L] » . . L ] * L] * . L ] .

Pield Visits - Ammed Afrcraft Qualificatiem Rasge
.“rh‘mt”o'llvotco.o.t...oo._

Punction Analysis (Boos-Allem). . . . . « + ¢ 4 o &

T‘mtc‘l A“l,“" ® & & e s 2 s 4 2 ° s e o o o+

Techaical Summarias TOff-the-8helf"™ Scorinmg Systems
("o“ amc.)' . . . L] L] L] L] L] L] L[] L] L] L] . L ] . L] - L]

Trade-0ff ml”ho S c e ¢ o o 0 s e s s 0 e 8 8 0
oot z‘t.‘ttm Model. . ¢ ¢ 4 4 ¢ e e e e
Am“"ﬁ!lt T.m’.“l w.r““. o ¢ o * 8 ¥ s

CR~13449 - Latter Report of Comfevemcs. . . .

iv

23

33

&3

97
103
147

- 151

189
217
233
237




© ¢ . < <" NRAVTRADEVCEN 69-C-0178-1 . -
LIBT OF APPENDICES
Agends-~Second Technical Conference . . . . . 23

CA-191-69 - Letter Raport of Conference In-
cluding Briefing Charts . . . + « ¢« o o o o o 241

Ageada-Tulrd Technical Comferenc~ , . . . . . 71
CA-251-69 - Letter Raport of Conference . . . 2712

| ““10‘”‘ zuh“riﬂ‘ ® s 8 0 s 0 6 0 0 o e 275

v/vi




Lt ...t .n . ¢ NAVIRADEVCEN 69-C-0178-1 1 .

SECTION I
INTRODUCTION -
A GTITAL

A requirenent exists for an Armed Aircraft Qualirfication Range Scoring
System which will pernit the recording of hits ard near-misses on ground
targets at a central location remote from a firing arca., Numerous attempts
by industry, both dczestic and foreign, have been made to meet this need.
None have ful:illicu air he reguiremcnts of the optimum scorinz system.
This study has investizated all known scoring systems, applied those compo-
nents 2o the optinum system needs and recommends development or augrentation
of existing hardiare and methods of applicaticn to provide a scoring system
admquate to accomplish its goals without need for invention or scientific
advances. In conaonance with policy, prior to initiating work on system
developrent, this study was directed to 1nsure that the following system
prerequisites had been met, ‘

1. PREREQUISITE 1

Engineering rather than experimental effort is required and the
technoloiry needed is sufficiently in hand.

2.  PRERECUISITE 2

The missicn ard performance envelopes are defined.
3. PREREGUISITE 3

The test technical approaches have been selected.
b, PREIRECUISITE b

A thoroush trade-off analysis has been made.
5. PRERZCUVISTTZ 5

The cost aTfctivenegs of the Dripcsad system has been detarmined
t> te fasorable (n relaticnship to the cost effuctiveness of competing
{tems on a DOD-wide tasis,

6. PTRIGUISITE 6
The cos” a~d scledule eatirates are credible and acceptable,

The 3tudy Tasks were developed so that all pecessary prerequisite
requirenents were fulZilled,

44
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SECTI®N IX

" GTATEMENT OF THE PROBLEM
A, OENTRAL

The objective of the study is to determine the technizal feasibility
a8 vell as the sconomic and military consideratinns for the development of
an Arued Alrcraft Qualification Range Scoring System. This systen should
accurately provide both hit and miss data to an airborne guaner trainee
{mmediptaly fallowin~ his traininz excrcise, This timelv inf.atison wouid
allov corrective action to be taken before his next firing pass. Informs-
tion nceded to improve hia gunnery techniques is vector data, {.e, over-
short=left or right. In sclecting systems and scoring hardware, only
state-of-the-art hardware and technigues should dbe used with little or no
invention or scientific advances required.

B. DEFTNITICK OF TS PROBLEM '

"A Study Outlin~ for Armed Aircraft Qualification Pange Scoring Syatem",
NTDC-371-1C5, Prol-st 1031, dated 16 Fetruary 1963 and an "Approved Swmall
Development Requirerment (S2R) for an Armed Alrcraft Qualification Range
Scoring Cysten” was provided as program guidance, These docunents and
AMCR 70-30 are included as Appendix A to this report.

o

e
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A. GENTTAL

| METHOD OF PROCIDVRE . .. . - -

In order to prcduce a properly validated specification for an Airmed
AMreraft Cualification Range Scoring System, eight specific tasks were
undertaken., These tasks were ecccuplished in such a manner that all the
necessary 1nror:ation would be asgezbled to meet the prerequisite require-
men** of /MCR 70-30. .

1. Tesk #1 - Review and analyze the Suall Developrment Requirement,

2., Task {2 - Develop system functional analysis and requirements
allocaticn.

3. Task #3.- Identify, eanslyse and develcp technical summary of
erplicable off-the-shelf cystems and state-of-the-art technology.

k, Task #A - Corduct trade-off atudies of hardware identified in
Task #£3.

S5e Task {5 - Dofine recor~cnded system with ccnsideration for
raximm codular coneept integration; and preparation of porformance speni-
fication, cost esti-ates ard schedules,

6. Tasx %5 - Identify sudbsysten and/or hardware areas wherc futuras
develorrent 18 required to optinice the recoumended off-the-shelf systenx,

7. Tasz #7 - Prepare concept formulation study report.
8. Tes« % - Conduct technical reporting conferences,

ma o~ g —ry oy N ASSAYPNP I et ey JE caen - -
L. Lol PEVITV AN ATALYCE T OSULL TONTOR LT RUAUTRII AT

Thisz tasr ‘nvo‘.ﬂd tre review and wur uCPSLAﬂJiHJ of the ~:all Davelor-
aent Fagize-ent (7)., To ac2omslisn thls, fleld visiis were made to
numerous Ay ‘*a:ax laviors, and conferences with senior Ay avietora
intizately involved 1n Toth individual and unit gunnery training prograns
vere ccorducted.

The ZDP wes mnalyzed to define the essensial and d=siruble swerational
charactorisuics of the malification Range 3coring 3y3ten, not only ‘n the
1igze ol scorinz sytiens lhemaelves, tut 81So a8 tha system i3 reiated to
weadons ysiens.  OTaecllllc occmparisons were drawn teilwseen gtated 3DR require-
meantsg ani those aris.ir: Trom aircraft ara-ment subsysiens, Govarnnent Tleld
aniivisins, ana esulrmans magufaciurers,  In thia e’fort, we lrew not only
oo Tast s ericnce witn L2 staveld JIG faresetarg, tul alsd on the results
of day-tc-day convact wilh cwrrently cperational scorirg systems,

DA
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The oystem is to be used with tar:;ets presentiny real-tine projectile

irpact information to otaervers loratsd at e roint recnote froa the range
“self. The resulting tecnnioue will replace the current praciice of
countingz holes in a terget tancl, which is not only tedious and wrsteful of
punpower, but slso ineffactual in t-rms of psychological impact on the
attacking pilot, because of the tinme lopse boetween his firing pass and the
determination of his results., It is spparent that a rcal-tine score displsy
(nits 2rd misses) recults in accelerated pilot gunnery training prograas and
qualification cxercises, with & corresponding inerease in range ef{ficiency
81 personnel utiliration. This concept should manifest itself in e higker
level of gunner proficiency.

During the unit traininz phase the SDR recogni:es that an accepteble
range nustl presenti o realisvic situaticn to the attacking pilet, with respect
both to the targets themselves and to their environment. The targets must
appcar resl in their represcntation of personnel, vehicles and equipcent,
with their appearance not compronised by the presence of scoring equipment.
All systrm elements rnust dbe light in weight and readily vortable to facili-
tate resrrangerient of the tectical si{tuation on a given range, or a change
in locale, po3sidbly to a different rsuce altogether. The ranse equipm=eat
muat be operable both dsy and night under typical world-wide clicatic and
terrain conditions, with little or no target site precparation or equipment
re-calibration required.

The scoring system recommended rmust be compatible with contemporary
wesponry such e8s gun-propelled projectiles fronm 5.5 mm through 30—, LOmm
grenades and 2.75" to 6" rockets, primarily inert rounds. Rates of fire up
to 21,000 rounds per ninute can be evpected. With airborne arma-ent systeas
now includinz a varicty of weapons on & given aircraft, the ircpact detection
8ys .o gt chonme 1t3 response porameters in a ninima of tine to score
Lrhe various projeciile ' ypes which rmay be fired durd ng any one mission. lio
scoriry technique should be selected which will proaidbit scoring of fore-
seeable future sir-to-sround weapon system = the scoring sysiem must never
restrict the ability to train, '

In indivicdual a1 unit gunnery qualification roles, the scoring syste=m
need precent only a su—mary of hits end nisces. KRowever, durirg training
pro-rams leadins to nualificaticn, it is necessary %5 provide vacilor (quad-
rans) {nforation in additlion to hit/miss data. The JDR recosnizes %has,
in esither role, 8 !.i-1 level of accuracy =ust de demcnatradle so <hat the
pllots wiinrsoirng training or qualification will accept the results displayed,

theraby ennsncing thelr proiress toward conbat readiness.

Preliminsry evaluatlion studies were conducted to d=fine gygiem approaches,
tae level of Ddresent state=-of-the-ar:t, and the risk ‘nvolred in estadlisghnent
of eny reguired develomment sctivity. The enpnasis of this evaluation 1s
to {ntercret the fea3zibility of the orerstional cheracterisiic identified
in tre 53R, and to as3ist in planning iaplementation of the other siudy tas:s,

ttached 83 Amriendix 3 43 the re3julling statement of undersianding of
the DX, a8 lise o? inatellations and versonnel contacted and work sneels
which were prozared from informstion ~ained. At the compleilion of this task,
8 Technical Reporting Confercnce (TRC) was conducted and the resulis and
findings discusaed.

L

Best Available Copy
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C. TASY #2 DWITOF SYSTIM FUIICTICHAL ANALYSIS ALWD REOUIRDMENLS
ALLG.ATLON

A systea's function ar: the various operations which are expected or
the systenm or any of its parts to perform in order to natigfy the defined
misgsion, The systen's desiza results in hardware whicn satisfaciorily
performs these functions considering maximum personnel safety and the
expected rangze of environmental conditions. An initial step in the system
engineering technique consisted of the formulation of a functional 2nalysis
of the pystem. This functional degcription was a prerequisite in developing,
interpreting and providing standarde for design of the hardware and its
interfaces.

Functional aspects to be identified within the functional analysis
include (a) a description of the functions, (b) the sequence of their
occurrences, (c) the logical arrangement between these functions, (d) their
hierarchy.

The Cmall Develovment PRequirements were assigned to each appropriate
defined function., This effort translated the functions into design require-
nents; and, in addition, provided guidelines for evaluating the degree of
acceptability in the trade-off analysis of the existing hardware (Task #4)
and hardware development (Task #6).

Attached as Appendix € ie the completed Functional Analysis for the
Optimun Armed Airerart Qualification Range Scoring System.

D. TASYX 43 TUITEY, AJALYZE AND DEVETOP TECEIICAL SCUMARY OF APPLICASLE

—-

Ox7-THI=S:LLE SIJ0TS AD STATZ-Cr=TER=AST TICiZ.OLOGT

All promising scoring systens were investigated to determine their
applicability in setiafyinz the demands of the Small Development Racuirezent;
that i{s, whether they are zcuitable to be uced as the basis for elemznts in
the ideslized system as ocutlined. This determination was eccomplished by
e careful perameiric analysis of each technique as substantiated by field
experlience, manufscturer's specifications, or basic system analysis where
required.

It ia apperent from gystem considerations that three areas of investi-
gation exis® which were studies more or leas indenerdently of each othex,
These are the nit detcction technique itself (at the target site), the data
transmissica link and the display elements. The study progrsm for each of
thege arzas is discussed dbelow:

1.  HIT DZT=CTICW

The study was limited to currently availadle non-cooperative
(passive) hit-detectica methods so that standard conmbat weapons and projec-
tiles can bs used on the rarge. The study was furi-er iinited 2o those
techniyuss which have been reduced %o hardware, proeferadly production
tardware, foim. Within those limitation, the following teciniques were
studied to determine their suitability as the hit-detection element of the

idealized syscten:
Best Available Copy
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a. Doppler Radar
b, Pulse Radar
. - Aco;.latic
(1) Anmplitude
(2) Time-of-srrival differential
d. [ERit-Count Panels

{1) Electrically conductive

(2) Mechanically excited.
2. DISPFLAY

<

With the entire purpose of range exercises being the irmediate
presentation of desired information to cognizant personnzl, it is evident
that the display method recommended ‘s an extremeiy important element of
the 1deal system, The study investigated various displays froa simple
hit counting to scphisticated presentation of actusl miss-distences, both

scalar and vectorial, which may demand some form of recording or computer
analysis as & part of the data reduction process.

. The gouoying display (and roeprd{.ng) techniques were qtudied::
a, Hit cbunting o »
b, Miss-distance presentation
. (1) Rownd-by-round o
(2) ' Mean Point of I;:pact (MPT) ¢ |
¢. Miss-direction presentation
(1) Quadrant
(2) Clocx
4. Rcéordmg Techniques,

Each snalysis gave due consideration to human factors in order
that the {nformaticn dispinyed will be readily grasped for tinely ccmmuni-
cation t» the sttaciing trainee pilot. Of special significance wag the

carvability of the technique under study to sccommodate the high f{re rate
reqiired by the SDR. - :

3.  DATA TRANIIISSICY LINK

A 8isnifican* portion of the proposed study was devoted to an
investigsation of da%a trancmission links between tie range {tself srd the
display sites, The systens Investizated included, dut were nol necegsarily

- 6
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limited to, hard-wire lin%a; FM telemetry, e{ther digital or in PTX
fornat; F.{/rM telemetry. Of specisl importance 1a this phase of the study
were congidcrotions ¢ range portability, syatem reliability, immunity
. from spurious respeinses, availabdility of r-f frequencies, and compatibility e
with IRIG specifications. A e .

Attached a3 Appendix D is the Technicel Anelysis of the "Off-the-
Snelf"” candidate systens that were investigated and a listing of technical
data that were recelived,

E. TASK #4 CONTLCT TRADZ-OFP STUDIES OF HARDWARE IDSNTIFIED IN TASK #3

The objective o this task was to validate the candidate Armed Aircraft
Qualification Range Scoring System from the hardvare identified in Task #3,
with respect to the functional requirements specified in Task #2.

A trade-off matrix was prepsred which listed the optimum system's
functional requiremcnts as well as the functional characteristics of each
cendidate system developed during Tesk #3. Each system's essential function
wes rancd and graded as follows: a value of "3" wns given when the cendi-
date systca component met the requirement; a value of "2 was given when the
candidste system component only rartially met the requirmement; & value of
"1" was ssnlgned when candidate cystem component did not meet the require-
ment excent to a minor degree and "O" value was assigned when the candidate
systen ccersonent did rnot satiafy eny part of the optimum system's functional
requirernent. Upon completion of ihe gradirg, each functicnal characteristic
vas weligted in sccordance with established hierarchy of importance determined
in Task /2. Three levels of importance were used and the following weishts
wvere spplied. '

1. level 1 (Sensing Scoring & Displaying) 50%
2. Level 2 (MPI for Miss-distence, r & % ) 254
3, Level 3 (Data Transmission & Miscelfaneous) 25%

Thus the rating value multiplied by the level of importance yilelded
the weigh+ed score for each cardidate system,

An site=wpt was m3de to arrive at a comzosite gsystanm comorising the best
subgysten frou the candidates, hcwever, this effor: was dropped when it
Vecame apparent that interfaces were completely incompatible,

It {8 also concluded that no one systes, currently available, will
corrpletely gatisfy the true functional recuiremens,

ttached ag Apzandix E, 1s the Trade-C{f Analysis, the work sheets used,
and a ran-inz table o? all candidate sgystems considersd,




3 e

. S NAVIRADEVCIN 69-C-0178-1 e T e e

P. TAx 45 DURINITTON OF TI7 R vaﬂmmm SYSTEM PREPARATION OF PERPORVANTE
BF.CLe LCATIC!, COSTS Avp & 5

Th!'s tesk consisted of three parts} the definition of the recommended
optlmm: scoring system, the development and preparstion of s performaice
specification for the optimum scorins system and the cost effectiveness of
the recommended system., A complete system definition end the resulting
propose] performance specification 371-112A, Specification for Armed Aircraft
Quolificstion Ranze Scoring System hes been provided. This specification
was preuared in pccordence with level III, under MIL-'I‘-23991 snd Chapter
5, DM “1203"“.

A true cost effect{veness study for this system could not be achieved
due to the lack of necessary information, both operational and vendor supplied,
however, a cost mode) was constructed. This model and other rational is
provided in Appendix F.

G. TAsSY 1% IDTITIFY SUBSYSTEM AND/OR HARDJARE ARFAS WHERE FUTURE DIVILOP-
MENT IS REQUIR-Y 20 OPTIMIZE THE RECCIMENDED OFs-iiB=SHELF Sfiit

The purpose of this effort was to determine the amount and type of
developannt engineering effort and an estimated cost to up-date all candidate
"off-tnn-shelf” scoring systems to meet the idealized system's functicnal
requirements,

In study Taa%s 3 and 4 it was ascertained that each of the candidate
"off-the-shelf" acoring systems were functionally inesdequate sand none met - - -
all the requirements of the idealized gystem specification.

To develop a method of estimating additicnal develomment anl estimated
production coats for candicdate gysicms without attempting to forecast
individusl company development costs, a standardized method of cost estimat-~
. ing vea und DOtaila of this effort are found in Appendix. "R T . B

H. - TASK #7 _ PRTPAR® CO?TCEP'I‘ FOR?»WTIC.I STUDY REPORT

This Concept Tormulation Study Revort surmarizes the results of the
eight study tasta ani neeta the require~ents of NAVTRADIVCIN-STD-104D,
paragraph S5.1.4, final report, as applicable, The study report fulfilled
the six prerequisito-s goecified in ACR 70-30 and covered all of the require-
ments spacified in the Study Outline 371-106, 16 February 1963.

J. TASK #8  CO:CUCT TZCENICAL RIPORTING CONFERENCTS

Three Technical xeporiins Conferences were conducted, the Pirst onm 23
May 1969 at the Maval Trairing Device Center, (Orlando, Florids; the Second
on 17 July 1969 at Del Mar Ingineering laboratories, Ic3 Anzeles, California
snd the izal one cn 23, 2L September 16659 at Del Mar Engineering Laboratories,
Included as Aprendix G are the agendss snd summary report for each conference,
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SECTION IV
° o b < RESULTS . . Sl e e

c o* % T e G

A.  GICRAL

The study revealed that deficlencies currently exist im four major
areas pertinent to ArmedlAircrurt Gunnery Training Scorings:

l. Proficiency cé;teria for gunnery qualification is non-existent,

2. Developmental Engineering 1s required to modify the Candidate
Scoring Systen found to be moat effective to m2et all functionsl, environ-
mental and operational requirements of the (ptimum Range Scering System.

. 3, Candidate 8coring Systems, in an "off-the-shelf" category, do not
meet all functionasl requirements of the idealized scoring systenm.
L, Operational and system costs of present scoring methods and
syatems have not been defincd adequately enough for & thorough cost effec-
tiveness effort to be comnleted herein.

3.  PROFICIE!CY CRITERIA

" True Qualification Standards criterie has not deen established for the
individual training of gunnery students except for gunnery flight i{instructor
pilots.  Cubjective ucor;ng is accomplished by Gunnery Ingtructor Pllols
using visual and Ju? czent technicues. tandardas for evaluating unit
gunnery rroficiency and Jccurac/ have not been developed., Arvy Tralining
Tests (A.7) do not irclude objective scoring of units in gunnery subjects.
The lack of these critiers and standards cake the task of determining the
true effectiv#nesu of an optimum acoring ayatem difficul..

. o P oo o : & e

c. D"V“Lo::e,j.,A ‘:'s:r:r::'zm

An investicaticn wasg conducted to determine the effort and cost of
up-datirs each cardlda,e‘" ff-the-shel?"” asyaten to meet the idealized systen'
functicral regiiresents, | The methodology and results of this effort are

shown in Apperniix "H", o

D. FULCTICIAL RICUIXDTITS /

The functional analysis perforred {n Tass 2 and b reveal/; that candi-
cate sys,eﬁs ranked in the following order: Approach 7, 8, 9/ 1, 16, 3,
12, 13, 4, 1, 158, 2, 5, 6, 10 and firally 1l. Avoroach 7 rated highes:,
meeting 42?7 of bhe ~3~‘~un gysten's requirecments, snd Apnrcach Y1 rated the
lowest, =eeting only 20<%, The furctionsl and technical analysis are ’Lrnished

a8 ADpendiices C and D resvectively. Zaeficlencies ccrmon to all condie S
‘peluies zeoring rames - tco low, scorin: radius - to0 s5mall, ro nethod of
determining zean poini ol lapact and no vector or quadrant i{nforzation NS

_provided. : . : _ _ —

—
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E. COST EFFECTIV..™:33

Cost data for present day acoring methods and systezs are cither unclear
or unavailable, Tolal number of efrcraft hours utilized, quantities of
ordnance expended, and gupport effort necessary to "qualify" s gunnery student
have not been determined. Candidate Scoring Syctes ranufacturers have pro-
wvided only "first" cost figures; mortality rates for down-range subcystems
Bave not becn estimaied; operational support costs have rot been calculated;
estimated logistica costs have not been determined, Lacking these data a
true coat effectivencss analysis cannot be completed. However, a cost
effectivencss model was constructed, This formula was applied to eligidle
candidate systems for cost and economic considerations and the resuitant
rankings are as follows: Approach 8, 14, 13, 7, 9, 15, and &k,

Approach 8 was determined to be most cost/effective with a relative value
of $10.34 while Appreach s was the least cost/effective with a relative value
of $33.75. Certain candidates vere eliminated from consideration due to lack
of adequate price and cost information or where excessive development effort
wvas obvious. Appendix P provides details of the cost/effectiveness effort.

10
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SECTION V
.. DISCUSSION - ot .- ecoes

.
A. | CITRAL
G XAl

The study tasws enuserated in Scetion I have been prusolgzated to

" incorporate £ll data and information necessary for compliance with prere=-

quisite requirezernts of AMCR 70-30.

1. PREREQUISITZ 1

Informaticn necessary for compliance with this prerequisite vas
obtainﬂd durinz the completion of Tas:s 2, 3, 5 and 6. 7Tagk 2 developed &
functiornl araiysis of tre syatem in con’unetion with the SDR; Tasxk 3
invrotisruted all nown scoring sysiems, and state-of-art technole.y; Task
5 defined the ultirate sys.ra required includirg cost/erfectivencss evaluse
tion and Tas< 6 identified and estiriated the develoment effort required to

optimize the recormenled ofr-the-shelf syastem, Data resulting from these
tas g {1.{icate that rngineering rataor than exnerim~ninl effort is required
and teclhnaloy needr]l {8 sufficircntly in hand to develop the {desliced
scorin; syotem,

2.  PREREOUISITE 2

The Tess 2 snalysis defincd the niassion and performance envelopes
for the idealired scoring system, thereby meeting the prerequisite require-
ments,

3. PRERZGUISITE 3 & 4

Trade-of’ tudles of candidate systems corducted under Task h and

the review of state-nf-the-art teéhnolosy couple»ed durxﬂg Task 3, has ‘trisured °

that the hest technical azproach has been selected., Additionally, the complete
funédiional coirariszon of all candidate sys.em5 has resulied Iin the selectian
of the best qualified off-the-snelf system wnich mignt be modified and im-

- proved, with minimal effort, to meet specification requirements.

L, ZRIQUISITE 5

A cos:i/effectiveneas aodel was prepared in Task 5, and applied to
each can-idate 3ysveﬂ. lacx of up-to-date factual {nformation on vresent-day
operation and maintonance costs and the limited price data furnished by
candidata-grsten raru'ac,u-nra prohivited the prepsration of a zore conpre-
nensive snalysis, :i>vever, estirmates and weigntirg factors wvere used to
provide sn effective cost analysis.

5. PRAIRECUISITI 6
Diring Tests S and 6 1t wag deteriirel thet cost estirates and time
esirates werse nceurate ¢nd reallistic within the {rposed boundary ccnditicne,

Thege egtimates include system development, testiny, evaluation, scquisition,
operation and rmaint-nance costs and tine,

1
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SECTION VI
CONCLUSIONS :

Fren the recults of investijaiions and data coapiled durirg the
course of the stuly, it was concludced that acoustic sensing techniques
offered the best tochnical approach to meet air-to-ground armament scoring
system requirerents, It 10 alao aparent that a trade-off pust be cale
to tneurc that all military and economle aspects of the ideslized scoring
systen are considcred. The resulta of functional adequacy and cost/
effectiv:oness as cdiscussed in S=ction IV as shown below:

Fenetional _ 1 Percent I Cost C-E. 4]
Adagquacy Funeotional Effectiveness Value
Ranking ‘ Ranking
Approash # 7 o b3g Approach # 8 $10.34
8 41g 1% 12,06
9 | vt 13 2.6
TN 384 7 13.12
o i3 e 3% : 9 15.60
4 ko 15 16.96
15 284 4 - 3375

The candidate systezs which rank first, second and third in functional
adequacy (Approaches 77, 8 and 9) were reviewed with candidate systeas '
which rank first, sccond and third in cost/effactiveness (Approaches 3, 1k,
and 13) to provide a final basis for systens gelection, In functicnal
adequacy, insignificant differences existed between the leading three
candidates (37), while in the cost/effectiveness area a significant differ-
ence 1s aprarent, It should also be noted, at this point, that aTorcaches
13 and 14 represent sysiens manufactursd by foreign Conmganies. If "2uy-
Azerica” policies are to oe considered, resultirg in elimina-ion of two
nore cardidates, the cost effectiveneas values differential {s quite signi-
ficant (approxizately 237). It is concluded, therefore, that ihe candidate
gyaten represented by Arzroach Tumber 3 is the most acceptable, off-the-
ghelf scoring sys:tem in consideration of technical feasidbility, econcmic
and aflitary requirements, and the development requirezent,

B. MODITIED DEVIIORITM TDE/COST CYCLE

It {s further concluded that, althouzh technically feasible azd within
the state-of-the-art, it rmay be relatively cosily and time consuming to

12
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davelop a scoring cavability for all projectile types (inert, Hu, cubsonic
and supersonic prolectilnz) and, Particularly, to develop thc means to
‘score simultaneous, multinlo-typn projectiles on the sanme tlraet. This

rccnnidarntion is ;pvlicable to .11 candidate systems.
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SECTION VII
' . RECOMMEUDATIONS
A. CTNERAL
Follovsing the conclusions reached in Section VI, it is recormended
that en;ineering development of this optinun scorirg system be initiated,
utilizing NTDC Specification 371-112A as a baais.

B. QUALIFICATICN CRITERTIA

It 1s further recommended that, concurrent with the engineerirg
development process, qualification standa~ds be established for gunnery
proficiency ratings, based an the use of instruniented scoring systezs.

C. MODIFIED DEVELOPLINT TIME/COST CYCLE

It is reconmerded that consideration be given to modification ¢z
deletion of the requirements to score 2ll projectile types and to score
multiple-type projectiles simulteneously on the sane target.

D. SCORING SYSTM UTILIZATICN STUDY

It i3 also recommenied that a study of the methods for best utiiiza-
tion of scoring sysi~ms ag an aid to gunnery training be conducted, Ruman
- factors related to utilization of the scoring sysiem as a training aid

" ghould receive the greatest emphasis. Publication of a guide for scoring
gystens users would be an end item for such a study.

. 1k
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371-100
16 February 1968
Project 1941

HAVAL TRAINING LEVICE CENTER
- ORLANDO, FLORIDA

STUDY OUTLINE FOR

ARMCD ATRCRAFT GUALIFICATION RANGE SYSTYLH!
CONCEPT FORMULATION

1. SCorfl

1.1 This study cutline estahlishes the requircments for a study to
detevumine the technical feasibility, economic, and military consicerations
for preparation to initiate development of the Armed Aircrart Qualification
Runee System.  The study shall include a survcy of the technolegical siute-
of -the-art hit and near miss datection, and data acquisiticn and interpre-
tasion.

2. APPLICABLE DOCUMCNTS

2.1 The following docurents of the issuz in effect on the date o
invitation for bids or recuest for proposa] form 2 part of th.s specitication

. to the extent specified herein: . . : . o
STANDARDS
Military
MIL-STD-461 - -~ . . Electrouagnetic Interference Chirac-’
< ) LiStha P=qu1romenus ror Equ1p"nt
MIL~-STD-470 Maintawnab111t/ Frocram R2auireresnts
' (For Systems and Ecuipmroni)
MIL-STU-471 Mafntainaoiiity Demcnsiraticn
Raliability Tests Excenencial Oistri-
bution
MIL-STD-785 Requ1r;rents far Raljabiiity Progrza

~(For Systews and Equipienc!
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U. 5. Aoy Fateriel Corgrand
Runulaticn 70-30 " Concepe tornuletion, s lmeregnisitas

to Iniciating Engineering o Goerationad
. Systens ucveIO)mc:L [ITOXL

Appcovad Small Developminat Requiresent (SDR) for an Armed
Advceralt Qualification Range System.

{Copius of wpecilicationn, stendards, drawings and pab]icatichs reguired
by <unnliers in connection with spacitic procurceent funciions suould

be ohiained frow the proguring activity or as o.rected by the Contractie,
Of ficer.)

3. RLOUISEACHTS

o

3.1 Bapkgrnund ,ny Haieriel Command Pegalation (AMCR) 70‘31

outlines the conwopt formutation prorvequisites thae must b2 enelyzod and
evalu, tee prior to initiating cevelcsiant of an cperationa) Eysr::. The

approva @ SOIL for Amed Adreraft Gualidication Henge System gutlines tiz

propesad system ond its cepabilivics requiced o suiTill the Arny Aviation

School air-to-grouni ordnance training program.
3.2 Study oulline.- This “gvn the technical ‘e*s.vwllk« .

ard= ol e 1(“”!:leTS fore A R ea?1f1cﬁf.uh eI e

Systun 1In u_,cru‘hc,cd..hcunc conc £J§< b.,a.a.1cn curtdined in AINR TG-su

Cand oo osybien recuirzients es ouliined i tae S0, Desien anaiysis

comnzrison 2nd recoiizncation snell oe zunrorted by appropriaote ra.xunalc

and «.ta. The Cuonzootl formuianicn snall consist 3 the & AMCR 7239

prere uicitss i 3.t oingiuc, byt ot e dimited to, the Toliowing ituns

and eralys s

SYS L Loltun, ane the s3dantaican -
QT L. w00 st PRGESEEONS I IPOF € I S
Prov . Jisitae 2ot dndaude, un

Sllciing i
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1a) Various hit deteciion scoring techninucs, components, and
. systems foir suporsonic and subsonic proicctiles of varicus
celiber. This shill inciude the opsraticnal paracetors as
weil as cowpatability with the requresaenis 6f the SL,
Particular attention is directed to thr delrmiication of the
“near miss" projectile impact point cepubility

(b) Various means of interfacing the hit dotection sysien. ond

: conmoneni.s with the central display unit, The iuterf ce
design shall consider hit signal cata conversien, Liming
function, data tran-fer from target areas to the contrel
center, and central display unii for displeying dita Jrem
tairget areas throughout the range systen,

J.2. Prereaufsite 2 - The nlsr1on and parfornaree envelopes are darined.-
Trainer por.orm‘ufe and cperuting characteristics snali be anaTy co ana
outlined in this scction, These shall include, but not be limited to,

the following itons:

(a) Linitation on angle or entry of projectiles into the taryct
detection zone

{b) Clearly defined maintainebility and relicbility ouidline which
complies with the concepts of MIL-STO-470, BIL-S10-473, and
MIL-STD-785 - .- ) .

(c) Physical size, shanr, and weight of individuval system compen-
ents, including containers for transport, to comply with
requirements for man transportability

(d) Radio frequencies and output power of the system datx iinh
- to conform to FCC regulations and availability of erqu‘nuy
bands c .
(e) Pcier recuirements of the system, and pover sources recoiwiend:d
to satisfy these reauirements

(f) Limitaticns on hit detection rate and accuracy for singie
projectiles as well as simultancous burst hits of varisus
types of prcjectiles

(g) Fcasibility of datection and scoring 3€ beth subsenic aag
supersonic srojectiles, with any one fathod or CONCent, 31 1)

L~ supported by cuantitalive basis., 3ncuig a sincie o

N
ircapable of azueniniisning the oxsirec rezuits, the »inimun

nunher and tvoes of systen CONC20T: Ir F2tnsds necessary sias)
be indicatea
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rivn s shaly ‘f:pH]le udy certain appruaches arc noL recb“mundcu Gna why
oLty anprnacnLs Leye seiected, ~

3.2.4 Prerequisite 4.0 A thorouch trade-of §oeralysis haﬁ beon e~ The
troco ol analy.o snalioalso on ot ol 1 orece o Surdies pericrn.d an

c
. Tho studics shall include, bt not bi
<,

L
3
detevoininag nyston cu.fiqurat1o
i trainer efficiency, reliabiiily and maintain-, ©

Tindtod to- pertacneance, coconom
abilily conciphs.
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utili ed in cuer scoring and Catoing wethous. (onsiaeration sty b2 given

Lo e quantity of siudents, training pgoficiou;y reguirencnts, and -projec-. .
1iun ¢ future recquireoents end ¢2ats, The cost efivctiveness analvsis

St 'rflu" wpareiing €ost e5lli s or Lu‘ Lv\ihcr cuch as reliatiiity,
wrintainthility, o wtitizetion over the effective life of the traincr.
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|
bt el Lo rdsiee and cpproved, i weiting, by the Coniraciing Gifacer,
review wibh incivie delemninetios of coapliance with the reavireavits of
s siusly outlio: aud applicatle ¢pueitications, oo

5. FREPLRRILGE FGR O OLLIVERY

5.1 The ceavept formulation data shall be rrepared for delivery in
accordanae witn RAYTRAD-VCEN STD 104 and the Cortract Schedule,

L. NOTES
6.1 Imtend i ow,e.- The Corcopt Foraulation Study will provide
tecimical feaLdniity, econosmic considerations, and best tocnnical appreacn

toward deveiopwnet of a hardware prototype, Arnad Aircrafi{ Quilivication
Rang: Systei.,
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, 371-126

. A Cte T et AMENEMENT - )
: S ' ‘ 9 Julv 1263

Project 1950

RAVAL T0ASULHG BLVICE ClTrR
OUIARLO, FLORIDA

STubY OUTLTNA FuR
AIMED ALRCIAFT QUALITICATAION RANCL
CONCEPY FURMULATION

SYSTFH

Thi. suendumit forus o part of and shall be attachad to Stuuy Cutline
371- 156, dured 16 February 1968,

Un tic covor page: Add the word "Scoring'” between the words “Range” snd

"Systen",

Page 1,

and “Syu

Pag: 1,

iy, el
Fono

Paye 7,

{n the Title: Add the word "scorins" betueen the words "Range"

sten',

pacagoeh 1,10
a,.d "Syrtem',

In line 4, add the vord "Scoring” between the words

. B L. ¢ s -
¢ Lo, A S PR

paragrevh 3,2: In line 2, add the vord “Scoriug” betwaen the vords

"Ruge™ and ' Systen”,

Page 2, peragroph 3.2.1: In line 4 and line 6, add the word "Scoring"
b’r~t_'.“o‘.enr the _-.;urdf-. ?Rh?“e" and '-'Sys‘tem". e o v .
éage,B, Pacagraph 3.2.1(a): Uelete the weeds '"near miss"”. ‘ .
Paze 3, paragraph 3.2: Change paragraph identificacion to read ™3.2.2".
Page 3, newly ldeacifisd 3.2.7(0): In iine 1, adc the werds "Quantitatively

expre seq”

petvesn the worus "outline” and 'whicn”
Fape 4, nevly Lcentified pavasreph 2,2.2: &dd () Probsblliry of an aciual
hit r.ot beinz detected or recorded”,

Page 4, paragrash 3.2.3: Delete In its entirety and subscityle in lieu

fi M.} Eoerveauisite 3. The boof teciuical avrzenza s phen
52 . v th?QT?C?NACIJ twaleh relr Satiffies The rolviressnll
[ A snail be presented,  This 2onroacn il be B ieq uroe the best
Seler Avviween ail ficcers copsidevoa A tae ciher prc:’u;u:-s;‘%r;. he

STy Uty

diecll ancieate whiy otier Arproacacs are not recosmwended and
seepened 2apreach was seiected,”

e
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Page &, waecag.opa 32,08 In line b, add the vord "Scoring”

woerds "Range' and "Systen',

belween the

Pas A, paragernh 3.2,60  In Mas 5, add the wocd "Scoring" betveen the
waras "iang et and "Syrten",

prp 4y parépcesh 3030 In line 2, dusert the words "thet satiefics the
VOO due st ¢f AMCR 70-3D rad its sid prerequisites and is" bewveen the
verds "ceport” and "in",

Pag: 5, paragyreph 6.1: In line 4, add the word 'Scoring' bLetwren the vorde

Miase 2" aed VSystem', ’
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| DEPARTUENT CF TIT ARTY APFACY'D SMIL DEVELCRGNT RECUIRBENT
(SDR) FCR A ARED AIRCRATT SUALIFICATICH RANGS SYSTZM

1, Purpose and Operational Characteristics: A requirezent exists for
a rapge systea vhich wlll parait the recordin: of hits on ground targets at
a central locatien rezote from a firing ar:a used by U3 Arzy as=ed aircralt.
‘This systen will be used in the training or aircraft crews, =aintalning
roficiency of trainca crows, end associnted applications, As the rrojectiles
ussd in the training and proficiency roles will te prinarily of 2n inert
nature, a means for ccorinz near zicses will be rnquireld in order to deterzine
adjustments needad to ixprove accuracy.

a. (uasertial) Targets used must realistically represent personnel,
combat and tactical vzhicles and crew-served ground weapons apprepriaste to
the terrain and environment in which installed.

b, (:ssential) The system nust be adeptadle to the sizulation of
various field tactical situations,.

¢. (Essentiel) Tergets, hit count measurcment and transmission
devicea and a hit ccunt and r~gister central digplay unit must be included
as a rart of the systenm,

d. (Essential) All componente of the range systcam oust be portable
in nature and easily essembled and disasscnbled,

e. (Essential) The range systen nust be capadble of operntion
through an arca 2000 mtcra in width end €000 meters in length, down ta a
oinimum of U0O meters in width and 2500 meters in length.

f. (Sssential) The rance cystem must be cepable of day ard night
operations under intarmediate climatic conditioas as outlined in Chonge 1,
AR 705-15. Kits will te provided, if required, for use in cold, hotedry
clizstes.. .

" 8. (E3sentlal) The rangs system =ust acciire end record scoring
(21t anl resr miss) data on the follcing armanment sudsyste=s:

(1) (S3sential) 7.62 rachineguns,
(2) (zssential) 50 caliber zmachireguns,
(3) (Zzs=ati=l) Rockets and missiles (2.75 to 67).
(4) (Zsseatial) LC—m grenade launchers,
(5) (Zssential) 20 and 30 autoratie gun,
R, (Zsz2at12l) TR systen -ust te catadle of scoring a single
zachinezin or ~.1%4712 =ashinesuns with rates ©f Jirs up to €320 333 ca &

gingle firing ™in axl ccmitlirations of those subsystezs outlined in g above,
on ccnsacutive, but sayerate firing ruas,




C‘ .
RS - ~"D<‘~ui co
3

i. (D°s£ cd) The systeﬂ muat be capuble ot recording the combin-
stions of the differenct wwrpona outlined in g above in a single firing run.

: J. (Zasentinl) The cystenm must be coyable of recording the

- distances of thor ieruinal projectilc positions frem the target canters up

to niass distances of 30 reters (rcco*ding ol the uxinuths and elevations
desired if developmint time and cost {8 not excessive)., Miss distaince
recordinys of 0 to 15 meters must be within +2 porcent accuracy; for distances
beiveen 15 and 30 meicora, accuracy riust be within 10 percent. If the
desired szi=ath and ~levation recording is not achieved, target hits will

be scored for small targets only and zone scoring is not achieved, target
hits will be sccred for snell targnts only and zore scoring will be used

tor all targets.

k. (Zssential) The range system must be cepable of collecting

ani recording data from each individual target and up to a mininun of six
targets nimnltaneously.

o

1. (Desired) Th: range system must be capable of collecting and
‘ recording data simultaneously from ten targets.

m. :sseﬁt‘al) Targets and any associated instrunentation must:
(1) Be easy to install with little or no site preparation.

(2) Be portable by mediun helicopter sling load to facilitate
rearrangenent of target arranys.

=« (3) Be realistic in appearance.

(4) Simple to repair and capables of individual couponent of
module replaccment,

= <. . (5) Require ninimm maintenance as outlined in paragrsph 5. . & -

(65Q Require no excessive calidbration prior tOroperat105.°

(7) The hit count and recister central displsy unit must have
a self-contained lighting capability for effective night operations,

. ne. (Zassential) The system muat ba capable of astorege and transit
under the coniitions outlined in AR 705-15 (i.e., Ary aircraft),

:ntlal) The gystem mugt be adaytable %o varicus tyoes of
sert, mourtain, and jungle (see para 27).

p. (Desir:’) The system mist be capable of prolonsed periods of
fnactivity while ex:szal 4o the lececal envircmmenrtal clizate (nd% to axcaed
30 d2ys), without ra-uiring extensive predaration prior to acstivation,

q. (Zesertial) The command/contrsl cysten must be sdaptable to
the electrical powi? avz L«&Ole in CC:7U3 and overseas or be capable of oper-
ation utilizirz stanliard U3 Army generators,

35
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r. (Essentiel) If batteries are usad as power source for target
arrsys, they must be cepable of 2L-hour cpcration prior to recharge.

s. (Esaential) Tke rarge system must be sirple to establish,
operate, and require a minizum or organizational mainterance (see para 5,.)

' t. (Zsseatiel) The system should kave an expansion capability zo
a8 to accommodate future dsvelopeld aerial weapons and platforns, e.g.,
Advanced Aeriel PFire Support System.

u. (Easential) The hit count and register central display unit
should be capable of Leing mounted in the back of a standard US Axxy 3/4-ton
vehicle or 3/L-ton trailer (1/u-ton truck or 1/k~ton trailer desired),

v. (Essential) The system will have a minimum acceptable mean-tire
between fallure of twenty hours under relatively heavy usage conditions,

2. Supporting Justification and Data:
a. Reasons for Requirement:

] (1) As the helicopter is employed as an aerial platform for a
varicty of weapons systems, & formal progran for the initial training and/or
gualificetion of armed aircraft crews is reruired, Training orograms rust
develop end rmaintsin €ixills in tarzet acquisition; identificationm, neutrali-
zation, and destruction., finia new equipment will greatly reduce the tize
no# required to train inlividual aviators in air-to-ground gunnery techniques.
Substantial savirgs will result in e~munition expended, helicopter flight
time raduced and ovorall student training efficiency increased, -

(2) Current rangss used for this helicotper gunnery tra'rirsz
utilize old ground-to-zround scorinz technioues which require that scorirg
be accormplished by a "shoot and count holes" procedure or in-flicht
obsarvaticn, The ferzer is tire-consiming aad requires the range to be
-elosed wille personncl are im the firing asecas; tae latter scorirg metrod
is iraccurate as it rrovides only general kit or misa data. Chere !s rresent-
1y no reans to count and locate relative to the tarzet those profectiles
wkich are near =isses, This infcrmation is rocessary in order to prezerly
asjess tne eflectiveress of the fire. {Overall, ths precent iype of scoring
¢coeraticn is i{nefficlent, time c¢orainirz, and expensive, The training tize
lost, to include the dowa-tize of the ) "Acoptar, i3 exceasive ant wasteful,

Le new prozoded ranze system will eliz=iicce all o these disadvantases now
found in current ran;e scorirg training prezrans of instructica.

(3) A rarge srstea is requir=d by US Army Aviatica 5chool and
otrar ccm=anis with armd aireras™ wiich will zave <:e carability cf eccurately
detectirs tarsat hits and coar nizses and dishlayirs theze data at a contral
location, 7Thece ram-e srstems will be autherized {n Zetarimeat of this Ay
Tadbles c¢? Allowance (A 23) of Ar—y Aviaticn Trainirz Centers ia Conticantal
United States ard overszagz, and will be utilized ic the trainirg of Ar—y
ar-ed ajrcraft crews in ordar to:
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(a) Provide for a more efficient ntilization of personnel '
end aireraft fnvolved.

o C@; cp S

* (b) xpedite and improve the quality of initial crew
tralning in armed aircrat, o . R . o L e

' (c) Improve ‘th2 method of analyzing the armed aircrafi
crev proficirncy (annual gqualification).

; (d) Izprove all current scoring methods,
i (e) Imdrove current range operating efficiency.

(4) Mmintenance Concept., Orzenizational maintenance personnel
should be ab1¢ to accewplich the majority of the mainternance of thic syatem
on cite, uch organizational maintenance zhould be restricted to minor,
rendily accc .plished revairs, so that it will not interfere with the training
progran, MecReaisns requiring reneir beyond the sccpe of organizatioral
waintenence s&on*i b2 renoved on site and evacuated through normal rmaintens
arce chasnels to the ectronriate ﬁiroct General or Deport maintenance
facility. It‘is exmacted that a uini~al training progran for organizaiional
maintenance psrsonncl cn the electronics portion of this device will be
required. ﬂ&intenm:se functions will be accomplisiied by military perscnnel
o€ 05 series 251 (Flectronis Instrunant Ropairman) or equivalent LA eivilian
personnel, The malrn:cnance requirsd (all categories) for the Range Systea
will not excedcd orne nour for each ten hours of trairning under norz=al clrcum-
stances. (na hour of maintenance for twenty hours of training is desired.

< o [
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J1.  Supgestions for Presenti®, Fvidence of Preregdisite
acco 4 Tishiopr,
1. Tais rerulation sets foi1th requireoients that must be met
prior ., A request to VLS. Army Materiai Cormard (AMOY  fev
“Ppruvst 1D eniet a proiect into inearing or operational svstems develoyusent.
Coel e - : . ‘ Sporer e Sn Wy T ee T 8 feefelglr S T s T
©F . . v revdiation a;piies to: . ‘
< e o S, . o

subbrcinats. cormondst proicct
stlations srd activities toporting diroctlv to

crming resenton ard devslopoert fonctions)

e
SMCL &MY miter

cooloprtr b tesl oan o evoliuation (RITEY protects
progr-in tha' are aropdsed Ior speincering
el oo coerational systens developnent 'RUOTE

3 T o
plee . [} Lo
B [ERa . ae UL
s R § S A L S : cLe 2 rveaoTnent
- - - . M - v kN - - . 1} . -t -~ A
SEQIEUIE I Y ‘ 3 da - A PR S SN

39




;
i3 =
L
< < . .
. )
{
)
NAVIRAIRVCEN 69-C-0178-1
i -
" o . AT e Y < <
. . <. v . ¢
c

centomic, ats militiey hoenern for the decivion to aniti 4r”vlﬂ7m'wt of

An Tte ey crglen, Conor oL Temadiation S0arts carsy, eicagh in Lite to

st ande gl activatie. 0 0 cano be tevognt ced as diveciiy leading te, or
B, eting, Vi project o Yo qualafard and appvovea Tor oot G
Ceprational syalens Gooelapmenty fL encs tdth the AGC e hnaead Corcittens

actiop entahjishing the project, Ite relationsligp to vtiny activitics in
the vescarven and oovelopn it eyecle in Lown scheraticalily in fagure T,

b, Contenet, S atior (forrorlv nefocce to na protect d-finidion
Lared is U first siepoar engoaeering ar ooporaticnal sy tese developuaent
Jodnaediptely precedr s qullecoale dovelosenc, T is a foreal step during
wiich prcllhlnnx" desicn and enginecring are verificd or accocplished and
fitw contrict ard woanapeiaent planning nre peviar:od, AR 7059 specifie:
that wll new (ox nojor sl ficatons of exaeating) e sureen ) developaents
ur operatioagsd systons developuents ectaratad to requine covutative Rtk
fund n dn ereess of S5 ciliion, or esty ated to yequite Lroduction
ircostment procurement o couiprent ond sigasles, Avew (FTIAY Jand Mylitary
Constivetio o, Army MCAY 0t relatead Lo research and deveiagrent (Q4D) in
exceas of i eallion wiil dinclnde o contiact delicition period unless
wrrve soin wioating by Headouarters, Depart: ont of (e Arsel b lew these
threst 1ds, eontract acfinition may be recurrea by Headguoaerers, DA, or

the Heo drunrters, ANC, n-.J' r.oy be recorconded by councanders of conmodity
corcands 01 project managers, if eircumstances warrant,

SCHINATIC RELATIONSH Y OF COVCERT
1»0!-}1[.'1,/\'11(".'-' TO ReSFARCH ALL LFVFLOPLENT CYCL R R ¢

1

{ oLy 230 Ceny o d?V?thﬁCht‘i Q) -.roticanl '/btc“u ceveleoprent

(6 21) “ (Oo:}l) li (DQIOL or Ut {.L) ’
!

. : .
‘ SN l .4910 wlory o Advanced i ragLneering or

e —————

e mame wrs ) b e e

-

’ ] {} come
fetivity COMTIT BORSLANIGE 0] DarIRIOCH | FULL-ICALE LIV D1
. —.l

PRGNS AP,

Ja)

¢ Decisicn:
Yo great cendivic Mo To razity
EPLrOVAL WO €0 T Previods
CACInEeCTin, Or Cuiias ccallvieonnd
ticnal sy.ieas ¢ovel- approval .
7Y A
. N erses wher coniracs definition is ror Tesnited, the two

foorts will cvarcice and & stigle docision will S made to approve
ntry inlo cnganecting o1 operational svstens Geveloupment.

Firure 1.




. E

o
e
< = ¢
e o. ¢
Qo s 9
< °
¢,
BN N §
I L
€ eyl AU
. \ ,
Wl Losten

cratroa {s)
effore, or

o To o oent

cloos Ticerio:

[SVEEI S S PP
techaisal, coenn:
oo e et abli
ety the oaject

thepvo ! vy dicinle e

forouiccion

operat (nal fyEte o

appern on L

definitior,

1S
the o, cvdix ther
the Moooaudih

alter:1tives,

the ¢ ...}t

any o re ue
fLelfes LNy
addit: "n to
FES IS 3

a.

elfort {f rocutread -

dalir.

kit e asard Gl the i
cioal conparat e

badopten ¢ote, o0y Upe in accore noe with A

that a continuiny emphasis be nliaced o theocoutep:
ves proceding tie' request Lo entul i lueeri:,, ov
development .

Jereauisites
fegardiese of

Fe:SeLTlrs £XPENI o Litan any

ans SURK must be backed up

developn

o1 3UR, must nhove oot the follow:ing

= 0 c
PR o o <
< <
e 4
¢, . < e s o .
o
« <
0 ‘O
e
° = . Te
P ; PR
RAVIRADRVCEN 69-C-0178-1
<
;3 . . o ¢ et s 3
. - o © P - coa
Zo B @ g8 LT e c
AT HE M
. B o P N .
[ L A U ; Vo
RELASESR S T PRI O B S L Pl

VoL fuiiuws CoLty et dedlans taioy
);ni‘n
Voitem o srsten beaddvare g Yopeent

b uae eftorty and vads Wi

Lo boases sipnifiesnt, useally wilh
{U0-2v

dedfocn,y 300 Je to pest ity

Gy et e fow

Pawea,  dicwever, volers these bases
iopne ot starts, the prababslity of

viee tirely procicooon of ot

B ©

LE 1N e et 01 Opeeat corl o svet.

' i g
O N O S LY TR R R ST P R
I S S L et et ot
S T T L LI STEI S RN

-

¥ opleceges cantratt

,
. !

Copdaiay applicoble to all havdwire ite

o o < © <

jo reguared,

ave rAalerael re et 1EMPY ard

i oa process ot tormtily conducted e

coree st Fornulation, For thile feat v,
AL oar srall develoomont recotnement
P < e Lfa S LS
e S o BT e oo e

PESLLY . L Lrate st

CTOTORSOr AL S WL WTAINTADY 4, herore

UG, Uar anproval Lo anttiate wlve Lo

i
il tie profect conternes, in

Arcav, erpineerity rather than oxuer:ivental
o neeced ts suliiciently in harnc.

ssion erd perforsance enveloprs are

41

o,

4 oon osovid e ltavy,




i = P < 3
((" -8 < i l ( C ° ’ c.
i ¢ 13
¢
.e . ~ B .
BAVTRAIEVCEN 69-C-0178-1
. v . . . ) ‘ . ,.i B <
- . . ; - :r": e i . . . . . A . < N
v S ©
e Pe gm0 Dve best tecbnndad npe cn e o by ¢ e
T N
dooobrecenic oo A0 A thorea L Leade ol D anadye D0 has teeen
¢ Preve,ufelts 5. Tre cost cffctive ens of U proposed 1t
Lo dede craned to i foooreble on re’ation lop to tir cont - riective o .
Cocpetar - atems on a wepattiont of Defenae G -wode bagis,
f. reccdisa e f00 Cost o arl! wonedule entantes ars credible and
e,
h. of seconptistoent, The provecuisitec Voot d G poreaaraph 5
et.ondaed bafore o ool el van o eonsiceved properly prepared for a
e enrIneerTitye or cperetyonal evsty s developiort. ot ver, for sone
s bh-low the threchold Jor raodatory cortiact o Sindtion (pars 30)
veutart . for thoase o low total cort, 1t i res)ase that thee pelative
of cocanrvr e dopth coriain 0f the prosiquielts 0oLy aapecis of
aoAan e ale . the s m ey extenane el oD e st ey arudliee Lo ’
ST e et Gusrsrs dyvessinn nn voary s baar Do ol
et er b tansaty proleet oo e, 1 s s eted tingr oo
I I B Wen U o by G ol U pevecataites oot
Jibeod tha splisheent wall e in progoriion Lo wiat the prodieot
cy gt constderntion of the doltlar vaiue aad the snportancs of -
‘ : < & ; < : c( © . . e © € - c " :
Ve lfientaon of are 5 < e e There as ot
e TGt for ocurentang Lie ov oo U0 b srer Ul s te s
ed 10 parcari S have bren Loconpils, Vhe terce sty oproei otht
Geauior o hare fasr et mav be containgd 2l o1n one docurtnt or an
docuents, but shontd beopresentoo inoa sincle pachoo e, Do Jer, .
wrde erttare organising thie cwvrdens Lo o s e ]
il w cutix ST T i aeotloorent . ) s
(i« g (Rewe. e angd veetnnlio; S WA uned, . .
RO pele e ace Eo ot soctnents a-d the detatrliea 0P alse should
sus. ries of the.r cantenats, as indicated in AR U035,
b, Thr roeuioticn e ald nLt ot o Dar b e 1 fon free tle
SR NPT B TP SN B S K s 0 T R S S S R A B LA S TRV ST
Ve (e o demer v e courae of :
L T Y S lopaent b
S1& N0 s T S 3 .n mung.
wt e ors o stue e s, ant doegsitatean N
Crteclive . AL 31290 A0 T0%3-5 0 A0UR 1L, .

1
clovild v ovide e basie data andt
croeer syt sl the re gt it o b v tatioas Theae

Lher v Coser W tihe o me duoumer Al Ul to et othior

42




° .

o
s

cred,

R TS

C L B

thaloare proioct-mnnac

Tyt e Taintion, e

[

<o ari oprior

vras,

AT A.*’.Cc(l),‘prfo'r to

"

do 1ot v xcued
Triags T Wi
it che npro-ect

nt. s

Goand b

Yo iact T

vroopevaticial
NG, o Beputy

a~d

irchnical

< © o
o - . . MAVIRADEVCEN 69-C-0178-1 e . .
¢ ) ) AMCR 7. 20
T AT RIS voed 16 tis{y OB or pnve ‘
L AL UL IR SIS s B ST PR SR AV PRI RS D S A U corglving pain
cedacialoen, dhere SPoudd Loy Lttt additionad efsert anenired te
. Lier OF goct s - 0 e Lot ss revicvs Jor (ecivacal and ol ineerss e
chavarterantfen 8 70-8) . '
¢, P tuese projeets oocerding the thvesholds of paragqrapn 3t
the prool of pooss padaite acoopbinlee nl shoaid aceoopany the yegue 3
Cfroo b poap o Bl conmodity coin o or projoecs oo per Lo divadgharters,
AL cad from o lnuarters, AN0, to icadounrters, BAT o apniove entry
itte aantract ¢ finrtion., For those projccts below the thresholds of B
patograph AL, the proo? of deconplyshiment miat e suesitied and anproved in
coeordaace with o Lelow, prior to voguestin, AU Teeneical Cormities action
to eotablish the projuedt in aceosrdonce with ANCR J05-8,
G. Tarapeapl 5, AMCR 700, sets” forth the principle of stratiication °
reporitnge tre decel of authority Jor decisions regueired during full-scaie
deve Tapiant, v of the threddbolds speeificn in AMUR 70-5 48 alao applicabin )
to Lo nyppreve of o coneept forLulatjon vescite as follows: :
Cid o prodeete o tashs below $3C wiliion estimate o combined
RUTY ana Pria o dine, and whiclh o not excend the thresholds of paragrepn
b, for rarndatory contioet Celinition, the cromnaite coamander witl assure
A S N S O A KR ITIRRE SN R TR AR SR PEE O Sy Bave oo satssfied g the
] Ui pioject ar g fort dYeady Lo ooner Gnes Sl o0 operatieornl sustens
dewctoprintT An anTie Stoncer e of supprrtini RAteriol will b ferward®oe ° i
Lo : i Comen o) AN ANSTT concurrent Iy o th the roouese
ST i Covittoe oot ~
(Y For projecta or tokis ghove $00 cillion estinat.ed combined
ROl o PEIA D, docureated evidence chow,nr the facts and reasonine
Sl <o i Te e slad Ui e # Aaps 3 nane e e DU




e
o o
<& §
3 ’ e ¢ e o <
.
< -
}
b c T 2 - N
. . . VAVIRADRVCEIN $9-C-0178-1
. L. L. PRV [ ) E . 3
) 6 . 3 A I _ P < ~
= A = < . A : e - v
<
,
;
Ceghs ; '
S0 el R .
. .

. . i , . . ¢ . . .
) o ance puaqects that excced the thresholas for mantatory

¢ otreet dels i wrll L prodeectsmanaged in cecordaaes with AR J0-17,
e detogrons ten of a profect's regdiness to enler enginestan; or
Comeatioand s otens developaept will be pe de v the Geunnanding Goreral, Adl,
or Deputy Corm nlin: Genr ral, A C, after revicew by the irectur of Rescateb
"oty ”‘ i 1(- weend U(raﬁ'lum‘h 18, AN

&, Fepew itladitaes, a. e Dipectop of P g
Teater bt o AT b ARG statf res mn.nlxley foe areurime thnt tie
trecopea G tes corerfied §n this repulation bove been satisfctorily :
arveanteo e Joy ench projoct or Lask exreeding the threshoid of paragraph
S22, praor Lo appioval to dnitiate effort in enpincering or operational

Ly steca deve Jonment

\'; .n

b bireetorn ani i £ f_separat. s8tall oviices, licad a .rte_g',

A Aare renpoasible, withon their funetionel arcas, fyre providing all nuc»ASurv
reodntLnee an n-ctn., the Toquirie. nts .,n cificd in this regulntion, i
' {

.o By ey rvtandop n"-"'..!r:r‘_ Y SRy L B S TRETI AN TR A T

IRV R R “" featy rooontare ooty te Fosdqanrt Oy,
PRSI N xo'm» ~1hle {or cwsuring t that tun proJegid ates Lanted an patae rﬁnh 5,
are s:tisfied for those projects, or portions of projeets, for which he hs
rerpoasible, prior to suba.tting raquests for initiation of eoffort an

erpoincciang ov eperational rystens development te BEradguarters, A%0,

LN '\‘v('r 3

o . < s .I ‘ <
9. "Implecoantation. a.” The prercouisites listed an pavapraph 9 mibst
be fuliviied for all projects or tasks which: |
(1) Are approaching, but not approved, for engineering or
o,oTaticnal eyestems develoyient,

s, . - U2) T have been dirtix:s‘ x’l'rr'“ro':ct’i'ni’cmtic1 by Leadquarter.,
Ly, bet wiich fave rot becn estzhiished as projects by tecniical committes
action Lu accordznce wifh AK's 7GC-20 and 705-2. <
!
(3} Have been approved for o ;'lrﬁcr; 3 or oprracional syrtems
venric s vy fer wiien theder vairutrer =na findings (BLF)  heave not
been focwards . to Hragquari re, ANC, for n,.p::val.

t. Further a2ctlen to sotisfy th pizrequisites for eatry (nto
e e Ving O vptratinnatl sysilens develni-enat, unless othevwise directed
beobesd aartess, AMC necd rat be wede far:

(1) Prolescrs slrande gpproved for enginectins Ar one sational
o deusicinea toand for waien the OF Lais oeon sutmitten to Headauarters,
.

GMea) fur crpravel,




(AL A H

Gove o, Loy o

A re puest {ar Lo
ard approval. Vo
ta b vaaved andt

i1, Helay.

and /o527,

b, AMNCRY .

Approwat o

e ot g

i
0o pateny phe ]

cotice nt fovaalaiioon period, The resulre
dipree of contcdey

o
LI

t
e doobie deve
.

< « O
preater teha i lar
i . L o

er oporatrenel
guit e, Jne

pate,raphs 1 othre b 10 abovel puican
IS : s :

of v

advar “on; engireering

to ¢ .ty o

when compon nts or "bailding blocks” do ot alreadv exas

l!u-;..k‘- A e h

S o

Sount,

rerecuisite

drateet alrenday o

IS c o

’
RESITFRLIL} SR B SRTIR

(Y

DG povilen of

sver fennto

cecte sinust fliee
LV renons theveror,

oooa. ARYs G105,

TG-5y 7028, 7056,

Appondix

LILCUSSION G PREPGGET

Sectier 1.

3

proiect to enter
ceroruth o on fow

rou i 6, this appendizg,

.
scnedule to

Sfritity Yor the rlnanyo o’
U a6 inter oo Ut
wioan the conenpt

Ve tems dee it it

.otatory oroveisions

Pnotne ol et of

T05-5, 705-0,

er., 210ticnal

ratine the
[ wwy will pruads )
pioject will recult io
T alternntives
sl prese uisiies '
preceaing ¢
Grzeussion 18 o
Tegdiatlaoil Are con*ain.a in

is appc:r:dix is permissive,

Chie

e folicain,

o containea in

. .
¢ SN

Sriratiay

2AvaAnCe s, nOWSYeT,

Cooroer

se-shclf ¢onnorents,

2 must be
dors mean

c =
o . ®
o
;7 s s
B ey o

AMOR e300

cenplievring or operatinn il syslews
< [< . < * '

Uintrrests of toe
Toovenuirver ats of this vepuiation,
b sulitted to b adgeatters, ANC, for
specifically wisel teqguirements wre

preregursi

5
H

Sty oo the
tavention or scren
Are pernittad.

the tecunaloyw

a Cose ity

SV tuTs
uisites disons
zplisked dursn

Fevnd

CVITam




e« .
.
.er L
1 f
LN i

..
LA NN .
[
7\
il.

<
e B . ‘ - ¢
A < 3 v oc < .« 3 s . .
4 < ‘
. o
. e
- “ - s R . . cs o B -
BAVIRADRYCEN §9-C-0178-1
. .
. . . .
o A S _:@» 'LF”'" Lo e R ce e
! . : .
e d Aoy Ve eate e prosnte S e tay i, ’
CLe cL Pt e e Bt Ll e ehrea o vegna e e e ¢
S I TH LS VRPN SNSRI, RNOCTIRTIY I LS LD ST LRI SN N Y RO TR NI AP FTRTINE SO
il s Gaterotars aomaditions nast have showa the
e T b at e vegnred o the oneratiosad egpipaent.
Auy projeciicus baned upon these quantitative resuits nust be rode
b adare of matebseg them but not excceding then during engineering

cr o Gontational nostems develop, ol

HEIRAIPES I
(l"ﬁ"'.;“,l'
'r_l' R AR]

e It .
¢

it

“

N L A £ 7 AV YA RTINS R SURIRRTEL S B LR T o0 AT ES N RN

Lifnor g, fionad e ostaglintea Lo bt e the 3l begoges

rveen b gee ft e prodacea,  Tooae detente s el ee ponents reguited

te

Yoo e BRI Geeriaps only din deec e, e 1o, o, thatl it

bl o cane L then Dally te cxisapdetny Uhe oxnasitione

tech olacy wvithon the timefreae of tin euston develapment. It s

baboraton:

irtendo b teat etoeatory decelopment Geatioreatenory U210 G conpieted
ciedtees o 64T e aperatiosal s tene (6,71 dovelopoenty altheg b

pPracr t,
[T K

[ SRR STV

ar g r

.,;'-' ~ e

O rele

ST
“

(LA IR
- e e
(2NN VI

Jo et Mot (2031) vy beoear s d ante the crcdineering

vind s A devd Yopn ot phase proveded et it wild b conplaeted

P R P T T

s of an acceptable develornent soandule,

B Mo it raaon, then, inodotora o e mnet of g

b e aee L visowabie, 18 the levdd of condiaence that the

bl Lo socee Tyl that ds, succosstul dincteras o) operaticnal

can, tont and tiang,

- .
site. 2. Wihoeonis .
Cand gt e e e A

et targetexil] carneity and rwmary periorionce

favrh ws wi - don paafiles, ruooe, epocd) paviend, altitude,

tethalaly, accur rcy, tediability, caintaraabilite, and

inoconerete! e savelonis ¢ be ¢l

Tinftion, «r pruior to full-scale develnr=ont, upon valid
.

thew Thoet e net o within Tacoee

Carle, €N PAsT] 2 b

Lol L e Lt S ate mote tl LTeG. G NLfian i ssion
©oane. SIVRT tneoui el the oner
foL Lt . ot oot Soa T N oeenll o tnalosyy requiTan
ol e mad the ooRm el nnoreevared by
-]
o srte S LT e . Lo R I LAPR N P AL
B s S S S T T
R P CiTan Ty, w e upar the trysneof
P o Tinens €0 v ar 3, T ospectively,
e a e mtian T tefoin s, civieuuifate 4.

erLnt o Peopten ap fvston e lar ccon CetatiorY, Alsiageh
R ;\ - - . . ~ Cos . . i . e
CorrRaoe. e per o Taangy o epme i &0 artrvedt U atter

[ . . .- . R . .
S SN I PENL S RPN N 2 RTS8 SR €L T A H AP SR O {rr a» L0y oant,

a
-y




o,

Te
B B
e

<
¢ -

o e

<

e 7 c

o f

: sy
HEP

;

et

e

1o Line

the o,
[ NSV
R Qv

pnline

anel w.-
Wwrarvto

.
B

il

provee

whooh,
prone s
3

.
RN

: .

IR

tie ¢

one R

Qferal

A ll}??[ .

thee &

ani t

. ° e T e T . e R o . e
© N c . 3 o : ¢ ©
e ce © coy N P < © A R ° N < ¢ N - . N N :
. , L < o
< < © <
. ©
.
B A ° P e . e o - < e % - «
e o7 - v © ° < : - [
o < B
MAVIRADEVCEN 69-C-0178-1
.
T iree st s e ° © o T e 00 ¢ e . ° e ° <. °
9 <
ALY Y A Y]
o coe -
M -y s ¢ ve € - : © X - s
coree e e e L e e e st Tas s CaYl ety T ol S
- =]
O R o ussifern 2 .
P, e Sothera 1 P 5 Vg e,
S S I CH SRR S0 Y IR B SEAN Y] alt Lo of st e gn
J LU a1l Gaert oo an o eceirn e fo Tne weaet of variation,
dotaiie bpar cetem s an encea ot the Topaoal altrinataives for neeting
olary it e e U e ey s s e snalyne s onunt be o placoes,
Corby et press ot show S iy Lhe mlterioctay s aar sion nnd
v e b D e ety vt sy cciated e coacn ) apptonCios and .
et Ceratetoan e rationad Ve ey Lectmical deamatharlane, cort s,
codede s e trace-ns £oanaivees v el result on cluanine Lentalive
et ot i enumetion e th Loared State Arey Conbat
N ST Ll ar L s e a o o Becqaen ters, DAL tewerd
Pasior or bowr et reance . Sinee cierente o the o cunsion of
aatee . vhor or bolh, J 65 the discussion
Connid b preose e Leosake of elacitating duplicaticns, is
LT S S L N Gorerte 5, '
‘s
v . . s s i ¢
H Lo . ot ~e Qo UEPRATEEE S
[ ¢ TE e s b Lave g to th rest
R S Sate L osr oLy or cortination nf geatens puogt b
Pouari e oot ol tnravi Bout 0D T new, exialing ., o4
RS S S B cpetetienal roquirenent,
N < B P o ©
. ° . © : B < <. v
a. o Trart ot the ten 0 AT aradvsis o areredprrate , that
LA T LHeoevate ot iy 0o s ae re
Letloeti Lol proro vositle to coOmprte
stom wath o IS i Terveoniartes are normeliv oconce raed o th
et i ffer The Tollovine avarple o :
¥ v, o5 prors - A
< oo o = s <
< <
R b o ey eteaniie T v the . °
. a omia tvonn veentre vehiclios, wyth

s and opert

votier aids Pone maximum olUoctiveness apninast e
HE | T ; Lo et v Ty e 4 T e pgeher o7 war
Tenolow g : : L A N S T LTI TT SN O U LA RA TS
R LRI . oLt A certain poant,
v yotLru T s . [N S [P WIS SR K STE . ¥
'.JJ,- ! N oo . RIS :‘;‘ hi'i'«"’t"u t.-
eadoand - A, IR L LT LG YT seee ity etion,
cstractLoe A% . LA e -
e Wi ta, T LN T . Lo . : . RS
sten 1s th < o O P I A N : rAiysSLs
cobent ool o ety ssters it oseaccted as L ose 0 ba developea,

47




"

g
Lo s ¢ {, ‘ e © <, ‘ @ ‘e 0z
o o <
: ; . 2 ‘ . . -
< ° >
. A
BAVERADEVCEN 69-C-017801
" P « - - . = . - < © " ~ < B <
. i . < ¢ i K s e 5 o e £ i - « c -
< . < B
.
Pt . W
N - . I < - 13 R .
() R P N 2 S SCATIN SRS I 8 EPEE U PO SRR S S I TR I B
N (=3
O R S AR L NS B L S R FAES S AT IEN & YO A I RO Pl Foe st
ettt et e nt here s prog e have aeccaca b W0 Lo war ot e
Chpe o bte o ad oo L that an regiis ot devnlon and o ocpioy 17

b, fouteeifestivenans cludies, oo vl us -l analvses,
L T "}":('l she 10 be hoyoeod o o sl v ilatle e tar ot of the
.
:

of acynictton and ovnershap for the tatae et

(VY e 1oyl st m tot et it

toaty prodlus thon, operation and eadntonce Lonie of the 1ton, rtnelr, o8

crsoad traindie ol toaaning

Cante appott facsirtien

oV e alt ocacen related casts as data, g
Shpe Lt L rtes ) meantonnne e o d ra
Poeg ot b cand stors o canonldy Ae cheecoutl, spases, Inpeaatae sopad
Sacibirtten, oo, ldnorticed oo ts oof puogreas thes would 1o fur

£t dnte of th~ propon dl syatoa should be o excluded fron the total enstsl)

ed e ardleen

(Y Farthus | wcopairsone ebanld Lo cade in ti cantevt of the

.
COMpr e T et e G A, 10 (T LRy 3 oY TG q part, For eseple
booreo et the cte 0Tt e ad e oo s e st e de not oy
thee gt o Y ety and e f e et etes 0f thee Luns o susters cw b oalio co s

of e tiare arte o) U snbibe ond fised Yanunching focitotien and

the fdotestion pred cortrol cgaipment, and the supyoare st vepuar
fncoataens UWhale 41 i ot recrngary to coaptite ali thee o costya accui
eopretore ot e presonccd of thoe twe pasea s aandd their cedatave dneres atal
eoft i vinet the beckpransd of the complete oprration in wiich the will be o

ceend

i,

c. O ryaonal ol ectivepess, hivvwise, shnula oo dnelesive

[}
than tie scop widon aaesnidy st goies to mind.  In addition to tho.

peefnirancs  Yarwerer coch ns specd, paviead, acnuracy, ete,, Such factove
Froretaabilsr s rtaiiathilete, and 1o deticn ciuld dlia be o considered, |
: [ . i - - .o AR

- P ~ (AN - e ' < < . B = SN R
R L. , < : < -

dach trade-off and cost-effectivencss ahalvad,
e manner and thew shouid b viewld as toois

c N d. o te oifeg

regt b cond srel snoan

for tre der ~ion rovers wuld be preccuted to enliciiten inctead of o
Proesont o a o eidag g siould be poisted out that both the trafe-off
mid e eeent s Tlestiee v ar sl altthon e very drnoitnt, Ae

ince ooere Foamc e by tie s v s Jor de o nsst b conardered wath other
1

5 L R S T T L 3
Az P leL Lanoy soacnuies ard gost eqtimals
A T voogririe s, eorating, and radntainer s e svote. rucl bhe
Toarer g, and Ry mUsT e ULSNd 00 BT VLONS @nd Faefce S G the develojasent
sLtLs of i e nired sutavston, €8 comnerrs, prd oiker oVl tlecis,
B T I Pooriasietart o wolt Stonnersaitaen coer cattoiting cact
et cuel e pre apuinel de anm availtie Coct eslientos, wihnle nac
L T B R S A IANE SRt R ST b PN PSP I B R TR S
H4 Soooctwa ia

T DEPL A SRR SR & T < TSGR S UT SR S W DTS SVRRIVINE B
Lty potast the T €otrsi1t,on wilih Lo Coul SEdinalin Aty




. . N < o ° - <
PP c « & ¢S . © O' . M .
. . g
o < «
. e, . ) . fge LS o< © d LIRS
S - . © B .
RAVIRADEVCIN 69-C-0178-1 .
. o et ' . e oo ln - . .ot ¢
T AL L S I R R T TS R ERR
o . o e i
r
Andal Te-
o < = o . cag N
e < ¢ B ° o PR e, . . co IS o B
¢ Ay ot ].'° ’ H
’ SUGGESTIO . fers Py e
TN IR O MR U2 O IS S P PR A T R

1. Purpoqe. caestion eontained an this cowendiy are snciuded
an Ansiatance o oo acd jrorentiog the docorons ey cvadeace that
the concent tormaa ton e 10t Lo srtasTied the s ersrcquisitos for
[SOETE EEEERTINY b e ration thosvstens deve e ent feee aara h, pase 40
Peoas oo anrende s toy rosirict er iU e ex redt e of dnagautiion and
inpenaity in preccetang a4 clear, lopacal, easiiy followed manacr tle proof
that 2 projeci 1o, a0 {40ty Feany to enter eaneoring develos i ont. eevel
3o Wi Lo fTuppo iy oty Tial 1 or. i, it shnuld ine done
winile Deeping in ol the: arobleme of thooe who must review and act on the
eviden ¢ presented, ’ . .

2. hr_oat'y. . Bipures ¢ and 3 oave cutliree of ane pethod of | :
presentation. it apertant, et Lottt woogeated outline as :
URCa, e HS 0 G preroquis e i e to e Terenen o b
pipiafooan wenn ot e docs ment - e paeeeasi by for L ctuni by dnclorae a
cpecata dovvrent vl denend e s v T s cop lente aee alr aoy
Enowe, buaw many (opicn are dn csre ot,oand how availeble a cepy may be
to e headosartsve to nane the yeyr o,

a, Altioush there pay well beoa pueher of 1apoits, Studies,
Suatnraes, anddver sast other decs ents recuited to repart the concept
forc i oacn tes o thew shruad Sl e drciuded o sirgle pueka, o, e
piota elocld te dntroduced and sorcarized by o aover paper as cutliaed

reasef- in 1 sepirate secliqme of . .
Tk o RPN ). L0 S
COvolune TS aatorial dictates

AT prorecuic: e, prriiie it portinns of the §g .

document s siould

Ty e fncluded,

49

AR S e




o ——— g o A ———

Sl v o dR L
e e e eman ————
ey Re ot ey

oo b o Aot vt
"'I .o 'l:l||. Vet

..‘ (t'l Gy oy sonal

LU ATCONVLE

PERRRe
4

Al

- —

S

r—._.- -

Lcomme ¢

e

te

IS . A

2l a i

34 .t ,

ki T ~ &

}: v i)

fu 1Yl t- L
4 “ ]

‘ 31 o .
€ 2l H

v

" L}
< 24 s

® . o .
o IR ] A ot
-7 s -t
4 [ % -
o > - 9 <o
I ot 1< I o
. v e
< o

-

°

Appendix I -

o e 4 . ——— = e e = ——_ A ae on o)

L‘. e . T . - - A - —— ————— A %ot mm—. & )




3

. c .
s e e e o R : co© )
‘ o e “ ©
° © °
.
© R
B 3 "
o
sl e
— . nc : . . o . @ o N
'
Ve OM SOGRE 0 COLLGTNTS G BN A
(& Jatior Jorrat vy he ured)
Joo A fatyodotion (;".:1':4."\ ol repoct,
in ovgant o, Diclleation of Gepel of edfovt
.
jroeres y «Log),
o e
o YT <3¢ Do the dboan
T, wher i oo Cateant
ot and o Clhicer ey it ';"}'.,
Calatarer, N
[ SRR T
o e syste
. ‘e 3, Boceirve sentw oaod Tiedtations aflcctie moLulds
cad concle Lo rearied Ju vl o (e o e slrinent
OTIOYI e G T by DELCEL gasni e o sul s TV i ae
vilaily, wee ey of aced, recuivenont Lo SCCeicrnie Guvalops
tout, ete.).
C’(
&: —,: B ¢ ’:

i P
i
Ol o
o
B A = e
.
F_ 3
. e fe
PR o
..;‘
a i 5 <
e
p g te
|
|
|
i
b
|
;
]
. W e ¢
R 2 m ec
Lo s o
< U ' ¢
o B

s




<
c
3
<
Sy,
<
(o
[ RRY
HRY A
X
Phe

<

N AN

Ghr G

< P <
< . :

2 - « N : ¢

RAVIRAIRVCEN 69-C-0178-1

- ‘ ; .
e o L ‘

N R ¢ ° s

< < AR

fediat

SPiWaN b,

CCpetar,

Sy,

e -
booi |

Caefl of Sear !

DA

’
2. gl & el

S I
RN !:, £MOMK N POVARN
LG ancl AMCIO
.
B o P ) ) . . o
M [ o w <
< 4 < ‘ N
. .
ANS T

52

BRI

3




c
o . )
<
. .
o
: el T
e <
3
N c st e

. o © o . ‘o .
doa O,ﬁ"y, . o _
MAVIRADEVCEN 69-C-0178-1
B B “ (
< ;ccb‘CQCc ga/;vh .
B . . .
APPENDIX B
o . )
° .. . .. )
:c,cc { "v" . 4,_ 0

53/54

° .
¢ P
-
- ¢ o, ©
o L
’ ¢ ec
AR
<o
¢ e
° < .
¢ o <
3
3
3 -
% e
¢ © o et
© " ok - €
©

o
¢
°
P




. : TAVTRAZ Y xo9-r-')178-1 -

Ce = R Mu U,S.I..TJJQLR‘
¢ 1.% ‘
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- > 4=y e '. 1AW e La W e Al‘ﬂ" L YR Y e M aa VIR a0
AD0LD ATACE QUALIFZVAYVISN RANCE SCLLLNG SYUTaM

< shed ’n thisg Cenrept Fermalation Stuty fer
s ior, Funze Srarirg Systez {g tha corrletion of
a review vrnd 2nalysis the poinens Small t~velop:ent Require=ent (ZDR).
(i#f2r ts Tas< -1, 71 Qepers Lol 0T, 17 chc~1ber 1c04.) To initi-s
t..la review and mnalvaia, srecdfic coirarisons fisve to te rade betwesn

‘e ¥y 1O
y»zc‘
)

-.«L.
[
re r -

sta%:d J.n requivenentsg ard those current r"r“‘re?"“‘a arising fra th
lasleet toliconter arasent gudsysioms, aviatlion p.-h..LhL cunanry tralining

prthods, ate, 7o Jetorsine these ec-carisons and $o undirline the velidity
0f corpasinon results, confurenceds worae Celd with remrescniatives of variou
aeri{al j.unery traininz sacilitics/installnziona, (.0-e frzencix A and
Amzoandix 3), Thogn confersnces proiaced th: mest owrrent inforration oo
Ay avia loa gurnery training, inciuvllng equipuent, tec’nlques of ir-inirg
an? zeone of d{ngctruttien, Clwn tniln inlormatiun, requir¢ncnts statel in
tre S2X ca;ld te 8- ratel to provide tie bresith snd desth necessary for
‘tne Conc-pt Forzulmtica Study (Sze Prragrapa 4.0 - ACR 70 - 3D).

Infamms_~, Acrived Trow the scolranceg cantlisttely eutedliched thad

inalvit el (or ossic) ~unnes ¢ nrocrass arz unit (tactical) munnery
tralring "0 TriGdeeiis 2N Slorent vraetical instructicnal methoas
e:.2, in oo, einmoet LT 21 monlintenyy ag tralning ob, ttuven,

1. w8 relsifary 30 ‘nvestioata anl L lintify theae variances in ord o
refocenne e to avTrovolata snctice of e IR, Uuls "es‘;ts ia ar:iving
&% a > rensrgive, ~irront gtetrmon of the peed ac relited to soorirg
Lardwere, wnen oauolod 2 weapon: sharacternstics and aircra.. performance

owalop23 ia the 100517 ert, tie gcoring systen performance criteria can
de celin- i,

[ - 7
So‘:Lf: B : ; : ov2 readlly flontifiad, :a:i
CenrasTacs Trsewd N are-sat Jor an Armel Alrceralt
Crualifisnten Ronce oLt it Ll L zere g3 it ampears in uine
SR, Felloing eas: TT parasrert Iic ¢lari®izasica asl exvansicen of <hat
varasya~T, L8 e crot ot ate, as o nfes foye toe Ao Perances anl liscusslons
onlictel Lt mscnt irt, roengoalhLe fomcesentatived of nerial Jurnery
Lref{ning fa-tl{t¢a ani or.zajzationg wne Ulolde A7
Clari®ylir: zasacrar o3 are Llwmnsifled Yy encloguire wilain vartical Sarg on
eitier g la cf e Tl
1., rress anl Setisnal camasteTigtlicogr A meoadre-nont extists for
[ e S .- s (L I VDU S S TLonL tarnoety el
¢ - '.'.:'a'..’.: snmor e Sooesa Lroctoavoy ot n 0 oo, s oermodoalroref,
Tl r LN : R N s by TALT RIS
7oLl LD R 5 SUPt PO A ) R SO R o BRI R S Y |
Bl SRt n tea et srifotene o Ty T e ]y o an fnert
".e'.‘.*', a o~ ams S A, i emr o-.6 e will b roecoiresd in order to duternins
al' .amern 8 L2eial T TTRM RCILILY/ .
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ard tactical vehicles and crew-zerved gpround weapons appropriate to th
terrain end environr:nt in which installed,
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of Lo s = Adr st s Tteattes g foorlror Dnem

{8 to yeuvidn o oprocy Lol tang by owninh prejectyiane oot

data coa L2 ooctematn b aha peraanead, froa walch iyl
* *

airvrrw 6.1 zuin:io~ mit teoining Ltavis cun b CUleatively

asennne b o bodoevelopt e e i v~ﬁ~~ 2Ete rec it i oan
inc:eu”c baooverall tradivtne olSieloney and elleotroanan,
Sueh a requive=ont deerdds a seorinz aystea Ye utllized {n
cenjunction with ar-.d alreraft gunnery traialng. The
scorins nysten will yrovide a remate reuletine dicplay of
prolectilo "nit" dats an!/or predentile ":lcs" data relative
to the grouvid target(a), and will jenait recordin: of cuch
data at 4 lcrition yosote from the target or weapona rarse
arca, Lne rysten will bo used 4n the trutnirg of individs-
ual pllot/,noey and door munner revgsoncel, and in tha
traini:z of erael afreralt univs ard coews tierecf, both

in qualiflcnticn trainirs and teating, aid in annal proe
ficlency testiny, The scoring syatsm maat Le capable of
functioning vith botn exnlogive and inert ordnance of tyyes
and aizes curtently being utilized, or projected for
utiliration In the 1045=1975 tinelrare,

Al

a. It 15 essential that realiastic, representative tactical
tarpeta Ue comloyed durirs those Tiuses of unit training
wvhich fnoarporate gunnery tacties (L.e. = tairsov acquisition,
target !;:rtificatiou, unghip in~reas and epregs rcutes,

tarscts st realistdically rerresent juersonnel, ca:r-t

R

ordnanze salection, dimase assesmment, 2tc.).  For $ndividual

bagie ; ”*"*y ( =ar;~anshin") rual.ficcti n phates of traine
irg, hovuver, egimple and ‘cadily dlgcernidble aining points
a2 uesired in ldeu or realisvic tactical targets,

Tosential) Tha srstem rust be adaptable to ihe si=ulation of

various ’1~7d ’a~t‘v 1 situntions,

C.

b, The sccrir:z systen mult be adeaniable both to a sinulated
tactical eavriro-ment for unit %actical traininz ard to a
basie gurncry "zarimansaip” training envirorment,

the frstem,

¢. The systexm will consist of the ‘followirz major
componeita.

tical tar-<ts anifor si=ple aiminy point
vending upon tralning syplicazlen) ...

36
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{Zasential) Tarr:ig, nit count measurenent anl trarszission devices
ard 8 hit count ard register ceatral 2isplay unit must be included as a jart
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e O BATIRALIVERN 63-ceortdar s T T
- Senior ("s1t" geaczors and/or "mlss” sensors)
) -',Dapa Traauditer (/18 railo, wire, etc.)
- Data Receiver (via radle, wire, etc.)
- Sc;or‘._:g Display

- Recorder (manual or automatic)

d. (Esaential) All cosmonents of the range system will be portable
in naturc and easily asccadbled and disassembled,

d., It 15 ergential that all rajor co:vonents of the
secorin; tysten be portable and incorporate sectional
(targets) end codular conctruction methols,

e, (Tssential) The range systea zust be cercble of operation through
an arca 20C0 meters in width and 60CO metera in length, down to a miniz:a of
LOO meters in width and 2500 meters i{n length,

e, It 15 ecsential that the ccoring rystem be capatle !
of oprration tlreusgh en crca of 35,000 reters in width |
and 30,000 neters in lensgth (tactical unit training)-
down to a minizm area of LOO maters in width and 25C0
meters in length (individusl gqualification).

Alreraft perfornance, weanons syétcns and typc-ffaining
degirecd arm censiderations which influenced the deter-
niration of optizum rance size,

£. (Zscentiel) The range oystem mist be capable of day and night

operaticens under interzeliste clizatic conmiditicns 25 outdined fu Giange 1,

VA i

AR-705-15. Kivs will te provided, iz requirel, for use in cold-hot-dry

Ciina.es,

8. (Escential) The reasze systenm muat acquire and record scoring (hit
and near miss) data on tiae following armament gubsystema:

(1) (Zs3+ntial) 7.62cm mackineguns,
(2) (zssential) 350 calidber zachinecins
(3) (Zss°ntial) Rockeis and misziles (2.75 to 67)
(L) (=Zsa:-tial) 4Omm grenale lauachers
(5) (Essentiel) 20wm and :Crmm sutoatic zun.
c7stem zush be encable of scorirs a s!inzle machine-
Zon or ruliinle macninmeaang with razes of fira up L0 4000 stm on a gingle

firirg run ani corslaaticns of theose gsubsystens outlined in g. above, on
connscutive, tut separate riring urs.

h.  (Sssential) The
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1. (proired)
of tre diZfersnt wranons outlined in g. above in a single firing run,

(1) The systex must be cazable of scoring inert and IE
axrmnition delivered by the armcaent subsystems listed
in Paragraph l.g., above, .

(2) Fach acoring system rmust Le canadble of sensing
target hits and near-mieces at imtact rutes not less
than those indicated below for eacn type weapon:

Lhe gystem tust ' e capable of recordirg the combinations

S1ZE TYPE IMPACT
RATES (MAX
. {RANTS :,:mg
5.5F=r Mechine gun (MC) 24,000
7.62zn  Machipe gun (1T) 24,000
12,6mm Mechine gun (MG) 6,000
} 20m Autocatic cannon (AC) 6,000
30rm Automatic cunnon (AC) 6,000
LOrm Crenade launcher (GL) Loo
2.75 in. Folding-fin aerial rocket (F7AR) 12 per sec.
5 inch Aerial rocket (AR) 2 per sec
5 inch wiré-guided nissile (W&M) 2

Cyclic rate of fre and simultanez.- zuliiple weapens
usaze are the primary consideration determining system
response,

(3) For basic Timnery ("zarksmarship”) qualificatioen,
the gysten must score only one of the size/type weapcns
1lis%ed {n Paracrash h./l., (2), above, cn & sinzle

b f4ring run. Tae systen must provide scoring data from
all on-ringe targets/aining points, attacked sequentially
in a sirzle firirg rua.

(1) vYor erew/fire team/aviatica unit tactical suinery ‘
tralcing, the gystem must score the weapon size/<yre zixes |
irdicated below, and must be catable of »rovidinz scoring

denza ¢ 8t 12257 two tarr:tg 8iiacied Bimulianesusly oy an |
alreraf™ dn a s.in:lr firing mia, (Tactical gunnery train-
irg will ro-2irs scorirg the weapons of ag many ajg two i
attacx aircrarft, each firing acy of the weapon nixes )
indicat2d below, sizultziecusly aszainst a single target.) l
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MR oo TYPE.
Up to four 5.5(mm , Machine Gun
or four 7.62m Machie o=, ¥-13
or two 12.6=1 (50 cal) ¥achine Gun
or two 20w Autcmatic Cannon
or two 30 Automatic Cannon
- OR:
Up to four 5,56 1) [ 2.75" FEAR
. or °
four 7.62m MG
e
two - 12.6cm MG , Lorm Grensde
or LA_@ < or
o . two 20um AC | 5" wire Guided
Miggile )
or o
two 30m AC 6" wire Guided

"< 3, (Tssentinl) The rysted rmust be ceveble of récording the distances -

of .~ terminal pratoctile Traitiont “rom the ..t oc~ters 1 to mias
distancez of 30 meters (rac~rdirg of tae azimuths and elovations Jasired

1% develorvmens t423 and c03% 43 not excescive), iiss distance resoriings
of C to 15 maters musl te within +2 porcent accuracy; for distances tetween
15 end 30 zetersg, acrurs~r a3t te within =10 pavcent, If the dasired
azimuth and elavatica recoruirg 12 nol achieved, tarset hits will te ascored
for saall targets only and zone scoring will be used for all targets,

J. (1) ‘in= wv-apoas 1lizted ip Peresrath l.5., abave,
can be classified as ei<her point wearzc—a or area
wearons, Cnly e rire gudied mizsile (=02 aube
systen; and the TOW missile are classici=d as peint
wesrors, rith lne remzining wo2nons classified as
area w ons. 1t 5 dosirsl %nat area wessons fire
be gecoral in t«rm3 0% v iy sround {=zacs vithin
a the crourd centerel on

=
=

4
a2t
a cir-lar lo..izontal piane ¢
the ter;2t, It is desired tiat point weapons fire be
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scored in ter=s uf a “roi-ctile hi%, excludirg a
ricochet 14%, €1 T ¢oralcal coudires of tic tareet;
further, polnt w2apens fire miss<inforation is

desired in t2—3 of rrojectilc z253az® throuzh an
extended vertical ter;;et plane which is terminated at
the ground, snl threu+) a horizontal taerget plane 1ying
cn tae zround becween the weapsa and the target and
terminating at the toarget,

(2) It is essential that the scoring system
furnish vactor scoring data (i,e, = indicate an inter-
section o a projectile trajectory with the target
or & ncrphysical exterisicn of the target, and provide
& nmeasurczent of the direction anid dictance from c¢ne
point of aiz to the point of intersection). This is
particulorly ioportant during those phases of gunnery
traininz when inert grenaae, rocket awnd/us wissile
ammunition i3 utilized,

(3) vector score (direction and distance relative
to a tarzet/aiming point) can be expressad in pelar
coordinates (r ,-@ ) within the scoring planes discussed
in Parstraph 1.3. (1) and (2), above. >Folar coordirates
provide srecific 4impact loecation information relative to
a refererce voint (tarset/aiaing point), the forzat in
wvhich this information is presented is casily interpreted
and understcod; direction (-6- ) and distance ( r ) can
‘be expressed as falling within pre-defined areas or zones,

(%) The follewing tadble indicatss the effective
niss~-distance of machine gun, 15 autcuatic cannon and
HE rocxet/rissile projectiles (area woapona). It is
readily aprarent that effective misse-distance ircreases
as the size ol the projectile increases, Thus the pree
defired scoring zZomes frem l.j. (3), above, should be

* y ; B .
e, NAPIRALTICTN 05=C-0173=1 . " | e e
% < Gc‘:fcg - fioetl T : ¢t soo PR et L = ® ’~" .
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re-otely ad'ustadle, durinz the dasic gunnery qualification:
(zarkc-ananip) training phase only, if a score of effective |

fire 13 22 te furnished.

MIS3-DISTANCE
yET
5.56mm MG 5
7.62z MG 5
12.6m e 10
200 AC 10
3m AC 10
Lom GL 20

i
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o . mvrs LFFECTIVE
: MIsSS-DILTANCE
2.75 tn, FFAX I

(10 1b, warhead)
S in. AR S0

(5) The scorinz system should be capable of scoring
projectiles irractirz at raiial misg-distences of up to
sk meters sriith’n the scorinrz planc; 1t is esgentisl that
prcjectiles imvacting at redial misa=3distances of up to
15 ceters be scored (2.75" FJAR - 10 1b, warhead).

() The scoring oystem must sense tlioge projectiles
wvhich irpact within the s-orinz plane to an accuracy of
954 ¢ 5%, The projectiles mensed must te correctly located
within the ore-defined distance/direction ( r « <& ) zone(s)
in whieh tlry iopsct, to an seccuracy of 95% & S%. Thege

exercisos; sy deviation from thess accuracy requirements
during anv single firing run/pass is unacceptable.

k.
re-ordin;

1.
rerording

N
@,

~—

targets simultaneously.

(Essential) The range system rust be capable of collecting and

ta from each individual target arnd up to a nminimm of six

¢

(Deairn:1) The rance system must te capable of collecting and
data simulzaneously from ten targetis.

k./l. Aa irdividual scoring system, major components
of vhich are 1listed in Paragraph l.c., sbove, must de

¢ . capable o cperating in eonjuitcticn vith & mivi=ch of. --

fivne adlitiornel scoring cystems on the gunnery range
{81x syste~3, total). Cn some tactical unit aerial
gunnery traininz ranges, it may be desirahble to enplace
end onerate up Lo ten scoriic srstens on the rarge,
Hovever, at ro time will more than twc tarcets on the
ra-ze, anl thair associatad scoring systems, be required
to sense and gcore simultaneously,

(Essential) Targets ard any assoclated instrentation must:
(1) Be easy to 1nstall with little or no site preparatica.

(2) Be portadle by zmedium helicopter sling load to facilitate

rearrangc~ment of tarzet arToys,

S

=

\\B‘bdule replacesest.
AN

(3) e realistic in appearance.

(¥) Simple to repair and capable of individual cemponent or

61

gecurscing miat be maintainal +hrovzhout all sensing/scoring!
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(5) Require minimm maintsnance as outlined in FParagraph 5.
(6) Require no excessive calidration prior to operation,
‘e : . ce I

(7) The hit count and re7jister éentrai:displaynunit muét have

" . a self-contaired liziting capability for effaciive nizht cperations.

m. It is eszential that:

« aimin: points, utilized during basic aerial gunnery
(marismanchip) qualification training, must be simple,
eagily discernidle cnd relatively invulnerable to
catastrophic daxcge by weapons fire,

-

~ tacticel targets, utilized during unit (aircrew,

fire-tcam, ete,) tactical training, rust ba reslistic
represezntations of combtat tarzets, providinz a means {
of ecquisition/identification throuzh all attack
azimuths up to 360-degrees, - Tactical targets must
be easy to emplace on-range, riust be portatble by
utility relicopter to facilitate replacement or
rearrangenent of target locations,

- all scoring components, including tarsats/ainming
points, :ust be easy to install wiih little or rs
eite rreraration, nmust require minimuwy meintenance
(a8 vullined in Fercgrarl %, telow), require little
or no calibration prior to oreration (should operate
without calibration for at least 125 hours utiliza-
tion). A mcans must be provicded st the remote central
scorirg center to alert operator personnel to gystem
malfunciion and to identify eystea malfunction. The
scoring display unit nust include a self-contained

fgrting cepability for effective night operations,

n. {Zssential) The system must be capabdble of étorage and transit under
the condi:iions outlined in AR 705-15 fi,e., Arcy aircraft).

o. (Zssential) Th2 gystem must be adaptable to varioua types of terrain,
1.e,, desert, mountain, and jungle (see Faragraph 2.T.).

p. (Desired) 7Tu:e sysiem rust be cavatle of prolonged periods of
tractivity wnile exposad to the local environzental climate (not %o exceed

- 30 days), witrout reguireing extensive preparazion rrior to activation,

Q. (Zssential} Tre cormmani/control systenm rust be alaniable to the
elecirical Tower a-.2ilabdle {n CCLUS and overseas or be capable of operation
utilizingz staniard U.3. Ar-y gereratcrs,

r. (ZIssential) TIf tatteries are used as power gource for target
arrays, they =must te capable of 2L-hour operation prior to recnarge,

62
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: r
8. (Easenticl) The rerce syetom must be eisnie to estadlish, operate,
and require a nainimun of orzanizatioral maintenance (see Pan*raph '5 )

, t. (}:séential) te ayntem should have an cxpe.n..ion ct;cbuity g0 as
to accom-odate futur: dcvcloped aerial weapons and platforms, e.g., Advanced
Acrisl Fire Support GJystem, '

t. (1) The rystem must provide a scoring capadility which
will suvport individual qualification training ard unit
tactical training in the Model AH-58A (aidvance3 ferial Fire
Support System), To effuctively score weapons systeas of ‘
the AH=-5€A, anl to incorporate into gunnery training the full
capability of these weapons systems, it is essential thet
the scorinz system Le capable of operation at variable attack
azimuths through 360-degrees, r

(2) The scoring data receiver/dimlay unit, locatea A‘C!
a site re-oie from the target range, should provide & means'
to interface with an exisrnal sutomatic data recorder, This
capability pernits pencanent lozging of stulent, erew and/or
unit gurnery perfornance Jdata ani subsequent moaltoring or |
analyses of qualification criteria, ‘

t
I
]

u. (Essential) The hit count and register central dlsplay unit should
be capable of bains ~ounted in the back of a standard U.S. Ary 2/L-ton|
vcnicle or 3/L-ton trailer (1/4-ton truck or .L/h-ton traiier desired). *

¢

3

' (" sent{al) The system will have a =minirun ac-eptable ':es.n-tlte-
between-fajlure of twenty hours under relatively heavy usage condit! ona.

| v. The zcoring system, not including targets/ai=irs points,

| must provide a ainimun mean-time-detwwen-failure (1T37) of !

| ~ 1200 hours, and @ mexizum cean-tine-to-restore ('ZIR) of 30 |

L } minutes, The MTBF dos not consider corrponent fiilures
. ‘ ceused directly dy weapons fire damage,

2. Supportirg Justification and Lata:
8. Reasons for Reguirement:

(1) As the helicopter is e~ployed as an acrial platform for a
variety of veavons sy3tens, 8 formal pregraa for the initial traivi-~g and/or
qualificationo? ar-nl atrcraft crows 19 renuirsd, Tralaling prograsm3 ouss
develop and raintain sxills in tarzet ac~iiasiticn, {ientiflcation, meu=ruld-
zz2lon, ani destructicn., Thals new cquipmant wil) sreoatly reluce the tiqa
now re-~uired to trsin Mu‘ vidual aviaters in air-to-rround gumnery tochainsues,
Substantisl savings wiil resull i{n a-—un‘ticn exganded, helieoiaw “"‘:t.
time reluced and ovorall student training efficlency {ncreased,

(2) Current vanzes used for this helicor-er fuimmary tratning wtilize
0ld grouni-to-ground ecoring technities which resuire that scorirg be
accomplisnned by + "3:c0% and count roles" procedure or ineflizht ohservation.
The former 48 time-conauning and cegiires the ran.e to be closed while personnel

63
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ceorirs method {8 inacenrate as it providea

are L5 oth: firic- t"&s, the lats:r

o4 AT oAl nitoor fioh iata, T.oers 13 preseatly no means to ccurnt and locate
retative o tie ta:ioen oan projecrtiles  aleh wre near risser, This infomnae
tiea s noecessary ln orier to prorerly assess the effcetiveness of the fire, .
Cverall, “he precant type of scoriry cpereticn 1s irofficient, time consuning,
ard expiralve. Thw trainirz tizme lost, to include the downetine of 4he holi-

copter, 15 excessive zad wacteful, The new propozed ranse systenm will elininate
all of t.nse dizalvantarss row found in current range scoring tralning prosucms
of inastruction.

(3) A rerg» ryctem ia required by U.S. Army Aviation School and
other ccmmands with arzed aircraft which will have the capability of accurately
detiestiry target hiis onl near nissns and displaying there cdata at o central
lccation. These ran~e srsicms will Le authesized in Depariment of the Arty
Tablea o> Allcwence {TA 22) of Army Aviation Training Centers in Centinental
Unlted States ani ovorseas, and will be utilized in the training of Arny arﬂed
al crart crews in order to:

(a) ‘Provide for a more c:ficient utiliration of personrel and
aircraft involved,

(v) mpedite and 1up*ove the quality of initial crew training
in er-ed aircraft,

{¢) TI-prove the method of analyzing the armed aircraft crew
rrcficierncy (snnual qualification).

(¢) I-prove all current scoring methods,

(#) Irprove current range operating efficlency.

(&) “emintenance Concen Oreganizationsl =maintenance perscnnel
stculd te able to cccemnlisia the ~a*ori tv of the maintenrance of this system—-
cn site, 3Buch or ,An‘~atio*al rmaintenznce should be restricted teo minor, reedily
azccrplished revairs, 60 what it will not interfere with the traini:q presran.
¥2cranisig re~iiriry recair boycnd the seocne of org2aizaticnal maintlorance
shculd be removel on site arl evacnated throush norral zaintenance ciannels to
tre eporonsiate DJir:ct, Zeneral or Denobt maintenance facility. 14 is expected
that a mini~al training prewTam for or:anizanional raintenance personnel on
the elecwroaics portion o %nls device vill be renuired. Mainterance functions
vill e 'accompliszhed Tty milizary perconnel oF MNOS series 353 (“lcct*cnic

Instruzent Repairusn) or e~uivalent DA civilian personncl. ke maintenance
recuired (all catesories) ror the Rance Syasten wilil not exceeu ona hour for
es:n te2n nours of triining under roral circumstances, One hour of raintenarnce
for twenty nours of trainirg is desired,
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1. FRange Characterisiics

2. Scoring Characteriutics

30 Data Display

L4, Data Transnissioa

5. Truining Use

6. Miscellaneous
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Y CLOZATION:

Date:

LIOCATION:

Data:

LOCATIQ:

LOCATIO:N:

Date:

" 3rd U.S. Army e Eeadquarters
‘Ft. McPherson, Atlanta, Georgia

@
o

.. . NAVIPADIVCEN 69-C-0178-1 =

@

FOLLOWL'G MILITARY INSTALIATICHS WERE VISITED

Monday, 21 April 19593

1Cth Aviation Group

Fort Benning, Georgia

Tuesday, 22 April 1959

U.Se. ATy Aviation School

Ft. Rucker (Ft. Stewart Representatives)
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FUNGTIUNAL ANALYLS

1.1

The functional formulation task starts with a statement

°
v

defining what task the range scoring system is expected 10 per-
fornm in zupport of the overall Army Armed Aircraft Military

Mission, This becomes the statement of reauirement leading to

a descripiion of the operational function the system is required

to perform. A system descriplion, in engincering terms, de-

rived from system function will be prepared (Tasks 3, 4, 5, 6,

o o
- L

- ¢ o ¢ - a c ) < - Y - " c i ‘e
- c - £ 8 v < o o gta S2 1 ocan P o) 4 . N (23 Cym o~ .
© % afid 7). T radeoff studiescof ' ofi “the*shel -hardware awill be éon-

ducted 1o dete~ine how well o selected configuration combination

maiches e necded system requirement, Finally, a recormendea

may

best tecnrucni auproach statement will be prepared. This
includs @ recommended program {or a nardware development i
it be

e aronc@at that ourrently avaiiable equipment wiil not
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Throughout the study attestion wiii be continually directed

PRV R
3 . f

* toward:. o . e .
i Feasibilily
2 Mission effectiveness
J Cost of ownceurship
. Cost eflcctiveness
’ Availability
. Reliability apd maintenance

1.2 Study Rationale

Provide a specific..ion for a range scoring system that

< . - foa <

most closely matches the requirement in all respects. Over-

design of hardware is to be avoided in all cases to preclude pur-

chase of overpriced, over-complicated hardware. Inadequate |

3 .

design‘is likewise to be avoided to obviste inadequate performande.

c

1.2.1 Background

In order to satisfy the foregoing, il was first neces-
sory tu esiablish what task the range scoring system i3 ex-
pevied Lo nerforn for the user, The 3DR analvsis has heen
compleicd and user agencies have been coptact:d to ascer-
tain tise tenining requirements by training phas., Results
of this combined anclysis, starting 'vith the missioa {osiec-
tive of srped aurcr It gurnery traoning programs), are
st2'ed in the suascecding peragrsphs,

108




. ‘ . .
¢ o
13 o s © < “ °r © <
.
S ~ ©
o . © c e, < - 3 5% ° i PR (,
c o PR 2 on £ Fl co B &
- ¢ B e E: - s < ¢ ® B
© NAVTHADSYC™ 6 0173-1 S S e o e
. ST e NAVTHALRYC T BY=Cw L S Y S (I TR
o < I . g . o 4 Baci TR T e T, . o

2. MISSION (QPIECTIVE)

. - . -, . PN
< c : < 5

U.S. Army urmed aircraft individual familiarization and qualifi-

cutions training

8

unit qualification and tactical training using simulated

targets and gunnery scoring methods.
3. FUNCTION

When the mission is broken down into first level functions, two

<

significant categories emerge: (1) individual farniliarization and qualifi-

" .cation; (2) unit qualification and tactical training, The two functions

arc mutually dependent,

Figure 1 shows the overall armed aircraft gunnery training mis-

c co ° B ° ¢ cs © ¢ o <
. o < g e e . © < . . ¢
sion broken down into training funclions.
3.1 Individual Training i
c:}f C o ri’jf‘:;‘ °;~oa’ Cﬂ& L 0; 4~*G rik o & "’:5; :c;f: < B ‘:'C T & B ‘ E-ﬂ. s e
e o h B o o < e . N N

°
c

Figure 2 shows the individual training requirements broken

down to scoring systems functions,
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BAVTRA DV 69=C-01 7]
40100 Faaailiaeization

. Objeetive: to familiarize the individual with the
aircralt ordnance under in-flight conditions, Roth day and
night operations arc included, The student is schoeled to
get the "feel” of the aireraft and its armament in a live
ammunition firing situation. Primary gradiug is on his
performance in following prescribed operating procedures,
and saflcetly eriteria, Equipment malfunction (both sinmwulated
and real) is.included, and improvision techniques are graded.

«

An aiming point is provided; however, the student is
not expected to provide accurate fire during this phase.

3.1.1,1 Method of Scoring

<

W¢é concur with the Training Command's
conclusion, as stated in Depariment of the Army
Publication 1-40, that the instructor piiot scoring
by manual notation will suffice during this phase of
training,

3.1.2 Qualilication

Objective: to develop the student's proﬁéicncy in
placing accurate fire on the targe:., Both day and night op-
erations are included. Primary grading should be on his
ordnance delivery proficiency and accuracy.

. N . e

SRR IS A }_I_gtho_c_l_f Scoring A

<
¢ .

An accurate mcasure of qualification level
per student can be establisn~ad when standards are
well defined and testis become independent of indi-
vidual interpretation.

Following gunncr: {a3miliarization training
and starting with the quaiification nhasc for Individual
Training, :he scoring tasi Lecomes more siringent,
demandins precise assessment o target kil' petential,
A achine scoring system 13 essentinl during this
phaase of ‘raining in order ¢ establizt a unform
methor of proficiency rati-g not open to individu,l
interpretation,
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3.1.2,2 Targets
B

A most importoat eriteria §s establishment
of mr;.,c Sstimdardizagion, he targets
individudal qualification should bi point of aim, ‘
semi-fixed, multiple targel complexes on A tymml
firing range. Figures 3, 4, 5, and 6 descrike cir-|
cular and cliptical fire dispersion pallerns, * Ref-
ercnce Appendix IV for targer dimcensions

: |
3.1.2,3 Armament :
1

. i
° Rapid fire (G, 000 rounds per minute)
machine guns - 7. 62 mm, 5.56 mm,

° 50 caliber machine guns -

'y ’ Rockets and missiles (2,75 ‘;(» 6 in)
e 40 1nm gr;txaa(lc launcher

L 20 mm and 20 mm automnatic guns

Inert rounds as well as HE and trecer wxll
Jbe employed during the traintng phase: s

¢e 3

provided fox‘ wo s

|
and layout,

All ordnance except the TOW and M-22
(wire-guided) missiles aroe r‘laeeifjcd as "area

weapons, ' TOW and M-22 are pomt of 1mpact
cweapons, 'l L 0 et ceo, een ol oo e, 0 R

31 2.4 Scoring

The scoring system sccior covarage from
the target focward direction has peen
+ 45° in azimuth and 0° to 80 vertical elevation.

Stave

Accuracy of projectile or burst count (for
rapid fire weapons) should be 9537 £ 3%.

SR lfu ns are contawaed |
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DAV 20 0 B9=0=0173=0  FIGURE 3
L. e Civculae DO jpeesion Pattern on Plane

< o © 7 7 Intersteling Coue uf Flot

———
Eromem~—""  COME OF FITE

Gun -
3 . . . B ¢
PLANE THAT HAS INTERSCCTED
CONE OF FIRE —ROTATLD 90
3 c - .
P x . - N .. . N
- e i < = ¢ < v,
. <
. P - . < PR < e .
© .

Refercnce: M-1-40, "Attack Helicopto » Gunnoeey, ™" U, 3,

Army Aviation School, Fort Rucker, Alabama,
April, 1958,
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L. o@ . E

()\‘l.l', shm't Yo, oy

pj..h? fev Yoo e nmeoeun

paint of iinpact "misr locoiion’ {

tlpl

covrer: e

re-

quired in the horizonmal plone ot groan rl level for
area w_,.)_}_.ons, "Loint" Ly e weannns requise i

some caverage in the verdeal plane, Only hivs
within the pre-defined ta 'get zone must be seored

(counted),

Misses in "over/short'

e

right!

zones need not he scored,

(Sce Appendix 1V,)

3.1.2.5 Scoring Scusor(s)

The sensor(s) instadled at the target site

must be capable of responding to a rate of fire

6, 000 rounds per minute. The rate of nformation
trunsmission to display and recording instruments
can be as low as u rate determined by dividing teo
times the shortest burst duration a gunner is able
to fire (human recaction time) into a unit of elipsed
time; i.e., 1 sec/0,25 = ¥ per sce.

3.1.2,6 Daty Transmission and Display

Human factors c¢nginecering studies indicate
the fastes! response to perforim this function is in
the order of 1/4 second. Therefore, the informa-
tion duata rate of 10 words per sccond for cach tar-
get will sufficc, (Sce Appoendiv II, Scoring Rute,)

Scoring and miss data may be transmitied
via buried hard-wire cable or wireless tul(\mntr:
fromtargetsto dlopln\' unils inine control tonar
Fach target should be dispiayed individunlly, Irdi
vidual tdxcnt data neced to bDe transmitted via wire-
less telemetry to the firing airerart where the in-
structor pdot can select aad display e aran
being eng.oed, it it i3 within the capabllity ov pnys-
ical limitatinns of the alroraft,  Maximam delay
time betw. cen projectile 1mnact and display is 220
miilisceonds (as requesie<i by Training Commands),

3.1.2.7 Rerording

Sorting of ordr-ac e B tyvpe and b ficing
aireradt for intervoven . 'Z“.:J'.l ficing ~uns (L, e

four air—~af. in 3 race Lo.i.w Daticrn 8 possikie on
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cach range) must acecomp. o0 the scoring records,

Thxq may be accomplished ln virrjous macans such .

f’-' a voice or toné index thit wientifics Hrm(,can‘{ 7

. ' ‘ ' craft, turpct enguged, rmin namber, and ordnance
uscd, . c .

T,

e B B € e
/f‘l’ . fLT e ° [ .

Automatic recording of scoring dota is
virwaily csasentinl due to the large volinne of data
to be hundled plus the need {or precise measureinent
Cof student gunnery proficicncy during the qualifica-
tion pha:-m.

- 3.1.2.8 Povrer

. ' . Power for instrumentation at the target
. - 8ite may be supplied via underground cable aiong
 with a hard-wire telemetry cable, (Notc- Training
Commands are opposed 1o batte rics. )

—— et

3.2 Unit Training

o .
- c e e .o <
N r c o - e ° e c ° o ° c @ e ° -

Figpure 7 shows thie unit tr'ammg 1Lqmremcnts broken down

to scoring systems {unctions.

= Jeoot e TR TRl ey ;% e C”’):' UYEL artical
. . ¢ 3tz it Tact rc(y. r'aknmg

P < ©

oo R v TS

[

For unit Lactical training the basic scoring equip-

- “ment furnctional and pertormance requirements for individaal 7
gualirication can dc used if addiiional cepabilities are added,
These ire:

_ (1) Inceease sensor coverage from 90° azimuth
- ' to 360°. (Provided the range can accomimo-
date uneoatroiled approaci up to 360°,)
(Fivure 8)

{2) Provide vireless teleanetry from tarset
with a raage of 30, 000 mete s,
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(3) Provide selt conieined wie transport:blo
scoring systom, including power source,
. L " Reference Appendis IV, ; L -
(4) Incircase scoring rate (system wide) to

24, 000 rpm,

(5) Provide scoring for simaltancous fire with
' mixed weapoa fire froam single or multiple
aircraft, in addition to automatic sorting
of firing A/C,
3.2.2 Unit Qualification and
Multiple Teamn Fire

Unit qualification and multipic unit firing does not
reqguire additional scoring capability beyond that required
in Individual Training.

3.3  Scyuence of Occurx'_cﬂnccl and
Cor:eptual Flow Diagram

o T @ P . . B . - hE

Fipure 9 describes the sequence of information flow.

Fignres 10 and 11 show sumpics of the next lower level flow dia-

S ¢ i : 3

grar und the assoriated data rate, . - 0 0 o1 - 7o

¢ et R . ° . . 3 Ce

4. RELIABILITY

Reliabulity is of paramount importance tu successiul emoloyment

of any scoring s>ystem. I confidence in reifabic performance is low,
the entire Junnery mission wiil suffer; therelore, reliabilits becomes a
Key consideration in systems cos: effectiveness.  The burde: of any

add. 4 ewprase scauried by slowing down zunners. training due ty paer

reir:bility must be charged to the system,
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- ‘ l%ciiabimfy of the candideie ¢ guipment witl bt dnm_,nd Guring’
Ta.:k 4 to determine perforimunce conformity to MIL-STD 785, .\ fur-
ther requirenicat requested by user agencics is 1200 hours mean time
between failure for the entire system,  All components downrange,

(in the vicinity of the targel), must provide unattended service, includ-

ing vulnerability, of at least 120 hours rangue operation time,

MLl

. AINTAINABILITY

s e . —

Idcally, u system should require no maintenance; however, in
real systems this hecomes virtually an impossibility., The maintenance
effort required must be kept as low, simple, and as infreqguent as pos-

sible,

. © © <

Modular construction where system mujor compenents may be

3

repliced quickly and easily bas been employed successfully in many

v

o~ § ¢ PN

o T N < oo [ - N e v ©F € ;

staly, - Coe e

3 . B3
3

cas.s. Modular construction is included as part of the scoring systemsz
L . L - . ’ ° R T ’ Ty '["A‘f LVA—. : :

A maintzinanility plan should accompany the system during the

hardware coesion conceptual phase.

Upon delivery and instaliarion of any scoring system, a maimntain-
abiiity derton-toetlon spoaid be regutred, A maintenance teainin svila-

bus shol i alse beooncluded as part of the deliverable end prudact,

v

12%
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Maintain-Lility of the candidate equipment will be anaiyzed during

Tash 4 1o detcrmine adherence to MIL-STD-470 and -471.  In addition,

° N 3 B} N ‘e
. . . .
P 5. ¢ s v . E SEPN o . s .o 5

< < <

¢ e R I T S ¢ e

the :.z;,-‘r u;_g(-v.r:u-s reguire a nlu.;imum time of 3(; minutes for mainte-
x\:xr;'*f: Groreplo uu)('l‘sé of all downrange equipment, Level of skill re-
quired to muintain, "trouble shoot, ' and replace damaged or dei:‘(:ctivc.
B subsyétc-ms ;o iimoted to standards ol field organizational n'.aint(‘xvlanm:
perLonnel, I\iaJoz" repairs or maintenance will be accomplished at a
ﬁvno ral or depot maintenance facility,

P . c .

6.  SCORING SYSTEM "TRADE-OFE" .. . :

Figure 12 desicribes the system functions in order of importance,

level 1 bemnyg the most importunt. The most important functions are

to sensce hits, score hits versus rounds expended, provide an aiming
point, and to display these data at the range central control station and
25, <n oL eeinane®aircerart Zop theebenelivel the instructdr dilot, - B o S
© © e ° v ¢ - < e : <

The next mos: important function is to provide miss distance in-

forimation by r und 3 zones.

Datz traizlorm, transmission methods, and recording for posc-
opcruiive review are considered as lower level since these parumeters,
althcugh impo tani, do not constiiute the fundamental function of range

scor.ne,
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C B AIPENDIX T

PROBLEAM STATEAMENT

In genersl, af f(X, Y) represcnts the probability density for ran

dore ground impacts for a given weapon type, and if £(X, Y) can be
transformed jiio the probability dencity hi(r, @), in polar coordiniie s,

then the probability of an impact occurring in o circle of ruds reor
given by the expression

-

27 Ty
?’(ro) : / / glr,®) crdo - :
(B} Q

In a truc exterior ballistics problem, the weapon rarely impa

.

e - : o < e LT T CL

Swith the vrone: v 2 o007 angle, Therefore, U sccins reasonable Yo
sume that the distribiion abou the expected trajectory may be olili
vodensity 15 2iven by

cal normal, wiiere e provabgny

2 2

I T

2"2 2:2

i . l X v
ta ) gon 1 .

U
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Leve, Moas mcasured i the range divection, Y i the defleciion
diraction uno u_ = uy = 0, The angle of impact, 9, is now defined by
» :
the trngeit 1o tne trajectory at the point of bmpact, Furtherinore,

o wnd 5 should be dependent in some sense upon the trajectory
X M

lengdh, but independent of each other,

The problem then becomes one of mupping the probability dens’oy
f(X,Y) onto the ground plene, transforming the new function to pelar

coerdinates, and then integrating over cireles of various radii.
PROBLFEM SOUUTION
The ground impact probability density is obtained by letting

X =usin ¢
and (3)
Y =v

The probability density for u and v then becomes

(2 2 2
I Sin oz v
i T  —e
2 . : e
o 23 20
/ . _3in g X y
gy, v) = sme o e . (1)
x'y
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it 15 seca thot ¢lu, v) is also an clliptical normal gistribution in u and

'

v with " N
(7i = (ux/sin f/)z
and (5)
2 2
fol e .
v

The naaal transformation to poiar coordinates,

r sin¢ =v/o
v +
and
rcos¢ =u/~ ,
u

(6)

yiclds the resalling probability distribution of impacts on the ground as

“ . i o ©

2.
hir,¢) = & o7 /2

) . : (7

. . ) - .
. . , . - . <

It is desired to integrate the fuuction “n(r, $) o

c " ¢ ¢

. B

ver circles of vari- ¢

ous radit and for selected values of k = v/'J‘(. Tne detailed numerical
integranon procedures appear in another paper, Referonce BAARINCG

"Hit Probbiliiies in the Elliptical Normai Case Considerivg Angle of

Impact, Part II: Theoretical Considerations, ' report to U, 3. Naval
We

apons Latoratory, Daklgren, Virginia, Juneo 1363,
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“level 1354% i tour gunncrs arce firing at a single tafget during unit

. pAyTITe s a7 0 A ALY - s e - . -
e L, e © SN f O Y % e s = .

APPENDIX 1T

1. RLIEICHO SCORING KATE

Mavinuinm scoring rate may be limited 1o the human factor reac-
tion tinie of the guaner, A gunner under the most favoi'a'blv environ-
ment with fast reflexes cannot be expected to react (firc the weapon in
the shortest ian-st possible) fasicr than approximately 1/4 second.
Tnerefore; for rapid fire weapons {greater than 500 rpm) smgie pro-

jectile scoring may not be required, (Example: 6000 rpm, 1/4 second

0 . 25 - L5 ¢
burst = 5010 28 or 25 shells fired; 1240 rpm1.)

4

Statisticaily, the probability of hit (S/N) for 95 percent confidence

- r

< - <
; <

<

trairnng, cach of an individuﬁl z"‘ate. o;‘ 240 rou:xd%/min#tc ;pm) then:
4 x 240 » .44 = 522, 4 hits/minute .

Scoring count accuracy = 957 £ 3%,

222, 4

- = 374 rpry masiovum rate, (1007 - 107 or 'éa = 1167 for

WOrasl oode, )
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Ancabiirary masimuen scoring rate poer target of 600 per minute
with a cormn ecaracy of §570 40 5% may suftice, provided an individual
round history is not required al the display sitc,
*
-
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Using o hyposnciical moded for purposes eastablishing downrange

equipmnent Laegets wid sensoes ele, ), maximuam destructive fire over a

120 -hour range operating tine ot cipbt hes/day is ag follows:

(") Stuied swevivability © 120 hours un«itended performance.

(2)  Predicied target hits are based on e performunce
enm clope of the Advinced Acrial Yire Support System
(AALI°SS). . e

(3) Othor considerations:

() Four (1) aircraft firing in racetrack paticrn
&8 +

(L) Two flights cach per day for five days

— k) Duration of cach flight - airborne for three hours
(d) I'iring run time - 1-1/2 hours per flight
(¢) Time per lap - 10 minutes

() © Six (6) targets per range (1wo point plus four area).

(4)  AAFSS armament total maximum rounds per flizit and two
fligiits pec day in two different coniigurations (same

5P
aircraft)
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©ORAVTSI Y VO 6‘)-(:“":"'/\(“"1 :
S, . . ° k ;- Co L
Morning izt Inveaory (assumed)
'
Weapon Type Arinament ~ Rounds Totl &

Arca v 7.62 mm 11,570
Arca 30 mm 2,010

Aftcryoon Blight Invertory (assumcd)

P
'

Weapon Type Arm-~ment Rouncis{ Total
Arca ' 30 mm 2, (:Jl 0
Avea .40 mm '%80
Arca 2. 75 152
Pcint Tow and ! 2
SS11 |
é .
Totai Rounds Carried - Five (3) Days of I'light |
L r‘\\'»e-upnn‘ Tvpe ce N Tt '
Cava T alse e o

2,010 ‘ :
2,010
(80
__152
16,322 x 3 = 82, 760 total rounds
{ired per
weell per
aircraft

Poirt 2 x5 =100 al rounds fivesd per
week per aircraft
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- ‘ 120 hours tofa] . :
’ R e R U T B
Gohralvan Chduys/voeen :

’

i

Hoonds/Xamber of Tarpets

I
1y

Voeepon b

82, 760 % 4 x 3x 0.5

, Arca 77 4 = 124, 140 hirs (i 20 hrs)

10x 4 x3x 0,77
Point = “'*,')“2““’“" = 42 hits (120 hrs)

By providing separate targets for poant and orea weapons, it

should be possinle to enhance target survivability,

Following this argumoent to its logical conclusion sugge sts that

sonic measure of ordnance sorting i$ auitomutic since one tyvpe tourget

. i o (K] - e N . e . . < 5 N
<. is vaed for: poini: weapons, sthe project s 21l being Supersonici.and, -

3
- <

< .
anviner type tar

’ L e " ' C s . :
gel {5 used for area weapans consisting of both super-

.
5 5

son:ic and subionic projectiles,

* For purposes of estimating, a 30 percent hit probabiiity for all
area wes;ons reunds fived (3 assumed,  Actual experience sug-
gesis a pit probabilitv of less than 10 pevzent; hovever, this can
be experted o inpreve throvgh the wae ¢f

tems In 2 nery trainiog,

for poHoirs

methine-scor.ng svs-

A 70 percent Lit propawvility {3 assumeu
W OIS, _

%% Assumes niform density over the cntire target ar2a,
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DISCLSSION O VETICAYT, AND TIORIZONTAIL

LARGE ZONY: DIMIENSIONS

e

. POINT WEAPONS ZONE DIMINSIONS

The solution of vertical target zone size is relatively simple,
A ciceular target arca comprising the cone of fire circular normal
dispersion is uvsunlly considerced a target 'hit" zone. All rounds passing
. . . 2 /7 .
within an impact area have to he sensed and scored,
Rounds which pass the turget at any greater radial distance are
classified as misses, . Since target criteria for dicection of miss is
. . 1 e N "ot 3] H s LR .
limited to "over” Tunder, left” or “right, 7 it is only necessary to

provide instrumcentaiion that will sense the miss in quadranis., The

) o e, L ,»’(C,-_> -0 cctiﬁé Lo o« .
sadrget zone may be arbitrarify reduced I size‘and shapced to conform

to a realistic silhcuctte for some phases of training.
Probably ithe best solution for Individual Training would ke to
resirict the radinl distance (sStarting at target centerj to some arbitrary

valur which approvimately duplicates a realisiic target size.

v

\ - . e PR N . 1" .
For Unir Training on ‘noint’ weapons, the most desirable selu-
. u 5 e, . L3 B N .. .
t.on wouid be Lo vonstruct the NIt 2oae  1n tne 3ame conligurailon a3

real thrgets (fanks, vehicles, ctel ). Any departure will result in
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(e;i'.:;biif‘hil_};; HEA ungr('z'.rlist(i(: tarpet; doe, either ruuncds that \\'Uln}d nor-
mully be hits wold rb‘(- clasuificd a8 misaes, ox rounds that are actually
miznes would he counted as hits.  The degree of discrepancy depends
on the relationzhip of real targe. geometrical boundarics deviation

from a cirele,
2. AREA WEAI'ONS ZONE DIMENSIONS

The horizontal targcf zone for area weapens is a difficult problem
since the shape is elliptical due Lo the planc change from circular cone
of fire to horizontal impact zone. The width and length of the clliptical
"beuten zone" arc both variables, depending principally on gun-to-

<

taroet runge, acack angle, and stability of the firing platform,

Three solutions are possible:

[ . Loz oo L . ‘ - - . © e 1T <

P it N . ) - -~ "

¢ (1) © Construct dn elliptical target at ground level to sense and
count impacts within the trget grometry; or

(2)  Usc an offset vertical circular scnsing zone svstem and
count the rcunds passing theough ti:is zone area; or

(3) Chose an arbitrary shape similar to the unit training .
realistis targets, modified for easc of installation, re-
placemvent, etc.

The problem of providing a continuously changing target beaten

zone is very coinplex, requicing eaquipment sovhistication well beyond

(1)

that reeded for gunnery iraining,
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chinging ditnension of sensor-to-atniing point and a coupled plane
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chango fror nenr-vectiond o near-harizoutal oricalation, (2)
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Sincd proficicoey rating is a hii percentile against the norin for
|
!

clasnses of stvaents, it is not necessary to score every round that
would imapact in the beaten zone for given angles of attack and range,

It is only nepecsasary to score ou the percentage of hits 1o rounds ex-

< "' ©
o

pended, stident versus studeat; therefore, the size and shape of scoring
sree becopteooarbitrary. The turget shape in the horizuntal planc

should be gimilar to that encountered in unit training, modified in di-

o
. . . O
mension lotconforn: o an casily handled sw(-.( )

© [ c

A circuliir target will generadly meet these requirernents with

the zaded Z;J.;d\/'ilrllrlig‘.‘ of clogely relating to explosive warhicud effecctive

B 2 . -

C;cfc; "'Cc co ‘itic—coé < :c’ f"f—‘_'r';c j“‘ei<g~c— -z 3 (f:C . o o .
bra=t radii (Civenlar)., . ) . ‘ .o e
|
!
Onceie turget shape and dimension is chosen it shouwld not be

alicredd; otherwise the proliciency rating standieds aCill become obsaloety

gnd involid, It is recessary toocount 2ll rounds fhat hit within this 2rea.-

1,

It is not essenalal to locate & moan point of irapact within the "qit! area.

Converzely, it is enscatiol to locate the mao . n noint of impact cutside
” PR — e e e e e et} e ——— e e e e

—

this ernelope. (It as beer stated thal medn point of LinpasBy cloek

posirion and zonv is required for misses. ) If two zone depths are Tobe, /
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and use of the informatior

3 o

coendery howe o, anadysis of he purposc

. 1] . 1 ) : (2] -'_” . .. . . . e e R
derived ap i sageesus ibat Tmiss” seanging by quadeant 1ostead

of clovk posicino, will sullice,

The nasas zone sector beeomes four pic-shapoed wedges 10 deprecs

witee, ctarting o the exterior hinite of the Bic zone,

3. CONCLULAION '

For individoad training, sceparation of pojnt and ares weapons
trr et indo vLo sepacate toreews would be the simplest zolution; all

cothe o congpderutions being caual,

For ur't training, & aetural scparation doer_oceur, beeause ord-

a s enki

aee R . * R [ 8k -y -
83 pier Velidelese wpoliil weapons

o

- . . o . . 1
Hivzone - circiiar debit-ary size approximates  real

2t 31 plas wisa sonsing in Jour guoderaes,
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sion chouen on the basis of convenience of target erection, ete,
. : 1"
Miss zonc - seclored: Four quadrants (Tover, short, left,
. 1"
or right''),
Horjveniad Tarpet Dimensions - Unit Training
Sume as Individual Training, .
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Bas1
RA-2
BA-3
I%}.-h
EA-5

RA-6

2A-11
2A-12

BA-13

BA-lL

) NAVTRADEVC. N 69-C~0178-1

TRCHIYCAL PATA

MI1~T-0C23%51C
Contract hul339-69-c-01'{8 . : ¢

MANUAL hho.gq
Stanixriization Policles, Procedurcs & Instructions

NAFT TR-5T78
Cocperative Doppler Scoring System Study

NAVWZPS RPT 5674
Design for a laser Rangefinder

BRL NOI= %O, 1409
A icrovave Modulation Telemetering

AR MANUAL "0-13 ,
Weapens Reangzes

TECH. M0 11-55
Tranzducer Techniquee for Measuring the Effect of
Smell-Arns lloise on Hearing

TC 1=22
Rotary wirz A/C Gurnery Armament Sub-System, Helicopter,
7.627 Machinegun (X:~6 Series) Quad Gun

MAVTRADLVCZN €00 115
Enviremniental Testing of Training Devices Desicred for
Use in 7ield Exercises & Installation on Military Velicles

. AMC RICULAVIWE li0, 70-20

r2 q;isitee

Rescarch % Tevelormente-Concept Formilation--Frer
teny Jevelote

;- to -'.it'a“.::g Irsineering or Cperational Sys
ment ET®

c

" AD 100, 1€5235

Acciznic ATolifcatien in ITT-V
Corpcunds (Zacond Interin Report)

AD 0. LY€z234
Accrisiin A=nlification tn I21I-Y
Cozpounls (rirst Interim X=port)

AD-245-575
Zle:-renie Zontrol % Cuidance Division Report or Ixrarizental
Inv23tization of & Miss<D!stance Indicator Using Radloactive
Technirueg

AD=b13-2L
Insiru-ent Operations on Test Department Ranges

16k




<L ofti:«cgr S g »o 2o MVTRAD“VCY‘.\‘ 69.0.0178.1 $ cee e
BA-15 Feauibility Study of %Lb'bilizing the Line of Sight of o.n
Autoratic Miss Distance Indicator for Tanks
‘BA-16 . . 6T 1-100-1
. Reference Data “for Arrw ‘Aviotion in the Field’ Amy
PA-1T M 17-36
Divisional A=ored and Air Cavalry Units
BA~18 T™9=(920-210-14 o
Tar;sts, Target Material, and Training Course lLayouts
BA-19 TOE 1~1117 (Test) _
Special Army Training Test 1-111 ( OE 1-111T)
BA-20 TOE 1-111T (Program)
Special Army Training Prograa 1-1.11 (TCE 1-111T)
BA-21 .M 1-L0 '
Attack Helicopter Gu.nnery (Illustrat ons)
BA-22 ™ 1-Lo _
Attack Helicopter Gunnery (Text) Vol'me 1 of 2
RA~23 ™M 1-=40 .
Attack Eelicopter Cunnery (Text) Volume 2 of 2
BA-2L AD U65 679
Prozagation of Sound in Alr-A Bi'bliograpw vith Abstracts
BA-25
Gunnery Instructor Pilot Handbook
x'cm.-QG: i fae 67’289‘% < : e St et e
e ... UH-1 1P Guxmery Oualification Course - T
BA-27 9-68 B
Prosram of Instruction for OH-58 Transition/Gunrery IP
Qualificaticn Course
EA-28 L-68 27715
Progran of Inatmction for AX-1G (Puey Cobra) Pilot
Trarsition/Gunnery Course
BA-29 568 20-71h4
Procram of Instructicn for AX=1lG (Duey Cotra) Instructor
Pilot (Transition/Gunnery) Cualification Course
BA~30 J-69 2¢-T19
PreoTas of Instruction for UZ-l Pilot Transition Course

(tiary)
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. ‘ FAVTRADLVCEN 69-C~0178-1
BA-31 768 (30-6TN20 T
. Progzranm of Instruction for Ui-l Repair Course

BA-32 2-69 2C-F9

Pro;ram of Instruectiosn for (Wire Cuided Missile) M22
Guanery Qualification Course

BA-33 1-69 2¢-1631-5/2¢-C623-3
Procram of Tnetruction for Officer/Warrant Officer Rotary
wirg Aviator Course

BA-3L 2-69 2¢-1981-p/2¢-C628-D
Prozram of Instruction for Officer/Warrant Officer Rotary
wing Qualification Course (Active Army)

BA-35 3-69 2C-1991-A/2C-C62B-A
Program of Instruction for Officer/tarrant Officer Rotary
Wing Qualification Course (Reserve Cmponenr./AJlied)

BA-36 2-69 2c-¥3
, Prozram of Instruction for UH-1l (Irogquois) Iastructor Pilot
(Transition/Gunnery) Qualification Course '

BA=-37 12-68 2C-F13 ) -
Oli=6 Trensition/Gunnery IP Qualification Course
BA-38 LOH-T?
Gunnary Cunlificaticn Course
Flight Cyllisbus & Standardization Guide

BA-39 3,160,415
Strafirz Target Using Scnlieren Effect

BA-UO 7 3,147,235 PR
S . tical Miss=Distance Indicator

Rl 3,201,701 A .
Neaxr Misc-Distance Scoring Systea Using Doppler Effect
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NAVTRADEVCEN 69-C-0178-1 )
TECHNICAL AMALYSIS
or
EI.ECI‘RO.‘!IC SCORING SYSTEM, MODEL 8008
BABCOCK ELECTRONICS CORPORATICN
This Electromagnetic Pulse-Doppler Scoring Srstem was designed primarily
for use with airborne targets and has been produced for the U.S. Arzy
and Alr Force, Althougn the scoring principles used in this system eould
astisfy & number of the functioral requirements of the Armed Aircraft '

Qualification Range Scoring uystem, limitations in the follosing areas
have been defined:

- Scoring Radius: Limited to 50 feet

Accuracy: Adequate only with large caliber weapons
Two square feet radar cross section or more

Caliber/Type Weapon: No capability with 5.56 or 7.62mm
Vector: No vector information provided

Data Display: No real-time hit, miss and vector data
displayed

Malfunction/Damage Alarm: None

Ses Workshcet "A"
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mv'mn cm 69-c-0178-1

= & ° A 3
TECHNICAL ANALYSIS
or
¢« < . . i, « PERSONNEL TARG:T - SCOQIFG EYSTEM e e

‘ BABCOCKX ELECTRCNICS CORPORATIQN
This system which 18 under develovment for the U.S. Army is designed to
sense wisses of projectiles from flechette to 4Omm in size and the
point-of-impact for LOmas grendadea currounding a personnel type target,
Appliciailicn of iLhis system to the functional requirements of the Armed

Afrcraft Qualification Rangs Scoring System leaves doficiencies in the
following general arecas:

Seorirg Radius: Limited to 20 meters
Accurscy: Unstated (develormental system)
Caliber/Type Weapons: Limited to projectiles 5,56 to LOmm-

Data Display: No real time display of hit-miss or vector
: data

Vector: No vector data provided
Malfunction/Damage Alarm: None

[

See Worksheet "A"
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FUNCTIONAL REQUIREMENT

i}

 SYSTIM MAMUFACTURER MODEZ,
Rlect - Variable - . t1pre,
Babcéek Electronica ’me’ 8225 Mcuqm 5-50 Pt r
(UsA) Pulse-Doppler on projectije Radsr Crossi
veloeity & Sevtion
scoring 1 sq.rt, tq
redius 1 19 80, L%
1
. —— . ; — . - mt o — -.j. e m—— -,4“...-....-.. .--_...4L_
Klectromag-| Prss i Development e ! 1 :. 3 £ 25 cm
——— I e maters . .
(pear mies) i T on projecti [0 MDY T T
Dafre=Red- R velocity & | -
Acoustic - | scoring T - 20 I
HE) (PO1 redius te M
Lo o |men g ] meters
F , 4
P mete- - . e —— - b ——— ——

- —— ~—-}+——. ..... - — - 2 i+ et g
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R N . N

#%  Primarily Air-to-Air and/or Ground-to-Air,
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TECHNICAL SUMMARY
"Ory-THE-SHELY" SCORING

ARMED AIRCRAFT PICATION RAN
|Hit, Miss 3/4 T Truck
FUNCTIONAL REQUIREMENT 1710- 30,000 RPM & Yes Cligmtic [1/L T Truck
1850 MHz Vector Zone
FREQUENCY |  DATA DATA | DATA | ENVIRON- | PORTART
SYSTEM MANUPACTURER BAND JRANSMISSION! DISPLAY RECORDING| MENTAL o
RANGE CAPABILITY | CHARACTER-
216-240 ! Transport-
Babcock Electronics NC Not stated | T™M/Revr Ampex 600 : ALY “ahle
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— A ' . S R SRS VRIS SRR S
, Not stated| Not statedi Computer | Mag tape ! No limita<Transport- |N
- e . - comman. a . —— . -M- . L———-—-————-—qr——
1™ "8" 15 + miles| imPuts ™y r ] able
hand : - . .- —
‘b-- e - - - ——— - - PUS SN SO WIS Sy [UP—— -——-T—n
c‘ -‘_‘_‘}-;-—‘ = .‘OF r_.
i L
i
. L - . { 2]
. : J’r , K ' E
- 4 4
i |
I
S - I U
; :
- - __ﬂ.__f...__ —_ 3 -
j
———d e o




FECHNICAL SUMMARY
B-EHELPF" SCORTNG SYITENS

QUALTPYCATION RABGE SCORING SYSTEMS < .=

(WORK SHEET)
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TECHNICAL SUM
. . . Ce L "OFF-THF -GHELP" SC(
P ©e - " ARMED AIRCRAFT QUALIFICATTO!
(WORK SHER
110VAC
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‘[ POWER POWER SYSTEM | PROJECTILE| COST  MALFUNCTIOR
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e e e | - — s TSI T s e—
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. NAVTRADEVCEN 69-C=-0178-1
TECHNICAL ANALYSIS

or '
MISS DISTANCE ACCUSTIC DETECTOR

SFENA MODZL MAE 123

This acouatic (amplitude) system was designed primarily for use with
aerial targets and hasg becen in use by the French Air Force and Army
for scveral yeara, The principles of operation and scoring methods
used are adaptable to the Armed Aircraft Qualification Range Scoring
fystem but in nany rezards zre not compatible with its functional
requirements., The major diversions are as follows:

Scoring Rate; Not stated

Seoring Radius: Limited to 4.5 maters

Accuracys Not stated’ .

Caliber/Type Weapon: Used with 50 caliber gnd 30mm only
(super-sonic)

Vector: No vector information provided

Number of Targets per System: Limited to 1 target per
system

S8imultaneous Multiple Type Weapons: Limited to 1 type
of weapon

3

See Worksheet "B"
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RAVTRADEVCEN €9-C-0178-1
© TECHICAL ARALYSIS °
oF o
RADAR SCORING SYSTZM, MODEL RASCORE AP -

{ | SAMDERS ASSOCIATES, INC,-
This electromagnetic scoring system wai. designed for use with & single
personnel type target. It is based on the pulsed doppler radar principle,
amplitude intensity. This systen's characteristics, when applied to the
functional requirerents of the Armed Aircraft cualification Range Scoring
System are inconsistent in many respects., Major inconsistencies are as
follows:

Scoring Redius: Limited to L meters
. Caliber/Type Weapons: Limited to 5.56mm to 50 caliber
- Zone/Vector: Ko vector data provided

Horizontal/Vertical Plane: Half hemisphere only esch plane
Data Display: MNo special display for real tine readout
Approach Azimuth: 0 - 180°

Malfunction/Damage Alarm: None

MIBF: 100 hours ”

Bee Worksheet "B"
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B NAVTRADEVCEN 69~C-0178-1
| TECKNICAL AMALYSIS
BLNDERS‘ASSOCIATES. e,
This electromagnetic scoring system is designed for air-to-ground strafing
uge, It is dasedon the pulased doppler radar principle, amplitudc intensity.,
¥hen applied to the functional requircrents of the Armed Aircraft Qualifi-
cation Range Scoring System, some significant diversions are observed and
follow:
Scoring Radius: Limited to 20 feet
Caliber/Type Weapons: 7.62mm to LOmm only
Zone/Vector: Single Zona)no vector
Vertical/Horizontal Pl;ne: Vertical only (point weapons)
Ammo Characteriastics: Inert only
Data Trans Range: 1 mile _
Dive Angle: Limited to between 5° and 15°
Approech Azimuth: 15° - 0° - 15°

Vulnerability: Due to bulk of sensing ha.rdware, down rtnge
. ) equipnent must be protected.
: kmlmnctio-x/na:nage Alarm: XNona

See Worksheet "B"
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NAVTQAD"VCEN 59—0-0178-1

o e TECHI‘J'ICAL uunrszs
oF

.. .. RADAR SCORING SYSTEM, MOD.. 7"SCORE-M

€ < < © - e
3 B o .

SANDERS ASSOCIATES, INC.

This electror-asgnetic scorirz system was designed for use in either an
air-to-air or & pround-to-air application., It gives continuous miss
diastance scale data and is based on the pulsed doppler correlation
radar principle usinz pseulo-randem coded phase veversal modulation
techniques, Prinmory intended use is with missiles having a reasonably
large rnlar cross scction. The characteristics of this system when
correlated with the functional requirements of the Armed Aircraft
Qualification Rarge Scoring System reveals that some essential qualities
are lacking, namely:

8coring Rate:

Approximately 860 RPM

Caliber/Type Weapoa: Only missiles with 2 square feet radar

Zone /Vector:

reflectivity

No zone, no vector data

Malfunction/Demage Alarm: Rone

MIBF: 100 hours

S

.

o

Bee Worksheet "B"
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TECHNICAL SUMMAR'
. "OPP-THE-SHELF" SCORING
° ARMED AIRCRAPT QUALIFICATION RAM

PUNCTIORAL REQUTRFMENT

"ors-
the-
- Shelf"

(WORK SHEET) __
T T

24,000 nmi OmSiis 19< + 59

SYSTEN MANUPACTURER

e

STATUS

RATE

— ——

1

SFENA  (Prance) Acoustic

(Amplitude)

- *

Not stated
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HNTICAL SUMMARY
HELF" 0TARTNG SYSTEMS

. IFICATTON. RANGE SCORTNG SYSTEM . -

JORK SHEET) 5. 56mm
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- RAVIRADEVCEN 69-C-0178-1
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- ARMED AIRCRAFT OU

TFGIN'ICAL SUMMAI
"OFF-THE-SHELF"™ SCORIN( .

g FICATION RA
WORK_SHEET)
! tntemedutduga A/c
Hit, Miss | Climatic L T True
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TECHNICAL SUMMARY , e et el
vr-:-m: LF" SCORING SYSTEMS <. . ¢ P . NAVTRADEVCEN  69-C-0178~1
FICATION RANUF SCORING SYS'I‘E'M
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- TECHNICAL SUM

"OFF~TH™-IHZLF" SCOR

ARMED ATRCRAFT .
110VAC besont |
FUNCTIONAL REQUIREMENT 2 tra,of| comm'l, or | Mintaun | SE-sGRic |y,
‘- Operation| Generator per-sonic
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NAVIRADEVC'Z! 69-C-0178-1
TECRNICAL ANALYSIS
| o

" -ACGUSTIC & VIBRATION SCORING SYSTEM DA~2

DEL MAR ENCGINEERING LABORATORIES
This scoring system was designed to collect doth hit uul miss distance
dats froa personnal type targets when fired on with small axms (5.56mm,
7.62zm and flechette) and to collect zoncs miss data vhen fired on by
4Oam grenades,
Scoring Rates 12,000 RPM-Hit, 6000 RPM-Miss, SO0 RPM-Grenade
Scoring Radius: O « 2 meters
Caliber/Type Vieapon: Small arms & LOwm Grenade
Transmission Range: 10,00'0 feet
Data Display: Computer inputs
MIEY: 500 hours
Attack Aziruth: Eit count panel: 0° - 60°

All others; 360°

Malfunction/Danage Alarn: None

", See. Worksheet "C" .
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NAVURADEVCEN 69-C-0178-1
TECISICAL AMALYSTS

oF

TPt < ACOUSPIC SCORDIG SYSTEM, MODEL DA-3/F
| DEL MAR ERGINEERING LABORATORIES
Thisa acousiic (amplitude) cormg systen i3 in wide use by U.S. Navy
and Air Force as en air-to-ground sirafing/gunnery trainer. when
comparing the operational characteristics of this cystem to the
functional requirezcnts of the Armed Aircraft Qualification Range Scoring
Systen, the following inadequaciea have been noted:
© Beoring Rate: Presently limited to 10,000 RPM
Scoring Radius: Presently limited to 15 meters
one/Vector: No multiple, zone - no vector data

Lo. of Targets per System: Limited to 1 f/simultanecus

| , . scoring
Simultaneous Multiple Type Weapons: OCne caliber/type at
a tine
P: 7C0 hours
e c oo o . ¢
ta Recording: No provisions for
See Worksheet "C" =
/
T
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" RAVIRADSVCEH 69-C-0178-1
TECHNICAL AMALYSIS
. - "'O? « I
" ACOUSTIC SCORIIG SYSTEM, MODEL DA-3/E
DEL MAR ENGDIEERING LABORATORIES
This fixed acoustic (amplitude) scoring system is in use at helicopter
gunnery training schools of the U.S. Army. A comparison of the opreraticnal
charecteristics of this system with the functional requirements of the
Armed Adrcraft Qualification Range Scoring System reveals that it meets
all requirements except the following:
Scoring Rate: Up to 6,000 RPM
Transmission Range: Up to 10,000M {Wire)
Data Display: No vector .
lﬂ'Bﬁ': 700 hours
Zone/Vector; Partial vector (Combination of 2 or more
sensors)

See Workshecet "C"
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° -FAVIRADIVCEN 63-C-0178-1 .
- © Y UrECHTIOAL AaLysis C <C
or
“.. . « .. .ACOUSTIC SCORTI'D SYSTEM, MODSL DA-3/A
; DEL MAR ENGDIEXRING LABORATCRIES
1his accustic (amplitude) scoring system used by the U.S. Ay for
weapcns system evaluation and possible training mission applicatien.
It was deaigned prirarily for air-to-ground (helicovter) gunnery
scorings. \Vnen corraring the operating characteristies of this
systen with the functional requirements of the Armed Aircraft
Cualification Range Scoring System, limitations have been defined in
the following areas:
Bcoring Rate: 6,000 RPM
Zone & Vector: No vector, inforration data
Stmultanecus Multi-Weapon: One type ammo at a time
MIBF: 700 hours

Malfuncticn/Damage Alarm: None

See Worisheet "C"
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TECHNICAL SUMMA
. "OFP-THE-SHELF" SCORIM
Ce . ARMED ATRCRAFT O
"ore- |
FUNCTIONAL REQUIREMENT ol o) the- [24,000 RPM | 0-ShM 95 + 54
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[ICAL SIMMARY
LF" SCORING SYSTEMS

GV SCORING SYST?MS

mvrmzvcm 69-c-0178-1
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TECHNICAL UMM/
"OFY-THE-SHELF" SCORI}

. ARMED ATRCRAFT QUALIFICATION E

. Hit, Miss Intermediate] ARMY A/C |
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‘HNICAL FUMMARY
HELF" SCORING SYSTIMS . NAVTRADEVCEN 69-C=-0178-1
AFICATION RANGE SCORING SYSTIMS . - . @ . F P
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TECHNICAL
“OFF-THE-SHELY"
110VAC .
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TEICHNICAL SIMMARY .
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| FAVIRADEVCEY 69-C-0178-1
TECHNICAL AVALYSIS
- or
KIT SINSITIVE PAVEL TARGET SYSTEM, X3A109/%
DL MAR ENGIMNEZRING LABORATORIES
fhi.l hit panel type scorinz systen was designed primarily for usze on tank
gunnery ranges in both a stationary and robile configurations. Ccuperirz
the characteristics and cerebilities of this system to the functional
requirements of the Armed Aircraft Cualification Range Scoring System, it
is evident that the following areas are not rulril]_.ed:
Scoring Rate: 60 RPM
gcoring Radius: Dependent on panel size
Zone/Vector: Neither is furnished
Data Transnission: Wire
Data Display: None
Dive Angle: o" - 60°*
Approach Azimuth: ¢ 60° -

Malfunction/Camage Alarm: None

. Bee Worksheet "D"
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RAVTRADEVCEN 69-C~0178-1 Q U
gty o St e rmm nmsxs . ;m‘c,‘o: R i .
. or
- . .. . HIT PANEL SCORTIG SYSTEM, MODNL BT-14

SAAB AKTIEEOIAG (SWEDEN)
This hit ponel type scoring system vas'dssigned for use ty stiaﬁng aircraft
during individual training. A comparison of this system's characteristics
with the functional rcquirements of the Armed Adrcraft Qualification Range
Scoring System results in the following discrepancies:
Scoring Rate: 9,000 RPM
Caliber/Type Weapon: 7.62 = LOmm
Zone/‘Veétor:. No zone, no vector
Scoring Radius: 20 feet "'
Data Transmission Range: 1000M (Wire)
Data Recordirng: No prov;siom
Pbmi:ility: Fixed
Dive Angle: 10°* - 30°
Approsch Azimuth: # 30

Mllmnetion/ﬁamge Alarm: KNone

“y
.

& See worksheet"n"c Clue et g I E LA S
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C . RAVTRADIVCEN '69-c-01780-1:
 roomaoAL AYSIS
or
ACOUSTIC (Amn'unz)' SCORING SYSTEM, MODEL BT=23
8AAB-BULOW (SWEDEN)
This acoustic (amplitude) scoring system was designed for use with serial

targets. A cooparison of this systen's characterigtics with the functional

requirements requirements of the Armed Aircraft Qualification Range Scoring
Syatem results in the following discrepsncies:

Scoring Rate: Up to 9,000 RPM
Zone/Vector: No vector da*a obtained
S8imultaneous Multiple Weapcna: One type/caliber weapon

at 8 time
Iﬂ'ﬁ?: Not stated

Malfunction/Damage Alarm: I'one

See Worksheet "D"
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o+, TAVIRADIVCKN 69-C<OM78- . . . .. .
| TECIZIICAL AMALYSIS
OF _
Abd:é;ié (AMPLITUDS) SCORING SYSTEM, MODEL AS-100
AERONIC AB (SWEDEN)
This acoustic (axmplitude) scoring rystenm was designed for use with serial
targets. As in all acoustic (ammlitude) scorirg systems, a muber of the
requirezents can be catisfied, but when the system®s characteristics are
compared to the functional requirements of the Armed Aircraft Qualification
Range Scoring Systen, the following limitations are apparent:
Scoring Rates 2,000 RPM |
Scoring Radius: 2 - 20M
Ac;uracy: 0% .
‘Zone/Vector: 12 zones = 4 sector under de.velépner;t
Scoring Charts: Superasonic only (No HE or subscnic)
MIBF: Not stated
‘mlnmctioﬁn/Damage Alarm: None
Number of T;.rgets’ per Systen: I.imited to 31 ;.a.rgct p;r systi.ein

Simultaneous Multiple Type Weapons: Iimited to 1 type of weapon

Sl ter sl Bee Worksheet DT S o Lo et o Tt T al e e

«
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MW}?AD‘:NCE.:! 69-C-0178-1

or

ACOUSTIC (AMPLITUDE) SCORING SYSTEM MODZL MAE-ll
SFENA (FRANCE)

This fixed acoustic scoring system was designed for alr-to-ground gunnery
scoring using the armlituls principle, It has been used by the French
Alr Foree in aerial gunnery training. vhen caiparing the characteristics
of this system to the finctional requirements of the Armed Adrcraft
Qualifieation Range Scoring System, the following essential elements are,

Scoring Rate: 8,000 RMM

Scoring Radius: 10M

Zone/Vector: No vector data furnished

Type/Caliber: Up to 30mm

gimultaneous Multiple Type Weapons: Ome caliber at a time

Dats Transaission: w.ire only, no T™

Attsck Azirmth: 120°

Dive Angle: 10 t $°

Malfunction/Da=sge Alarm: None

Rumber of Targets per Systen: Limited to 1 target

¢

" Data Recording: Ko provisions

See Worksieat ™"
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7. 'ECHNICAL SUMMARY

'«SEELF" SCORING SYSTEMS 7 .
UALIFICATION RABGE SCORING SYSTEMS RAVTRADEVCEN 69-C-0178-1

(WORK SHEET)
ite . | v gz ’ R C
T Y A Aiming Pt. _ : . ; .
: iﬁh T ;g’;i 1200 frs. and 3-D [ 0° to B0° 360" Unit{ Minimum Minimum Minimum
Tactical o L45° Individ
+ | PORTABILITY] MTBF TARGET DIVE APPROACH VULNER= TARGET DISPLAY
- ) TYPE ANGLE AZIMUTH BILITY SITE SITE
: . EQUIP, WT, { EQUIP, WT,
* . 2 e ~ — e i - - - e oo
Pixed - 1200 Panel & 0°<60° $60° 160 | None
I VRN YO ek -._...._...._..1_ - SCTY S S .‘---.i.,_ ——
‘ Personnel _ requires ;
: .. boiad o lvewerer | S|
v yrouection i .

e e e e ¥_ — T . . g .-
! i | . g
} ! ' ] ! !

. . Vo . preasplits ! ? ]

)0 : ‘ . ; eanp er

) c erd unknm . Rnel i 10“30. t30 & &nsor as Ap;ggﬁ. ) ; -22# """" ]
T T ! Sl ’:ell :a X . {

Ly . . . : . 'target su -f !

’ : © o e ( Ject to gunt-—-—_'“"r' T T
o Xt { fire damage ; '
Y&ransport- Not stated EAirborne If used in %round ' Sensor to f Not

.of able . . ‘ target  environmentwould ssy Itransmitter; > 6# ; Stated

mdd , 0-90° | 1360° , _ ; ]

"-—-—.—-———-— ----- e~ - —— e ? e ! —— ..,..:.._... ,,._._.i..-.- - -+ (RO ————

' i i '
j }
Transport- . Airborne .
f ablzo Not stated . target 0-90° l 360' Sensor Approx. o iNot stated ,
R s . SN -t R
i ’ o i
- o B T R e R S
: : P ’ !
- - .- L3 - i . : . - -:
] )
e

‘Aiming point
Pixed . .Not stated 4 meters 10°%+5° ‘Hot ateted

IR N D SO A SO S

"
N
e}
)
=
S

Worksheet "D"
(Cont'd) JJ

ns/no




TECHNICAL U
"OFP-THr=SHELF" 5CC
) A B . . » ARN“D AIRC RAI"X‘ ‘UALIF‘(.ATIC
.- © o wc S e O L e e (WORK GHE
117 7A2 Sub-son‘ - T
FUNCTIONAL F¥. ' IRiMuNT o oirs, of| Comm'l or Mionimum Super-sonic N/a REGUIRI
Cneration Generstor l
- POWER | POWER systv  |PRosECTILE | cos MALFUNC

SITE SITE SOUIPMENT ALARM

| —— = e e s e avee—
12v bC - System

SYSTEM MANUF/:CT'TRER .| TARGET DISPLAY SUPPORT | VHLOCTTY l OR DAMA

Del Mar “ngineeri t - .
R aa! L Amp oe—w.4Calibrator { ?‘“ U SR
Laboratories (UsA) ‘
- —— —— A e e o i e - - #
i
L U

e e . . R R | ' s . . .. *
e SN DU . e e

SAAB Aktiebola; (Sveden) From 110-220VAC|  None - ‘ ' $20,000 -
| TR e | Disnlay | _ 30 W. . atated | _______ 2 Targets !

v { Less cable:
. b
S - e e .- e — e ._1,.. RN FRUSPPRURIP S

; { !
Y -y
Batte 28VDC or - Bang
| SAAB-Bulow. (Sweden) . PV |a10-200vac fpenerator 1 ‘ 1 e
50-60Cy C Fest TX ! i
{Power Meter . ’
. 1 4 4
t i H
J : !
® 5 .77, |Turbine or P2OVAC-15W .| ° .Pang: . i $10,000 j.
Air T"_g_et Ltd - ¢ %1ratgqo-u}p 290 ___Generator ., _ e pom_LGrnd Sta o
1 2rvpe ~ ; Test 'rram.. T 3hoom$900 ¢
Aeronic AB (weden\ A . 1 Pover Meten Target Unit
H T T - Tt N T e B
L——--— —— - - B anEEE TR - —.f — - -ﬂ» -—--—-——--—-—-“:—--—— —— —-!»—-
: ) ! \ :
| £ g
i Prom 115 or ' 4 Tawgets |
| SFEMA (France) _ _ jRec'r Sta | 220 VAC i Neme _ | ___ 2 Grn Sta
! - “T 7 7T 18 Miero
L__,_“ , .340,000
1
'
[ — e e e s e W o e —— et - em———— . = adh = . —— — - c——




CHNICAL 3UMMARY
-ZHELF" 5CORING SYSTEMS :
JALIFICATION RANGE SCORING SYSTEMS . : RAVTRADEVCEN 69-C-

(worY TEET) - , _ N . )
I R T T
REGITIRED | i
MALFNCTTON | f
OP DAMAGE : ‘! .
ALARM ‘
£ . JP SUR S JpuT———

{

_— e e e—h -
J Ao ]
! 3 T — B

NS S ) SRR UISUE P § . - O - .- }. SUP—

-

|
+-
1

S B
|

!

B

... - ..0_ - .;,......1 b e -
N R el

1
3
]
{
; .
|
i

<h
L B
{

1=
T

RV 3 S
i

ts .
ta !

¥

b e

| ameens axseting Sael dhandib Al
!

-
I
t
b

1
e
v '

worksheet "DV
{cont'd)

187188

-

2




 NAVIRADEVCEN 69-0178-1

APPENDIX &

B = ’ o
L
) : ‘
e « ¢, e
. cc
c : :
& ° ¢
c

189/190




- suminuary trade-off sheets pn~p.J ted from duta devived from Tasis |,

o s
e c .
©
B , . z -
s e [ 5
g
.- DY TR - . L YT
w\.V..rL-x LRI VY 6J-’r,-§l{'.-h - .. P
.o - . P n o . B . .- . o - - !
< . R e < - - B 7 . . %, B Lf e 2T R & .
. . . © < c « «
!
i
i
' . . e, -
N 3

i

The objective of Task 1V is to evaluate oad validate caudidate

havdware systeme applicablo to the requirerments for the Aramed
|

Aircraft Qualification Range Scf\x'ing System.

!
The sclection of hardware is accomplishced by relating hardwar

|
i

‘

functional performance and doesign festures in matrix form on the

'
¢ . : 3 c

II, and il |
i

During Step 1 the essertia! parameters functional and design re-

b L

quirermnents are entered under nomenclature on the swmiparies, © = -

e '

These date resulted feom the z2aclysis of Task I wnerein the system

equipmernt considerations, ’

Step 2 identifcs eriticatily of candidawe svsiems hardware

etes ard 2ach {5 lisred in descriptive forry ¢soosite the funations]

OG0t e enta, -~
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Step 2 i the evoluation piose of thus tashe Tt iz the initial ste
I i
in cvaluating Jystemas Effectivencss {(part of the cost/cffcetiveness
analysis),  In Step 4, the tern Functionad Operational Adequacy (Fo\
is introduced,
Functionsl Operational Adeauaey
Functioniil Operational Adequucy (X"O) is defined ag the dif-
ference between Funetional Roqun ement (I' ) and Systems Fune-
tional Cupability (F(‘). ([ c., a system whosé functional ade¢uacy
exactly matches the requirement ju nentner over-desighed, nor
under-designed., )
In order to provide the most accurate appraisal and to mini-
mize influencing bius, the candidates were broken down into
I P AN ';'}:0.]'\&3';' subrsy stems: fu et Lfiﬁy(,"{j oS et LT e B Sty
o © S e “oe - LT e Ty e c&: < °C o T er o 7o e el e e

In arriving at Fo' each major subsvitem is evaluated sepa-

rately us:ng tue trade-off summary sheets. Comparutive rarniings

are grad-d 22ing tae schedule:

Merts requircment

Partially mects requiremeni or partiaily over-desigrned

I)oe.; not grossly ned

meet requirement oo ovar-desig

Dacs not meet reguirements (0 any respect,
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NAVIRADEVCRY G0=-0-0178-1 N .
T e A
Ratings for ezch subsystem are calculated on total points

~ scorcd/total points achivvuble, Weighting of individual subsys-

‘temis will follow the established hierarchy of immpotrtance,

l.evel 1 50 pcereent (sensing, scoring, displaying)

Level 2 = 25 percent {(mean point of impact for miss
+ randég

Level 3 = 25 percent (data transform, data transmission,
targeting, rccorder output featurcs)

Thus, rating value x level of importance = weighted score. The

total Score Fo is the sum of the subsystems weighted scores
' y
during the projected sysiems life cycle in years 2 .

n=1

¥Figurcs -1 through E-3 are the completed trade-oif sum-

mary shocots,
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It 15 essenricl in Individiel Training to provide a well-defined

. - « AN . " .
atmi~g pyint for two vpes of weopons,  Point weapons reguive 2

. . . . . o s
vertical aiming noint 20 sorme diftance d o above ground level,

o o

The

arey wespols reare a horizonial alming poiar at gronnd level with
an crbitrars oo s, The anole of stl iR roay runge from 07 co 307
v RS TI e g s pdene An o4 sensivity noazie
froo the Jarid R VI
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The folloving peges contain the trade-oll work sheets with criti-
cal pararceters, Tunctional and technical desipn requirements entered,
Accompanying ¢ach work sheet is a short summary statement amplity -
ing the most significant paramcter entries,  Tuargets and recorders
arce excluded in the rankings primarily because these equipment are
V . N ¢ . 2 . .
not normally supplicd a8 part of the basic scorving systems hardware
inveutory,  These ftems are included in the trade-off work sheet de- v
scriptive scction for teo reasons: (1) for completencss of description,
B co o : . S et B . < e oo LT e .
. and (2) becausge U thelr impact on the function:l interfaces with each
System,
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" NAVERADEVCEN 69-C-0178-1

largets for Individual Training comprisc a complex mnadc up of

both types. "Up to six (6) target complexes should be provided on each

- gununery rangé.

The targct site is semi-permanent, prepared in advaﬁce. Target
repair or replacement time is limited to 30 minutes. Each target
should provide survivability of 120 hours of unattended performancec.

It is estimated that the point weapon target will sustain approximately
42 "hits" for each 120 hours of range opcration time; and that the arca
weapon target can sustain up fo 124, 000 hits in each 120 hours of .opcr—
ation if the target area is large (~ 1500 metersz) and the gunnery -is
exccptionally accurate (50 percent (hits)). Total "hits" are primarily

<

a function of target arca and gunner accuracy.

1.2 TARGETS - UNIT TRAINING

: It is :ezs;cvnfial that té-.e targe;§ ior Unit 'i'fiaining be realisti;c,
simulating combat and tactical v;hicles. cr?w-served ground weapons,
and personnel, Up to 10 targets per range may be employed. The
scoring system for unit training targets must provide coverage for

360 {n az:muth and 0° to 80° dive angle.

Targets must be air transportable for either repair/replacement

or reclocation to any one of up to 20 previously prepared sites,
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S Cee e QS:? . . e v:fapc’:r;z" e ﬁ ‘ ’ ’ ° *e e ® Q'Ccac C:“ e ° e coc ‘ :‘ *
°  Tarpei repair or replacument time is limited to 30 minutes,
¢ =< The targct complex.must be self-contained, including power, - .
“ !
l Mcdular construction is essential for maintenance and repair. . :
Each tarpcet should provide a survivability ot 120 hours unattendcd
: '
pcerformance, including survival fromn ordnance fire, 1
j g h) 4 M . r
1.3 SENSING - INDIVIDUAIL, AND UNIT TRAINING ! .
B ]
. . i
! Sensors and associated electronics located at the target complex
b : :
| . . . . . . e i
must be capablr: of 120 hours of range operation including survivability :
l ‘
from ordnance fire,
- For Individual Training the requircd sensitive region is + 45° in
al direction facing the firing weapon, and 0° to 80° elevation above the
. ¢

_ground. . Sensor coverage for Unit Training encompasscs 360° in azi- °. 0 - 5 e o ctleo
ET e T ,”‘u’:“ :c; v et s, &7 “LtTe « " e I ) ) B ) -

Sl o

w R o, S
¥ < PP - ©

- muth and dive ungle from 07 1o 80°“elevation. Point weapon scnsing is: o,

| (1) "Target" zone hit count (scoring)

~
(2) Over/short, left/right zOne/./bver-age for misses ond
direction information,

Area weapons fice is sensed in"thyorizontal plane referenced

0 an aiming point (see Appendix IV}, /Thexfgi'or'c, an arbitrary arca

witnin the beaten zone must be sensed and scored, isges occurring
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oulside Jic zone must be detected, the mcan poini of impact automati-
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sally detormined, und data derived for zone and over/short or left/

right zone,

Maximum sensing rate is 24, 000 rounds per minute (both subsonie

and supersonic, incrt and high explosive projectiles).

)

Maximum range of sensitivity from target center is three tim

4

the maximumn effective fire radius of ordnance being fired.

Scneors 1nust be compatible with target power systems,
1.4 DATA CONVERSION SYSTEM

Must be able to accept raw data from sensors and convert to hit

count {score) plus r and § information on misscs, This function is

_first order data reduction for transmission to the balance of the

Systern,

Converters must be extremely stable, coutributing less than

on:: tenth percent error to the scoring system. Data rate input 1s up

to 400 biis per socond,

1.3 DATA TRANSMISSION (Target to Contrcl)

Data transmission svstem should be essentially nowse-frecv with

-~

an acaouracy of at leasi 99, 9 pervent,
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g ., . Cal - B Ty T AT Tt e L Lo e
muast hin e Lwear roaspoaase over the U'Il"l.:‘u ing ranze and be
It t} 1 i } . ting o it
Ceapable of troasmitting all diate at a rete cominensurate with the bal-
g ance of the scoring system,
-
- The system nceds to be essentially maintenance-free (MTBE
1200 hours). !
Minimum cross-talk hetween ehannels is casential,
~ It is desirable that the transmission system require zero cali-
- braetion. It must present a proper impedence mateh for input and output
- f
N : intorfaces, l
|
. Notc: _ . Dok :
|
1
) (1) If data conversion is provided at the' target site the infor-
= ; mation rate per function drops from a maximum of 400 hits
- ‘ ..~ s . per second to 10 bytes per sccond {see data conversior) (a
) e : ‘ . scparate trade-off anulysis mayv Le performed to corpaie
. ¢ transmission with ¢onversion versus transmission without),
L i

(2)  For individual * “ining e using Training Command sug-
gests a buried nard-wire power and data link.

(3) For Unit Training it is concluded that wireless transmission
is required beconse of the need for single package porta-
bility for relocation. ’

= Range: 50, 000 mete:s.
-
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A continuous dinptay o0 the dida and-operational status ol eacl
- tareot s required in the ransg contray center, .
The display system requires a built-in scoring (hit count) regis- =
ter and visual display of these data, Data should be stored until resct g
is activated. Manual reset functions after caoch target engagement N
[~ should be incorporated, In addition, » and £ inforination on target :
~ . ‘ ¢ “ W ¢ S i
misses must be displayed.  The format musat be easily read, requiring:
) no mterpretation on the part of the operator, '
T~
S The dizpliy system necds to be casy Lo operate. It should Lo of
~ modular construction and be casy to maintain by ficld organizational
maintenance personnel, =
E . *The display function should also incorporate the buffer functisn
é < . _c‘L:rif Er,b\'h V'r oo DT F_: '.Ccc‘ L ',( B .:fﬂk 'V‘C,‘/;c,-“ EARETEN {”‘[:7: R . 3 .
;. of converting sensor-derived information to hit count plus zene and
gector information for score recording and for remote display units
if required, o~
P~ ’ . ¥ N . .7.
The display syswem snoucid incorporate svstem test und calibra-
N
t:oa featurca. Fraipment should be operable from eithee 60 cycle 110
. volt or 24 volt aire -t current Thack povwer (cor.omorcial power o mobile
N wrder 1o Aenieys the greahost, flesibilivg), -
, ~.
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It may he desirable to inrorporate multiple target displays in &

single unit,  This should be considered in the tradc-off analysis,

I'oi aulomalie weapons, only the mean paint of impact is ro-
quirced for esiublishing the direction and zonc location I'Cf(:l'(‘n;:C point , | -
on target misscs, This becomes an averaged value over some discrete
interval of tunc. One-tenth sccond has been arbitrarily choscen (less
than onc-half shortest bursf duration for rapid fire weapons). .' The

display -buffcr unit should contribute less than 0.1 percent crror to the

scoring systen.

1.7 DATA TRANSMISSION TO FIRING AIRCRAFT

c

Target dota information transmission to firing aircraft is only

required for individual qualification training 4nd proficiency rating.

Information on 2ll targets on the rangce should be transmitted to Lo

~

i'iring sircraft ;Juring individual quélific'ation’ tra{r'i'ing.

If data conversion and reduction is periormed by ground equip-
ment the band pass requirement is greatly reduced. Example:
assuming 10 byies/sccond for x - x’ data and 10 bytes, sec .nd for i
y - ¥’ plus tota) bit count = 20 bytes per secord for each target x 6
targots » 120 hyies/second. A 240 Hz band pass would be more than

ample,
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S The dala transmission system should be kept as simple as pos-
- sible and utilize cquipment common to the aircraft it possible: .
: - P [ n et EC e c ¢ eoCa T (rv;, ‘ uq o B eL TN T

examplc - use one channel of existing communications cquipment,

1.6 DISPLAYING IN AIRCRAFT

The displaying of targel information on a sclective buasis in the

. ' _ aireraft for the benefit of the instructor pilot is essential during indi-
 vidual guzalification, This comprises both score- and target miss-type
information, ' \ : )

The requirement for display capabilily is limited to one target at

e a time (target e¢ngaged), Therefore the instructor pilot should be able

to sclect any one of the siy targets on the range,

The aircroft display unit should be kept «s simple as possible

aud requite no modification to the aircraft, The display musl be rcad-
. . . - E : e, s E coe .ot <y g e
T .. . . fo = able under all ligating conditions normnally encountered during aircraft
o : : operation,
- In view of the limitations for modification to Army azircraft, the
on-board display system will have {0 be a self-contained, self-powered

T unit issued to an insiructor pilot for the training mission. Weignht
' should be five pounds or less. Package size and shape should be easily
= operated and aavried (hand-held).
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1.9 RECORDING

‘Ohly the scoring data (hits) from each tabget need to be recorded,

Sonie means for aircraft identification, firing run number, and tarpget
being engaged need to accompiiny the record for post-operational

cvirduation,
2.0 SCORI

Individual scores are based on the follcwing schedule:

In prc “iction = 3 points
Pre-production = 2 poinis

Devclopmental = 1 point
Closest ~pproach to;

24, 000 rpm

3 points - S e T

16, 000 rpm = 2 points

8, 000 rpm

"

1 point

Closest approach in range to:

54 m» = 3 pointg
36 m = 2 points
18 m = 1 point
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80 percent or less

Projectile sensing;

Two-thirds
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Zone only
/ e Ci\lit%hip

Mixed with sorting

It

|
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) Renge bnometors (100);
e : 20,000 Lt 30, 000 m = 3 points L e - a
. 10, 000 to 20, 00 1n = .2 points : .
= 10, 000 1n or less = 1 point o
F=
R Al other catepories are based on subjective judgment of how near the o
requiremont s fulrilied. . -
2.1 RANKING M,
In arriving at a wotal score the telemetry to the atveraft and dis- _
. N . . . . > . ' . bl
play in the aircraft are included in the rankings, No single "off-the-
shelf'! pardware system ineludes these features., These deficiencies —
o - ‘ave factored jnto the total score for ewch’ candidate system in orde: to .
establich the value of ]"o relative to an optimized system that satisiies
I~ all requirements, Fighte n points are added to the sersing/displayving
e scoure potential (50 percent weicht factor) for the aircraft display rating. :
e Paramveters coasidered are: hit display, miss display, target identi- e
- ficuiion, eusc of operation, pover, and portabiltity, cach worth thres
= points,
- Ina similar inanaer, data transmission to the aivcralt is included
- in e total potontial score (23 porcent weight factor). Parameters
considererd are: transmission means and range; added poines acee six.
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COST BERURCTIVENESS MO
The objective is to defiae o recommoended system with fuld cea-
sideration for concepl integration, performance, @#nd cost estimate,
Reguired is a cost effectiveness evaluation of @1l candidates compared
to an oplimircd sct of requirements, 5
COST/XIELCTTV ENESS
Cost/ceffestiveness analysis is normally defined a= Life Cycle
Conste in deilsrs, normalized for cach of the candidaie systems, i ided
by tee eifentivenrss of a sysiem; a qualilative assessmenc expressed in
numerical terms,
oL N : ° - B B - e c e

L.CC incitdes cost of all elermonts periaining to acquisition and
use of candidate sysiems,
costs in prodn. Uon, install cion costs, maintenance cost. raining
cORL, of pordonrel o ne able to cperate ard maintaln the system(s),
looisnies cosos incind.ng systery spzres, utilization costs accumulated

for suppoc. ol e sunnery Lruning pregran: such as arreraftl opevacing
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ceosts, gehool costs, sddarics of persorner (both of operating perscinel

and stadents), costs of consunitbles used in teaining, ete, A typical

analysis is shown in liquatioa (1), -
Y
= K G, + + Cooy {
Lec = 3 Kyl + €y Copd] N 1)
n=]
where:
LCc¢ = Discounted life-cycle cost of candidate system
throughout ils operational lifetiine, in dollars
Kd = Digcount factor applied from basc ycar
n = Index of ycars over which costs are accumulated
Y = Numnber of ycars over which candidate system life-
cycle costs are accumulated
CPD = Rescarch and Development cost of candidate systems,
13

in dollars

CI'\W’ = Initial investment cost of eandidate systems, in

“dollars -~ 0 5 , ' o .

'
v

o <

Corer

n

Annual operaiing cost of a candidate sysiem in
dollurs

To construct a2 ~omplete costs analysis of candidate scecing sys-

=

tems would require answers in the following specific parameters:

(1)  Discounted Llife-cycle cost

(2)  Disconnt factors coplind from basc year
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e (3) 0 Nuinbes of yedrs over which eosts are accumulated

(4)  Nuarober of years life fur cach system
{6} Developnrent cost of the sysiem
= {6) Initial investmconi cost of candidates
(7) - Cosi of operation (annual) for each sysiem

(3)  Coxi of spares

(V) Numbcr of militaey officers receiving training and
Taverage salarvies pilus allowances '

(10) Number of aviation instractors required to conduct initial

training on systenis . S
(11)  Duration of initial training scssion
(12) Numbcer of students per class
(13) Number of classes per instructor
(14) Number of depot personnel requiring training.

(15)

Average salary plus allowances of depot personnel

(16) Estimatc of time veguired to reacii a prescuribed level
of training without system . . o - .
T S T g e T T s e C P T
€17) _Estimate of time feauired to tc¢ach & prescribed level -
- of training with -candidates by candidate :

~
(18) Fitimate of R&D required to improve system to mee:
requircments

N \(! 4)

(20)

Estimate of cost of ultimate syst=m (in production)

Fstimate of annual savings in manpower thecugh use of
ultimzte sysien
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< {22)° Cost of aiveraft opciation/trainiig per o B R
(23) Cout of expendables/training period
. . (24) Cost of range operation per hour or per year T X .
(25) Fic.
Ansvers to many of the questions en cost are not readily avail-

able and are beyornd the scope of this contruct to develop,

Thercefore, the cost model will be constructed as follows, The
candidate systeimn normalized ¢ost analysis in dollars will be constrained
to cou’ ner system in production (I\‘p) + developiment cost (if applicable)

(Nd) 1+ estimated annual maintenance cost (Nm) + estimated cost of

~installation (Ni) + cstimated arnunal operating costs (No) for

Y . :
N=1

:j_ _cr VE nss*

Effectiveness is a figure ol merit usually derived from a quali-
tative analysis expresscd in numerical terms,  Normally, a mathemar-
ical model is used for rating and ranking candidute sysiemis. The

model is consiructed using identified critical parameters, In applica-

tiow, the end nroduct schieved through intende T use of scoring sysiems

or methods is 3 eyl of proficlency (l”o) acnieved by an individund
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s < . Pty . B o B “8 ocﬂ ¢ o e ';Ci‘\b S CO : P i ol : N o 'oc' B ’
e T shitent graded agninst a rorm tinees the number of student(s) {eaiped
dneing the Lieiime of the system for 2ll candidate systens,
!
o . ].:“ - I? N . . . < o » (2)
<0 . ‘ ' ol
!
The absolule value of Po is curcvently poorly defined,  Unitl proficiency
i
|
is likewise poorly defined and measured using current methods,
N
t
: |
: 1 : . 1" . 1 i
Some other method for evaluating "effectiveness' had to be drter-
mined during the course of this study, (For purposcs of cvaluation the
proficiency term (l’o) is assumed to be uniform "'student-for-student”
and ""unit-for-unit' at end of qualification regardless of the scoring
system or method used,
. . - The term N:is also substituted, o ’
Effectivencss for purposes of evaluation during this study will
. :
¢« . ... consideromdy K A U ..o o RS R R
¢ ce - e LI 5 Cop Lo N -0 G 'o RN ‘ < “C°
N s <o » oc <, Q{. o""C .‘(;'—C;UV' © e 207 . ?’ . rg :‘oc K V'CC» c; :

Functiordal operation adequacy (Fo) has been previously defined.

.
»

(4]

Operational a- ailability, AO is defined =

A & e MIBE (3)
o MTBI'+ MTTR + MLDT 0
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MBI+ Mean time bhotween failures

. <

MITR © = Moan time Lo repair

MLIYF = Ncanlogistices downtinn

The utilizatior factor (Uo) for the systems, is the yearly hours

of usc divided by annual range operating time in hours:

where

So = Estimated systems operational hours of use (potentinl)

Ro = Total range operational time (range availability)

The nieasure of effectivencss can now be expressed as:

. l -I'_Iffi:-‘. f-'ovAo Uo ; . V ﬂ, . » o . :> .-(5:);; 4

SULSTITUIED COST/EFFECTIVENESS MODIT

¥ N +N - N +N +N
1y .
- > (h)

L. N (o4 m i o
C/E = 2( F A U

N=1 o o o
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The Iov st figws e of C/E will have the highest figure of merit, In
addition 1o the Cost/Effectiveness Anolysis, completion of Task Vowilp
LI LT Fe : ¢ T e e CCC‘ s @ ‘CCP’:: € ¢ - - : “‘ ‘ c e re
incluce pvpoccion of a perforniince specification, cosl estiinates,
v . - Ly . (RSN N7l
and §-heante bese on utilization of ol -the-shell hardwarc,
Table 1 derived from Appendix J cost estimates provides a sum-
mary of cstimated dollar values for the cost model;
Y
-4 e I - -
Cost .= (N, + N _ +N +N +N ) - -€7)
d p i o )
N-J , - . . e e e R
wvhere y = 10 years for all systems.  (Note: During analysis of systems
costs in Appendiv B candidates 1,2, 3,5,6,10,11,12, and 16 were

eliminated, ) Normalized vulues referenced to §1. 00 are tabulated in

the bottorn column of Table 1.

P Labie 2 provides vallies
<.t “ - L e e cecs, - -

on o | . e o o 7 LR B LSRN
o e Sy ST e fe vt : o N B ;

‘:}-;(E.lue;ﬁ, {on (3).  The teem MTTR was redefined to Mean Time To Restore ’

&f \O for ¢ach candidate basedons 7

insterd of the rlassical Mean Time To ﬁn[)air, since it is meaningless

to estimete repair on systems tha; have virtually no history cof extended
operstional us., Coaversely, it is reasonable to estimate restoration
tirne Jor ihe sone systems. A basie assumption in eatabiishing values

ol A s dan aomaved modales replaced witl not oo repaired. (The
« : .

couat o0 suets (Vadiles) replaced is included in the cosi analysis,)
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" each candidate:

NAVTRA 50 (e =0 1
P e

uldization factor - po = (Liqualion (43 for cach renidnigy °

.
- r
et

The

candidote 1 shown in Table 3. Anaval hours of vseful service forr

re caleulated hased 'on total range time less the osti- 7

.

[

mated timme to start up and shut down the scoring system,

‘The yearly range operating tin ¢ (3220 Lours) assumes 5 duys
per week, 14 hours per day in two shifts, and 50 wecks per ycar less
250 hours for contingencies (lost time due to range operational

problemns),

< Table 4 sutnmarizes the cost/effectivencess model,

N=10
. Normalized Cost
/e« H (Hepmuliels
(o] (o] (¢}

N=1

for candidates 1, 7,8, 9,13, 14, and 15, The lowest "'dollar' valuc is
thce most cosifeffective system.

.

G . 2 . 2 . B
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CONGLUSION

w.‘
.

Candidate§ at" $10.21 15 the best choice with=candidale .

14 at $12.06 fullowing in sccond place,  Tbe separation
g o

batween these two candidates is guite sigaificani,

The c¢ffceiiveness ol enndidate 8, currertly conficered,
meooets about 38 percent of the optinmm syetoms offective-

ress reguirement:. (Average o 29 percent,)

Sclection of & syciem besed on the combinatina ol earliest

cipability and bhest cosi/eflfectiveness would place the
order of preference;

o  Candidate & = bhest choice

<0 Candidate 11 = scecond best choice .
¢ Candidate 13 = third best choice
) B - o - i -~ B c s ) Eii o ) & CC ~ .
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VAVIRADEVCEN €0-C-0170-1

FIRST TTCICITCAL RIPCIVING CONE1:NCa

23 May 15469
. Contract 161339-69-C-0173-1
Armed Alreraft Qualification Range Scoring System

14

FROGRAM PLAN
Purpoize of the Study

Tasxs Lo be Accormplished

Proacran Scholule

II  ACCOMPLISHMENTS DURING THE REFORT PTRICD

A. Requestes for Technical Data ﬁ'cm Ailaxnown séorihg s'stex;
Menufactursrs

B. Requests for Technical Docuzent and Studies Relative to
Scoring o,/snems ]

C. Fleld Visits to Military Installatione

D. Completion of SDR Review (Task 1)

. E. Started Prnli-!in..:v "\n‘ctio'xal Ana.JJsis e.n'l Requirement

L D‘;Allocaticn Effort (T ask 2) < gc: AT

P. Started ?relinirs.ry Identi’ication, Aralysis and Develcoment
of Applicable Off-the-hel? Systens and State-of-Art Technoleogy

(Task 3)
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NAVTRADFVCEN 69~C=0178-1
FRODLEM AREAS L C
A. A;r:ticipz}te ‘Problén 15 Cbtainirr.é In-t@pﬁh Inrormtien h'aa :

Equiprent/Component Manufacturers (Including Cost Ranzes)

B. Input Data for Cost Effectiveness o
WORK TO BE ACCOMPLISHED BEFORE NZXT TECHNICAL RZPORTING
CO.TFERTNCE
A, Corplete Tusks 2 and 3
B. Initiate Task b

WCRK STATUS

Approxipately 284 of work effort has been accamplished,

236




i NAVTRADLVCEN 69-C=0178-1

o © . L e 3 Q.

|

‘ cA-13h-69 ’
Tedr o e e e . < e o " WaB imek

§ ‘ : 27 my. 19o9
Ta: Department of the MNavy

i Naval Training Device Center
: ' Orlardo, Florida 32813

Attention: " Mr. X. W. Peterson, Code 371

Project Enzineer
1 Army Participation Group

|

Refersnce: ‘Contract N61339-69-C~0173,
{ : Armcd Aircraft oualification Range Scoring
| <Systenm Study
Ssz,ject: First Technical Reporting Conference
f 23 May 1969
|
1.} T!:e first Technical Reporting Conference for the Armed Aircraft

Cualificetion Ranze Scoring Systen Study was ccnducted at the }Naval
Trainin,, Device Ccntnr, Crlando, Florida, on 23 May 1969. Tke followirg
personnel were in atiendance;

| Mr. Paul S. Walker ~ Army Participation Group, NTDC Code 381

(\.

) tMr. K. w. Peterson P“oject Engineer, :ZTDC COde 371

** Art D"uc<er - Cmtracting Q!‘ficer, M'Dc Coda. 1532

~** Lt.Col. E‘raxm Miller - Army Participation Group, NTDC Code 381
Lt.Col. D.J..ralczymnaxi- DCSOPS- AV‘I, USCOMARC
Mr. John P, Ford - Booz-Alien Applied Research, Los Ax:geles

Mr. Wally Zrcndstatter « Del ,M&r Engireering lads., Los Angelea

#¢ partial particization / ‘“‘\
/

—

N

~__
=
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BAVIRADIVCEN 69-C=0178-1

.. Tor . L . .Raval Training pavice Center © CA=134-59
' ) Orlando, Florida B - : wWas ek

. 27 May 1569

Attention: Mr. K. W. Peterson, Code 371 2=

2. Transmitted horewith, 4n triplicate, ere copics of the conference
agenda and all infer:ation and back up material diccussed, It is
understood that this volume (in triplicate) is acceptadle to NTIC end
will serve as doth the minutes of the cenfercnce end constitute the
report for the First Techni~al Reporting Pericd. The major portion

of the conference was devoted to a roview of the Contractor's approach
to the problen and his accemplighnents to date, It was concluded that

this effort is beinz performed in a satisfactory mannor and in sccordance
with the contract schedule,

3. It is estirated that Tasks 2 and 3 will be completed, and Task b
started, by wnild-July. It is therefore recommended that the Second
Technical Reporting Conference dbe scheduled for the week starting

A July 1969.

DEL MAR EXGIE:RDIG LALORATORIES

'R. E. Denney
Encs As noted
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IIX

’ ,c T COntract r61339-69-c-0178

+

. | RAVIPADEVCEN 69-C-0178-1

° e ° - L =C <

‘e, ) < - . Qe 23% g:-é, CBZ c.c‘%lAszkcocw,ok s e ‘&% e cl e
SICOND TICHNICAL RIPORTING CONTIRINCE
17 -va 1969

ARMED AIRCRAST quaumcm:ov RAIGE scozm:o SYSTDM
PURPOSE AND REVIEW
DESCRIPTION OF TASK #2 AND #3

PROGRAM SCHEDULE

’

ACCQMPLIZIZCZTS DU".I!"G THE PEJPO"H‘ PERIQD

A. Analysis of wstem mnctions - Tagk #2

B. Translation of Functions into Design Requirements - Task #2
€. Review of Documents, Studies, ATT, ATP, etc.

OD, Review 91’ 'I:echnica.l Data t:rom Known Scoring .System .

Manufacturera - Tesk #3
E. Analysis of Scoring Systems - Task #3

[(Hardware in Comparison to Functional Requirements) -~ . = =’

o~ © ¢

. P.. Initiste Task o o L Vot fS TS L e

PRCBLEM ARZAS
A. 1Input Data f/Cost Effectiveness

B. lack of Information from Scae System Manufacturers
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. WORK TO BE ACCQMPLISHED BEFORE NEXT TRC

P

" HAVTRADEVCEN 69-C=-0178-1

A. Complete Task A
B. Initiate Task #5 & #

B ‘ . <

‘WORK STATUS

Approxizately 40% of the study effort has been accompliched vitk
ssme percentage of man/hour expenditure,
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NAVIRADEVCEN 69-C=0173-1 o
. e o e < s . . . B P L ¢ < % CA-191-69 f e
. : . . i ) ) C Rm:bat
. . : : 23 uly }969
To: Department of the Navy

Raval Training Device Center
Orlando, Florida 32813

Attention: Mr. K. W. Peterson, Code 371
Project Engineer
Army Participation Group

Reference: Contract N61339-69-C-0178
(Armed Airecraft Gualification Range
Scoring Systen Study)

Subject s Second Technical Reporting Conference, (TRC)
17 July 1569 :

1. The Second Technical Reporting Ccnference for the Armed Aircraft
Cualification Range Scoring System Study was conducted at lLos Angeles,
California on 17 July 1969, The following personnel were in attendance:

Mr. Paul 8. ¥alker Ar;y Participation Group, NTDC Code 381
Mr, K. W. Peterson Project Engimeer, NTDC Code 371
’ ng. John P._Ford L quz-Allon Applied Research Los Angelel .
nj;.“bﬁ;;:Art Sulliwan fsuﬁi%ni: B;oz-Allen Applied,ﬁ;searcg Ciou Anoel-af?w;j
Mr. wally Brondstatter Del er Engineering laba., Los Angeles
Mr, John M. Rammond Del Mar Engineering lLabs,, Los Angeles

2. Attached as Znmclosure 1 is the Technical Reporting Conference
Agenda covering topics which were discussed, and insert data for updating
the TRC Manual., Iten I of the Agenda cov»red re vurrose of the confer-
ence and a review of what had been agccmpl.snei prior to the first TRC.
Item II consisted of a cd2scription of Study Tasks %2 and #3, while Item
III was 2 review of the rrogram schedule, It was pointed out durinz this
discussion that the progrsa wag on schedule, and that tasks were being
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mmuz:vcm 69-c-0178-1 :
" Navel Training Device Center : o r o CA-191-69 -
Orlando, Florida , 23 July 1569
Attention: Mr. K. W. Peterson 2=

" ‘completed as planned, Item IV of the Agenda, "Accomplishnents buring the

Report Periond,” was divided into s2ix sub-items, Sub-items A snd B concerred
Task #2; sub-items C and D concern~d the review of technical data and “off-
the-ghelf" scoring systems (Task -“3); sub-item E was en analysis of "off-the-
shelf" gyatems and a comparison of these systems to the optimum system's
functional characteristics as determined in Task #2; sub-item P concerned
work being done on Task #4.

3. During the discussion of Task #2 accomplishrments, it wvas agreed that
the contractor's development of functional requirements for the aystem was
correct and that the results appeered adequate, A detailed write up of
accomplishements for this task is furnished herewith and ahonld be included
as Tab VIII of the TRC Manual,

' Discussions concerning the review of technical documents, ATPs, ATTs,
ete,, revesled that all technical information requested has been received
and that no problem area exists, Hovever, it was reported by the Contractor
that information reoursted from manufacturers concerning "off-the-shelf"”
scoring systems, gocnerally wvas incomplete, and that several mamifacturers
had not responded to the recuest for systcn cpecifications., The contractor
informed Government representatives that a "gecond request”™ letter had been
transmitted to these manufacturers, A copy of this letter is provided and
should be included with Tadb 4 of the TRC Vamul.

CS. In econjunction with the reviev of off—the-shelf" icoring tyatc-:

specifications, nentiored sbove, an analysis was =ale of each system in
terms of the functional ctaracteristics of the Armed Alrcraft Cualification
Rarze Scorirg Systen, Wor t-gh. ‘%3 and su-smaries prepared {n ccnjunction
vith the review are “urnished lierewith for insertion as Tad IX to the TRC

- . Manusl. These worksheets and su-:mries vill be used during the executicn
“of "'uk 4, .

é. Tre sutul of Tasx 4L tccc:pli: zents was discusaed and the vork
revieved, Details are furnished on Pages 23 through 45, Tab VIII of the
TRC Manual,

7. Anticipated problem areas were discissed, These are: 1) cost
effectiveness trade-offs and the lack of gsod infcrmazion on level of Troe
ficiency cn which to ba23e a measure of perlortance; 2) a good dafinition
of operational effsctiveness of irainecs and; 3) ccanlete information on
*offethe~3helf” hardvare (v/:adcr-s:=plied infor-atica). It vas agreed that
the contractor would mace aszsriptions on rerfort:ance erd proficiency for the
purpose of completing tna cost elfectivenacs modelling, The basis for the
as3 aptions are to T2 descrided {n ordisr to provide a zeasure of confildence
level on accuracy of the estimates, %When tetter {nformation becomes available
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mvzmsvc. N 69-c-0178-1

g &
N < s ° 5 o«
E . o

Naval 'rrainina Device center ) . S CA=191-69

Orlando, rFlorida 23 July 1969
Attention: Mr. XK. W, Petersoam «3e

c!’hécc;ntr}xcto; v1:11 coat. nu~ to atte nt accuinition or more 1nromtion
from venlors on "ul{-the=shelf” hardware throughaut the stucy program, up
until conclusion of Task #.

8. No exception to current pfogram dircction or resulta was taken
by Governrent representatives, It wes egreed to accept the Contracto's
recommenda’lons for

1. Sepa.fatirg the point weapon targets frca ares veipon targets
during Individusl Training.

2. cOmpreuion of maximum data rate for display, from rate of
five (up to 24,000 RPM) to 1/ second for reduced scoring
nte. . .

3. Change of horizontal scoring plane (area weapons) from clock
to quadrant end the reduction of 2 miss zones to 1 for over,
short, left, or right, the latter for consistency with the
vertical scoring phne (point weapon) requirement,

9. It was agreed that the Third Technical Reporting Conference would
be held during the last week of Auzust 19559, the date and place to de
mutually egreed upen. The c:mtractor stated that by that time, Task #
would be complete and: that Tasks #5 and #7 would be well under wey.

10. It was gstated by the Contractor that it is estimated that the
stuly 1s approximately 4O complete and that approximately 50% of the
authorized mn/hau.r effort tad been expended, ,

135 Trhis report is f‘urnished to gozp.y‘ vith the requireueutn set tox'th
.-4m Section "cn, Iten 2, d. of: the referenced eontracts <. ¢ ey

<

DEL MAR EGINEZRING mom‘cm:s

R. E. Denney
Adninistrative Assistant
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AGITA

TUIRD TICINTICAL W LCPOTNG CONiiiTily
- ————

3-24 geptember 1559

N

Contract :A1339-C5-C=0178

- AIMED AXDTWART QUALIFTCATICH RALGE SCCRLING SYST!

FILOGGRAM TIAN
Purpose of Meeting

Progrom Schedule

ACCUMLISIEITS TUINS THE REPORT PRIOD
A. Ccmpleticn cf Task b (Trade-Off Suwraries)
B. Initiation of Task 5 (Draft Performence Specification)

C. Initiation of Task 7 (Draft Ccncept Formulation Repori)

"IUTTIM ARTEAS
A. Input Deta for Cost Effectivoness

B. Lack of Infourzmaticn for Scme System Manufacturers

Apyroxizately 75% of the study Effort has beea accooplishad,
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CA-’Sl-fQ
v RD:stat
14 October 1569

To: Depart=ent of the Navy
Naval Trsininz Device Center
Olanlo, Florida 32313

Attention: Mr. K. W, Peterson, Code 371
Project “raineer
Army Perticipation Greup

Refererce: Contract 1%1322-59-C-0178
- (Arned Alrereft fualification Range
Scoring Systen Study)

Subject: " Third Technizal Reporting Conference, (TRC)
23 - 24 September 1969

1. The third Technical Rzporting Ccnference for the Arrzed Alrcraft
frzalification Range Ccorinz 3Jystea Study wes concucted at the Ceatractor's
fuciiits at Lo3 An.-eles, California, on 23 2L Sepicouber 1959, The
folluwir: personnel vere in attendance: Lo

Mr. Paul S, %Walker Arcy Participation Greup, NTDC Code 381
Mr. K. #. Peterson 'proaecz Ergineer, NTDC Code 371
Captain Reobert X. Franklin -U. "“‘j Araor School, Weapons ‘
‘ & C e Dept Fort K¥nox, KPn*ucq,'
Mr, John P, Ford Booz-Allen Applicd Resecarch, los Ang2les
" Mr, Wally 2xuandctatter Del Mar mgirsering lebs., Los Anceles
Mr, Joha M, Fer=ond Del Mar Zagineerinrg labs., los Angcles
Mr. 0. B. Lol-augh Del Mar zngineerirnz lebas., Lo3 Angeles
2. Attachad a3 Inslosure 1 4s tre Teohrical Remceriirng Conference Aga2nia
corerirg todles wnich were digcussel, Toe initlel worticn of the cenferance
cc*“"*‘ of a prezantaticn by tia Co.trastor cf all pronda {tena, Follove
foz tils, Goverrsment reoresentativas revic. 2d end prezercl irlor-al cuestlons
cn all data pregaered Tty the Cenirovior duriry the rovort zeriodl., The final

porticn of the conlarance included a review cf the Covernzent represeatatives’
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Atine wr. Ko We Ituruoa, Cole 371 : 1 (ctoder 1979
-o-
2

Cecorneats end & eritisw ¢f tie Controctor's accconplicrments, approval of
Lis eLprcacnes to < @ vario:s stuly nrcblems and answers by the Contractor
to 2ll russtions rﬂ**rac 4 by the G, arnment's repvesentatives, Item X

£ the Accnda rovicu:d tne rurpose ol the confersorc? and sutarized all
that nnd bteen enccr»J‘z. i vrior to tbe ce~aencenent of this reporting
periol, The progri.a sciielule was reviewed end rcasons for a four woeks!
slipzaze in the ccentract zenedule wore discucsed., It was nutually egreed

between Contractor ond Govoimrmont Representatives to sutnait to the
Comiracziing Cffierr o Jntier rucucst for en exuengzcn of cne =oath to the
coatrn:t schedule, A-crvie Itea II, "Acccrmlistmonts Durdng the Raport

Toriol”, was d{vid21 into tirce sub-iteus, uih-itrw "A" concernsd “
complation of Trsk h, "Caniiantc S7stem Trade~0ff Cimmaries"; sub-iten

"3" eoncorned the inftintion of Task 5, ”Prcpnration of the Ultirate
Seering Srsiten Derfonouce JSpecification”, end sub-item "C" rep rcoented

a su-nry of rraogress to date on "he COncept Formuistion Report", Task 7.

3. Ircluind hereAth £3 Frelosure 2 18 a cu-mary of the Contractior's
rask b oeeotivities erd eccemlichnonts, It wrs connluled that the Centrac-
tor's efforts gnd :thiciz used in the scoring gjuvgw traue-off analysis

wore acrmiable, and thiat the ratin-z essirmed each of the sixteen conlidate
Lerdwnsn gystezs wern aworonriate to essonvial funsu;onal systen rozuire-onts,.

The sysien awarded the hihest score reets less than 507% of the essential
reralreints for an id2oliced range scoring rystem,

rafy snect 'ica‘ioﬂ for the idealized rar-e scoring systen wag pre-
sented ty tie Contractor (T2sk 5). Th2 sracification innludes all the
+ oy

essentind ‘::‘io*;l sterin; systenm rnhuir:~cn*s \"1ch ere cevelcse
durfrz Tazlta 1 and 2. Covernment recresentatives ervressed satisloctica
wvith tle sccoe, ceatent, andl format o7 t1° Arcfe s**ﬂi:xc;:icn, sur-estirg,
hosaver, that a more co2eific delincation of cysten characteristics te
frasrmavacel, Tha Contrasior goicel to incorTerate the gu-sagtions rwile
durin: = 2 critlq:? toriion of trhe conlercnne, A cory of tie dralt specis-
ficaticn {5 atracrodi Porewith g3 Inclcsura 3, The pramarstion of a cost
effzztivunecs gty is ro~iired to ccrplaete Tactk 3, Sinca nalther opera-
ticral nor stecifis nLoviare ax~1isition cost data 13 available, a coot
roial w2s constructad and presantad at the conferenz2, It wes egrecd that
thig =ol2) shculd Tt uzed in the fontracter's cest 2Tectiveness eflfort,
Thi3 =od:l ard other ratioznale is provided as EZnclosure 4,

5. Toe Contracuor initiated worx cn Tesx 7, ("“‘* Ccncept Fer—ulation
Pamert”), durirs tia voreary zericd, but this covic.isly canrot te firalized
uwntil all stuly tasiiz are coodleted., A cony of this dra*t revort is

forricheg herewizh 23 m2lcree 5.0 It wos musuvally arread $02Y ITTIC would
rov fur*'*h a "fecraword” to this report end ecnseguently vil¢ be ccitted
by the C--tractor.
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TAVIPALVC: A 69-0-0173-1 .

taval Tr:ining Devins Center CA=251-59

Atin: Mo, X. W. i=icraorn, Code 371 14 octoier ¢
6., It was rcported by the Contracter that tre prodlea evess reported

durinz the Sacond Technical Rezortinz Conference still exdst, rpo-2ly,

la~z of data for a cozplete cost eilectivoncss effort and lzek o cooplete
infoimntion fren scuriry systen conufacturers, It was also renoriwid by
ks Contiactor thel anprexinmately 757 of the gtury effort was ccrdinte,
Work yet to te accr:plished incluces completion of Tesks 5, 6, el 7.

7. Thls report is furnicshed to cemply with the requirrients sat forth
in Sectica "CY, Itza 23 of the reference coatract; subaittal of thic
repori soticiies completicn of Item 2 of the refersnce contract.

DEL MAR ELCTITERING LALORATORIES

Ro Te Denney
Adninistrative Assistant

Enclosures: As Noted
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DEVIQNLITTAL IO RS

1. U ey Tre piarnosn of Ll ot 18 to datermine the count and

tr . pi2losmoang nociacerdins ero b 6iil mn cstizata] cost Lo uzniate

el candl st Valfet aaraolM gaorin e LystcT 3 L0 "n(. ihe fdctdnad
cysunste Dunmtiend riecizetents, Tols letersination ia 1inited to
e raet L iiole 7 an the dovelomuont will not requlre inventica
or eciz.niflc alvinuens to eculeve,

2, €~ o, In gty tss“s 3 an1 b 4t wns ascertaine? that e~ch of the
e 3T Bt naar el soordng Sysleas ware funattc Llly fmaducual

end rone rot ull U r2eudrsients of tha fasalired systen specilizacion,
Atiao @3 Yebles 2 throu~n 1T a2 dndividunl Qoeveles ental rouizates
£ov ench candtiags : sten showlrg elrnlod daveler~>nt tine and ecas of
tho elle L remudrel to entinidze cach #oresch as well a3 estiated recur-
ri.z =ali .enance anl or~ratiors ecxgenses,

»

3. CAmt Tepl=at s s Ylhe gt ee Ry devalon & matted of esti~ntline

allltiy s TRTE 'ﬂmua,.TV:ft;*ﬂ‘nd prelucticn cosis for eandiirte gystems
vithous wuter pting o feriadt fnliviiual comdarny develurzent costs, a
etendardied rmethod ¢f cust estirating was used,

the wel~oed soree Tor cach gystea Joss the points for the giitorna éata
lirz, orl Jata rernvding c2mablilitice, n3 thece would have to be develooe
by cuch candidate i 5ten ranufacturer,

A r-w yerceat~=2 flsure was deorivel for each cordidate systoa by takirs

A drveloprzont rivio fhotar was then generated by using the inverss
squire of the per Ccn..,e 1., 4re,

All zo=didates who hal a new percontrze fisure of beleow (7% wore
eli=inat.l on the ba4i3 of excessive devoloxent, this elso tusiad to
eliinate ur.uitaal= s73t273,

- B . ~ - s B
. . P . e . .oe STt

,
ey

RN

Dev:lesmant ratio Zace ors tu-ﬂ rorged frca 8 lcw 0f 1.4 to a NI of
. .

2.7?. . < : ' s . . - .-

13 the ratlo of pralusticn to dovelor:ent cost,
b2e2d on ovevious forlare daveloTint excaeriance,

Zxlsting zrodictizn costs times 20 tizes i:velcrmens ratlo
factor.

Pral- ztien ecity were then eztinmated a3:

wevels—nt e23% + origziral production cest.
29

Tabi: 1 shcw3 cost nztization data genersted during ¢osiing effors.
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Carcidate 3 w3y not fncliled in tha cost estinat<s due
ony pricinzy data,
Cardidatnrg 17 en3 15 wore elininated on the busis that

parel Eyoton werld Ba unsulienle Cor developsent due to the
sreas involved, end replacement costs,
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COCT WORVSHEET

AVURMACH 110, 1

o

ELECTHOIIC SCORING SYCTEM, MODLL 800B
PARCOCK ELECLRONICS CORPORATIQN
This Elrctreomacnctic Fulsc-Dopplir Scoring Systc:i wvas designed primarily
for uae with rirhess2 tar~ats enl Fas been produced for the U, 3. Army and
Al™ Tovre, AlTRo:a 122 s2o-inz principles uced in this systes could
satinry a nuzbor of the functional renuirczents 0?2 the Arced Airereft
¢;a2l1ilicalion Ranse Scoring Systoem, limitations in the followins areac have
brern delMneds
Sco;‘tn; Radiugs: Linmited to 50 feet
Accurccy: Adequate only with large caliber weapons
Two squarz feet radar ecrocs section or rore
Caliver/Type Veapon: Mo capabllity with 5.56 or 7.62m

Vector: No vector information provided

Data Display:; No real-time-hit, miss mnd vector data
displayed

Malfunction/Darzage Alarm: None

Develozuent Cost Zstizmate §  T/A » TTDUTSS

I co D
tlazsed Develoorment Tinm Menths '
— Production N/A
ceptiona: llone

Irstallation N/A
Hote: Elialnsted 23 candliate dues to leow Arnual Mainterance §/A
functicnal performance, Annual Cperation n/A
Systen 11fe eycle 7/ years Annual Spares /A

TABLE 2
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5 . <

COST VCRAIEIT

AT 10, 2

PIRSOITEL TARG.T SCORTNG SYITTH

BABCOCK ELECTRONICS CCOPORATICN

'

This systea which 45 unler developaznt for the U. S. Ay 1s d2sigmed to
s-nse rmisoes of projoctiles from fleshette to 4Czm in size and tha point-

ofel

aet for WCim grenactes surrcunding a porsonnel type target,
ol this rystoa to the functional renuirements of the Armed Alrcraft Gualifi-

etlica Ranze Scoringz Syctem leaves deficiencies in the following general

ereens:

Scoring Raliua:

Linited .to 20 ceters

Avolication

|
11 Accuracy: Unstated (developmental system)

§ Caliber/Type Weapons:

Linited to projectiles 5.56 to LCm

i Dota Displey: MNo real time disp

Vector: iio vector data providod

Malfunctica/Cazege Alorm: Kone

'7(‘ .

‘$ HZA o

Months

Develcesont Cost Estizate
?lapsed Bcvelc;mént Tize

Excentiona: None

L

7
Note: Iliainated ag can’idate due %0 low

functicnal terlcrmance ard 1a74 of

-

’
/

cost inlcrzaticn,

Systen Life Cycle /A Yeors

281
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TARLE 3

18y of nit-niss or vector data T
s
ESITNTIS N

1 SN

Production N/A
Installation R/A —

Annual Mainterarce . N/A

Arrnual Cperation N/A

Anaval Sreres -~ !

i
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- COST WORKMIED

ATTROACH KO, 3

© < ° c
o

DITECTOR,

- e
o e e s

MISS DISTANCE ACCUJTIC

SFEMA MODEL MAE 12B

ohis acoustic (amplitudz) system was designed prinarily for use with
¢:vial £2~=ots anl kag teen in use by the French Air Force and Armmy for
goveral y.era, Tha nrinciples of azcration and scoring methods used ere
02 ptabla to the Ar:ad Airervart Cualification Range Scoring Oystem but in
many re-irds are not ccuratible with its funct onal requirements. The

ms jor diversions are as follows:

Scoring Rate: lot stated
Scoring Radius: Limited to L.5m
Accuracy: lot stated

Caliber/Type Wnapon: Used with 50 caliber and 30mm only
(super-sonic)

Vector: No vector information provided
Number of Tarsets per System: ILinited to 1 target per system

- Simultarieous Multivle Tyre Wearons: Limited to 1 type of weapons

Develornent Cost Zstimate § N/A ESTr TS
— IZ21 CCST
Elapsed Tevelorment Time /A Months
- Production N/A
Excepticns: Tone
Installation N/A
Mote: =Zlinirnated as candilate due to low Annual Mainterance n/A
functional perfor-ance and lacx of Armual Cperaticen N/A
cost data, Annual Spares N/A

Systea Life Cycle %/A  Years

TADIZ b
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o T eery woRmSiIET

Ag;:oncn 110, %

RADAR ECORING SYTTeM MODIL R.—x"CC:{E-u
SANDERS ASCOCIARES, LIIC.

use, It is ba:nd vn taaz pnncd dc“*:lnr reda.r princ'-;-e t --'.ut de intcnm.ty.
then epolied to ti.2 functio.nal requirc~ents of the Arred Aircrart cualificae-

tion Range Georing Csstea, gome aisnificent diversions are obacrved and
folloa:

Scorin7 Radius: Limited to 20 feet
Calider/Type Veapons: 7’.62mm to LOmm only
Zone/Vcctor: Single Zone/no vector

Vert/inriz Plane: Vertical only (point weapons)
Armo Cheractcristics: Inert only

Data Trnns Ranze: 1 mile |

Dive Anzle: Lirdted to between 5° and 15°
Approack Azimuth: 15° = 0° - 15°

Vulnerability: Due to bulk of s2nsing bardware, down rarge
equiment. must b e pr ected,
Pﬂﬁzﬁétién/l:é:age Alara: Rone

o [

[

Develorr2nt Cost Zsimate s LN ,0.00 TTTATES
pargi oo

Elapsed Develo ment Time 23t. 22 Months

Production 438,0C0.00
Exceptlions: Lone

Installation 3,500.00

! &ens e

Systea Life Cscle 10 Years Annual Maintenance h,HOO.OO

Annual Operaticn  8,€00.CO -

Annual Stares £7,300.00

TARIZ 5
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RAVTRADEVCEY 69-c-0178-1
S s et e oot voRksIzET

APPRCACH 10, 5

“. . "< - .KADAR SCORIG SYSTZ{, MODEL RASCCRE AP,
' | SANDERS ASSOCIATES INC.

This electrormacnetic scoring system was desiﬁned for use with a sincle
personnsl tyte tartot, It 48 bosed on the pulsed doppler radar princlple,
arplitu s Intcasivy. This syatem's characteristics, when apulicd to the
functiouzl requircicats of the Anzed Aircraflt Quulificution Range Scoring
Syatem nre inconsistent in many respects. Major inconsistencies are as
follows:

Scoring Radius: Limited to U meters
Caliber/Type Weapons: Limited to 5.56m to 50 caliber
Zone “’ector: No vector data provided
Horizontal/Vertical Plane: lalf hemisphere only each plane
Data Display: No special display for real time readoﬁt
Approach Azimuth: 0° - 180°
. Malfunction/Damage Alarm: None

MI'BF: 100 hours

Developrent Cost Istizate §  T/A " ESTDTES
. : TI:M CoaT
Elapsed Develorment Time /A  Months
Production N/A
Exceptions: rNone
Installation N/A
Kcte: Elimipated a3 candidate dus to low Annusl Maintenance N/A
functional performance, Annual Operation R/A
System Life Cycle /A  Years Annusl Spares , N/A

TABLE 6
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" FAVTRADIVCHN 69-C-0178-1

COSr VORKSMERT

APFRC.CH MO, 6

RADAR SCORING SYUT'M, MODZL RASCORE-M

SANDERS ASSOCIAYES, IOIC,

This electromagnctic'ncoring system vas designed for use in either an
aireto-riv or 8 pro~d-to-2ir ammlication, It gives continuous miss

afsianse ocale daltn enye 13 basad ca uee pulsed doopler correlation radar
principl: using pscvdo-randem coded rhase roversal rmodulation techniques.
Frimary intended use 13 with missiles having a reasonable larpge rader
eross scetion, The characteristics of this systea vhen correlated with
the functional requirements of the Armed Alrcreft Cnalification Range
Scoring Cystem reveals that gome esaential qualities are lacking, narmely:

Scorin: Rate: Approximately 860 RPM

Caliber/Type Weapon: Only missiles with 2 pquare feet radar
reflectivity

Zone/vector: No zone, no vector dats
‘Malfunction/Demage Alerm: Nors

MIBP: 100 hours

« -
AN

Developzent Cost Zatimate §_ /A . c ' TepmeNTT3

poda| Co.l

Elarsed Develorzent Tize H{A Months

Producticn R/A

Excepticas: None
Installation n/A
Note: Elininated a3 candidate due to lcvw Annual Mainterance R/A
functional p=rformarnce. Annual Oparation n/a
Systen Life Cycle 1T/A  Years Annial Srares n/A

TASLE 7
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NAVTRADLVE 31 69-C-0178-1
. .:: > rc‘\oj::I‘ 'l'o:z:{st:Cu e

APTRCACH 0. 7

" © 7 ACOUSTIC SCCRING SYSTDM, MODEL PA-3%

DEL MAR ENGINIZZRING IABORATORIES

This acoustic (aoplitule) scoring system is in widz use by U. S. Navy end
Air Force as sn air-to-ground strafin;/gunnery troiner. When ccnparirg

the c¢perat

fone! characteristica of this systen to the functional require-

pents of the Armed Aireraft Qualificaticn Range Scoring Gystem, the
following inadequaciea have been noted:

Scoring Rate: Presently liuited to 10,000 RTM

Scoring Radius: Presently linited to 15n )

Zone/Voctor: No multiple zore - no vector data

No. of Targets per System: Limited to 1 f/simultancous

scoring
Simultans=ous Multiple Type Weapons: One calidve.:/type
at a time
MIBP: 700 hours
Data Recording: No provision for
Developaent Cost Estimate:: $ 705,000 TSTRVATTS
IT-21 L.l
Elapsed Development Time 12 Months
- Production $ 60,250
Exceptiona: None
: Installation 250
Systen Life Cycle 10 Years Annual Maintenance 2,400
Annual Operatlon 8,000
Anmual Srares 22,025

TAB;EVB
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APTRCACH 50, &

ACCUSIIC SCORTIG SYTTTM, MODZL DA-3E ) ==

DEL MAR EIGIIEEIRTNG IAESRATORIZS

Thins fixel accuatic (emvlitude) scorirg system is in use at helicopter

trainin> cchocl of tlhe U, S, Ar:y for nire-to--rovnd runnery qualification,
A compislova ©f th: g iraticns) characeoriscics or this fysten with the .
feticonal requireusnts of the Armed Aircraft cualificaticn Ranse Scoring e
Sretem reveals that it veets all requirements except the follewing:

Scorinz Rate: Up to 6000 R ==

Transmission Range: Up to 10,0004 (Wire)
Data Display: MNo vector
MTBF: 700 hours

Zone/Vector: Partial vector (Combinaticn of 2 or more

acnsors) . i
Developrent Cost Eatirmate  $ 590,000 ESTTTTS
S : 4 E SN
“'Elapsed Develeprent. Time 12-1/2 Monthe i o :
o <  Productien $49,000 :
Excepticns: MNone . A ) -
Installaticn 5,750 .

Annual Maintecance 2,000
System Life Cycle 10  Ysars Annual Operation 8,600

Annual Spares 20,900

TABLE 9
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FAVITADAVC ¥ 69mC=0170-1

CONY WOLSIIERT
AR 304 9
o e . B o e, 8
LCOGSTIC SCORING SIST#M, MODEL T\-3/A
DZL MAR EXGIIZFRING LABCRATCRIR
Tais acoustic (::’*plltw!e)»scoring systen us=d by the U. S. Army for
veasear rogten eveld wtion and possible trainins misczion arnlication,
It 333 ¢a-sinea Lrsor1ly for air-to-cround (h:.-licctt::r) sunnery
georings. Vhan eoriwing the cyernting charactericiics of this gystem
with 17 = functional requirenents of the Armed Aircrad Cualifieation
Ranje Seoring System, linmitations have been defined in the followirg
areag: - ,
Scoring LRatc: €000 RPH
Zane & Vector: No vector information data
Simaltaneous Multi-VWeapon: One type emmo at a tinme
MIB¥F: 700 hours
Malfunction/Damzge Alarm: None
Develornent Cost Esti-ate  § 060,000 ISTDIATIS
I%..¢ Lot .ec :
Elapsed Cevelorment Tize - Tat, 19 IMontha: o A S R
L . Production $73,000 , =
Exceptionsg: Hone '
Irstallation 250
Apnual vaintarance  2,LC0
Systen Life Cycle 10 Years Annuel Operaticn 8,000
Annual Spares 23,200
TABLE 10
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COSC WCRVSHZET

AYTRLACH 110. 10

ACUUZTIC & VIBRATION SCORLNG SYITiI{ DA=2

P&l MAR ENGINEIZUIG JADORATORIES

This scering syctem was designed to collect both hit ond miss distance
data frc- Trrcairel 4yy trrrets when fired on with small ams (Y.55=,
7.62rm ond 1lvciecie) ord vo coilect zones miss date when fired on by
kO grenades.

Scoring Rate: 12,000 RP-Hit, 60CO RR!-Migs, 500 RP{-Cremade
Scorinrg Radius: O « 2 moters
Caliber/T/pe Weapon: Srall erzs & LOma Grenads
Trengniscicn Range: 10,000 feet
Data Display: Conputer inputs
MTBF: 500 hour.a
Attack Azimuth: hit'couné ranel: 0° - 60°
A1l otrzxra: 360°

o

Malfunciion/Camage Alaru: None

Developrens Cost Zstixzate $& /A e sl kel
PUSIN Colt
Elnpsed Tevelcr—er: Tinme M/A Months
Production K/A
Exceptions: iione
Installation N/A
Note: <Iliminated as candidate dus to low Annual Vaintenance  M/A
functional performance and lack of Arncal Cperaticn N/A
accurate ce3t information. Annuzl Spares N/A

Systea Life Cycle /A Years
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FAVIRADSVC:N 69-C~0173-1

COoT wonChey

APP20ACHT 0. 1

X3A109/1
DEL MAR EXGIIE RING LABCHATORTCS

00
.J:n.'b’

HIT SEUSTTIVE PALTL TARGET SY

This hit ran2l type scoriiz systen was designed princelly for vse on
taph ereely Pavoes

Loyt morews in both a staticuary and mobile configurations,
C. e ¢ tu2 caerocteristics and cavaoilities orf tiils systen to the
fuisticnal requircroents of the Armed Alrcraft Qualificaticn Renge
Scoring rystem, it 18 evidont that the following arees are not fulfilled:

Scoring Pate: 60 RPMY

rScoﬁing Radius: Dependent on panel size

Zonej/Vect.or: Neither is furnished

Datd Transmission: Wire

Data Display: Kone

Dive Angle: O - 60°

Applj{oach Aziruth: + 60°

1
Malfunction/Dazage Alarm: None
Develor:ent Cost Estimate $ N/A © _ ISTTUATES
! I M 22T
Elapsed Tevelorment Tire HZA Months
; Production N/A
Excepticns: lone e :
Installati/c:r N/A
Fote: Eliminatel a3 cardiiate dus %o lcw  Anrual ¥3insenance 11/A
funetioral perforzance and lack of  Annual Operaticn  %/a
-~ production cost {nfsrmation . Annual 53fes N/A

System Iifs Cycle /A  Years

TARLE 12
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APPRCACH M), 12

1O7 PAIZL SCORING SYOTi{, MODAL BT-1b

SAAB AKTILDOIAG (SWEDEM)

Thig hit penel tyz2 cecoring systen sras desimmed for use by stro”ins

aircralt durir~ L:1ivilual trainirz. A cenrarison of this Tric vy
. charactericties witl: the functicnal requirements of the Armad Alccraft
Qualification Rane lcoring System results in the followlirg dlscrepancieg:
' Scoring Ratc: 9000 RFM |

Caliber/Type Vieapon: 7.62 - LOmm

Zone/V:rtor: o zone, no vector

Scoring Radius: 20 feet

Data Treasmisaion Ranze: 100CH (Vire)

Data Recordinz: No provisions

Portability: Fixed

Dive An~le: 10° - 20°

Approach Azimuth: # 30 i ¢ e
< - Malfuncticn/Ca-sge Alarm: UNone . . i :
Develor=ont Cost T3ti-mate § /A CEITATTS
.74 oo
Elapsed Development Ti-e NZA Months
Producticn K/A
xcepticns: Yone
Installaticn N/A
Mote: =Zlimirnated as candi{late dus to not
Arnual Maintenance - N/A
be!ng caratle o2 meeting scoring
Ar-mual Cperaticn %/A
radius roquiresents even with
Arnusl Spares N/A

daveloment,

Systen Life Cycle /A Years

Te2lE 13
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AI’I‘RC‘C:! 0. 13

ACGJ TIC . (A m.m,n“) SCYRING SISIEU, NODZL BI-23

SAAR-LUICH (SWEDEN)

This acoustic (alituvd2) georinz cystea was desiznad for use with
arcinl tar-ets, A commaricon of this rysten's claracteristies with
{he zunciional resuircueats of tne Araed Aircrant Cualification Range
Scaring ystem res ulta in the folloving discrepancies:

Scoring Rate: Up to 9000 Riif
Zone/Vector: o vector .deta obtained

Simultaneous Multiple Weapons: one tyre/caliber weapen
’ . ¢ at a tize

m‘BF: Mot stated

Malfunction/Damage Alorm: None

Develort.ant Cost Estimate § 255,000 ESTIMATIS
1u.f Ceod
Elepaed Davelopzent Time  Est, 23 Months -
‘ s . e S rPreductien & . -$19,500

. Exceptlon3: lMNena ) .
. : ° Installation ° 250
Annual Mainterance 2,L00

Syatem Life Cycle 10  Ysars
Annusl Operaticn 8,000

Annu:al Spares 17,950

TABLE 14
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COST WATHSIERT
APYRCACH MO, 14

ACOUSTIC (AMPLITUDT) SCCRING SYSTSM, MODEL AS-100
AERCNIC AB (SWEDZN)

This ecoustic (o 1mituda) scoring systen was desiznad for use with aﬂrial
tarria. As in 81l ecoustic (2mplitude) scoring systems, s nwber of tne
Tooiirements can be caticfied, but when the systcem's characteristics are
com.pared to the furctional raquire'wcnts of the Arzed Aircraft Qualification
Range Scoring System, the following limitations are apparent:

Scorirz Rate: 2000 RPM

Scoring Radius: 2 -« 20M ' .

Accurecy: < 90%

Zone/Veetor: 12 zones - 4 secctor under develorzent

Scoring Charts: Supersonic only (no HE or subsonic)

.MITBF: DNot stated

Malfunction/Danage Alarm: None

Hlo. of Targets per Syastem: Limited to 1 target per systea

- . 8imultanacus Multiple Type Weapons: Liaited to 1 ty‘pe of

‘weapon . R i
Developrent Cost Futimate § L23,0C0 RITTATTS
17200 Cour
. Elapsed Levelopment Time _Est, 22 Months i
) Production $32,250
Exceptions: XNone )
Installation 250
T~ Annual Msinternance 2,00 =
Systex Life Cycle 10 Years Annusl Cperetion 8,000
Annual Spares 19,225
-
T~ el
= .r
: TARLE 15
N\
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©

APFICAGH ED. 15

© ACLLLC (A prITns) SCORT™G SYSIEM MODEL MAE-1Y

STEMA (FRANCE)

This {224 sconstic rcorirz sysctem was dasigned for eir-to-mrounl gunnevy
scoring using the endlitulde principle, It has bdeen useda by vie iranch Alr
Force In eerial gunnery trzining. When comparing the cheracterisiics of
this syctem to the Junetdoral requirements of the Armed Afreralt Quoslificae
ticn Ranze Scoring System, the following cssentiel clezments ecc,

Scoring Rate: 8000 RTA L

Scorirz Roediug: 104

Zone/Vector: No vector data furni ched

Type/Caliver: Up to 3Cm —

Simultanscous Multiple Type Veapons: Cne caliber at a time

Data Transmission: wire only, no T

Attack Azimuth: % 20°

Dive Ancie: 10 + 5°

Malfunction/Tamage Alarm: Nene

©e "0 . No. of Targets per System: - Limitad to 1 target . o .. vl 00

,({

° Data Recording: Ko provisions

Develorzernt Cost Estinate $ 830,000 TSEDNITS
17 DIy
Elepsed Develorment Time E3t. 13  Mcnths
— Production $<6,500
Exceptions: XNone
Installaticn 5,750

Annual Mainternance 2,L00

Anrual Operstion 8,000

System Life Cycle 10 Years
, Annual Spares 21,650

TARIZ 15
294
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KAVIRADLVC TN 69-C-0178-1

KIT SKIN SCORTIG S7STEM, MODIL VIS-RIM-1

JOANELL LASCRATORIES IXC.

This f£1x:1 hit ecoring system was decigned to be uced in training tenk
miarevy technigues for the U, S. Arry. Uhen compariny the charncteristies

-~

c. u.in ryelen to the functional requircrents of the Armed Adrcralt Cuelie
fication Ranso Scoring System, the followirg limitations are apparent:

Scoring Rate: 10,000 RP{

Scorinz Radius: Limited to panel size

Zone/vector: lone provided

Data Trunsmission: 149/150 Mz T™
Displey: o vector or miss
Malfunction/Tazage Alarn: Kone

Miss Data: liona

Development Cost Tsiinmate § ¥/A

 Flapsed Develcpment Time T/A_°_ Months

' Exceptions: Ncne

Rote: Zlininated a3 candidate du= to not
beinglcapable of cecting eacoring
redius requirements even with
develcment.,

Systen Life Cycle /A  Years

TA3LE 17

295
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ESTDIATCS
To CC.7
Production B/A. .
Installation R/A
Arnual aintenance K/A
Annual Cperaticn K/A
Annual Stares R/A
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