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SrtTJJY, A34TSED AIRCIV1Af 'AAL!'WAC~TI~2¶ V"n GCORTI S71 TF2'

Thie ut-_:r dite.rxined "r techr~Ic.:3 fe-astbilitLy ean- opt'-:aizj desirgn a~nalysis
for tui A~rz~ed Aircraift ca A'zt1.:)n Fnnzve Sco-.,irg Zrst~t- in acco~rdance with
Concept Formul.ation cn~.*.treiý in AMCIR 70-3)0 and system requirxements out~ined
in a Small Devele ,-en~t, tlleet(D

After an intensive re--rew and anal1ysis of the SDR Requirements had been
ccvwplet'~d, a detal-.d1' investigation v-ts conducted of all available "0=-.-TIM--
6102T" socring a~&.A '"rade-Off" naltysi v as made of the character-
ictlC2 of ea--h o.-4 th~ise cystems versus the requirexeitts out~lined for t-':e
optimum APcoring sy~t'2ri developed by th~e re-tised SM.I A cost effectiveness
effort %ra coc,'910.eed, an rc ~.rational Specificptim Vas written, and ft
Concept 7%)mula.tiori ?.eprt was preptared. The reopo-t concludpd that an
off-the-EI-elf scoring syntem using acousitic sensing lzinciplas be fa~rther
developed to meet. the Ifuictional req~iirements of the optiTMuM systCem in order
to 2atisfy armed aircr'aft gunnery scoring requiremeuta of the 19"10 to 1975-
time freme.
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FORWA&RD

This report describes the concept formulation work performed under
lAVTRAJYV3E Contract X61339-69-C-0178 with Del Mar Engineering Laboratories
and loes-Allen Applied Research, Inc. The purpose of the study was to
provide the technical, economic, and military basis for the dA.-ision to
initiate engineering system developme-t for a helicopter gunsibp scaring
range.

The basic objectives of the study were to (1) analyze the requir- ate
of the DA approved Small Developmant Requir ment (SDI), (2) examine existing
scoring system. in light of the SDU, and (3) propose a hardware system, re-
quiring little research sad development, to meet the requirements. The
ultimate goal Is a reliable, dependable, and versatile scoring system that
will provide instant hit information to the attacking helicopter pilot
trainee and instructor pilot. The system muet perform acceptable regard-
less of attack angle and auimuth, type of armaent selected, and type of
target elga•ed.

The study has revealed that the technology is not sufficiently at hand
to meet all of the SDR requirements. The moet difficult problem areas to
solve are discriminating between the different types of rounds hitting a
target simultaneously, and providing a dettction system that does not
restrict the attack angle and is not susceptible to damage from armament
fired "uto the target area.

Two approaches seem logical at this time: (1) reevaluate the SDR to
determine the minimum essential requirements, thereby enabling existing
technoloay to satisfactorily meet the reduced requirements or (2) embark
on a research and development effort to ascrtain if there is any approach
that will meet thi axisting requirements.

KZ'IMTR W. PETERSON
Project Engiaeer
Naval Training Device Center

The iindings in thi report aire nut to be construed as <an official Department
of •he Army position, unless so designatcd hy other authorized documents.

Best Available Cop'
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SECTION I

o ODC'ION

A. G~t~r'.AL

A requirement exists for an Armed Aircraft Qualification Range Scoring
System which will permit the recording of hits and near-misses on ground
targets at a central location remote from a firing area. Numerous attempts
by industry, both domestic and foreign, have been made to meet this need.
None have ful;Ullx• a, 'he rehquiremcnt- of the ortininu scoring system.
This study has investigated all known scoring systems, applied those compo-
nents to the optinum system needs and recommends development or a~gmentation
of existing hard-;are and methods of application to provide a scoring system
adequate to accomplish its goals without need for invention or scientific
advances. In consonance with policy, prior to initiating work on system
developm.ent, this study was directed to insure that the following system
prerequisites had been met.

1. PR~ERQUI STZE 1

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

2. PRZCUT S1TE 2

The mission and perfonnance envelopes are defined.

3. ISEQ~U SITM 3

The best technical approaches have been selected.

A thorourj; trade-off analysis rýas been made.

The eost 0!7fectt;eness of the nr-cs0d system has been determined
to be fa,,orable in. r,!ettcns.ip to the cos- effectiveness of competing
items on a DCD-wide basis.

6. Fa• qUi"s 6

The cost and s•.e:lale esti,-.a•tes are credib'e and acceptable.

T.he 3t&,y 'asks -were devul.,ped so that all necessary prerequisite
r-. r,_-"nts were ^fulfilled.
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MMOT OF TM PROBW4

A. OENWTIAY

The objective of the study is to determine the technical feasibility
as well as the economic and militarl conaideratinns for the developient of
an Armed Aircraft •unlification Range Scoring System. This system should
accurately provide both hit and miss data to an airborne gunner trainee
i_-&I•.•e• 1 fnl1 nrP his trainino exercise. This timely inf.-*ti.n wýld
allow corrective action to be taken before his next frtrig pass. Informa-
tion nceded to improve his gunnery techniques is vector data, i.e. over-
short-left or right. In selecting systems and scoring hardvare, only
state-of-the-art hardware and technicues should be used with little or no
Invention or scientific advances required.

D. D.MFIflTIMCf OF Tr z PO031 '4

"A Study Outline for Armed Aircraft Q'alificdtion Range Scoring System"t
NTDC-371-IC6. Pro,4-zt 1991, dated 16 February 1961 and an "Apfproved Sall
Drvelovrent Requirement (Sm•) for an Armed Aircralft Qualification Range
Scoring Oystem" was provided &a program guidance. These documents and
AMCR 70-30 are included as Appendix A to this report.

/
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SECTION III

METHOD OF PROCDL¶E1

A. G-F.?'-YAL

In order to produce a properly validated specification for &n Ajmed
Aircraft (uualification Range 'coring System, eight specific tasks were
undertakcn. These tasks were acccoplished in such a maxLner that all the
necesaary Information would be assembled to meet the prerequisite require-
me?,* of A.CR 70-33.

1. Task #1 - Review and analyze the Small Develorent Requirement.

2. Task /L2 - Develop 9syten functional analysis and requirements
allos t i c'.

3. Task .43 - Identify', analyze and develop technical saun-ary of
applicable off-the-shelf systems and state-of-the-art technology.

4. Task 9 - Conduct trade-off studies of hardware identified in
Task 13.

5. Task iJ"3 - Define recor-ended system with consideration for
maxima= nodular concept inteora'ton; and preparation of performance spe:i-
fication, cost esti-,ates and schedules.

6. Task :'6 - ldet.itf subsystrn and/or hardware areas wherc future
dev',clo;erit is required to optimi.e the reco~n.endel off-the-chelf system.

7. Tas' #7 - Prepare concept formulation study report.

8. Taai, ,S - Conduct technical reporting conferences.

.L. TA tAY-he A "eZAY:<T. : 7, '-• ".

Th i j taak invold t-7e r and ud. c rst.anJin; of the 'All Develop-
ment -. ro-- (-) To a.-"'.-l1s- this, :%rid "'..sitsx were made to
n,:.'zrou: ;Xr_-" stai7aticns, eand con.eren,.es with serior Ar.1v 8':iators
£ntI-at'�iy :vn'olvved in both individual and unit gunnery training progr&is
were ccnrducted.

The 27DR wes analyzed to define the essential and ,-!elruble ri.erationa!
c.-aract-: Izz of t .he !alification Ran;e 3corinig yaten, no: only In the
lig1-.:• of scorlln- .ai'e -tnease.ves, but also as te Tystem i., reLatei to
vwaoona :szens., i:¢ c ,cnmpar4sona were dra-wn t.een stazed MR require-
nents t :hone axis:n. 2.rom aircra.t arna.-,cnt suystems, Gov:%rnnent field
a:vit ,, an: , --- fa',r'.-s, :n h.i e.fort, w. -rew not only
C'pst. ,.'-:i :.e. .i... ... s:at 2 .:'- s, b,•ut also on the results
of day-t>-.dav c-ntac: w-ith currently c-perational ecoring ays-teras.

3
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The oyztem is to be used with tar-- ts presentin•r real-time projectile
impact information to ol,3er;ers !or-at.-I at P rpint rc-note from the range
itself. The resulting tecnnque will replace the current practice of
counting holes in a tar~et renel, which is not only tedious and wasteful of
manpower, but also ineffhctuial in tc-_-. of psychological i..pact on the
attacking pilot, becauae of the tirae lapse between his firing pass and the
determination of his results. It Is apparent that a real-time score dizplsy
(hits anr misses) rezult3s in accelerated pilot gunnery training programs and
qualification exercizes, with a corresponding increase in range efficiency
a-id personnel utilination. This concept should manifest itself in a higher
lLVI of gunner proficiency.

During the unit training phase the SDR recognizes that an acceptable
range muit preuenL a ruuli&AIe altutian to the attacking pilot, with respect
both to the targets themselves and to their envirorn-ent. The targets must
anpear real in their representation of personnel, vehicles and equipment,
w1th their appearance not compromised by the presence of scoring equipment.
All system elements must be light in weight and readily portable to facili-
tate re~arrangement of the tactical situation on a given range, or a change
in locale, possibly to a different rszt!-e altogether. The ran;,e equit.ment
must be operable both day and night under typical world-wide climatic and
terrain conditions, with little or no target site preparation or equipment
re-calibration required.

The acoring system recormended must be compatible with cont"-porary
weaponry such as gur.-propelled projectiles from 5.5r through 3o0-, 4O-!
grenades and 2.75" to 6" rockets, primarily inert rounds. Rates of fire up
to 24,000 rounds per ninute can be ex:ected. With airborne arna-ent syotems
now Including a variety of weapons on a given aircraft, the impact detection
rsf' ns. ,rit chanrie it:i response parameters in a minin:i- of tine to score
the variofus projecý11ie :Tpes which may be fird dudng any one mIssion. No
scorir.; t,:chnique should be selected which will prohibit scoring of fore-
seeable future sir-to-grourd weapon system - the scoring system must never
restrict the ability to train.

In indivldual arl unit gunnery qualification roles, the scorirg system
need prezent only a su.-.ary of hits and misces. HIwever, during training
pro-ra.sn leadl.ng to qualifcaticn, it is necessarr to provide vector (euad-
rant) ingom-ation in addition to hit/niss data. The MDOR recoi.ni:es that,
in either role, 3 !_.-h level of accuracy must be demonstrable so that the
pilots . -raninr; or qualification will accept the results displayed,
thoreby enhancing their pro.ress toward combat readiness.

Prelininary evaltatLon studies were conducted to define cyste" approaches,
the level of pre.en;. ztaae-of-the-art, and the risk n;nvolved in establishment
of any requircd develour.uent activity. The erpmhaais of this evaluation is
to intertsret the fealibility of the ozerational characteristic identified
in t:. sR, and to A:sist in plsnnn7 implementation of the other study tas:.s.

Attached as A.•'ed:ix 3 i1 Ce re.3ultling state-ent of understanding of
7he *)1, a li! of inallatlons and :3ersornnel contacted and wor* sheels

which were prurTared :rx inforn ation 7ained. At the corpletion of this task,
a Technical Renortirn Conference (TRC) wao conducted and the results and
findings discussed.

B4

Best Available Copy
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C. TASK !2 D 7VMITJP S7S1,=1 FUM7CTIC-MAL A.AJALYSIS AND R7OUIRM-i72S

ALLcO;.L:f%1_
A msyoem's fwiut-on at.r. the various operations which are expected of

the system or any of its parts to perform in order to satisf'y the defined
mission. The zEyatcn's desicn resultu in hardware which satisfae¢orily
performs these functions considering maximum personnel safety and the
expected range of environmental conditions. An initial step in the system
engineering technique consisted of the formulation of a functional enalysis
of the system. Thin functional description was a prerequisite in developing,
interpreting and providing standards for design of the hardware and its
Interfaces.

Functior,,l 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 !mall Developrient Requirements were assigned to each appropriRte
defined function. This effort translated the functions into design require-
mentc; and, in addition, provided guidelines for evaluating the degree of
acceptability in the trade-off analysis of the existing hardware (Task :7.)
and hardware development (Task #6).

Attached as Appendix C is the completed Functional Analysis for the
Opti=m., Armed Aircraft Qualiflcation Range Scoring System.

D. T L`: !3 ID.'!•y MALYZE A'D D,-!O?_1 TTC rICAL SM-.WU OF APPLICABLE
O.-F-SZ-SLLF S .::S A:MD S-CAaZ-O-'

All promising scorir-g eystenc were investigated to determine their
applicability in satisfJin- the demands of the Shall Develo-vent Requirement;
that Is, whether thcy are nuitable to be u-ed as the basis for elncnts in
the idealized system as outlined. This determination was accomplished by
a careful persetnric aA2l.ysia of each technique as substantiated by field
experience, manufacturer's specifications, or basic system analysis where
required.

It is apperent lfrom system considerations that three areas of investi-
gation exist which were studies more or less inde-endently of each other.
These are the hit detection technique itself (at the target site), the data
transmission lira< and the diaplay elements. The study program for each of
these arzas is discussed below:

1. HIT DMECTICN,

The study was limited to currently available non-cooperative
(,passlv':) hit-detecticn methods so that standard combat weapons and projec-
tiles can be used on the rarge. The study was fur.ter limited to those
t-ctn i _:-z; -jhich hn-.oe baeen reduced to hard-.are, preferably production
haro, ici. Wih tn %.,2sc lim.1tetion, the following techniques were
stu:died to dptermine their suitability as the hit-detection element of the
idealiz5d syBtema:

Best Available Cop
5
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a. Doppler Aadar

b. Pulse Radar

c. Acoustic

(1) Amplitude

(2) Time-of-arrival differential

d. Hit-Count Panels

(1) Electrically conductive

(2) Mechanically excited.

2. DISPIAY

With the entire purpose of range exercises being the immediate
presentation of desired information 'to cognizant personnel, it is evident
that the display method recommended ! a an extremeiy important element of
the ideal system. The study investigated various displays from simple
hit counting to scphisticated presentation of actual miss-distances, both
scalar and vectorial, vhich may demand some form of recording or computer
analysis as a part of the data reduction process.

The following display (and recording) techniques were studied:

a. Hit counting

b. Miss-distance presentation

(1) Round-by-round
(2) "Mean Point of Impact (MPI)

c. Miss-direction presentation

(1) Quadrant

(2) Clockc

d. Recorling Techniques.

Each analysis gave due consideration to ht.-an factors in order
that the infor-naticn dispoayed will be readily grasped for tinely ccnmu.ni-
cation t1 the attacxing trainee pilot. Of special significan'e was the
carability of the technique under study to acco•odate the high fire rate
reeuired by the Sn7,.

3. DATA "TA::YISSIC-TN LL"TK

A si.-nificant portion of the proposed study was devoted to an
investiv-3tion of data tr.z-iission linkcs between the range itself and the
display sites. The s-fstens Inveatigsted included, but were not necessarily

6
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limited to, hard-wire lin-s; IN týle-.etr,, either digital or in P.14
fonnst; F:!/r.{ telenetry. Of special importonce in this phase of the study
were considerations aof range portability, system reliability, immunity

0 fron spurIous responses, availability of r-f frequencies, and compatibility
with IRIG specifications.

Attached as Appendix D is the Technical Analysis of the "Off-the-
Shelf" candidate systems that were investigated and a listing of technical
data that were received.

Z. TASK -,4 CONTT TRADE-OF? STUDIES OF HARDWARE IDETrIFIED IN TASK #3

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

A trade-off matrix was prepared which listed theoptimum system's
functional requirements as well as the functional characteristics of each
candidate systen developed during Task P3. Each system's essential function
wes ran'td and graded as follows: a value of "3" "as given when the candi-
date systcm component met the requirement; a value of "2" was given when the
candidate system co=ponent only partially met the requir-enent; a value of
"i" web assigned when candidate rystem component did not meet the require-
ment except to a minor degree and "0" value was assigned when the candidste
system cor:.onent did not natisfyr any part of the optimum system's functional
requirement. Upon co'-:pletion of the grading, each functicnal characteristic
was weigled in accordance with established hierarchy of importance determined
in Task 412. Three levels of importance were used and the followin3 weilhts
were applied.

1. Level 1 (Sensing Scoring & Displaying) 50%.

2. Level 2 (MPI for Miss-distance, r & 4) 25%
SC'

3. Level 3 (."ta Transmission & Miscellaneous) 25%

Thus the rating value multiplied by the level of importance yielded
the weighted score for each candidate system.

An a9te-pt vss rsde to arrive at a comiosite system cc,,prising the best
subs-stem from the cani!dates, however, this effort was dropped when it
became apparent that interfaces were completely incompatible.

It is also concluded that no one system, c-urrently available, will
completely satisfy the true fanctional recuiremen-.

Attached as Aptndix F, is the 'Trade-Off Akialysis, the work sheets used,
and a ran-ing table of all candidate systems considered.

7
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1P. TA, .7' pr"4?1TTf1:1 OF 7" R4.CCI TMD~ TfST%_24 PREPARATIoT OF PF0zra!A'.
WfE:ci_,ecATIC,:;, cosm' AnD:'PT:7

Th!s task consisted of three parts; the definition of the reconmended
optimum scoring1 s'yntem, the development and preparation of a performance
specification for the optimum scorinrg system and the cost effectiveness of
the recommended system. A complete system definition and the resulting
proposed performance specification 371-112A, Specification for Armed Aircraft
Qualification Ran:o4e Scoring System has been provided. This specification
was prepared in accordance with Level III, under MIL-T-23991 and Chapter
5, DSM 41203-M.

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

o. TASK #6 IDIT¶IFY S rSYSTF AND/OR IAR74ARE ARFAS WhAXR F1(UR3 DZVFLP-
WIT IS REOUIRtTi TO OP1'IMIZE TW R2CC"...,DZD OFK?-T:ZE-SirCLF S.nT.n!

The purpose of this effort was to determine the amount and type of
develeyriqnt engineering effort and an estimated cost to up-date all candidate
"off-the-shelf" scoring systems to meet the idealized system's functional
requirenents.

In study Teaks 3 and 4 it was ascertained that each of the candidate"doff-the-shelf" acoring systems were functionally inadequate and none met

all the requirements of the idealized system specification.

To develoo a method of estimating additional development ani estimated
production co3ts for candidate aystems without attempting to forecast
individual company development costs, a standardized method of cost eatimat-
1mg was used. Details of this effort are found in Appendix "H".-

H. TASKC /7 PR2:PAR:- CO1TC_?r FTO-VTATICN S'i'tYDY R2PRT

This Concept Formulation Study Report surmarizes the results of the
eight satdy tasks asr meets the require-ients of :NAVTPAD71CZ-STD-I04D,
paragrap'i 5.1.4, final report, as applicable. The study report fulfilled
the six prerequisites specified in W!CR 70-30 and covered all of the require-
ments sp.?cified in the Study Outline 371-106, 16 February 1963.

j. TASK 118 co:nU=T T-_-rcrICAL R-nwRTorrG comncn s

Three Technical -- 'eoortin- Conferences were conducted, the First on 23
May 1969 at the "avpl Trainini, Device Center, Orlando, Florida; zhe Second
on 17 July 1969 at. Del ,Mar Engineering Laboratories, Lc3 Argeles, California
and the :'iral one. cn 23, 24 September 1969 at Del Mar EnZineering Laboratories.
Included as Appendix G are the agendas and summary report for each conference.

8
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S.CTIOM IV
-0o RESULTS

c C

A. G•?,,AL

The study revealed that deficiencies currently exist in four major
areas pertinent to Armed Aircraft Gunnery Training Scorings:

1. Proficiency criteria for gunnery qualification is non-existent.

2. Develornental Engineering is required to modify the Candidate
Scoring system found to be most effective to meet all functional, environ-
mental and operational requirements of the Optimum Range Scoring System.

3. Candidate Scoring Systems, in an "off-the-shelf" category, do not
meet all functional requ rements of the idealized scoring system.

4. Operational and system costs of present scoring methods and
systems have not been defined adequately enough for a thorough cost effec-
tiveness effort to be completed herein.

B. PRO:.ICIF.:7CY CRT•2aTA

True Qualification ýtandards criteria has not been established for the
individual trainin, of ginncry students except for gnnery flight instructor
pilots. Subjective scoring is accoiplished by Gunnery Instnictor Pilots
using viual and Ju ;me=dt techniques. Standards for evaluatin- unit
gurnnery Troficiency and accuracy have not been developed. Art.y Training
Tests (A;,') do not include objective scoring of units in gunnnry subjects.
The lack of these critiera and standards make the task of determining the
true effectiveness of an optimum scoring system difficult.

C ~~~C. DT-V-TLO'Tv!_TAL r T'1rr'_IRT

An investisaticn vas conducted to determine the effort and cost of
up-datir. each carnciid•Te "off-the-shelf" sy3tem to meet the idealized system's
functicna! recuire-ents. i The methodolog and results of this effort are
sbhon in Apperdix ":",

/

D. 1;74 T ýC "AL RJTCUMTI.ý 'A3/

The 4'unctional analysis perfor.ed in Tas':s 2 and 4 reveal1d that candi-
date systens rsanked in the followirg order: A-proach 7, 8, 9M 4, 16, 3,
12, 13, 4., 1, 1., 2, ", 6, 10 and finally I1. A7-ronch 7 rated hJtgeat,
meeting 4-ý of the c tiun syster's requirenents, and Approach r. rated the
lnvest, -eetir: only P:. The functionas and technical analysi's are furnished
as A'p e. ..... c. C a.. D re....ctivey . ... :e c encies ccrr..nn zo all can....
trc!,; zcor± r'ir.... - too low, scor.r. radius - too s.-all, no Method o
deten-.,_n`n.3 mean olnh of impact and no vector or quadrant infor--ation
provided.
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Z. COST WT

Cost data for present day scoring methods and systems are either unclear
or unavailable. IoLal number of ai!rcraft hours utilized, qusntities of
ordnance expended, and support effort necessary to "qualify" a gunnery student
have not been determined. Candidate Scorirng Syt.em manufacturers have pro-
wided only "first" coat figures; mortality rates for down-rarne subaystems
have not been esti!na.ed; operational support costs have not been calculAted;
estimated logistics costs have not been determined. Lacking these data a
true cost effectiveness analysis cannot be completed. However, a cost
effectiveness model was constructed. This formula was applied to eligible
candidate systems for cost and economic considobratio:ns and the resul;ant
an.kings are as follovw: Approach 8, 14, 13, 7, 9, 15, and 4.

Approach 8 was determined to be most cost/effective with a relative value
of $10.34 while Approach 4 was the least cost/effective with a relative value
of $33.75. Certain candidates were elininated from consideration due to lack
of adequate price and cost information or where excessive development effort
was obvious. Appendix F provides details of the cost/effectiveness effort.

10
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rCTION V

o, 0 •o 0o -, • DISCUSSION o.

A. G:AT.

The att.; tas&s enuerated in Section I have been prvarlogated to
Incorporate ell data and information necessary for compliance with prere-
quisite requirementa of AWCR 70-30.

1. PR•'OLQIISTZ 1

Informatton noceanary for compliaance with tnis prerequiaite was
obtained durtnr the completion of Tns':a 2, 3, 5 and 6. Task 2 developed a
functior.l anlayais of tre system in conjunction with the SDR; Task 3
ln,'lutiý,,ted all %no'n scoring eys'e-s, and state-of-art technoloc.-y; Task

5 deflnefl tl• ultimate sysa"n reqiuirei includirg Covsleffcctiveness evalua-
tion and Tas' 6 it!entlfled and estirited the develn,',ent effort required to
optl•i7e the recorm:n,.icld off-the-shelf cy.item. Data reaulting from these
tau%* ir tcate that ,-ngineering rntiiv'r then exr)erim'ýntrxl effort Is required
and te1.r.nilo.,y neeiF.- La aufficiently in hn~d to develop the Idaslized
scorin.; .fotern.

2. PRMEOUIZITE 2

The Task 2 aralysla defincd the mission and performance envelopes
for the idealired acoring system, thereby meeting the prerequisite require-
ments.

3. C-UISITEU 3 & 4

Trade-off studles of candldste .,,'.t•ene conducted under Task 4 and
t the revi-ew ofý state--f-the-art technoloý;y corpleted during Task 3, has insured .

that the best technical approach has been aelected. Additionally, the complete
•ioz-l coiarisen of all candidaze s-s'.es has resulted in the selection
of the b'ýst cqualified off-the-shelf system which might be modified and im-
proved, with minimal effort, to meet specification requirements.

4. F?•zUj ITE 5

A cos!/effecti'eneas model was prepared in Task 5, and applied to
each canridate syste-i. Lacký of up-to-date factual inform-ation on present-day
operation and nalnt,!nance costs and the linited price data furnished by
candtidate-ysten i.nufactunrrs prohjbited the preporation of a more compre-
hen3iVe analysis. ":eiever, estina es and weighting factors were used to
provide an effective cost analysis.

5. FR:=IzEuTzS: T 6

arln;, Tns's ' and 6 it was determined that coat esti-atea and time
est-ates "ver,! ncŽ ' nd Aealistic within t`e ½tnosed boundary ccndlticra.
These estimatFts ir.clc rc, devele•-.ent, testi.n,-, evaluation, acquisition,
operation and -.aintc-ance costs and tine.

11
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SECTION VI

CONCWS'ONS

A. G. -L7

From the recults of lnvecti.;a:ions and data compiled durirg the
course of the stuýy, it was concluded that acoustic sensing techniques
offered the best tchnical approach to meet &ir-to--ground ar-Ament scoring
system requir'eents. It is al.o a•a.rent that a trade-off must be mae
to Ineure that all military and econo-ic spect3s of the idealized scoring
system are considered. The results of functiona.l adequacy and cost/
*ffectivness as discussed in Section IV as shown below:

ftnetional Percent I Cost C-E.
Adequacy Funational Effectiveness Value'

Ranking Ranking

Approaih 7 43% Approach # 8 $10.34

8 41% 14. i2Ao

9 40% 13 12.16

11. 38% 7 13.12.

13 35% 9 15.60

4 ~ 314 15 16.96
15 28% 14 33.75

The candidate systems vhbch rank first, second and third in functional
adequacy (Approaches 1,7, 8 and 9) were reviewed with candidate systems
vhich rank firit, second and third in cost/effectiveness (Approaches 8, 14,
and 13) to pro-ride a final basis for systems selection. In functional
adequaey, insignificant differences existed between the leadir.n three
candidates (34), while in the cost/effectiveness area a significant differ-
ence is a;A•aen.. It should also be noted, at this point, that a7prcaches
13 and 14 represent systems manufactured by foreign Cor.anies. If "'2r-
America" policies are to be considered, resultirn in elimination of two
more candidates, the cost effectiveneas value differential is quite signii-
ficant (approxoiately 23',). It is concluded, therefore, that Lhe csndidate
system represented by Ap:roach n--=ber 3 is the =oat acceptable, off-the-
shelf scoring systCM in consideratiou of technical feasibility, economic
and military requirements, and the development requirement.

B. MODr='-r D:/) o?ý!-Tr = !/cc' CYCL7,

It. is further concluded that, although technically feasible azd within
the state-of-the-art, it may be relatively costly and time consumi to

12
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develop a scoring c-l.ability for all projectile types (inert, IM., cubsonic
and supersonic projectilqez) and, Tiiticularly, to develop the me.na to
score simulteneous, multiple-type projectiles on the same target. This
consideration is applicable to all candidate systems. o .

13
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SEC'ION VII

A. CT7,RAL

Follov'In the conclusions reached In Section VI, it is revoirended
that eng:neerirg developent of thia optimum scorirg system be initiated,
utilizing XTDC Specification 371-1LA as a basis.

B. MALIMTI.MI T C ERT•A

It is further recommended that, concurrent with the engineerirga
developent process, qualification atandsa-do be established for gurviery
proficiency ratings, based cc the use of instruented scoring systems.

C. MODTFME DErJLkL=.!1 TIM/CO0T CYC=Z

It is recornended that consideration be given to modification cr
deletion of the require-ents to score all projectile types and to score
multiple-type projectiles simultaneously on the saae target.

D. SCORIM SYgTS, ILIA.T-•rC 917Mf

It is also reco--menred that a study of the methods for best utiliza-
tion of scoring sys'-is as an aid to gunnery training be conducted. HUlan
factors related to utilization of the scoring system as a training aid
should receive the greatest emphasis. Publication of a guide for scoring
systems users would be an end item for such a study.

1
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R =rIRE IIES

(1) Patent:

Roland, 11. F. Near Miss Distance Scoring System Using Doppler Effect
Fort Walton 8each, Florida; United States Patent Office, 1965.

(2) Patent:

Ouerth, F. A. Optical Miss-Distance Indicator. Camarillo, Calif.;
United States Paent Office, 1960.

(3) Patent:

Knapp, P. M. Strafing Target Using Schlieren Effect. Titaixu, Md.;
United States Patent Office, 1961.

(4) Pr2SM of Instructicm:

United States Army Aviation School. POI for 2C-F13 0H-6 Transitiom/
Oumnery IP Qualification Course; Fort Rucker, Alabama; U. S. Army,
1967.

(5) Pr ,m of Instruction:

United States Army Aviation School. POI for 2C-F3 UI-I (Iroquois)
Instructor Pilot (Transition/Gunnery) Qualificatiom Course. rort
Rucker, Alabama; U. S. Army, 1969.

(6) Program of Instruction:

United States Army Aviation School. P01 for 2C-196•.A/2C-06 A -A
Officer/Warrant Officer Rotary Wing Qialification Couroe (Resrve
Ccmponent/Allied). Fort Rucker, Alabm; U. S. Army, 1969.

(7) Program of Instruction:

United States Army Aviation School. P-I for 2C-1981-D/2c-O62B-D
Officer/Wa/rrant Officer Rotary Wing qualification Course (Active
Army). Fort Rucker, Alabama; U. S. Army, 1968.

(8) Program of Inatricton:

UnItea States Amry Aviation jehool. POI for 2C-1951-B/2C-O62B-B
Officer/Warrant COfficer Rotary Wing Aviator Course. Fort Rucker,
Alabama; U. S. Army, 1969.

"(Q.) Przr.irmr of Instruction:

Ulnited States Army Aviation School. P01 for ?C-F9 M22 Gunnery
Quallfi:ation Course. Fort Rucker, Alabama; U. S. Army, 1969.
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(1) Progra of InhtructimI

United States ArmV Aviation School. POI for 2C-F19 UH-1 Pilot
Tranaition Course (Navy). Fort Rucker, Alabama; U. S. Army, 1968.

(11) Program Of instruction:

United States Army Aviation School. 2C-rl4 AH-1G (Ruey Cobra)
Instructor Pilot (Transition/Gunmery) Qualifcation Course. Fort
Rucker, Alabama; U. S. Army, 1967.

(12) Program of Instruction:

United States Army Aviation School. POI for 2C-F15 AR-IG (Huey
Cobra) Pilot Trzasition/Gunnery Course. Fort Rucker, AlAba'a;
U. S. Army, 1968.

(13) Program of Instruction:

United States Army Aviation School. POT for 600-67120 UH-l Repair
Course. U. S. Army, Fort Rucker, Alabama, 1968.

(14) program of Instruction:

United States Army Aviation School. POI for 600-67AI7 Helicopter
Door Gunner Qualification Course. U. S. Army, Fort Rucker, Alabam,
196A.

(15) -Progra~m of'Initructior: -C

United States Army Aviation School. P01 for OH-58 Transition/Gunnery
IP Qualificatiom Course. U. S. Army, Fort Rucker, Alabama, (Draft).

(16) Sl•ci fication :

U. S. Naval Training Device Center. Standard for Environmental Testing
of Training Devices Designed for Use in Field Exercises and for
Installation ao Military Vehicles. U. S. Navy, Port Washington, New
York, 1964.

(17) Spcification:

Naval Training Device Center. General Specaflcation for Training

De.-".ceu, Military. 7. S. Navy, Orlando, Florida, 1)6A.

(18s) Report:

Del Mar Engineering Laboratories. Air-To-Oround Strafing Scoring System-
Models DA-V/A, DA-3/C, D-3/E, DA-3/F. Del Mar Engineering Laboratories,
Lo,4 Angeles, California, 1969.
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(19) oRfmt:

SAAB Aktiebolag, Xeduatridiviaionen. nit Searing with BT14. Temkoping
Swden, SAAB Aktiebolag,

(20) Report:

Aerooie Ltd. AcouAtic AS-100 Kiss Distance Indicator. Stockholm,
Swede., Air Target Ltd., 1964.

CNbie Corporation. Electronic Tracking Msytems. Cubic Corporation,
San Diego, California, 1967.

(2?) Re_.rt:

SrENA. Armed Aircraft Qualification Range Beoring System, We SPew 14.
Societe Francaiue D'Equipmenta itur La Navigation Aerienne, Ieuilly,
France,

(23) Report:

L•nders Associates, Iujc. Radar Scoring System, RABSC(M-S, RASCZ-AP.
Sanders Associates, Bedford Division, Mausachusetts.

(4) Report:

Joanell Laboratories, Inc. Model VTS-fJ-l Target SWstem. Joanell

Laboratories, Inc., Livingston, New Jersey.

(29) Report:

EKCr Electronics Ltd. EKCO Missile "M.D.I." Systems. EKCO Electronics
Ltd., Southend-on-See, Essex, England, 1969.

(26) Report,

Chrysler Corporation, Defense Operations Division. Feasibility Study of
Stabilizing the Line of Sight of an Automatic Miss Distance Indicator
for Tanks. Defense Engineering, Chrysler Corporation, 1966.

(27) Report:

U. S. naval Ordnance Test Station. Instrument Operations on Test
Deportment Ranges. U. 8. Navy, China lake, California, 1963.

(?R) !o:

Aberdeen Proving G-•amd. Electronic Control and Guidance Division Repo-t
on E!xperimental Investigatio of a Kias-Dletance Indicator Uaing Radio-
active Techniqu•s. Aberdeen Proving Ground, Maryland, 1960.
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(29) Report

Hickernell, F. 4 NMS4n M.c Acoustic Anplification in III- V Cmpounds.

Motorola Inc., Arizama, 1964.

(30) Report:

Wescott, John W. & Kushbaer, S. Stev . Pg peotion of Sound in Air-A
ibliiograh; with Abstracts. University of Michigan, Michigan, 1965.

(31) Re :
mekernell, F. Acoustic Axplificatima In IIl-V CosmAnds (Second

Inberim Report). Notwola Inc., Arizm, 1964.

(3 2) Report:

fSab-BUlm. Acoustical Miss Distance Indicator, Saab-Bulov I'23.
Semb-Dulow, 011O kiow AD, Sweden, 1967.

(33) Report:

SFM. Miss-Distance Acoustic Detector (X'm we 1). Societe
Francaise D'Iqlpem to Pour La Navlation Aerlenme, Dailly, Frame.

(34) Report,

Babcock Electronics Corporation. Acomsey Paults for 8M0. kbeeek
Electronics Corporatim, CaiUfornia.

(35) Report:

Bloomquist, .C ta."4to h wds T-2Wn
Cooperative Sorer Inetalled in a WWish I-7 Tow taret. U. 8.
Air Force, lborida.

(36) Report:

MaJ. Jimw D. Weeks, et al. LU IP Tactical utnnery Qualification
Course. U. 8. ArmW .,A*tion School, Alabam, 1969.

(17) Report:

Farmer, Maj. .'hrolA D. et-al. UK-i FXP @nery Qualification Course.

U. S. Army Aviation School, Alabema, 1967.

(38) Report:

U. S. A.'riy Material Comeand (AMC). RsUearch and Development - Concewp
Fcri atiw.---orequisitea to initiating Egineering or 1'7erational
Systems Develpent Iffort. U. S. AM Material Comand (AMC), Wash-
ington, D.C., 196.
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(39) Report:i

Headquarters, Department of the Army. Notary Wing Aircraft ounnery
Armament Subsystem, Nelleopter, 7.-62-W 1ehineOun (XM-6 Series) Quad
Gun. U. 8. (0O@MeT'nt, Washington, D.C., 1963.

(40) Report:

Gerinther, Georges R. et al. Transducer Techniques for Measuring
the Effect of Small-Arms' Noise on Nearing. U. S. Army Human Engineer-
ing TAborstories, Maryland, 1965.

(41) Report:

Kendrick, W. X. et al. A Microwave Modulation Telemeterng System.
Ballistic Research Laboratories, Marland, 1961.

Bergman, T. 0. Design for a Laser Range•inder. U. S. Naval Ordnance
Test Station, California, 1964.

(43) Report:

Waster, Walter L. o rative Doppler Bcoring System Study. U. B.
11eval Avionics 7scllity, Indiaa, 1965.

(144) Manual:

Aviation Armament Division. Gumnory Instructor Pilot landbook.
U. S. Arww Aviation School, Alabema, 1968.

(4)- manual:

U. S. Army Aviation Sebool. Attack Hslietipte w ý' VOry Partoint
of the ArW, AlAbim, 1969.

(246) Manual-

U. S. Aruy Aviation School, Aviation Aerial Weapons Company (Too 1-U1.T).
Dept. of the Army, Alabwm, 1968.

(247) Manual:

U. S. ArW Aviation School. Special Army Training Test 1-111 (T'r-1-llTr)
Dept. of the ArW, Alabama, 1968.

(4A) Manual:

Headquarters, Department of the Army. Operator, Organizational and
Field Ibantenance Mmawal Targetii, Target Material, and Training Course
Layoute. Department orf the AIW, 1963.
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(49) Manual:

Headquarters, Dept. of the Army. Divisional Armored and Air Cavalry

Units. Dept. of the Army, Washiaoton, D.C., 1968q

(50) Manual:

U. S. Army Aviation School. Reference Data for Army Aviation in the
Field Army. U. S. Army, Alabama, 1969.

(-Il) Manual:

U. S. Army Aviation School. Volumes 1 and 2 FMI-40 Attack Helicopter
Gunnery. U. S. Arnm, Alabama, March 1969.

(92) Manual:

Department of the Air Ferce. AF Manual 50-18 Weapons Ranges. Dept.
of t.he Air Force, Washington, D.C., 1963.

(53) Manual:

U. S. Defense Depertuamt. Standardization Policies, Procedures and
Instructions, 4120.3-14. U. S. Government, Washington, D.C., 1966.

(914) Report:

Boo7, Allen Applied Research, Inc. Nit Probabilities in the Elliptical
Normal Case Considering Angle of Attack. 3t0., Allen Applied Research,
Inc., California, 1963.
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16. Febrti.:ry '1968
Projuct V6~1

NAVAL TRAINING LIEVICE CENTEk
ORL.ANDO, FLORIDA

STUDY OUTLINE FOR

AtIMLU AlIRCRAFT tUdAL IF? CATI Oi WNGE SYSTEM~
CONCEPT FOR,*IULATION

).I This study outline eStahiishes the reqt'irc~morts fov a sttudy to
deterw:itie the tochoical feasibility. econom~ic, and mini itary osPr.tin
for preparation to initiate d'!veloprnent of the Armned Aircraft Qualificationi
Hiirp,12 Systpm. 1he study shall include a surv:y of the technoinc'.il-a1 stite-
of-thp-art hit anid near miss d:ýtection, and dila acquisiticii and' iritcrp~rc-
taý.iion.

2. APPLICABLE DOCUMENTS

P.1 Thn. following documnents of the issur? in effect on the dltn c o
invitation for bids or request for proposal forn i a part of this Vct a
to the extent specified herein:

STANDARDS

M'IL- STD-4611 Electror~iagretic Interfri~c hr
c list ics Requiremnents for Eqiuipment,

MIL-STD-470 Maintainability Prc-'ram' RL-uire~ritnt:,
(For Systems ard Ec:uiPX'cvij

bution

MIL-STU-785 Requiremenrts fjor Rxiliai~iitv Pro-r-:,n
'For Syste-7s and Equip.,-!r(c
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Airra~t Qualification R!r~gv Sy~tc~j,
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3. jr 'QUI4~i
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rorrj) d sys te;,i a d i ts C!, ah i Ii Lti Ls re qu i *'ed tr; -.i CI i the Ar;:y Avini ~on
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J.2 StujJy oiutline. - This st-týdi shall `:!ter ;,ine the techaiic; 10as ~ ivi y
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and ý, - d. r.e "o:- forn'!j 1 i cn snail Iconsist o:'f he 6 'YC- -~ 30
p;Ur-t .!jis ~S -, r, (. ir.Cc, r ujt !.ot ýe 1 i'ý:i te d to, c.~ fo low r i i

Arid c'rily:

is~ 1'C.'. 7& ,:1C "L 11 is: C1K7

sysr AT -r ~ sC & 'ort> .r x't r,3f c ii o i' S L^

0 T C, Y Q.

I~ '.C:' 72.~~l~ ~ ~~*~* -a n.
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ta) Vd( iOus hit det(±rct'.n scoring tcnei;,com;'oitrnts. and
sy.; 1 rr.s fo;- sup!-irsonic and subsonic projectil of varivus
Cc Ibe.r. TIhis shil 'Include the o; ratI."n.- . arý:Ot~rs v;

v ,II as co;ipa tab iiity with the rcj~&cr sof thc Sfý.J~
Pia ticular attention is directed to VICr ti~,~o of ti~e
"1ncat wi~1ss piojcc~i le finpact point cepubil-.ty

(h) Var icuij means of interfdc big th~i hit (Vtert'iOll Sy~iC'N- -nd
co:.i;onerl'.s with Or- central dislunit. The iiitori" cc,
dc.siqn shaill conf~i rIvr hit si qnal c(i ta: converio5 n, LIrir-I
function, data trarvsfor froin tary'ot &reaw' 0 the' controlI
rentnr, and cen'.rdl display unit )'or dispheyin'.i d!.ta 'r~q
tar-get areas throuqhout the range sySteia.

3I.2. I'r.-r(<Iuisi te 2 - The viission arfi ac.nr-oo;;~:e% e.
1 ra incr per *o'rF:m'o.`r`.- and cprutinýj Yhrcu~tL 1"Gbun1,'ua
outlitted in this, %ection. These' shall include, but not bo I iritcod to,
the follvwinj i t.:!iis:

(a) Lit.iJtrtion on angle or entry of projectiles into the La)-y,,t
detection zone

(b) Clearly defined maintainability and reli~bility CIuLEI1C which
complies with the concepts of MII.-STO-47'J, MtL.-SI)-47i, an
MJL-STDI-785,

(c) Physi cal size, shainn, and weight of individt.al systo::. 'mcs
ents, including cortainers for transport, to c~o,,:py wi th
req~uirements for main transportabil1i tv

(d) Radio freauencies and output power of th P SY st z dt:
to conform to FCC regulationis and availability of freiJUuenCY
bands

(e) Poter recuirements of the system, and pov~er sources recm.,uie;nd--
to satisfy these requiremnents

Mf Lfi,;itaticrns on hit detection rate aýnd accuracy for single
projectiles as well as simultaneous burst hits of var'ious
types of prcJectiles

(g) Fcei.bility of d:?tcction and scoring 3f both s5dbsco~il aici
super~onic ProJectiics, witI anv O'ne re-hodj or COinct::t, - ,

L- supported byI CLali-,'titaL*VC Sh~oui:c a sin;2ic '

irrdpaLb½ of1 a::;or.in ishing -he ,zsi 9~reAs t;-,e
nun~her arn, tv'~c DSOT systeni cr~nc.Žr',,3 ir- re=trn:ds ncct~stery i
be in'lic-ieG



A ~ ' C *~ V1IA c= 69-C-0179-1 -

L; LIIC: Wh i C I Hi c. rc.tyL ýJ i Lt'( ' .b
1C: C C T dýJ' ,'

b,': t. 1. 1'1j(1 1~ '. Ijn. *.;' k,*d Ib ' c i ' 01C '

I L. 11 Il CO; .*I ' -. I

;' 1 P '.1;WA' C. I-u L iI~ Jonh tchw&-(',~ 2c I.vr t; rnýi ccd y
I. iY LC.. e r; t a' i it p[p rSic I e si' a'iC r >'ý I o r pI~ .r .r,:4 itn cr( (

3. 2.4 Pro r,,, Ai ite .A LOmi2..u;h trL.tQ.-cf vi his bo f 2'_ & * The

dect r, . n a n( :.y Y r. L: cu,! (: ~u)a ti or',s . Th,- stu~d_;C i fý c ~ Ii include, lo-t not 1Ž.-
1 iIA L.id to r'c rf w. ;nu., , cunomiCS tra I ner eff i r i ncy', rel i ab i IL y and wa1 i otai j
C, 1,i LL C'OfLC P%

f~/ * *- i ti' S., Th r! c c;~ s r. c.j~'~.(t c1~ v f.

ol LC. !I' L C nf .. u;r ~' -sceciAr.?z L4

,,r'r, cti;~ nO~G rt(~ I:, n in lfti''o

* 'A'c 0.' quanti ty oi' La n ts, n 0!lfcim . requirev.Jflt,ý ~-,njP)cprjt,
ti; ,n fottuiri rc'r:u' r-:. rits antd u~~ ts h 0h cosu ef.ct i vc 1w ,; , lan 1 S

* i r 'I I~., U, 'I;. Cost -Isti, .'c", Cl the tr., A11eI' Sudh & rel1iun i it

W j 1fl 1 1 '1 ity, ,.I,( .t Ii Zi zati~f oVn over L ef fect tve i fe of thfit tra i ner.

3.2.6 P i s i -11n1t7 C F. 5C ~Cr'hE c tL~irc~te,, ar' cro'iii1le iin d
' . C . 7- C C. C,

72 Lzr; C Sa 3 'E'A rn4 'CU I. ti C$1T

3.~i~ $y-ton r'inA cc :riscI is* 0-1 a.rc L

rct f ,r :irii cox:c tt the i rcor t r e: r. tf V -C 2
04.

3. a C .7 :.Ccr tr I-' 'c t.'> o: ' i' I i c 0i('2 7. l

r-. or k~,~*. :. ý-.motI

* 1A' Cfl t' I , c V L 1 7i 1
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~rU~:f.. to r" awil ;,d 1, in ifjtg. 1'Ce;' 0~ (fI t.cr.r
es v *(!.I Ii w. i,(. ti -m ~i I~u.at i c,.: o f c A.Ai~i i i an VtiUS tr~e re:u'1 Ei f;:ti. ts or

f,~. I1 Th, c 'p fornul at I KisI dto shallI b,- ICpcdred for del icu ~n
Accorramu.7 with i-;AVTRAU;-.CEr4 STI) 104 arid Ohe Cor tract Scheduiip.

6. 1 Iii~~i* *: The C~c'tFm-mulation Study will Provide

toq.rvd de2veinpiret of a hard%;arc pi'o rotypc, Araiat Aircraft Qu' lfiiic,:ti oA
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S~itujy ouUr.TI*4, ik)x
/iU4ED A IRCLOFT< Q.UATlF1U CTIOr A! SYSTEN~

CONCLP FV U4RMULAIX2 (

Thia;. i'tiefldr,,:i1L forix; oe part of and sh.n1). be r.LLsch:!d to Stuuy Outline
3/11 i6 daLud 16 1Febrtlary 1.968.

un t1ic covzr poge: Add the word "Scoring" bLtvm'en the vards "Rang;e" and
"SY-.tern".

Pag,' 1,* in tiec Title: Add tho word %zcorin:ý" between Ole words "Aange"

Pago. I, p.4cgý.*:,-h 1.1: In llnce 4, add th.a vord "Scoring" betwee~n the words
"I~r~'ai.d "Sy!ttm?.

Fa,*.c 7, parn5-r.,,'h 3s.2: In line 2, add ti,~ wo rid "Scoriug" betw.!cn 'he vod
#I;, , aid Systevl"'.

P~agf- 2. p',raer'ik: 3.2.1: In line 4 and line 6, add the word "Scoring"
bct', u th*. ;c-':a ,;".nc ".$ystem". -

Poage 3, ,-caraph: 3.2.1(a): Delete the wc es '"near viiss".

Pagt 3, p;.ratgra;)h 3.2: Change ..arAgraph identifiention to read "3.2. 2"

Pai~r 3, newly ic~entifi.'d 3..(': In line 1, ade,( thc wc-.d.;: "Quanu~timtiv. !y
CXjpc' fC(2 ot'** r thc Woi-6s "OUu~1l~ie" And "'h Lcit"

Pe~ !4, ncvly i(.entifted pnvAj:.~r.!nh 3.2.2: i~d "(J3) Probrbility of an Ac~ual
hit t.:.c bt-jn,ý &LieCtec; or recox.1 'I.%

~'~L; ~ ar~r~-h3.2. 3: D,--ci.. in its c-.ti;.etv and su-ri~z.1in lieu

3-( -I ? T : t I u.Z r . ua c 'r.z c ric a '.: e n

..... f..r.I.. . c.e ~ Ct.~ t~are not. rv'co,%~:tý.'.'ikd ar.ý
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P~*4. 3~~r~i . 2.. G: In Mr.,a 5, add the "ScorwIng" bveeen ths-2

i~j"!~ .e ~L:h3 3: In linc' 2., iwirt.r t~a w*o.-s '"11&!L rtit i:fcs thi-
* .i'. *.. - cf AMR~C 70-30 lad iti; sL. prerequýýz-,ýes and if." boL;Or the

Pat~.. 5, r~.g2.g6.1: in linP 4, add theW word "Scoring" betw(-cn i vor dL
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1. Purpose and Operational Characteristics: A require-znt exists for
a range system which w:11 pzrmit the recordinr of hits on grond targats at
a central location rc-o:e from a firing ar.,a used by U3 Art ar--ed airaraf't.
This a.'yten will be usea in the trainim- of aircraft crews, Z~intaini•g
proficiency of traineo crcun, and associatcd npplic %tionc. As the. troJectiles
used in the training and proficiency roles will be primarily of aa inert
nature, a means for ccorinS near misses will be reqiuired in order to determine
adjustments needed to i--prove accuracy.

a. ('ssertial) Targets used must realiztically represent perso•nel,
conbat and tactical v.hicles and crev-served ground weapons apprcpriate to
the terrain and environment in which installed.

b. (.ssvntil) The system must be adeptable to the simulation of
various field tactic.l situations.

e. (Essential) Targets, hit count reasurement and transmission
devices and a hit ccant and ragister central diplay unit must be includled
as a part of the system.

d. (Essential) All components of the range system =st be portable
in nature and easily assembled and disasscnbled.

e. (Essential) The ranrve systen nust be capable of Operation
througzh an arca 20CO reters in width and 6C0O meters in length, dtawn to a
minimu, of 400 meters in width and 2500 meters in lenath.

f. (EssentiaX) The range cysten nust be ca;able of day and right
operations tunder intermediate clinatic cor.ditions as outlined in Cha-•e 1,
AR 705-15. Kits will be provided, if required, for use in cold, hot-d--r
eli-sAtes.,

g. (ZasentiaJ) The range z,/'ten -ust :acqure and record scoring

(hit ani near miss) data on the follcvrnz ar&anent subsyste-s:

(1) (Z3sential) 7.62 nachineguns.

(2) (:3sential) 50 caliber -achineguns.

(3) (Zzsenti-l) Rcckets a-d missiles (2.75 to 6").

(h) (Zssenti3al) 1C_-- grenade launchers.

(5) (-ssential) 2C'•- and 3Cro auto-matic pn.

h. ,T'1-3 ryste-n -.-ist ee - o. scorl.t a ri.-le
machine-inL or -=a'1- cýr- ne;'ns wit.,. rates o'. up to • E) -'a a
single f.'ri rn ag l atlons of those subsy/s:e-s outlinel in g above,
on consecutive, bur z!;6-rate f4rin• ru--s.
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i. (er.)The system cust be enpabic of recording the combin-
ations of the difrerenet weepons outlined in g above in a °i°.le firing run.

J. (Essdntla1) T*.e rystcm must b,- cc~pable of recordinr. the
distances of theýr terr.AnalC rojectilt? positions frnrn the tar~et centers up
to miiss &13tarces o!ý 3.0 natfýro (recording of the axi-iuths and elevations
desired if develo nýnt ti.me and cost is not exceesive). 'MisS di~stý.nce
recordings~ of 0 to 15 mpeters mu~st be within ±21 pezrcent accuracy; for distances
bet-ween 15 and 30 nieters, accuracy m~ust be within ±10 percent. If the
desired azimuath and oelevation recording is not achieved, target hits will
be scored for small1 targets only and zone scoring is not achieved, toaraet
hits will be scored for anall targets only and zone scoring will be used
for all targets.

k. (7Essential) The range system must be capable of collectimng
ikn.1 recording data from each individual target and up to a minimnun of six
targets t'imitltaneously.

1. (Desired) Th., ra~nge syotem must be capable of coliccting and
recording data, simultaneously from ten targets.

m. (zasential) 'Targets and any associated instr%=entation must:

(1) Be easy to install with little or no site preparation.

(2) Be portable by medium helicopter sling load to facilitate
rearrangement of tariect arrays.

()Be realistic' in appearance.

(4) Sim~ple to repair and capable of individual component of
module replacement.

(5),,,equire, minimum maintenance as outlined- in para.grsPh 5,.
(6) Require no excessive calibration prior to operatiom.

(7) The 'hit count and re-ister centraol display unit must have
a self-contained l-ightine capability for effective night operations.

.n. (7asential) -.'e system must be capable of storage and transit
under the conlitions outlined in AR 705-15 (i.e., Armyý aircra~ft).

o. (Fszntý'al) 7*.-.@e syten =u3t be ada;table to various types of
terrin, i.e., desert, no°intain, and "ongli (see °ara 2f).

p. (Desire') The systen mist be capable of prolorni'ed periods of
nactCvon y o 'hile exf;ereneto the local o ned icenral climate inot to exceed

30 dAys), wit-ho'it r~'rrgextensive prenaration prior to activation.

q. (E:ssential) T'e cytand/con- l cyit-n must be adaptable to
the eissdisanpcsable in CCUr and or.cerseag or be capable of nper-
ation ut1izinZ stanevarJt U ec Army generators.
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r. (EssenLal) If batteries art: used as p•oer itau..e for target
arrays, they must be capable of 224-hour operation prior to recharge.

a. (Essential) The raree system must be simple to establish,
operate, and require a mini-nm or organizational mainterance (see Part 5.)

t. (Essential) The system should have an expansion capability so
as to accommodate future developed aerial weapons and platforms, e.g.,
Advanced Aerial Fire Support System.

u. (Essential) The hit count and register central display unit
should be capable of being mounted in the back of a standard US A.y 3/4-ton
vehicle or 3/4-ton trailer (l/a-ton truck or i/4-ton trailer desired).

v. (Essential) The system will have a minimum acceptable mean-time

between failure of twenty hours under relatively heavy usage conditions.

2. Supporting Justification and Datat

a. Reasons for Requirement:

(1) As the helicopter is employed as an aerial platform for a
variety of weapons sy!tems, a formal program for the initial trainir•g and/or
qlialification of arm...d aircraft cre-ds is rer.uired. Training programs mu-st
develop and maintain c•:ills in target acquisition; identification, neutrali-
zation, and destruction. This new equipment will greýatly reduce the time
now required to train individual aviators in air-to-Cround gunnery techniques.
Substantial savings will result in a-nunition expended, helicopter flight
time reduced and o-.2rall student training efficiency increased. :

(2) Current ranges used for this helicotper gunnery tralrirr
utilize old grotud-to-_round scorin3 techniqu2s which require that scoring
be accorplished by a "shoot and count holes" procedure or in-flight
observat~cn. The for-er in time-conz-•ing a.d requires the rin;e to be

-clnsed while persornh.l are in the firing azeas; the latter scoring ýethod
is ir-accrte as it provides only general hit or mis3 data. :here Ia tresent-
ly no means to count and locate relative to the target th63e proj-ectiles
which are near misses. This infcrmation is necessary in order to .:rcperly
assess the effectiveness of the fire. Gvera•l, the present type of scorirZ
cperaticn is inefficient, tine cons-ni-•, and ex-ensive. The tr!-_ninr ti-e
lost, to include ".he dm•n-t!-e of the )13co-r, i3 excessive and wvsteful.
The new proosed rar.-e system will el.miz.a:e al of these disadvana.ies nov
fotund in current rar;e scoring training prcramna of instruction.

(3) A rarre sirsten is required by US Ar-j Aviation .khool and
ot- or c-.--n=s with c.--> : aircra•ft wh.ich w•II .ave .-e ca-tability cf ac•u-artely
detectir•, tar,,et hits aLnd ar nlszes and T•-•-ir_ these data a: a c~ntral
location. T rs , 71!r-aietems will be auth.r~.:ed in ar7ent of the Ar:z-r
Tables ce Al!o•rnce (ZA 23) of Ar-_/ Aviaticn Trainlr.3 Centers in Ccr.t±..-.ntal
U.ated Z.ates and over-eac, and will be utilized in the training of Ar-_,r
ar-_ed aircraft crLws in order to:
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*()Provide for &'more e-fficient utilization of persobnnel,
and aircraft nvolved.

I (b) i-Ypedite and improve the quality of initial crew
training in armed aircraft.

(c) Zmprove ýth3 method of analyzing the armed aircraft

crew proficiency (a.nual q.ualification).

(d) Improve all current scoring methods.

(e) Improve current range operating efficiency.

(4) Mmintenance Concept. OrZanizational maintenance personnel
should be able to acco.-pli.h the majority of the maintenance of thi.& system
on zite. such organizational maintenance zhould be restricted to minor,
readily accorplished re"pairs, so that it will not interfere with the training
proram. Mecfanins requiri•g re-nair beyond the scope of organizational
waintenence saoitM• be removed on site and evacuated through normal mairten-
arce chae.-els I to the eapronriate Direct, General or Deport maintenance
facility. It is e:c7' ted that a minimal training program for orgarizational
maintenance perzonn,Žl cn the electronics portion of this device will be
required. .. intenn ý7,c :'u).ctions will be acconplis*'•d by military perscnr.el
-if 1:,O series 3•,. (:KLctroai Instru:,:nt R--pairman) or equivalent DA civilian
perconnel. 'Zc :nair.n Ž:1anv7e required (all categories) for the Range SyEtem
will not exceed or.n hour for each ten hours of trairing under normal circum-
stances. One hour of maintenance for twenty hours of training is desired.

Ic

3//
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Z:ALL D 7mC?4Q.:' PT~ FOR ACI

'~~ i~att~' n accc;'shed 'n~ ',~ Cccr-pt ý'cn.;.Lla~on St':-ty c

&n Ar~Cd Atireraft. ;3 cý -.''o. F e 01or cyste= i u t ,.. carcpetio a of

6 rtvew ,rni 3rnalysir of t~.1e pnincn-. - . elo;=rt~ Requir-"nrm (=)
(;'?'r to~a -.7., 7,'1 `,-,cm :;z. 5,17 '!ýt'iber i .)Tc Intlt

t'..i1 revr±ew nn.ft1~yi3 A'..W.'Crcrs to be r-a:1C Letlde"'i
stat ree-.r?. andc thov* zr-,srt rceu rp-_.rn*t a&rinlurý fr.r the

r~h3 e~tc. To *-~ tlse cc -. ,arj..sor3 an-d to urntlrlir t:-e yl.il'ty
of co~r-z.ý.irnon rf5n%.C -'-w.x :~-ell>~ vith rv-r.:ý±'c . vaz.ro-;s

j~r~' -'!: ~) c afer;,rces prý_i;,.'fd th3 rmc2t cl~rret infax-ui'lon

Ax:, av".a -ion g-rnnery tr-Arni'q, isIU..1 eie¾tcI~e ~~~n

t'-e FJi( e2'-.1d he a*..,- ý:'ntel to pro'.-i.ý, t:.Fa breZth ani depth neeeutaz-/ for
teConc."pt s':J.~~z tuýy (S-2e ?-.:mgap~an A.... -A2 70

C..:., Inl 4: 7, I-r it t a3' .'.. .2irn: '7aT t*.±Wj_'Jr
1: va r.,,!:!3taJ7 to '-'~"~ ar . ti tneme vlrianccs in ordcr to
r(fre:, %',e- to !i ro :l&t' rsCtC-.r of tr' J. >i reluits !in ar.*'~v.rg
at a :- -rtna~se, n::t :--,i r':& rellt.A.l to ecnir.ý
arr. ý *::wiz t* e tD ao ~r~~~ aa i aircra*;t porforrn.vcc

in tre 1~-Yem, t:.,- cozinga 3ystpri pcrfor~arnc rlter±& ca

C) ., C.a
2. 7a :2.- r<I~.r-.. 'z Arc Aircralft

S'~. ~ eaý'>' it . a~aiX:t &*AI e.Ta3.nsl'cn of that

~~-n UfJ A'-r-I.'s2

C~a-iy~-: &.r r : a&rt ni fiecd 1-/ - .1o3.r ".-~, tic&..b~~o

an. !tna It> '-n- -~t -7 ~t~cj: rs, -I ir'2.nt exý t 3 f: r
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Ir ,r r.~

,I To TO A ri -n. *'~

&I rcrew 4;. I r, -'it t,.-j 1;,.r. 1 1. Lufl ij ~J!tI i

Cuch a dvnt ir-lencld a onorir,- 3ystnin u tilized in
corjnction with. arid.-f atr~rat p~nn r~ir~ 4h
sorlr, , int will1;roi' a remoto real-t1:n, d r~ploc/ Of

pro,-lectilo "mit" datn an,!/or rrc.,tti1f- "(:ic!.&ta rclativt
to Oic Aro targct(J4), and i ~ll f~..mlt re'u o 'ch
data at a ic-x4tion rociote frrcn the tarý,ý,t or weapona raLrxie

tririi: .ý ot ', alircraf .8j aj.tta c.-r-wi t.;.ercmC, both
in r-.uilif!cr~ticn traltr.b-.. and ttj, :I II ~~.~ pro-
ficiency teit irý.. The mcoring w ~~tb aal ~
fnctionirv; v.ithi botii cr~losive anrd inart. or1nar.rc of ty'rcs

arf1 ni7:e3 ca1rently bsAr.g uti3ized, 'or p~roje'cted for
Uti~I~ti~Inr `%,5 1II.?-`,X5 ti:',rzte.

ea- (:a. t in) rrj-ct.a t-'u 'Ljisv.ical1y r4!.- reýv ;it rz,Lre.1, C~b
azni tactical vehiclcj anvl crev-nerved i-rcund weap~ons a-pprop~1.ate to the
terrnin on.i emriron r,ýnt in w'hich installed..

a. It in; estmtial. that remiiaitic, reprfeentative tactical

tark ich tý c~ cnloyc tnctics ..e. - ,t:r ntraina.-io

tarr~t ! trc~o~ ~~ ipr,-rcn axni cgreas rc'uteft,
ord,'.r.r~fzo _,1"~ction, dieaao sz-,%,nt, "tc.). For Ir.U':td-.a.1

Ing, 24 -ple a-nI rcavd12y 4_.cernriblc aliri points
are Lezir-!d in lieu or &eitaic t_-:ticau. targets.

b. r 'e~t~ p-ste rrait be adaptable to the sin,21ation of

b. 7ý mccrli: ri'f~o-n be arie.'rtbt~e both, to a sint.1ated
tactical e j;r4 ro,-mert for ,*nit Aý,cticml3 trainin; ti-A to a
ba aic g,*.nc!rr "nar'2-.ansnip" train.ýr.. ervriro ,enit.

c. (~nt~l) rc.tanit cou~nt =eaaurement ar.i- trar.=aission devi1ce3
andz~ a hit ccm.nt andrA gst'ý:r centril lisplAy unlt -uaT, be inclu-ed as a ;art
of the ytn

c. The zyatemn vill consist of the follciving =~Ajor

- art5 .C-enziir.; upon tralning.; a-,1e,_-cn-)
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e en.3 0r (h'i tl senI;crz ax.d/r "mniss" 3ensors3)

- )ata Trz..-i:At~ter (.ii. rallo, wire, etc.)

-Data. ieceiver (via radio, wire, etc.)

-Scozr!.X DW.spiLay

-Recorder (m~anual or automatic)

d. (Esaentia-l) A21 coc-ponents of thi range sysatem will be portable

In nature and easi2y &asze'abiedi a~nd dliazezbled.

d. it is ersential that all m~ajor co--.*,onents of the
scorin.3 !.y'st-.-s be portable and incorporate sectional
(targets) and mocxhdar con±etr'uction cethola.

e. (Essential) The ranne syntem must be caz.:.ble of operation thoe
anara 000 m~eters in width and 6oCo meters in length, down to a. mini=.m of
400 meters in width and 2500 meters in len~gth.

e. It iz ecz~ential that the ccortng rfatem be capable
o~ operation txc'u.ýh D.1 rcrc& of 33,000 neters in width
and 30,000 neterB in lc~h(ta'ctica~l u-nit trairiir~g)
down to a minLi:-, area of' 100 r'.!tors in width and 25,:0
meters in leng~th (individual qualification).

Aircraft ;*erfcr-manco!, wepnons rystemsa r.1 type-training
desired ar-e conzideratio:-, which influenced the deter-
mir'atiofl ot opti-um range size.

f. (Esaential) Tho range cyster. m'izt be capable of da~r and n gbt
operations un~dcr ln' ermf!.Ute climatic conditicn3 as o'xtJ.Aed 1: C..ne1
A-%-703-1-5. Ki'ý3 Will be, ;rovided, if reqi:Aed', for use in cold-hot-d~ry

g. (Eszentia.1) The re.zge 5-,(te-l Mu3t acq'.ire t~nd record scoring (hit
and. near miss) data on t~ie follovirng anrma-ent subsystems:

(1) (Esstntial) 7.6,_--_ machineguna.

(2) (Ens-itial) 50 caliber machineg'ina

(3) (ZR..~i OC.'ceZ3 and rdszilea (22.`z to 6*)

h. (rta)Th-e C- St'TM =liv, be cft,,ite of c~. a a~nj.le Machine-
gý.n or r-.:1tl'2e ~.c:n7r~with rat.e. of firz u,) totX1s-ýC -jon a ir,ýle
fir-.ng rin anl' corbIzi;7i: oI' tý-csv siubs~ysters ovtlintsd in g. abov'", on
conn'2cutive, ý a rat fi.ring;- -r.s.
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i.(,),slred) ov rst~tm 7,.ist t capalole of r,-,-or,ý'rng the co•cbinations

of the different wnapona om•tlined in g. above in a rir•lc firing run. %

(1) The system mwt be capablc of scoring inert and LZ
ammunition delivered by the &rmament subsystems listed
in Paragraph l.g., above.

(2) Each acorir-q, systt-m rnust '.a %.&able of aensirn-
target hits and aear-rseces at imn'at rites not less
than tho3e indicated below for cach type weapon:

SIZE TE IPAC.
RATES (MAX)

5.9--n Mchine gun (Mv) 24,000

7.6L>= Machine gun (JV) 24,000

12. 6mim Machine gun (MG) 6,000

20 Automatic cannon (AC) 6,000

30= Automatic cannon (AC) 6,000

40= Grenade launcher (GL) 400

2.75 in. Foldtig-fin aerial rocket (Z.AR) 12 per see.

5 inch Aerial rocket (AR) 2 per sec

5 inch Wire-guided rissile (OwG) 2

Cyclic rate of fire and si ult:ni- zultiple -eapcnz
usage are fhe primary cnnsideratiou determining system
response.

(3) Frcr basic 7-Inrery ("%rknrar-sYip") cualification,
the rsstri rust score only one of the size/type weapons
listed in .Pi_.-raph h./i., (3), above, cn a sirgle
firing r•n. 7he systen must provide scoring data frun
all on-riige targets/aimirZ points, attacked sequenti&a.lUy
in a oln.rle firing run.

(i) For cr'v/fire team/av•aticn udnit tactical ;-unery
trainrg, the cy3tem -':st score the w-eapon size/ty-pe =ixes
indicatpd below, and -ust be caable of nrov-dirg scoring
erta cn at I:azs two tar--.ts a ..... s-i-jsly *y an
aircraft in a s. firr.; r:s. (:actical -. ry train-
i wil rc-uzire scorir; tha veapons of as n7n&- as two
attac< air:raft, each firir4 aany of the veapon nixes
indicat•d below, uinultaneously a.;ains; a s!ngle target.)
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Up to four 5.56nrn Machine Gun

or four 7. 62m Machiri C,!-,, M-134

or two 12.6=-- (50 cal) Yachine Gun

or two 20M. Automatic Cannon

or two 30c" Automatic Cannon

- OR:

Up to four 5.56 -m MG 2.75" FFAR

orr

four 7.62-m mG:

or or

two 12.6=m 4o=Dz Grenade

or 471 or

• o...two 20=s AC 5" Wire Guided
,•I Missile

306 AC 6" Wire Guided

two 3O~ ACMissileI

j. ( vssen- is!)' Te ystet =st be cctble of r6cord.irq the distances
-. - ter-dnal pr-% -*ilc .- aition- ýrc.n the - t .n tn ?J.sS

disttance- of '0 meters (rec-'rdir.n of the azimut*hs and el.,wations desired
if development ti:3 anl co03* is nct exceszive). ?I.ss distance renorrIings
of 0 to 15 meters he within t2 ;ercent accuray; for distaxnces betveen
15 end 30 zetero, ac-'--r uviit bc vithin t1O =evcent. If the desired
azirxath wid elvatic.-i re-or,.irg 12 no.t achieved, target hits will be scored
for "3a3l targets only and zone scoring will be used for all targets.

I i. (i) '-e "�.�;ons 2-ILted in 1-ra:; l.g., abovv,
can be clAr 3'_f.ed as either point veavc-n or area

• •a'o'g. Cm'.y t 5" r' c"-', r ('(-'-2 3ub-
systen) a;id te '9W niasile are classified as point
wea&o:..o, riTh ;-.e -- r .'Žmcnes cia.Aidei as
ares e -.- n3. :t i:. ::zira' ., ar-s -- ,. fire
be !COr I -t-rouns od , i_-;act vithin
a cir= il-ir `.0 > :ontal pa-.e ci th, :r.-. cen.tered on
the terC.!t. it is desired that point we-apxns fire be
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scored in ter-.5 uf a -roJ.ctilo hit, ezludir a
:i , c 1 t:ý- . y:!. 2 cuu'i•l.e,.3o 'c ta&r, et;

further, polrxt 4;apc-ns fir,' -ir..2).... tion is
desired in t:.-- of -rocctilc ;•a.e throuzh an
extended vreicial tr;-e-t pla.e which is terminated at
the gro,.n6, bnl throý-*i a horizontal tsrget plane lyirg
on the zrou. d becween the weapon and the target and
termirAting at the target.

(2) It is essential that the scoring system
furnish vector scoring data (i.e. - indicate an inter-
section of a projectile trajectory with the target
or a ncr2%ysical extensicn of the ta-ret, and provide
a measurcmer.t of the direction and distance fro= cne
point of aim to the point of intersection). This is
partic''l-ly inT-ortant during those phases of gunnery

ntrainrg wnen inert grenaue, rocket•t d/u.' aisallu
ammunition is utilized.

(3) Vector score (direction and distance relative
to a ta--et/aiming point) can be expressed in polar
coordinates (r ,-Q-) within the scoring planes discussed
in Parnmraoh l.J. (1) and (2), above. Polar coordinates
provide specific impant location infornation relative to
a reference point (taret/aiming -oint), the fornat in
which this information is precented is easily interpreted
and understcod; direction (-4-) and distance ( r ) can
be expressed as f-Iling within pre-defined areas or zones.

(4) The foll•ing table irAicates the effective
miss-distance of machine gun, }.• autc:atic cannon and
HE roeket/nissile projectiles (area weŽapons). It Is
readily anp;aent that effective miss-dcstance increases
as the size of the projectile increases. Thus the ore-
defined scoring zones fr-m L.J. (3), abo-re, should be
renotely ad.!ustablc, durin-_ the basic g'zn-.ery qualification
(=ar-.-rnadip) training phase only, if a score of effective
fire is t• be furnished.

SIZE TPEECT
?1SS DISTANCE

76>=MG 5

12. 6 = MG 10

20= AC 10

3D= AC 10

GL 20
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(10 lb. warhead)

5 in. AR 50

(5) The scorirm system should be capable of scoring Z
projectiles ir..facting at ralial miss-dintences of up to
54 neto-ra within the scoring plane; it is ezsential that Z

proje'ctiles innacting at radial ris-distancea of up to
15 meters be scored (2.75" FAl - 10 lb. warhead).

(E) The scorinr system nust sense those projectiles
which ir-oact within the scortr-1 plane to an accuracy of
95% t . The projectiles ne:ncd must be correctly located
within the "re-detinred dtsta.ncý/direction ( r -4 ) zone(s)
in which t.-1 i-pact, to an accuracy of 95i*± %. These
eccumnci,-i n'it be maintained1 throghout all sensing/c1-oring!
exercises; aiy deviation from thes' accuracy requiremants
during airt single firing rur/pass is unacceptable.

k. (rssential) The range system must be capable of collecting and
re:ordir4: data frcr each individual target and up to a minimum of six
targets simultaneously.

1. (De1Lr:,:) 7me ranc.e system must be capable of collecting and
ret-ordinz, data siulJ-aneously -from ten targets.

Sk./l. An individual scoring c-/stem, major components
Sof vhich are lsted in Paragrapb l.., above, must be

cap-ible o(ý creratin~g in co Lu~icticn 4 a nImint'i~ of,-
fivi addyitionl sco2Mr. a-stes.8 on the gunnerl range
(six iryste-n3, totil). Cn soce tactical unit aeeal
gunnery traIning ranges, it may be desirable to emplace
and areratpe %n to ten acox±:• systems on the rarge.
Ho-rever, a- no time will tore than tvw tar:ets on the
ra-ge, anJ their associated scoring systems, be required
to senme and score uinultaneously.

m. (Essential) Targets and az associated instr~entation must:

(1) Be e,l; to inztall with little or no aite preparation.

(2) Be portable by mediun helicopter'sling load to facilitate
rearra~ngeent of ta-r7et a&rrays.

(3) Be r.nalAt,!c in asppearance.

(I) SI.--le to repair and capable of indilidual componeut or
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(5) Require mini• maintenance as critlfred in PFrasraph 5.

(6) Require no excessive calibration prior to operation.

(7) The hit coiunt and re.ister central display unit |imst have
a self-containrd ligtirn capability for effc.ct.ve ntbht cpcrations.

m. It is essential ýhat:

aizmin points, utilized during basic aerial gunnery
(ma.rks-na.nship) ctalification training, =ust be simnle,
easily discernible rnd relatively invulnerable to
catastrophic da=Lge by Weapons fire.

tactical taroeta, utilized d~uring unit (aircrew,
fire-tcn, etc.) tactical trainirg, must be realiutic
reprebentations of co,. at targets, providind a means
of acquicition/identification through all attack
azimuths up to 360-degrees. Tactical targets must
be easy to emplace on-range, must be portable by
utility helicopter to facilitate replacement or
rearranjement of target locations.

all scoring components, including tarzets/aiming
points, u:ust be easy to install with little or ro
site 1..rcearation, mu.ist require ninlmun- maintenance
ta& u iQU .1i4:'- !5, below), require little
or no calibration prior to oeration (choulcA orate
without calibration for at ltast 125 hours utiliza-
tion). A n.zana must be proirided at th.e remote central
scorirg center to alert operator personnel to srystem
malfunction and to identify system mAlfuinction. The
scoring dis-.lay unit nust include a self-conta*ned
lig.gtir4 capability for effective night. operations.

n. (:Essential) The system must be capable of Storage and transit under
the conditions outlined in AR 70q-lq fi.e.. Ar:y aircraft).

o. (Essential) Th2 system must be adaptable to various types of terrain,
i.e., desert, mountain, and jungle (see Paragraph 2.f.).

p. (Desired) The system must be capable of prolonged periods of
inactivity while ex-posed to the local environnenta-l climate (not to exceed
30 days), without reqclreing extensive preparat.Ion prtor to activation.

q. (Zssent.al') :he cornand /control system must be adaptable to the
electrical -ro-er d.ailable in CO:,US and overseas or be capable of operation
utilizing ctanlard U.S. Ar-_7 generators.

r. (i7sse..tial) If batteries are used as poeer siurce for target
arrays, they mUSt be capable of 24-hcur operation prior to recnarge.
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s. (Eaarr,Jial) C>,e rcnr.^ Oet,-n must be ain'.-e to establL1h, operate,
and require a minini of or-anizatiural maintenance (see Psrsr•aph 5.).

t.(esoential) T!% system ahoiild have an exepanzion capbility so as
to acco.-odate futur,, developed aerial weapons and platforms, e.g., Advanced
Aerial Fire Support :yatem.'

t. (1) Tht rystem must provide a scoring capability uhich
will s'wpcArt individual qualitcation trainirg and unit
tactical training in the Model AH-56A (Advance Aerial. Fire
Support Systen). To effectively score weapons systems of
the AM-5CA, and to incornorate into gunnery training the full
ca-ability of these weapons systems, it is essential that
the scoring system be capable of operation at vulable attack
azimuths through 360-degrees.

(2) The scoring data receiver/dismlay unit, located atV
a site rc-ote from the target range, snould provide a means.
to interface wvth an ee.r rnsl autonatic data reecrder. This
capability per.nits pernaiient logging of student, crew and/or
unit gurnnery performance data anI subsequent monitoring or
analyses of qualification criteria.

u. (Essential) The hit count and register central display unit ahould
be capable of beirn -'.ounted in the back of a standard U.S. Arr7 3/4-tot "--
vehicle or 3/4-ton trailer (l/ 4 -ton truck or 1/4-ton trailer desired).

v. (EsRential) The system will have a mninizin ae:eptable mesn-tle-
between-failure of twenty hours under relatively heavy usage condit!ons.

I v. The acoring system, not including targets/aii-mr points, I
"I muct pro-.ide a zadnin-,zi mean-ti=e-betwreen-failure (:.i?) of

1200 hours, and a naxinu-. nean-tine-to-retorer ('2R) of 30
minutes. The MBIF doe.s not consider cornonent failures
caused directly by weapors fire damage.

2. Su-Porting Justification and rata:

a. Reap-ins for :Zequirement:

(1) As the helicopter is e-ployed as an aerial platfore for a
variety of wesaons Za7tens, a for-al -rogram for the initial traint-g and/or
oualificationre ar-ied r'raft cr-v3 is reruIred. Training P.--gras -ust-
develop and Ta'r-tain skills in tA:,zt ac-,'1 itcon, idi.ntifllcation, -eu'.-li-
zation, and destr:'ction. This new e-,uin..nt wvUJ. -r.atly reduce the tline
now re-!1i 4 red to train indiividual ai•tera in air-to-.)-rvxnd v -. er- tgithnicues.

Suba lso....s "'l1 result i"n e7--.uLn'tlcn er>-. .. , hellccpt-!r fligŽht
time reý,iced and o.irall student training efficienzy increased.

(2) O:.rent ,•'anes used for thi.s 'elico-t'r -straining tilize
old grou.i-to-7rourd tecornr., techni-ri-s "hwich renuire that scorir- be
accor~p ,ed by , "zboo an. count .Oles ;roco•iure or in-fli~ht cbservation.
The for-ser is ie-eonsuning and ;•y'res the range to be clesed while personnel
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nr, .! 1;m fir~r- r t': cr. thu latt! -z- irj tr,- Is Inaccl~xate a~s It prk'4dea
o: t' ci or :' ata. no r'mi~iy!.)re-ns to cc":.t an.I locate
r-.tv' t'. t ýW. u.ui'- pr'ii ch treý ,-~ m~i rs .ý 12 'i - i r, f n- a
tiLn is 'cesa3ltry In cur.,:r to ~r:i-' ILS~s. the efcictiv~hoBlq of the fir-e.
ovr~eall, th ýre~~ ~ on af B cor r`,, opr'eation is ir,2f!ficient, =in c n~izir-F,,
anu ex-ii. -a* ir.rr i: los-t, to -r.':l'.re the~ do-, -ti~e -f tht: MŽ~
copter, IL: excsi~vc I wP.t ef lu1. I-.e new propo2ed rar.we system wiTl.- elL':.ýrnate
all of t ' .,se davnt row fo-und in current rarq.e scoring training prc.-'~nm
of instrucetion.

(3) A rarj:,-, trycte,! is required by U.S. Arr'y Aviation School and
other cc-..-ands with arn-2d aircraft which will have the capability of accurately

d~tet!~tar,*et. hits Lr.1 near rnisrna and displayinz there data at a ce-ntraJ
location. These ran.-e cystcms will La authr.-ize& in Departmen~t off the ArT!Zy
Tables a:' Allc-;.nce (TA 232) of Ar-my Aviation '1raining Centers in Continental
Uniter2 S-tates ar.1 ov,-r.3eas, and will be utilized in the training of ArcV armned
aircrafft crews in ordier to:-,4

(a) ?ro'.-ide "or a more ecficieflt utili.-ation off personnel and
aA~rcrafft involved.

(b ) 1-ýredlte and improve the qu.ality of initial crew training -

in ar-.cd aircraft.

(c) -rnro':e the mcthod of analyzing the armed aircra-ft crew
rrc"Iciervy (mnnual cqa1ifi cation).

(d) Iz-prove all current scoring methods.

(e) I:-prove current range operating efficiency.

(4) !Intýýnance Concept. Org'xnizatiornaJ naintenftnce perscr-nel
stould be abl-.e to cruihthe n~a-jjrity of the =a.internance off this xystem
c:I Slte. '.u- oryI'r.1 zati.oral M31nternance shouljA be restricted to ninor, readily
az:c-pli1.zed r''rso !nat it villI not in~terffere with the train.i~n: t:czra-n.
V:!crar.!-i3 re-':irirý re--7,-r oeyjcnd th,ý scc-ne of ori:=,iaticnal rnac
srouid be remo-ie1 on siti art evac,%atlel throua, nor-al mainten~ance channels to

t:-e a~rcz~ae Jr~ct, enrlor De,-ot maintenance facility. 1'. is exr-:ected
thta ~.-ltrani-rg ;rc.-ram for 07:-,snizatioanal -rainternamce perso.nei, on

t'-le elec,ýroic3 :)or-tiori of th-Is dp!vic? ' be r-!r,:ired. ?ýIsr~terance fuanctions
Vill beac-nli~ y !riltairy -_!:rzc-nnel of "OS, Series 35*3 (Zlectrcnic
Instir'-zent Repairý.t-n) or e,- 'ulvalent DA civIliin perssonnzl. The rnairntenance
rec-ired (all case,;ories) foz the Rar;e System will not exceed one hour for
eaich ten ho.~of tr--,rI:r4 u-nder nor-ýal circ~s-tances. One hour of -&aintenance
for twenty rnours off trairJz!Z is desired.
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SBR :!ALJYS'1S

1. Fj&-4e Cb-Aracteristi-:S

2. Rcoring ~a-racterib-i~ag

3. Data Diiplay

4. Date. l'ransn-4aion

5. Tirainir~g Use

6. Mi~ce22jneouiq
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TIhe functional forrnuloition task starts with a statement

definiiif, xvhIA task thu range scoring systcrri is expocted to per-

forn, in ~:potof tbce ()vC'1'djjt Army Armcd 'Aircraft Militar-y

Mission. This~ beconmes the staitement of4L(Lciuircji.L)nt leading to

~ decr'n IOUuf th opiccaioi function the, systein? is rcquired

to perfornm. A system descrip)tion, in enginý-ering termis. de-

rived frnn systemn function will be prepared (Tasks 3, 4, 5, 6,

C ý- ad A).- Tradof wtud'ie' ct"dfi?-hehifardiwa~re"~ cilft he &

ciUCtC'( tJ detVc--line 110.11 Wel1 a selected con1figuration cornb-'nation

matchies the rneded syk e:m requircrnent. F~inall~y, a recoriimen~uc

best tech~cn!ji- approach statement will. be prepared. This zmay

inclubh: a rcr =7nerxec progr~amr for a hardware doŽvcioprnent if

it bcwo- a. qi 'y 'ent AmC ~rLnl availa ble equipmctt vwill niot
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rThr'oughoUt the Sttdv attvistiomi bie continually dirtcctcd

toward:.

* lF'ea.ibiliiy

* Missioni effcetivcneiss

* Cost of ownership

* Cost effectiveness

* Availability

* Reliability and maintenance

1. 2 Stu.dj..at ionalc1

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

most clo::cly matches the requirement in all respects. Over-

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

chase or^ovcrpriced, over-complicated hardwa.re, Inadequate

design is likewise to be avoided to obviate inadequate performande.

1.2. 1 Background

In order to satisfy the foregoing, 14 was first noces-
sari tu establis:, what task the rar,-c scoring svstem Is ex-
pc.ed to pe-rform for the user. The SDR analysis has been
conpli,,,td and user agencies have beri contact,:d to ascp:r-
tai, :.;, ttc:_in in. reouirem ents b '., rain.ing phas,:. Reesults
of tis corombined anLivsLs, startir.. 'vith the missioa io:;.e-
ti,-, : r•,ed airc,: :t g-,:riiery ,,r T" p'o-rani-A, arcst3!,'d III the u..r.V inl p ragr~ a.



S.. _ • i• •< C- °- wA~v!&b,•C:, 69-t-0173- i

2. MISSION4 (O1.IECTI. i)

U.S Arny armd aircrart individual familiarizatiol, and qualifi-

cati(,•' training., unit qualification) and tactical training using simulated

targets arid gunnery scoring methods.

3. FUNCT1I(N

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

"significant categories emerge: (1) individual familiarization and qualifi-

•catij(n; (2) unit qualification and tactical training. The two functions

are mutuALly dependent.

Figure 1 shows the overall armed aircraft gunnery training mis-

sion broken dowvn into training functions.

3. 1 Irtdividual Trainin..

- 0 c C c •c
C -CC"C ° F~igur. •2 <show.z 'the individual training requirements broken

down to scoring systems functions.
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,,N',•u,.v.. 69-C-O-0 ' i7 -

3. 1. 1 1.:'xiliaci:zn_:ion,_

Objectivt,: to ftrniliarizc thu individual with the,
air,.ralt orldnance under in,-ftight condition•.. Both day and
nighL operation,; are included. The. student i; schoolcd to
get the "feel" of the aircraft and its armanient in a live
ammunition firing situation. Primary grading is on his
performance in folluwing prescrihcd operating procedures,
and safety criteria. Equipment nmalfunction (both .4imulated
and real) is. lncludcd, and improvision techniques are graded.

An aiming point is provided; however, the student is
not expected to provide accuratc fire during this ph3se.

3. 1. 1. 1 Method of Scoring

Wt concur with the Training Comnnand's
conclusion, as stated in Department of the Army
Puhlication 1 -40, that the instructor pilot scoring
by manual notation Will suffice during this phase of
training.

3. 1. 2 Qualification

Objective: to develop the student's proficiency in
placing accurate fire on the tarf,,ct. .Both day and night op-
eration.; are included. Primary grading should be on his
ordn.ance delivery proficiency and accuracy.

3. I. 2. 1 Mcthod of Scorin.

An accurate measure of qualification level
per student can be estahlish,•d when standards are
well defiLiud and tesls become independent of indi-
vidual interpretation.

Following gunncr. r.•rni.liar-za:ior, traini-ng
and starting with the quaiifi;c'Aon n!,asc for Individual
Training, :he scoring :asi,: .-ccomcs more it.-ingenc,
dcmanrl'-,,. prrecise a-zses-iment o: ta,,get ki)l Potential.
A niacI.h;ie zcoririg system i-ý ,s,,nil -uring this
phase of trai:ulng in orde , _ahl! a nr~-
-rrethor, of prof icicncy rat; not onen to lndii, :iu J.
into, rp i'etat ion.
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:3. 1. 2. ? 2:L4

A. most ininp' cl.it *:-rit(P ia j, e.-taolis~hnient
of targuit it; a Y .d1d ?t j 1. 'the trm-ii1 *c4" wt'dod for,
inaividtLialJ q I zLl1iCfict ion s!oultd bev point. of aiml,
Serni-fixod, mlultip'le ta,*1 1c oil~s 1 a. tylpicul
firing ran-c. Figu t'.:; 3, a,. nd 0 descrie cir -
cular and cl. ij~tival fire disptit:Xlon p;ittcrivzi. * flef
eiccnce. AjppendCi.x IV for tav'gox dimenisions~ and layout.

3. 1. 2. 3 Ac~~rmamnt

* 1Hapid fire (6, 000 rounds per minute)
m'achine guns - 7. 62 m~m, 5. 56 mm.

* 50 caliber machine guns

a Rockets ao3d mis.wlcs (2. 75 lo 6 iii)

a 40 iunm kreliade Ltiiichiei

* 20 mm and ýý0 min autoinativ. guns

Inert rounds as welt as HEi aind trz~ccr will
~be. employed during the train~ing ph~. s'

All ordtnance excei)t thle TCAV anid N1-2
(wirec-guided) missiles are' classified as " area

'~C wcpos T 1OW and M-22 aRre "point of inmpact
wea~pons.< - t~~~2C

3. 1.2. 4Sorn

The scoring systern S CC 1. 1 covo c ' fromr
the target focv.cu'ir direc-zio:- ha., been satut..! as being
+ 450 in azirnuth anda T to 80ý' vertical elevation.

Accuracy of proitec-tile or burst count (for'
rapid fire %weapons) should be 95-,+ 5'..

App e:-.1 C! 1.s:~r csaju



COME OF FIEIOTIL 90'

Rciecfl:FM- -1 -40, 'Attac.k- FIclicn:)t Gunnor.Ž~-
Army Aviation -Sch~ooj, Forl I~uckcc, Aai~amva.
April, 1988.
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- ~ ~ 7 62h~ join' Ak ac.'tP1 d.1)-1'

250 100 75

M~1tRS ~ E251 TERtS5

ATrAc. (100.20')
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COvt. r, short', h , ri ,.ht IItO nit-Ln
pc.int ofC intjtat Im:j., ioii u iS 1;;,: cov.-rirt't. ve-
qu ired i'i the hoc i /0111at p'.. nt-A -voin Icý el CIli

ROMe COmellagc in~ the vel-Likc- Id1'tlit oidy iv`,;

wilthin tkit I re- defned tVipt zotrw trust be rd
(couiitcdl). ~\ sc~in 'o ;so'' 'i': Kh
zones twod nrA bv scored. (.Set, Apptendix IV.)

3. 1. 2. 5 Sc'uving. Sensor__;'

The sensor(s) jW;:tafCO at t1W i.rgeit Sift'*
must he capa~ble of respmiditng It, CI rite of fire
6, 000 rotinds per ininute. The rate of itiforwaia on

trmmfsiissiofl to~ display an ri -ccordiog insi ru nients
can be as lov.' as a rate d-tcrniint-d by dividinf; 1,.,.o
times the! shortest burst ci- ation a gunn(-r iý ab t-

to fire (human reaction ti ml) into a Unit of elapý' Ed

time; i. P. , 1 secl0. 25 .1per sec.

3. 1. 2. 6 O ato Tczrirsniss ior and 1)isplktv

Human factors cnxli~ince ring studies indi`-,Lte
the fasctf-.: 'Lcspon-3e to perfo rm this function is in
the order- of I1/- secondl. Therefore, the iniforma-
tion data rate of 1 0 Words:iS 04VseCOnd foV CRC!1 Illr-
get wil~l Suffic . (St e Ap:whidix 11, Scoring littt.-)

Scoring and mi.-s datp may be tra-1snVitiCd
via bur~ied haýrd-vv~re cable ov vwirelt-ss tclemetry
frain'targut t o di~iplk% u~;:.is int The~' c onro Ic.

Eaht r-ct should be disn! ied individujz.I1:. Iri-

vidual t~~rgýt daita ncc-d to ý)e transn'.itted via.1r
less telcmcctr.. to the fivin, aircraft wheirc thte in -
Str'uctO-'~, c-i:i .jcec::1-.,:J d solay' zhp a-
being eng. s-tr! if it is v. if h:!i thtc capammli ty or piyhs -
ica itiur t1iýions .4thc i:~it MaximTim m ca
time bet'. ee:' proý.iectile 1:.Atand c!isplay is 2ý70
mrillisec(onds (as request(.i by T raining Cornimnards

3. 1. 2. 7 1 Zc:-or d. n L

Sor-tinO Of orw* !ý.u F b: 'ypt. and b fri,

lot~r a r--"al m a race .A- rtcrr z; pozs.iLle onf
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Th'ij rnimp bv :IvCOmplihqd hy va t'uysanon Budl

craLft, tar "Iftnao'd, rimi~nniiviecr, oncd ordnance
USCd.

A UtoirI :recordling of seoc-ing,, datLI is
virtuaiLy cs-ý-ivtil due to the large % luinc of dai a
to be hO tdl id plusi the nued fi-'z prc~iYs( inasurc'rnelt
of student ju ic r'y proficiency WuITh the cyaul ifiva -

tion phase.

3. 1. 2.8 jPov. fr

Power for', iiistruiucntation at the target
site may beý supplied via uridei'grotund c'~ib1' nicbng
MWit a hard-wire telarnetijy cable. (Note: Training
Ccorninaiidt arc' oppoz5d to ibattLurjCs.)

3. 2 Unit Trajinin

F'iLrL 7 shows the unit training requirements broken down

to scoring systemis functions.

Fo r unit tactical training the bscscoring equip-
merit funct ional and per~forniance r:'quirvn-i.nts for indidvidual
qua]:uecatrinn can :oused if additional capabilities are added.
Theseý, are:

(1) Iic cease sensor' covc~rago from, 90'~ azimuth
to 36O". (cvd the rangje carn accon-mmo-
d0 t urcmatroU l anpproach Q to 360',
(FRour'c 8)

(2) Pro,) ide f-rle ~.:tro~rrn::
AM range of 03, 9'flj r
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(3) P'r-~(k*i scli con .i rti- :tii trnn-p])irt~tblo
scor~iog s4y!;'vin, i:'iudiog, pow ci souircv.c
M-furcnce Appec!&iý ~.-

(4) Inc e'ase ,cor'ing r.iic (sy.stezri wiAde) to

24, 000 rj)-i.

(5) Providc: scoring for sirtiltanecou tirv with
mixced weapoi~c fi rc frorn .sirgle or m~ultIp~c
aircraft, in addition to automnatir. sorting
of firing A/C.

3. ~.2 Unit Qualificntiori anrd
Multi IC Teanu Fire

Unit qualification and miultiplie unit firing does not
'e2cuIii rte additional scoring capability beyond that requircd
in Individual Training.

3. 3 Sj Cof Occurvctice and
Cc': ~ptuI F low L)i. -3,rarn

Figirv 9 dcscribus the sequence of information flow,

lFigitrc.- 10 aA. I1I shcow sarnpi,.3 of the ntxt lower level flov, d-:a-

gtlra ai'i] the associated daita rate. - c

4. HELTAAIT.'Y

R* liability is- uf paraniou,,r.: importance to .iucces:71il emnployment

of any scorinL; ý- stem. If COcL'id(cnLc! in rejial-L perforrmance islow.'

the cntire gtnn.~rv mission '% ill suffer; thercfo-c, reliability. become.i a

key cons idur>ILVon in- systezn6 cos;. eftectiveness. The bc~rde:. of any

aJd A; e-,) nse t:n by z!c '.'irg do%%. * !uixk,:. ti'a.Iir ný' du., t j :c,

rt2 Ii~ii;ry ,nuz li.t -s argeci to the .iystein.
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To.,k 4 toi hIut'.rinitiv perforinaiir-e conform~ity to iIMIL-SfL)D 783. A far-

tlk(*r rue-uirvmt!;At xreciues'ted b) iiscr' a~iciv. 2610 aOu~ S R I I t A C

betwce-;j 1~thilirv for the entire systern. All combno:ernts drn

(in the vicinity of thc target), intst provide unattended service, inc'lud-

irip vulnerability, of at least 120 hours rangv operation time.

~.MAINTAINA.13LLITY

Ideally, a system should require no maintenan~ce; however, in

rea.l systems this heromes virtually an impo.-,sibjiity. Th. mainfellanct.

-effort reqUired mu~st be kept as low, simple, and a-, infrequent as- a,

sible.

i~Iduarcozi.",* ctio -.hre 6,vstrni mz,-nr coi-pcnentsravb

J-I.p11;!CC('] ClUick]J X &d casily has been cmptoyed successfully in n,,ny

ca.-. s. 1M'du1-0r colittructiOln i:; included as part of, the icoring SySLCrn.

A ri~ti~~~.plan shox.1d 4cconipaxnv the svsttr.n dirrng the

ha~rd1'v.are cý,.sigr, conccptual ph3 se.

Upon irlv ~.~d italrnof aniy scorinlf .systerf, 3 niaittdin-

~ b d' r'~' L ;nolcl~bu rteqii~ce. A n-m intenaflce t rainrin; :y'll-~

buc. i ,.> ..mý_-uded 'is rparz of the dJ :'. rablte en'! p-urimrr.



Ala in ta i - Iil ily o r t IIt can i id atc cqu ip rr r will b e a r y z e ( duvirig

Id.Ai. 4 toj ch-*, rninc tclhcrcncc to 1111-STD- 4170 wid -17 1. In additiuis,

tht :~, . .*s ?y~ire a IAiraýmum tinie of 30 minjiutes for' maiitc'-

nw'rw e or z''plý u -I('I't of all clown r'an11ge eqjuipme~nt. Lc vel of shLl reŽ-

quiired to tI).LiInt !tn, "tIroUble shoot, '' andc replace damiaged or defectivo

stib.;ysterms .;- 1;m "te( to staindirds o,^ field orgaxnizatic'nid mainteiianct,

per-,onzicl. MaJor repairs or maintvnance will be accomnplished at a

gerj. ral or dcpot maintenance fauility.

6. SCOR)IlNG, SYS'YIKM- "TRIADE-OFF"
OF.- iu;Q(-T;I t HMENTS

Figure 12 de.,;cribes the ,;ystcni functions in oi-der of importance,

Level 1 being the most irnporhnt Thmro3 motn ucins are

to ~;(nse hts, ý;C ore hits vc~~rounds expended, provide an ziiL

point, and to display these data at the range central controi station and

C ~ flii~eai~cr~~ ~~' he'~r~fitof'the 1iiatructaP' LAUot.C' '

Th --~t ros i -otan, function is to proviue miss distanice in-

for-Ination by rand, ; zones.

Dati.t, . or~ trar,6nsi S11 : Miiiethodcis, arid recording for dOSL-

operLative are con ideorrd as low.er levci snLnce these oarumeters,

althcou gh irr .~ dcl not constitute the funcvrl-menta. function of ran~ge

S ir. Cl
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Scrn A;intvnl Vul-ntjl
W Il I bow; IsIrinr

*Inf'ria;ion':1

Shit~s

*oa lilts Versus
roornds firrd

* Ain ing point

L,,cI2 Ali.ss distalice
r/e by zone

L¢.(.] el S 'Daia Lrans- Data trans- Data recording

-- =forn-,at ion mission
•Information

S.... . _ Sorting c~f 0 Rate - "storAg, and

o rtd ,,no ,.- ret rieval

a Mecthod

- * So~rtj?-g of

firilg A/C e Format
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A1'1'1NDLX I

In genlel-1, 11 f( X, Y ) ir-prusel t .i t he p roha ility dL:. '; ity for. r-ar

do rr ground oiwpart s for a givvn wt'vepon type', atnd if f(X, Y) c,-in I,#

trarisformnd jii -o the probabili~y den:sity h(r, 0), in poli4 r'corni.

then the prubobitilitv of an inqmct occurring in icircle of r,-tdm.:i r IS

00

In a truc cr-o bzdlIiý,tics problerin, th,* %vt ap(.,) rrart-l% i r, .i?-

%%i t i! t ~r1:1: 4: -t.a~ i~ ani.. Tiiervifcr i(.~c:ns rtiS/'fa :)1 eo 'c -

sume tha't t,,ec istr .ý'ýior abou* zhe e~xpect-A t~etrv rr& be t UI:,ti-

c;41 nor~m.-i, p:.:.:;:.si;. i c.by

27-f~
I Z

-. ~. N



l*(Ui lCd ;I11 ) -,ol di.-. -i n Y i it *.~i-C

Lý = 0.* Tfi C-n-l ofi p c, i o -(fn db

lolirh hu, inh~erj i ofL ucn ih othet dv'tio.Yirtec.fic

ThF,( CtIl-leJ the behem- oineo apirthpobilydns

U)X Y)( i tho g ctrtoun pltoyaiw transpor-int oI c ill v fp .. 'untiul to p~ore,

co~ordinau shoA then ipntegrting sover ci(-ens tiof varius trýAd 2c

'The prOnd em then berome:-bnoe of rncippi igitheprobabelity cionsl c

The grpr mac :obability densiiy fir obtainedheby iettiLg

x sin 2G

g~u, V) x Y 4
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it is seca thiý' (,, v) is ZIL' 'fit cjliý)i;',ti d nut)JI,1 na O~tiAH)WL I' .11 U iini

v Nvith

(7, (CT /sin 2)
and U X (5)

2 2
0 rf

v y

Tiff' 11'ial tvao nSurziiz -ttioyt t(- poi ar coordinatus,

r sin v/ao
and V(6

r cosO u/~--

yic'lds the rcsal.iting probability distribution c~f impacts on ttic- ground as

M~r. 4) -rT (7)

CIt is dlesir-ed to int#ýgratc. the fuiiJCtlOn Ch( V. , over ci rcli.s ofva)

ous radih and for selected valuez of k- / The detaiiied numerical
y x

int igratioo pacpted -apo ýrin ar.ocl-cr p;-,p(t!. Reference BAAR1NC

"itHit Prob:ibi!~iiCs in) tile EI].ip~ical Normal C':tse- Corsid-ý-I it-Aingle of

Impact, Par:t IT: Thc-oretical C'ji-iideratioiz-', ' report to U. S. Naval

Wc~ponr rsov Dah}Ug-cý, VirjiniJ, jurhi '423
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AI'PI-NI)IN II

Mal,,niom scoring rate tray be limited to the human factor reac-

tiot Unine of lic V.u nnero A gunner under the most favorable environ-

ient with fast rcflexes cannot be expected to react (fire the weapon in

the shortest Ikurst pos.-ible) fasLcr than approximately 1/4 scecond.

"'ncrefore; for rapid fire weapons (greater than 500 rpm) sihgle pro-

jecti.le scoring may not be requircd. (Example: 6000 rpm, 1/4 .•eco11d

burst r:--- --- or 25 shells fired; r240 rpm].)
60

Statisticilly, the probabiJity of hit (S/N) for 95 percent confidence

iev, iL IS i. four gulnncr.,- a;'c firin, at a single tarfgct durihi nit

treirf ng, chýal rt an individual rate of 240 rou:nds/minut' (rcm), tien:

4 x 240 -14 .522. 4 hits /minute

Scrring count -,. cu.acyn,' = 95:,; , .

522.. 4 574 !,p ; m an'':i-r,.;m rate. (100 , 1'. 0: or - I 1 O" fr

.90 .90
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0=

vClpici kn cCc .. ), C ma inC . 6k*C;CCjefi k o eS . .. . d. ; -.i c

cc C

U.s.ing': i.,:: r;a] "io *' 10 f l' rpu o}{.',.:] {';;I t) i.%Jing duw\ViPZrangot.

eq ii i1~ in C rL L (t *,w , t: , su;, . ' l;;'•i : { c V . ), m a x im rfl (.i .4t ru d i ve fii r o ev e rP

] 20 -hon r" ra~r , n p•..&tig ti r, ic ;:t cil~} Yt hr~ d ~ is aj foijows:

(I ) _Si •,id_-..urviv_ ahiti.lv 120 hours ur•attcn{Icd pci'formance.

(2) t._rp~ct.•.,t!'.•j3. arc lased on m•e C2lforrbaYnce
eCl¢i'lopC )T the Advv'nccd Acrial Five Support System
(AA,'SS).

(3) Oth r'v con.iderat ins:

(a) Four (4) aircrzi-ft firing in racea.nk pultUmi '

(b) Two flights each per day fo'r five days

....... ( Duration of cach flight - airborne for three hours

(d) tFirmg run time - 1-1/2 hours per flight

(c) Time per lap - 10 minutes

(f) Six (6) targWmrs per range (tv.o point rlus four area). - C

(4) AA}.'S armament totstl iraximum rounds per f)i-ji and two
fligits per day in Lwo different cor, figuratiokiz (s;ame
aircraft).

135



_M orni:,x " I.rjf iv__ ii-,.o, v (,-.-u,stmid)

Viczapon I'fypc 1 rrnamrrVI Rounds fotI .

Area 7.62 n-,m 11,570

Area 30 mm 2, 010

Aft( - F] i.,. Invcr .v (assu•n•c d)

,(.aI~,In 'lType Arm ".en)ct Round.s Tot.il

Arc.t 30 mm 2, 010

Area 40 mm Th0

Area 2.75 152

Pc: nt Tow and 2
SS1 1

Totai •ands (Xirri( (I Five (5) 4yy.s_of Plight

-Vi't..po: Type . -

+ A i't'v '~11,570 :<<< : :< -. .

2,010
2,010

(80
152

16, 522 x 5 = 82', 760 total roinnds
fired per
wee', per
aircraft

Poirt 2 x 5 = 10 to'al round- Vir•,: rc V

ceek per aircr-4ft
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JJ~( 2F )'~01. VIk'rC . AND) JIO! IZO,\TTA[,

TARG),I' ZO)NE' DIM\E'NSIONS

I. POINT WEIAIN)NS 'OjNE-, D.IMICN,1SIONS

Tbe soltition of vertical tzirget zone size is relatively simple.

A (circular tarfgc,-t arva comprising the cone of firýe circular normnal

dbsDperSjoI1iS LJSU;2.lY consiiicr'cd a targoet "hit" zone. All rounds passing

within an irnp~ict a rea hiave to be sen:,ed and Scored.

Rounds which pasis the ta rget at any grcxier radial distance are

c~a-~ifvdas Pli.",ses.. Since t~irgct criteri~a for- dil-ection of miss is

1j~1 nic] to "c'erý "under, ''lvft'' or 'right, "' it is ordy necessary to

provide iiistc-Lm,(fta;.ioni that will sense the misai in quadrants. The

~tar'get zone mnay hL, arýi~trcariy' r duce n fr i diead h c to' confri

to a realistic siliiouitte for- some phases of tviining.

PL'0bably tebest solution for Irrliviriual Training would be to

ret'nt't1e r- !(I ;Ia distane (stlarting- at target center) to some~ arbitrary

vaiuf' ýhic'n appr'oairJlateiy d-',,,licates a realistic target size.

For lUn.t Trainiin j on 'ooirit' weaoonis, the most dtcsir:abl seoh -

t.'or, .-od bt- (i rc thc': "',nit zo.no" inl th sarrme ccnfigu rdi ionl as

rc~a) 'Jt s icc.) Any dcqx5 'turc- Will rePsult ill
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Wbiihr at. un rca I istic La ic; i.c. vi rI ho i, i'nnds LIit would nor'-

Mi.lly he hit; .w tld bI. Cias:,icMd Us Miis.;u,, oc rounds that are actually

rrn:::,c: would bic counted as hits. ThC degree of discrepancy depends

on tli relati'n.:hip of real targeu geometrical houodarics deviation

from n circ-'.

2. A IURA \V1AIONS ZONE DIMENSIONS

The horizontal target zonc for area weap,,ns is a difficult problhm

Since the :;hapc is elliptic-al] du'e to the plane clhunge from circular cone

of fire to horizonlal impact zone. The width and length of thc elliptical

"beaten zone" are both variables, depending principally on gun-to-

tar,,,et ran5!c, aLcack atople, and stabiJ.iy of tuw firing plitforro.

Three solutions are possible:

(1) Co:nstrtict dn c]t p.:a! tarIet at gz &Urd It %0l to sei nse and C

count impact. within the t' ,rgt gfometry; or

(2) Use an offset vc.rtical circular sensirng zone svstcm and
count the rrcnIcl.; paising thc'ough t:-is zone area; or

(3) Cho.ie an arbLtrary shape similar to the unit training
realistik targts5, modified foe ease of installation, re-
plarem:nt, etc.

The rurhleni o," pr.ovidinj a cornt;nuou.3ly chana!ng ta r'et beaten

zotQ is very compl,,x, requi'in- eouipment soYhisication mell be.',uid

that r,'cded for unneryv train'.'r%

i1*0



dj i~eC Lc1vcvl u:,1 7w-:u onto i%,%jarce' a cooitnio~usly

cL. i~pqii-g (;ipjiib''ýiid uf sensor-to-simiing point and n cotiplei1 plane

Sinctj pPof] iciwy Yat-ing in at ISi porcontile against the norlii fur

cla.';St ; of tioflS it is ŽL]) neccssary to score everj.y rotund thal.

W011( IdiThr)iprLr iii th.I bcatcn zotic for given angjes or attack and range.

It h; nl~y 112C( SF~ary to scoy-( oil the porcentagu of iiit.; to rounds vx -

))C~~dd, I'di~ni - 'ci ~rirdnt tlivfo re, the' s':iaLrnd sha, ~xf sworine

~ic: I~ron .h~triy. I'ic' targct shape in tlhz horizi.untA1 piano,

,;ho~i Id [bL ~im Hia r to that encountered in unit t raining, modified in di-

ii i( a"iv;i n Lo n crkm tn an eanAlv handled sin%'

A cirl~cul.;c ir t get wilt niir clymet tbei;e rccluirernentAL v.:ith

the Z-rdde.d LjLdvnira~ge of closelyv ic1.itirv' to exr.lcisivc( warh-L~d offectivt!

Onrovt;: a :ry'- sI 1)e ani dinietsion is cho.-Oien s~rc not. ho

ply r c; WKl . SCS the pcoficiuncv rating s ta nI ud is AC iLl becomne bs

andi buivm&uI It. is repos.sz:". to. count all roundshat hit within th~s it-cat.

Ii.i. nt P: e 31tu iocatv a nic~-,i puirlL of irwvaot Nithin the "'>it'' area.

Convrx'-.rei: A isUSMIto lo~cat.e tile rav nrow f iMoact Gutsýide

~ .. ~ (It As beenr YWAjt~. Liu~ mean. p3'- Lif impfl by coW-'k

pcs'ýrior znd ~'.i-i r-r-rJUifCd for' miSSes. )If tW on ~c diepthis art to
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CI,; 0: h4 W , si. ~is (Of th putJO-pit: -!n~d usiv of thu infoi.matioi

T he i Y.zon Ne~( ;'.or bucanes Sfu" p- sh~yed wvecdgk 45 (hýr,~1('(s

v(lT iiv(iI\ .61. .I r('pqsty ru.tioLI of "lH ~±idI arvzý ýC~ap)cjls

14 I.-: h11)1 w ! ari : ~~ vould [w b the' ;irtpicst, Z~ohlt on; -1ll

For' tit. ,, . r'a~g, natu ±ralsprtion ci cr: Oc, hcnuneC, ordC1 -
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x~v-LiDwrc.i 69 -c-ol78-1 -

Con'ract Nu'1339-69-C-01'18

Wk-2 xkuUAL 4220.341-
Stania-lizatiozn policies, Procedure$ & Instructions

NX-3 Xkfl TR-578
Cooperative Doppler Scoring System Study

BA- 1. XPm s RF.C 8674~
Design for a Laser Rangefinder

LA-5 BRL NOZ: Is0. 1409
A !-1'rorwve Modulation Telemetering

BA-6 AP WLT.L 50-13
Weepens Ranrges

EA-7 TECIH. Y?-20 U-n"5
Trano-zdccr Techniques for Measuring~ the Effect of
Stsll-Ar,,1 Ufoise on F~earing

BA-S TC I-^r2
Rotary Wir.. A/c Guriiery Ar-nament Sub-System, 1Relicopter,
7.62-1M.'Achinegun (M.4 Series) quad Gun

BA-9 W;TV),VC-1 STD, -15
Envirc---nt3'vl Testing of Training Devices flesi~r.ed for
Use in Field Exercises & Inatallation on Uilita.17 Vehicles

A-0 AMC P~CAI~ NO. 70-20
-Res,ýaxch Ax :W,~,=etCnet 1o1ation-IFrerecuisites

to TrittatlrZ :'ý4.neering or Cpemulonal S'&toe= z velonz-
ment Effor-t

BA-U. AD NO. 46 L5235
Acc',.::.ic AAf'icatien in 111-7
Czcr-punda (:acond Interim Report)

BA-12 AD ý70. 46=234
Acc.. ±cA-ll.fication in 1:1-7

COX7po'ir2s (.irst Interim 1:p.ort.)

BA-13
Zleý:-rzic ',ontrol 1 Clie.3ance Dv-rision Report or Sxreri~ental
InvPý3tig-xtion of' a Y~iss-D! stance Indicator Using~ R~iioactiva'
Techi ,nC;e 3

Ins-;rm.tent Operations on Test Depatnent. Ranges

.1U



c

NC~.v - - - C C.

BA-15 Feauibility Study of St,,bilizing the Line of Sight of an
AutorAtic Miss Distance lndicator for Tanks

• o• • o • A-i6• sT i-100-1_
-Reference Data for'Ar Aviation in the Field Army

PA-17 FM 17-36
Divisional A-'owed and Air Cavalry Units

BA-18 TM9-6920-210-J4
Tar,-eta, Target Material, and Training Course Layouts

BA-19 TOE 1-11IT (Test)
Special Army Training Test 1-111 (TOE i-IIIT)

BA-20 TOE 1-11T (Program)
Special Army Training Program 1-111 (TOE 1-111T)

BA-21 mFl 1-4o
Attack Helicopter Gunnery (Illustrat ons)

BA-22 Fm 1-4o
Attack Helicopter Gunnery (Text) Vol0=e 1 of 2

BA-23 fr 1-40
Attack Hellcopter Gunnery (Text) Volume 2 of 2

BA-24 AD 1465 6713

Propagation of Sound in Air-A Bibliography vith Abstracts

BA-25
Gunnery Inntructor Pilot Handbook

IA-26 6-8-h
CUH-- IP Gunnery .Qualification Course

BA-27 9-68
Prosran of Instruction for OH-58 Transition/Gunnery IP
Qualificaticn Course

BA-28 4-68 2C-115
Program of Instruction for .AR-iG (Fuey Cobra) Pilot
Trans it ion/Gunnery Course

BA-29 5-68 2C--.,4
Prora•n of Instruction for A:E-1G (F..ey Cobra) instructor
Pilot (Transition/Gu-nery) Qualification Course

BA-30 J-69 2c-71?
Prc.-"amn of Instruction for Tv:-I Pilot Transition Course
(';a-rr)
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.AvTRADnxcm 69-c-0178-1

BA-31 7-68 £zo-6w. o
Prog7as of Instruction for UHN- Repair Course

PA-32 2-69 2C-F9
Po,.ram of Inatnriet4 ion for (Wire Guided Missile) M22
cu.=Ory ualificatioi, Course

BA-33 1-69 2C-19-31-n/2C-C,623-B
P"-,,r& of Instriwtion for officer/warrant Officer Rotary
Wirz Aviator Course

BA-34 2-69 2C-19S1-D/2C-C62B-D
Proram of instr'iction for Officer/Warrant Officer Rotary
Wing QxL.lification Course (Active ArMy)

BA-35 3-69 PC-19PJ-A/2C-c62B-A
Program of Instruction for Officer/'.iarrant Officer Rotary
Wing qualification Course (Reserve Cuoponenz/Allied)

BA-36 2-69 2C-F3
Pro:rsm of Instruction for Uv.-1 (Iroquois) Instructor Pilot
(Transition/Gunnary) Qualification Couarse

BA-37 12-68 2C-F13
011-6 Trransitlon/Gunnery IP Qualification Course

BA-38 L'OH-Ip
Gunnery C,',mLAficaticn Course
Flight CyZn•IbS & Standardization Guide

BA-309 3,16o,1.15
Strafir.. Target Using ScIlieren Effect

.3,1147, 33",eI;
Optical M-iss-Distance Indicator

BA-41 3,201,791
Near Hist-Distance Scoring Sfatem Using Doppler Effect
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mATRAD vCm 69-C-0178-l

TECMTICKL ANALYSIS

or
ELECfTR0oIC SC0.flG SY•n4, KMODEL 800BB

BABCOCK ELECTRONICS CORPORATIC

This Electromagnetic Pulse-Doppler Scoring System was designed primarily
for use with airborne targets and has been produced for the U.S. Army
and Air Force, Although the scoring principles used in this system could
atlasfy a number of the functioral requirements of the Armed Aircraft

Q0ualification Range Scoring system, limitations in the follwing areas
have been defined:

Scoring Radius: Limited to 50 feet

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

Caliber/rype Weapon: No capability vith 5.56 or 7.62=n

Vector: No vector information provided

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

Malfunction/Damage Alarm: None

See Workshcet "A"

//
//
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oo c A&VRADm CI 69-C-0178-l

TECHaCAL ALYSIS

or

PERSO.MM TARGET SC0IING SYSMl~

BABCOCK ELECTRONICS CORPORATICH

This system which is under development for the U.S. Army is designed to
sense misses of projectiles from flechette to 40mm in size and the
point-of-impact for 40= grendades EurroundinS a personnel type target.
Applicz 1on of his system to the functional requirenents of the Armed
Aircraft Qualification Range Scoring System leaves deficiencies in the
following general areas:

Scorir.a Radius: Limited to 20 meters

Accuracy: Unstated (developmental system)

Caliber/Type Weapons: Limited to projectiles 5.56 to 40mm

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

Vector: No vector data provided

Malfunction/Damage Alarm: None

See Worksheet "A"



TRW CAL SUMMARY

C - - o7?-TE-UtBMW" SCORM

1UNC'flIML REQUrRDFXEITI the- 2i.,OOO RPM 0 ~M 95 5%

I=RMDUS ACCThACY :

Babc~k Elcraik Ileetrosg- 800B Productio Varb"* 5-.50 Ft. t I Ft.

Cuau Nsa-Doppler an woj~eifle Radar Cross

scorift 1 sq.f+.tt
_____ _ _ radius 0 W

flaettroaii- FTSS Developften 1M 0 1 3 t 25 cm

(near miss) an=pr ecti e
~t~m~4- ____--- Ivelocity &

*4Primari],y Air-to-Air and/or Ground-to-Air.



C C 0 - 0 ~

•-ffELm " SCORM SYWSTM4S ovRADTA CEx 69-c-o178-1
CA ESCORI!M SYSTEMS

J7.62 I I Zone Vertical -Inert Radio -UT

9t 50'al 275 & & Sube-ionic t o yes. Radio orSVector HO oiWire - IT
_I_ Sc Ammo Type U m oF TA DATA

mmA CDRACT TARGET/VCTS i4JLIPLE- SKI SSIO]A R._C__ _ALB_/ ZOJE/V AREA ISTIcs MRTArTTmI WEAPON MEANS

k 1 Ft. 50 Cal & 1 zone Sphere Suberonic 1 ea Yes TM/IM

Radar Cross
Settion No HIE

1 sq.ft, tt

- L a .Z . __ _ __ _ -.. . . . .. l l .• ...f±25cem HE lea

Point of

-~ t -Sub &
6 grona_ yes Not stated Super-sonic Yes Tx

I -

SI I

471 jjI L1
,I i I -
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151/152



TErIrICAL SMMAU

A5(D AWRCf 1•IW-IlIATION

Hit, Kiss 3t4 A/ T9 T'UkFUNCITIONAL REOUaREKET 1710- 30,000 RPM & Yes Cl2sotle 1/4 T Truck1850 MHz Vector Zone
,,CIA EUIEFI 70 30,00 I4 e C311 /is rc

?RE(OJENCT DAA AA DATA& EIVR0N- PORTABIL

RANGE CAPABILITY L -,-

216~10Tranport-lab ock ua•eeoniesaC Not stated TM/Rewrr Ampez 600 All -

(U) .5w 15 + milesj _ __ to +_4",

ii i-in - --

Nat stated Not stated i Computer Nag tape No lifi TrASPOrt- N

TM'wa 15 + miles input. T ableT,-,8 15+ 1.e~___ _

--- 4----4---I .. ._--_.
. |- -. ;

4- 1
__ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I 1~

I.-
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f.CHNICAL SUMNARf

qIALIFICATION RANGE SCORING SYSTEMS K . g9 -- o

A T14T Truck Aiming Pt3-

V 1/4 T Truck 1200 Kra. andt3-D 00 to 800 360 'ijait Minimta Minm!um Minimum
- ________ ________ Tactical , 5nii 7K

S J PORTAI MTnhp TARGVIT DIVE AP F, OACH VULNER- TARGET DISPLAY
TYPE AnOly A.L.L]MT7rH BILITY SITE SITE

"I I EQUIP. WT,. EQUIP. WT.

Tranaport- Omni. Omni- Aftenna.
Not atated. Aerial directional Largetinnai na-st be 6_ Not stated

t tow target bunkered

......................... .................. •;,o'................

Transrt-/ ot stated Pernosnel Owni- Omni- •_AntenUUL Not stated N/A
able 200 type , directional directional Remaininga120 target site 10#

- -- • ... equipeent
protected

t __ "A

-4ntd. -

_ 1 ft/1..• 0

/

//
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TECHICAL a
Io "OFF-THP -. mUF" sc(

ARMED AIRCRA7T' O!JALIP'ICA'TO1
(WORK SHEI

I1OVAC
FJ',',TIOFAL CQUTI7FY4ENr 214 Hra. of Com'l or Minimum Sub-sonic N/A REQVIRED

:Operation Generator Super-sonic

POWER POWJER SYSTFX PROJECTILE COST 4LUNTO
SYTSTV MANFACTURFR TARGET DISPLAY 3Lq!PORT VELOCrT OR DAMAGE

_SITE SITE EQUIR4 IT I ALARM
_____________""_____-- - -- __________ - °.•.•--- m•

Babcock Electronics 24-32VDC I1OVAC 'Not stated 500/5000 Not stated

(USA) 6OzDoppler I t/see Lots of 20

INot stated IlOVAC Not stated Not stated Not stated

Doppler
Simulator -

. 4 .-

I t-Ii ___ ___ ___

... ..... .... -' <i

- I

.1 S

/
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CR Ciy 69-c-ol78-l•: • ,• KAVTRADEVC I• •..

TECOICAL ANALYSIS

OF
MISS DISTA2NCE ACCUSTIC DIETECTOR

SFMX MODe-L MAE 12B

This acoustic (amplitude) system was designed primarily for use with
aerial targets and has been in use by the French Air Force and Army
for several years. The principles of operation and scoring methods
uoed are adaptable to the Armed Aircraft 'ualification Range Scoring
Systepm but in ua=y re~ards are not compatible with its functional
requirements. The major diversions are as follows:

Scoring Pate: Not stated

Scoring Radius: Limited to 4.5 meters

Accuracy: Not stated'

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

Vector: No vector information provided

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

Simultaneous Multiple Type Weapons: Limited to 1 type
of weapon

See Worksheet "B"
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MWIVRAD EV C 6 9-c-0178- 1

o o TEC•ICAL AflALYSIS

OP

RADAR SCORfl* SYST--4, MODEL RASCORE AP

SANDERS ASSOCIATES, INC.

This electromagnetic scoring system was designed for use vith a single
personnel type target. It is based on the pulsed doppler radar principle,
amplitude intensity. This system's characteristics, when applied to the
functional requiren.ents of the Armed Aircraft C ualification Rwnge Scoring
System are inconsistent in man respects. Major inconsistencies are as
follows:

Scoring Radius: Limited to 4 meters

Caliber/Type Weapons: Limited to 5.56mm to 50 caliber

Zone/Vector: No vector data provided

Earizontal/Vertical Plane: Half hemisphere only each plane

Data DXsplay: No special display for real time readout

Approach Azimuth: 0 - 180"

Malfunction/Damage Alarm: None

X'W: 100 hours

See Worksheet "3"
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TEC MICAL, k1ALYSIS

OF

RADAR SCORIo SYSTEM MODEL RASCORE-S

SAUDERS ASSOCIA•ES9 INC.

This electromagnetic scoring system is designed for air-to-ground strafing
use. It is basedon the pulsed doppler radar principle, amplitude intensity.
When applied to the functional requirements of the Armed Aircraft qualifi-
cation Range Scoring System, some slgnificant diversion'3 are •bserved and
follow:

Scoring Radius: Limited to 20 feet

Caliber/Type Weapons: 7.62mm to 40O only

Zone/Vector: Single Zone/no vector

Vertical/Horizontal Plane: Vertical only (point weapocs)

Amw Characteriatics: Inert only

Data Trans Range: 1 mile

Dive Angle: Limited to between 5O and 15"

Approech Azimuth: 15, - O0 - 150

Vulnerability: Due to bulk of sensing hardware, down range
equipment must be protected.

Mal-func tion/Damage Alarm: None

See Worksheet "B"
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AxAmmDflCm 69-c-0178-i

TEOCWCAL AMXUXSS

or

-RAD"i SCOUIG SY3TEM, MPD~.; "=RZ-MI

SADERS AS3XCATES, =C.

This electromagnetic ecorir3 systen was designed for use in either an
air-to-air or a ground-to-air application. It gives continuous miss
distance scale data and is based on the pulsed dompler correlation
radar principle usirn. p3euio-randcm, coded phase veversal modulation
techniqiv,,. Primary intended use is with missiles having a reasonably
larrve rndIir cross noction. The characteriatics 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:

Scoring Rate: Appaximately 860 RPM

Caliber/Type Weapon: Only missiles with 2 square feet radar
reflectivity

Zone/Vector: No zone, no vector data

Malfunction/Dr.mage Alarm: None

MTBF: 100 hours
%

See Worksheet "B"



TECWfICAL SUQMAR!
"OFF-THE-SHELF" OCORIN'W

- -ARKFED AIRCRAFT QUALIFICATION RAIN

".Off- T
PUNCTIORAL REOQURP• mmT the- -,ooo x• o-3:w t 5%

__ _ _ _ ___ _ Shelf" _

SYT HA& ACTJRER TMFE MODEL STATUS

RATE RADIUS ACCURACY

sFmA (France) Acoustic -SFK pzoduAo at stated • 2.8-4.5m Not stated

(Amplitude) MAE 12B

Sanders (USA) Electromag- Rascore S Production 20,000 RFA 20 Ft. 12"
Snetid-

Pulsed DoRpp er '

X-Dand

C I
1'"

nletimeeg- Raj~re-APý Production 20,000 RPM! 2 & 4uN t.2M
netic 1 . ,

intensity) C i

L .ne asor..Poucio.. D.*J¶. ±25@,5

Pdlsed .

iOns ',

SAmplitude1

Miss ista

_______Intensity

#4PrimariJly Air-to-Air and/or Ground-to-Air.

SUsed prim~ari1y v/personnel type tasget.

I'N

"lon



/ IQICAL 3UMMAR•

-IFICATTOKN RANGF 3CORTrv SY7rýN 1%P.Anzvc~x 69-c-9178-1
MRK TgE) S. __o __ _____ _ __ -_-_ _-

|7. 6 ý2 M- Vertical HE-Inert Up Radio - trt
,Ocal 7.75" Zone & Sub-sonic to Yea Radio or
P 0m tow & Horizontal Wire - T

SVector -Planeerre2

SCORI, MNMUER Or I4ULTANEOU- DATA

CHRCE- TA1RJF'S MULTIPLE- RANSMISSI0I-R ggm4 rI• wEA•ow MEANSACMCYRC :ALIBER/TP ZONE/VECTOR AREA TSTICS rIMULTANE(XIS

got stated 5 c 4 Zone Sphere Super-sonic 1 No M

_.... ......... . ... - -_ • -. - -r -1 - ---

¶ 1 1.... -
±12" 62 o 1 Zone Vertiesl Super & 1 Yea Coax Cable40 mo L .... . . I.. . . ......

(i , ert fpe u-snco

+ HE
- -t 4 f4/F TH

I I

S, - . . . . . . - .. . . . .. ' . . . . . . .
+• .2M " 5.56 to 2 & )4m Half Both ;

* I- -.. ,2 .. i~ 1.1-Yes NotS..... " ... . ,MEmis•here Sub & Supereo
50 C Zones Isonic rounds stated

i -!

r 4-
t--- .± .15 / m/P

- -t , --- - --- 1 .. . . . . . .. . 4-- " . . . .-- -. . ..

-5 @115- Missiles No

±.. .. . @ -+ . .. . .- • . .-.- - -. +... .. - - - - -. ..--

1 Wa Ra "1e-Tflect at

275 --
I___ L ili .........~

Worksheet "B"
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TECHNICAL SfMKAJ
* o-. ",OFF-THE-SF.{LF' SCORINI

AFVl A14C!RAF' CAIJAJFICAT1OO'( RA

-tntermediatel ARK A/c
Hit, Miss Climat ic '1 T Truc

FUNCTIONAL R.•QUIRýW.NT 1710-I; 0 V,)000M At Vector Yes Zone 1/4 T True

FREO1. NCY DATA DATA DATA ENVIRON- IORTABILITY

SYSTEM MANUFACTURER RAND TRAN.WTSSIO DI SPLAY RECORDING MENTAL
RANGE CAPABILITY CHARACTER-

SENA (France)_________ -6otz 6r 6 No Not stated Transport-
• ") -, ... ... Counte"4 t- I- able.

-. .. . . -- .- ... .... _ _ _

Sanders (USA) Not stated 1 mile 4 digit Yes Not stated Fixed

IRIG eount~r 'paper tape Army

Ground

Opecification

SO E'ee coMa te Yes Notatated Fixed

TM link; Army
L i Oround

system
•.pecification

t.. -. . .-.. . . . ..C•

Mag tape or,
'Not stated Not stated FM/FM/PCM Yes Not stated Transport-

43 serial •Mn,-E-54Oo able
Indicator pae• : ! Paral~le i

lights analog

. pial L.. . .tg . . .
-*t sed primarily w/personnel type target.

/



'CORIeA SJ4A~Y I. AVT 09~ 178-l'
~-t CEL K" 'SC0 NG ")FSYS'r1)qG9-'C

43A;FICATION RANlUE SCORING SYSTEM
WORK S_ ___T)

Late* ARYA/C I Aiming P.t
""DT Tr• & 3-D 0" toPOý 3600 Unil Minimum Minimum Minimum

[l/T Tru.oHr.. Tactical 4 "Individ,,'"

ff- PRTABILITY MTBF TARGET DIVE APPROACH VULNER- TARGET DISPIAY
L TYPE ANGLE AZIMUTH BILITY SITE SITE

IR EGUIP. WT. E~QUIP. WT.
Airborne Airborne

ted Transport- Not stated _Airborne Airborne _Approx. 10, Not stated
T able'. - - - % -,--Ta A irborne Aibon iT/Trana As rx O# o sae"able. i mitter& .

- ,,, ,... Antenna i
;I I ,4I I :j Te potectel

ed Fixed 1300 Panel 5 to 15--15 Must be 33# 1 Not stated
i bunkered

(,Bulls Eye).

!ation~ie~ -~~ --_ _______ 14

Fied 100 iPersonnel 0 900 0 - 180 Must be 15# Not stated
protected

.tion

ed Transport- 100 Drone All o0 - 360 TM & 27.5 . Not stated'
able* aerial Atn

targets

i . I

Worksheet "B"
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- • oTECFICAL SUM
"OFF-Tir'- wLF" SCOR

ARMED AIRCRAFT

1 10 V A Cs u -o i
FUNCTIONAL REOTRý]MFYrT 24 Hrs.of CmIl. orA Minimum Sub-sonic N/A RE

Operation GeneratorSuper-onic

POM POWER STBTET PROJECTILE COST MALFUCTIC
STT•M MAUFACTER TARGE DISPLAY SP VECITT R DAMAGE

SITE SITE EqUIPMENT ALARM

SFY (France) Battery 22CVAC Noise

-- -... . ... | -

50 Hz l Generator

+28VDC 115VAC ! OunScope
Sanders (USA) -. Nt ted -

J= Not stated

11OVAC 10oW 15 - 17 K
6-Hz -

28,DC Not stated Not stated
tIlots of 50I

2 - 5A -._IA__-_ Not Stated4

$3,500-K ..-...
_ 1* T ,~ ___

______________________ ____.. .. . . . . . . .. .._____ _________________________ __________________________

I ________________________________________________ .-- - - ---- - -________
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R DAMAGE

AIAFR4
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ed

U 2 1
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maRoxmflECi 69-c-.6178-1

TEC1rICAL ANALYSIS

OF

-ACOUSTIC & VIM-ATION SCORING SYSTM DA-2

DEL MAR EINE=1iI LAB0RATORIES

This scoring syatem .%a designed to collect both hit and miss distance
data fron personnel type targets when fired on with small arms (5.561!,u
7.6P•m and flechette) and to collect zones miss data when fired on by
4•0= grenades.

Scoring Rate: 12,000 RPM-Hit, 6=00 RM4-Miss, 500 RPM-Grenade

Scoring Radius: 0 - 2 meters

Caliber/Type Weapon: Small arms & 40mm Grenade

Transmission Range: 10,000 feet

Data Display: Computer inputs

mr": 500 hours

Attack Azimuth: Hit count panel: 0 - 60"

A31 others: 360*

Malfunction/Damage Alarm: None

See. Worksheet "C"
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HA•rRADYCv:-N 69-C-0178-1 C

TECazCAL ArA=SIS

or

,°STIC SCORIMfl SYSTEF4b MODEL DA-3/F

DEL MAR EGINTERflG IABOWATORIES

This acoustic (amplitude) scoring syatem is in wide use by U.S. Navy
and Air Force as an air-to-ground strafing/gunnery trainer. When
comparing the operational characteristics of this wystem to the
functional requircments of the Armed Aircraft Qualification Range Scoring
System, the following inadequacies have been noted:

Sooring Rate: Presently limite4 to 10,000 RPM

Scoring Radius: Presently limited to 15 meters

Sone/Vector: No multiple, zone - no vector data

to. of Targets per System: Limited to 1 f/simultaneous
scoring

Simultaneous Multiple Type Weapons: One caliber/type at
a time

•'BF: 700 hours

ýata Recording: No provisions for

See Worksheet "C"
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C NaTR&D'rvCa 69-c-0173-l

TEC1%ICAL AWILYSIS

OF

ACOUSTIC SCORIDG SyT~sm MODEL DA-3/E

DEL MAR ENG7ERIfX IABORATORIZS

This fixed acoustic (amplitude) scoring system is In use at helicopter
gunnery training schools of the U.S. Arrg. A comparison of the operational
charecteristics of this system with the functional requirements of the
Armed Aircraft qualification Range Scoring System reveals that it meets
all requirements except the flowl.ln:

foaring Rate: Up to 60000 mw.

Transmission Range: Up to 10,00M NWire)

Data Display: No vector

JG"BF: 700 hours

Zone/Vector: Partial vector (combination of 2 or more
sensors)

See Worksheet "C"
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o oXkVTPDz:vcr-5 69-C-0178-1 o

T9C =1ICAL AiALYSI1

0r

ACOUST1IC SCORI!0 SYSTM4, M0DEL DA-3/A

"DEL MAR L1Th'-NG IAB0RAB 0I.-"ES

%InIa ace-istic (amplitudc) scorine; system used by the U.S. Arry for
weapons system evalvation and possible training mission application.
It was dnair-tned yri.ý-rily for air-to-ground (helicopter) gunnery
scoringa. I-rnen co':.arlng the operating characteristics of this
syaten with the ft.ctio.-al requirements of the Armed Aircraft
Qualification Range Scoring System, limitations have been defined in
the following areas:

Scoring Rate: 6,000 RFM

Zone & Vector: No vector, infornation data

Simultaneous Multi-Weapon: One type azmo at a time

MBF? . 700 hours

Malfuncticn/Damage Alarm: None

See Worksheet "C"
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TECMITCAL SOA
"olrF-TIH° SIELF" SCORrrt

ARMEDW AIRCRAFT ýUJ ?
"Off-

F bNCTTIOAL R•QUIRF2D4EN. IZ the- 24 ,000 RPM 0-5M 95 -5
Shelf" j

SYSTM MAAMFACTURER TYPE MODEL STATUS
-RATE US ACCURACY

Del Mar Eng!ineering Acoustic D -3F Production 10,000 RPM1. Adutabl >_5

Laboratories (USA) (Amplitude) (1inlcremen~t5; •_ of 5,m

I | ~I I i7Iii

Acoustic- D-3E T Production 6,000 R 1-50 meters > 95%

. .(Amplitude (3f8B) .. . I. •We-r..T Acti
Hit Panel) -- o30 meters

~73iI~ > 9%
___L-54 meters iUt Pane.

Pre- I 3-250 Ft.A coustic rYA-3A produ ct i 6, 0 RPM ( 5- z ) 915-

* I 4 I 1 I ll• IetiA ,00 liI (-zned)95

1Piezo-elect P i 1 Fersonnel > >98

Anr RP~MPael

Seoustic Am p- -6ooo Rpm > 954

- -... . . .*.. . ...... - -

Zn IF"e,- ____ 2O61 1cf..... 300 RPM 5 etrs > 90%

*Has cable and/or sensor fault detection.

/



to CC

rICAL S~4ARy
LF" SCORING SYSTDIS
r CATNrANGE SCORING SYSTr3S NAA!RADEVCEN 69-C-0178-1

Zone Vertical liE-Inert Radio-UT'

95 5 It 7"62 4 n0Crn & & Sub-sonic Up to Yes Radio or

50 cal 2.75" Vector Horizontal Super-sonic 2 Wire - IT- 20Onm tow Plano

..... JORRIN M OF ISLTANEOU1 DATA

'z".'.I mc CHRA - TARGETS TiPLE- N•MISSIO"+ ACUR+• CAIB!•/YI +OE/+CTRIAREA ISTICS SYE +STEýM pqE WEAPON+ MEANS

5.56 to or tm(im Burst,

5.96 tor 1-Zone Radial Plan 90 Horiz 8 . No
_ >.9.5%_• 1m inert vertical ti i up to 8

PE uS ersonic -JSu e on c- Active
_..... ___ Subaonic •Projectile.. . 'Targets one

*--*Path Channel ina

- Honi at quential
_______ ___ _ I- Grou'nd for r I firing ModesS+~H Scoring +

5.5ý6 to 70 3Zone on, 'ame a
>95% Inert -E E Radial Plane above i

Acus i " -.-
I.- I No W r

':, A coustic ' -- , R/L Vecto r+ Except 3 t --

MXie.Zone HRt )i Paeltipor Rh I ______

> 9% n or Scoring
-H"it Panel ?one 01 ..

"5.56 to 1 5-Zone & 0

>95% 155mm __ Radial Plan 000 Horz & I Same as
> 9 Inr - •ala? a4 .- J- n ert to supe+- 8 No Iabov3

_In4_rt- = ___n-_in -__. ...__ __ "_ _ pan h ___h____a_

Supersonic feet P e o ic flighth by Wir

>9% All B Hit Panel ,Limited

r> 9 5 % !8=11 Arms Radial Planneemeflta IComputer C°+++ o<° • , a '0 . 2 meters In t - + ,es •.

ra al Typical
I5 c,.5metexrý 190C No

-.orizontal l...... ,

Ifor•grenadesi- -

I 4

> 90% renades l Zone No
-_ _ r._ _ _ _ _ .- . i --

Workaheet C
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TECW)IIICAL IM|
"OF?-T1E-smEL" sOORI

* ~~A1FG AIRCRF I)FICATIOK ?J

Hit, m iss untermediate AMY A/C
Ft"N'IONAL REQUTRFM4FY 1710 - 30,OOOM & Yes Cl•IPtiC 3/4 T Truck

1850 W}Tz Vector Zone 1/4 T Truck

FREQUENCY DATA DATA DATA zVwnw- PORTABILITY
SYSTEM MANUFACTURER BAND TRASMISSIO] DISPLAY RECORDING METAL

___________________ '___ RANGE PAJILIT fC!t M'EI____

Del Mar Digineering 1710- 1890 (2 wtts) 3 digit
...... MHz omilesoi ( ). -0o ftl- Trtportab

e/4 select- iML

frequencies:

N/A >10,000ft• 3-3 digit No MIL Fixed
--.-... - - ..

IHS Meehan
Counters I

"(2 eatts). 5-3 digit
220-24omHz 9 miles r NI(Miss Provisions 1 ransportabi

- - -" istance toA
.tenwh of fl.

1 ~hble
00 ft. Computer Yes Fixedv i"w r e ,. " *

-- _ C.. .. . . . . . . . . . . . . .

--- - - - . . ..t. . .. . . . . ---. . . . .I -. ..
: I

_ __" .... . . . .. _ I' o
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WlICAL I~44ARY
,HIL," S(WORIN SYSTG4S NAVTRADEVCEN 69-c-0178-1
-JFTC:ATTIf OF SCORING SYSTEM4S

ARKY A/C Aiming Pt
14 T Truck L.00 Hr.. and I-D 00 to R0° 160o Unit Minimum Minimum Minimum

1/4 T Truck Taetical 450 Individ _

FORTA31LITY MTBF TARGET DIVE APPROAACH VULNER- TARGET DISPLAY
TYPE AN;LE AZIMUTH BILIY STTE SITE

EQUIP. WT. EQUIP. WT.

Sensor
Tran __r.b e_70 hr,. * . ._ 9. .... 2oy.. i•• ..... ly 4

I- _a

Fixed 700 hrs. All 0-90" 360° I eor , 1 45#
Sr I

I___I__________I I

(Approx) 0 ' Senior

Transportable 700 hrs. All C-90 36C" Sn 0sor 3q ý5 o

Fixed 500 hrs.* Personnel 0-60 ± i 6* Various
(Approx) . & . Hit., Target . 00 Compier_

"Panel Type & . 3600eor

C- 0 o Cý . ,. -- C1 C - . -- C

II Ci C-- A
0-900 360"

worksheet.C (Cont'd)
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110AC
MM 0WAL REzUmnoKE'r 214 Rrs. ofa mU4 O l miuismi Sub-sonic 3/IA A m

Operation Generator Super-sonic

POMR POWR ffmMD PROJ==IL WarT MA1J¶JNT¶'

SYS'ZD MANIUFACTURER TAW= DISTAY SUVIOC=T 08 YAMAGZ
r= ST n , OE1 ALARM

Del Nor ingineering 30Zs at. -"5 Tes2tW,006

) 6 vatts (60 v) BatteryLaboratores (IM)
2_- -_ h . q __ ._.

+I

1 .. tts t
NOW Calibrato $20,000

-4 ~-4-.---.

3v DC (60 vatt,) Test

61rCr $,, ! t

r '-

/

//

/

Nicia r
Chre



TIM CAL WJMU.
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Worksheet C (Cont'd)



MAVTRADEVCni 69-C-O178-l

TECMNTCAL A:ALYSIS

JU? SWsITIVE PA1IEL TARG= S•sm•, zA109/1.

DUL MAR ENGINERING LABORATORnS

This hit panel type scoring system was designed primarily for uce on tank
gunnery ranges in both a stationary and robile configurations. Copgrirg
the character'. stics and capabilities of this system to the functional
requirements of the Armed Aircraft cýualification Range Scoring System, it
Is evident that the folluving areas are not fulfilled:

Scoring Rate: 60 RPM

Scoring Radius: Dependent on panel site

Zone/Vector: Neither is furnished

Data Transmission: Wire

Data Display: None

Dive Angle: O" -60

Approach Azimuth: ± 60o

Malfunction/zamage Alarm: None

See Worksheet "D"
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HIT PANEL SCORING SYSTEM MOD• T T-14

SJAB AKMIEOLAG (V=MDE)

This hit panel type scoring rsstem was designed for uze 'by strafing aircraft
during individual training. A comparison, of this system's characteristics
with the functional requirements of the Armed Aircraft Qualification Range
Scoring System results in the following discrepancies:

Scoring Rate: 9,000 RPM

Caliber/Type Weapon: 7.62 -

Zone/Vector: No zone, no vector

Scoring Radius: 20 feet

Data Transmission Range: 10004 (Wire)

Data Recording: No provisions

Portability: Fixed

Dive Angle: 10' - 30'

Approach Azimuth: t 30

Malfunction/Damae Alarm: None

See 7orksheet "D"
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TECHNICAL AIA.LYSIS

ACOUSTIC (AmPL.T'DE) SCORING SYSMI', MODEL BT-23

MAAB-EULCM (SWEDE)

This acoustic (amplitude) scoring system was designed for use with aerial
targets. A coparison of this system's characteristics with the functional
requirements requirements of the Armed Aircraft Qualification Range Scoring
Ssatem results in the following discrepancies:

Scoring Rate: Up to 9,000 RPM

Zone/Vector: No vector da-a obtained

Simultaneous Multiple Weapon&: One type/caliber veapon

at a time

NCBF: Not stated

Malfunction/Damage Alarm: ?Tone

See Worksheet "D"
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OF

ACCU941C IC (,VPLIJ. ) SCo:-ING STT-X= , M0DEL AS-l0O .

AERO:Ic AB (SW:DDI)
This acoustic (amplitude) scoring aystmv was designed for use with aerial
targets. As in all acoustic (arr.1itude) scoring systems, a number of the
requircnents can be catinfied, but when the cystem's chararteristics are
compared to the functional requirements of the Axmed Aircraft qualification
Range Scoring System, the following limitations are apparent:

Scoring Rate: 2,000 RPM

Scoring Radius: 2 - 20M

Accuracy: 90%

Zone/Vector: 12 zones - 4 sector under development

Scoring Charts: Supersonic only (No IH or subsonic)

MrBF: Not stated

Malfunction/Damage Alarm: None

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

Simultaneous Multiple Type Weapons: Limited to 1 type of weapon

C - - SeeWorksh-eet: 'Y D"..
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TEC)QICAL AUALYSIS

or

ACCU7IC (A.ZrTMDE) SCORIUN SYT=M MoM H-14

87 (7PACE)
This fixed acoustic scoring system was designed for afr-to-groumd gunnery
storina using the a:-Dltu- principle. It has been used by the French
Air Voree in aerial Cunnery training. When ccnparing the characteristics
of this ryotem to the functional requirementa of the Armed Aircraft
Qualifiestion RanZe Scoring System, the following essmnti• l elements are,

Scoring Rates 8,000 RP

Scoring Radius: 1CH

Zone/Vectort No vector data furnished

Type/Caliber: UP to 30=

Simultaneous Multiple Type Weapons: one caliber at a time

Data Trans"ission: Wire only, no TM

Attack Azimuth: ±20

Dive Angle: 10 t

MJalfunction/Da.¶.ge Alarm: None

Number of Targets per System: Limited to 1 %arget

Data Recording: No provisions

see Worksheet "D"
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FJNCTI RL REGUIRXEKNT the- 'Frap' II J0

SISMD MA1KWACI'UR~ TYPE MODEL {STATUS AXHC
Vibrationfo

Dal Mar 30ginear:ng Seno. Target X3A109/l ýProduction 60 RPM Panel to 200 rot

z4 up to per

rockets fc

Iof.lper

BAAS Aktlebola~g (vd)iHit Panel Br.14 tProduction ) 00 RPM 20x 11 94

- ~ (?iezo Elc, Pa ~~'nels -

- I- LLocx;.-..-

8AA3-Mdow (D'wede) 'Acoustic BT2 -- coution U pto r;A2 1tO'43 0 %
j(Amplitude) .*4rn it

~ Air ?arget Ltd. Acoustic A8-00 Productiov' 2,000 RPM',2 tar20 MH- 80 90

Aeni c, AB ASweenitude)

- - ;0-3N4-7.62
s~4 (Prance) jAcou.Utte MAE STFMA productioni 8,000 RPM' 90%

PriarlyAIr-toAir and/or Ground-to-Air.
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A- AC, 'i w, *i,- O0RING YmvrmS IAD vcuV 69-c-o118.1

-n " m, Vertical E Inert Radio UT
10 ca "2e75 ' - Sub-sonic Up to Yes Radio or

"vi Jikofji8ptal Super-sonic IWire - IT.

SCORlIN, NN- 1 o0 iE DA' TA
- SiTYY T~TARGETS IEJLTPLB. rASaB!r

(ACC!YRACr CALTrMR/T1 4 Zo/VECTO AREA " fWiC- aAPONS Ms

74-forgT*56t I75x-
to 200 a 556 to 75 X 7.5'fHit Panel 8 Yes Win

t~ pr q. 15 m Separte or t
Sarea____~Je =.Nane4--

foea Target

senior }Prearnp...e. .-.- . . - . -

* r -ke tct fodt.

__ _ _ _ ,__._.. dee Fet ,~nj . ....
Radialtrabu1tion

94 17. 62 - 4 -Zone Painel Area 4 r e ort

~dihferer

sensor caliebers

3_-10. t/ 84e

Idevelo]•sent A&MA Miffll Wdencleg)

Distance on;

,n lim ,it TV•...

~~~~~1 i front.. . ... . .. . .. .. . o- -it --- e

', b, SWerksb) et, D"
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TECWICAL SUt
"0F-TH- WELF" SCORl3

ARMED AIRCRAFT QUALIFICATION I
°_ _o_ __ __ _�_ _(WORK SKEET

Hit, Miss tntermediate

FUNCTIONAL REQUIRE4ENT 1710 - 10,000M & Yen 63-aitie 3/4 T True

1850 MHz Vector Zone 1/4 T Truc

MFREUENCY DATA DATA DATA .,ENVIRON- FORTABILIT

SYS'TE MAJWFACI¶TRER BAND TRANSI3SSIO DISPLAY RECORDING MENTAL
RANGE CAPABILITY CHARACTER-

Del Mar Engineering N/A N/A None Signal MIL Fixed

Laboratories (USA) . output

- ~ _ _ _ _ - .- -- - -. - .... _ _

SAAB Aktiebolag (Sweden) N/A I00(M 1 or 2 - No -25* to 00 Fixed

- 2 digit cycle
c Hounters ermeticaU$

w (Sweden) 3 - Zone -50C for 'Transport-

S)3 miles . digit Yes iTranamissio• able
So ...... counters Unit designid

1 -2digit for MIL

!NIXI
I

25-170MHz 12-3 digit Not iTransport-
Air Target Ltd. 71 22o-L>06 z 50 miles ' counters ,Yet. , stated able.

EAeronic AB(Sweden~)':
* - C.- " o- 1". .C. . . .•

___ 
t

:Single digi4
SFENA (France) NIA Not stated tal count No Not stated Fixed

S. .. ...... . .. . .. . .....
_.. 

.
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'ECHNICAL SUMMQARY
:-MLF" SCORLOG SYSTEMS

PWFICATION RAIE SCORING SYSTE4S NAWRADEYCII 69-C-0178-1
(WORK SHE!.r) _____ __________ __________ ____

/4; l T r-uck 12 0 .
Truck and 3-D O" to POO 360Urdit Minimum Minimum Minimum

Tactical 45" Individ

PORTABIIJ7T MTBF TARGET DIVE APPROACH VULIER- TARGET DISPLAY
TYPE ANGLE AZIMUTH BILITY SITE SITE

"ECUIP. WT. E, IP. WT.

Fixed 1200 Panel & 00-60" *60 160 None

Personnel requires t
"bunker or

.. I•

Fi e PanZ.e l .0*-.0* ±30" _Sen or s5 004 -
S:i ' I

s)ranportd Unnot n tte PAirnel 1 30 -360" Sensor aSApprox. + *No state

S" -• •' 1 wI e l l a sT .. . .
: '~target sub-;

able.......... tar......t

1- -- 4

:Ject to gun*

I I

fire damsge •

- , , -.,t ,,, , . . . ,,,. ,, -

4 ane ,Not target environment ould say Itransmotter > 6# StatedCnid 0-90" 360" ,

i~anspre Not stated IAirborne 0_90. 'm
able... target 360" Sensor 'prox 9#/ Not stated

4 4

.high -

Worksheet "D"o

(Cont'd)
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TECHNICAL SU
"~OFF-THF-5HETY" fCC

ARMY D ARTRA7 I UALIFICATIC

su -son--~
FUNCTIONAL ~~.".KM-NT ' 's. of' COMM. IW oreo¶ 1AR~T

(r-p re tionl Ger-erator

3YTXMNTi(T;RPWFR POWJER SYS'!'FN PRO ECTTLY, C019 MAL.FUNC
3Y'r4MA r~~ThK~TARGET DTSKlAY SU RET V~LCT OP. fAMA

SITE SIT E ~QUIF~r ýor ALARM

DlMrzgneig12V DC SystemDelMa ~gnerin -AM ra ~ ~ -1~.

Laboratories (USA'

SAAB Aktiebola,(Sedn From 11O-220VACi Nione - $20.000

Less cable

SAAB-Buiov. (Sweden) Battery 28VDC oreBnegt
110-220V C neat TX

______ poer Meter I

Turbine or ?O0VAC-15W Rango 000-
Ai Trt Ltd. t q4~ttrZ ?5Wt --- - Grnd Sta

Aeronic AB (sweden) 1-$90T0tTan. ~ 4o~o*
- Pover Mete4 4 Targe Ui

.Pxn 115 or 4 Targets
ISFFE?1, (Fance) t;L I __ e 2 Orn Sts,

er~15 220_V~o
$40,000
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Thv obic(cI ivv of Task IV is t,) cviuatr' ;!d validate candidate

ha rdw..tre systf int applicabIt to th.- ?-cciircr.,v.t~s for the Armecd

Aircraft Quialifijcat ioia Range Scý,iving System.

Thb' scl(-tiont of hardwý4re is ;,ccurrpl.is-:hd by reJathi-i hardware

functional pcLIfOrin-ance and dLZ;igII fvtýWrvz in, natrix form on the

sunitiviry trzi~ic-ca' sheets pr*pý r(.,( froin cl.ta dcrivcd from TIasks 1,

11, and ill.

During, St ep I the essui~ti~t) parametv'rs functional and d(,igvn re-

quircnientS ark. ýntevu(d under. "norcncla:,..rc' o~ he -raics.

Thr'sc daut re~iultcd from~ the cili of I'a.,! H wilerein the System

furi'.tiotial rNu:ve~~ c re 4naOýL.U,~ '_pendtnit of av-ailable

equ'pmicit conizid,ýzations.C

Stt-p 2 id ,nT?,Kc.-;c~icI: o' C.andidax ':m har'dwavart .. rani-

etc;'s an~i -:ucii -;.- ],..- in dpsc.-ipt:ve fcr-r- c,%'osize tht fn'ir:

r c:q , ent L
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I0IT"AZ - 0C_

Step R i.; tile evzdUaMie fwwe of this tI.It ic tile inlitial step

iln c walual ~jng~ti Effect ivewvss (part of tI~o COSt1/ ffCC-t1Vene'Ss

art, 1vis5). In~ Stcep 3, 14c, te-'iri i-uiictionJ.. Opcwtta ional Adequiacy (F' 0

if)jtCO(ulced.

1'ujcticlnj Operat huial Adicqu-aCY (F~ is defined as the dif-

ferenec lalweeni Functiorril Requirement (F )and Systvni:s Func-

tional ('!p;-hi! itv (17 U.(. c. , a systemn %v~hcls fu rictionall adec,.iary
C

exactl I VIIctth ez tWe rccji iren ki nc .;hithor' Pov cr -(iS]gnud, nc'r

In twdr toh pro v;ic hv mo.;t a ecu r.e appraisal and to mini-

rniZQ illfl fencing bias, thu candidate vit werc brokcen down into

In arrivinri- at F,0 each major sub,.vt.'m is evaluated sepa-

rately us~:nq the trade -uff surmnwary sheets. Comlerative rar.:g

are gr'- J'-d usn the schedule:

3 =Mants reauwrtment

2 -Partially mee~ts r-cr~uirenri- or partia~ly ovur-destircA

I1 IDOc3 not m eet requ irm en. t-l v-vd~

0 - rjct-, nc ct recq;irenmcrt.--ý i t'nyrez)v c
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Ratings for erch subsystem are calculated on total points

scorud/total points achit.vble. Wcightihig of individual subsys-

tenis will Ifollow the csta.lishcd hierarchy of importance.

Level 1 50 percent (sensing, scoring, displaying)

Level 2 25 percent (mean point of impact for miss
+ r and e

Level 3 = 25 prceent (data transform, data transmission,
targeting, ru:corder output features)

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

total SCOLe F is the .;um of the subsyste.ms weighted scores

during thc proj,-cted sysitems life cycle in years(')

F'igurcs L-1 through E.3 are the completed trade-off sum-

mary shuets.
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11e foPU i~ o:Lhgi the tr'ade -of wvork -shuctz. %ith c piti -

(!Z~ pamr'ieor., fivictionaa aim lcchni cal dcsign rvquir(:rnt.nt~s ent (1'VC.

Acciariin~each mork AhM is it short summ ary staturnent arnpliy-

inc the m~ost signiliciint paraile(ter entries., Ta rgets qnd recorders

arve xv~iiced in rhoe rokings jrimlarily becaust these equipment are

not riurniilly i tO~s part o& 11mi basic scraing systerns hardwara.

invk. titory. Jn~eilen .5 are ind]'dcd in the trz--dc'-off wvork- sheet de -

s criptive 5tc- fur I%, o rea.-mý:: M1 for cornpleteness of de-scription,

and (2) bec aus"Mu Utuir impnict on the functio. intefares with each

fL TRG 1.Dm.1fA

It is * ,5.;r 9 in Erndivid'i:K! Tra inir-,f tc proJvide a "Aell-defined

aimr-, f : . 1 w' o' ) f ".~-Point" %%ea~pons ru ea

vemrtual aiming poit~ 3, somtu d>-nnce ,d aov rgo'md1 ltevel. The

ar. i .'e-inn- roo..-i a hwwwa. aini:'g :)¾t wra~nd lve wih"

t .*-:. h a;A' jt .: r'ity n f,.:ro 0 *o

V 4:- , cm ~ ;A r in i 4.) s, ! :tlvit% :n j''
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"largets for Individual Training comprise a complex made up of

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

gunnery range.

The target site is semi-permanent, prepared in advance. Target

repair or replacement time is limited to 30 minutes. Each target

should provide survivability of 120 hours of unattended performancc.

It is estimated that the point weapon target will sustain approximately

42 "hits" for each 120 hours of range operation time; and that the area

weapon target can sustain up to 124, 000 hits in each 120 hours of oper-

2
atior, if the target area is large (- 1500 meters ) and the gunnery is

exceptionally accurate (50 percent (hits)). Total "hits" are primarily

a function of target area and gunner accuracy.

1.2 TARGETS- UNIT TRAINING

It is esscntial that the targets for Unit Training be realistic,

simulating combat and tactical vehicles, crew-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' in azimuth and 0" to 80' dive angle.

Targets must be air transportable for either repair/replacement

or rclocat.on to any one of up to 20 previously prEpared sitas.
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Targe1 repair or replacerment time is limited to 30 minutes.

The target: complex-must be selfcozntained, including power.

Mcuhili r construction is essential for maintenance and repair.

Each tarprut should provide a survivability of 120 hours unattended

pcrformance, including survival froin ordnance fire.

1. 3 SENSING - INDIVIDUAL AND UNIT TRAINING

Sensors Lnd associated electronics located at the target complex

miust be capabl,- of 120 hours of range operation including survivability

from ordnance fire.

For IndiVidual Training the required sensitive region is ± 45' in

a! direction facing the firing weapon, and 00 to 800 elevation above the

ground. Sensor coverage for Unit .Training encompasses 3600 in azi-

i- Crnuth andi dive a, IgIQ f'om 0' to'8O"' elevation.' Point 'we~apon scnsing 'is:

(1) "Target" zone hit count (scoring)
4-

(2) Over/short, left/right zone j'verage for misses -.nd
direction inforrna*ion.t/.

Area w-,pon.; fire is sensed inthe rizontal plarte referen-ced

:o an aiming p-,nt (sec Appendix IV). /Thereforc, an arbitrary arca

witnin the bc3tr:n zone must bc scnsed and scurec. i:ses occurring

196 K
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olit.:Jd i'. i ,~ d Jm'* imrs £~n t bc dv-tt. Led, thv ni e..ý f poiliL of' ili lpici 111tonlati -

*cidly dct trin inert, ujnd data der ived for zone and ol\ cr/bhort or left!

Maximrim sensing rate is 24, 003 rounds per minuntte (both subio-ic

and supersonic, inert and high explosive projectiles).

Mlaximnum ranigc- of sensitivity from target center is three tines

thc n~a~imumIJ effective fire radius of' ordniance bcing fired.

Sensors must be compatible with target power sysitL'nis.

- - . 4DATA CONVERSION SYST.FhM

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

count (score) plus r and 0 information on m~isses. This functionr is

fir-,]t order data reduction for transmission to the balance or the

systeni.

Convertf.rs must be extrcmcly- stable, conrt-iIbutino 1leSs that,

on' tenth 2'ýrc,ýnt error to thc scoring syste,. Data racc Pipjt is up

to 400 bit per socond.

1. 5 DATA_ sANeson, inrSSt a N (Targext to Cojrect)

Data triumrangission systtiv shiuld be cstcnraly enoieri-frtree tih

- an .irr, of at leab.- c9. 9 percrent.
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A I~vII A(d1 P IAAH1 APP1U)ACH 12 AII'HOAL11 13 APPROACH 14 APPROACH 15 7
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It l'i) "'t i.. , i.t 1 d: ,'Ht' I"•.-i , k, , V' 01,'z U]t 11t ,• .t i I I II%,' O"C i t I'l bV

.vapal,,d , uf trj4rirnittirng aU dtlat :it a t'otc :iinurate with the bal -

at&ixt. of th'2 sc.,-'ing system.

The systt.m nceds to be ez:;eiitially main: unance-fr(ee (MTJ.F

1200 hours;).

Minimttim cross -talk hc, r een channe1. ik cs.ecntioi.

It is desirable that tht, trazismission syscti:n rcqui'r' zero 'ali-

brm t ion. It mnst .pre.sent a proper impedcn-e ni I ch for input and output

t ~intcr)faces.'

Note:

(1) If data conversion is promidvd at the'target site the infor-
,nation rate per function drops from a maximum of 400 hits

... per second to 10 bytes per second (see data conversior) (a
scp.rate trad'-o0ff anz.lysis may bLt perfurmied Lo c or,:pai'e
transmission with ,•onversion vcr.u5 transmission without).

(2) Foc individual ,ing, ,e usin ) Training Command sug-
gests a buried nard-wire power and'data link.

(3) For Unit Training it is concluded *hat wireless transmission
is required becc,,ms,2 of the need for single package porta-
bility for relocation.

Range: 30, 000 mete:s.
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A, Koaiosdnn fW ka nocanmln fed

c, t C- -t~ jt ý in t0c I.oII

Tht. di spl. y ~;selrcqoi res a bo il- ini s;coring (hit count) regis -

tpr- ;nrd vi~uaL clispla, Of thjCS1 dtta. Datfa sli i:lcl be storcd Until TreSet

is act ivatu-d. NManual r~eset ftin inS After twc1i target Prig7afYerfntt

shi 1 d he iicm )J.oratc-d. In addition, zind ii jW'ormation on targut

r .ssmust I-) displayed. TIlk format mu3t bc casily rend, reqo ir"Jig-

no Miter-prcat~.i oan the part of Me operator.

The cdiq4': y syst c'snees to h(, ea.s-y to operate. It should I),- of

nrodiilar c on-t cim on and be too-,v to maintain by field orpmANiAt on

rn-aiiuteila;ac p( rsonncl.

VThe' displty function 3h8d ~oincox'povate tir, bt:,ffcr fur ctic5n

of con,rarrting sensor-derived information to hit Count PlUS zone and

secitor irforn,~:on for' score r-ccording anid for remnote di~splay units

if re-quired.

The display; svy.,er simticl itrrorporare systum test Lind callibra-

two. feato cc-:. 171jalrient shnqd~r be opw abla from ei:1- 60 t-Ye> 110

volt or 24 v; uirc- t QUrrat Z' diCk poO' ~r (cre>:C rcWal rOWcr OC- VAQi

in u rd- r to t - ~ i~e gre i& e-Hi )
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*It mray be cesi?'ablc to in.-corporatc multiple target dlisplays in L

sin~gle unif.. This bhould be considered in the trade-off analysis.

Fui- auloamaic weapoins, only the mecan pý;int of impact is -

quired for eetahli.-hiz, the dirertion and zone location refere~nce point

(on target Ths~.'lis becomes an averagcd value over sonmc discrete

inte'rval of twwn. One-tenth second has been arbitrarily chosen (less

thato onc.* linlf shortest burst duration for rapid fire weapons). The

display -buff er unit should contribute less than 0. 1 percent ertror to the

iscoring system.

1. 7 DATA T1J1A N fAIS SION TO FIRING AIRlCRAFT

Tarcgt chita information transmission to firing aircraft is only

revpived] for individUal qualific:ation training --.Ad proficiency rating.

Infornmati-,n on all targets on the range should be transmittcd to

fir ing arcraft during inudividual qualification training.

If data conversion and redUction is per-formed by ground equip-

rncict the band pass requirf.,ment is greatly reduced. Example:

assumning 10 bytvs/soconid for x - x' data and 10 bytes, sec nd for-

y - y' plus total) bit count _- 20 bytes per second~ for each target x 6

tarvcts 1210 slv~es/second. A 240 11z band piýs wuuld be more than

am ple.
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The doat trisnismissiui :-yysun) should lit- kept ii as th-n1))' a1s o05

s-, sib]e and utilize eq!uipwent common to the aircraft U possible:

exa rip]c - use one channel of existing communications equipment.

1. D IISPLAYING IN AIRCRAFT

The displaying of target information on a selective basis in the

airc.raft for the beriefit of ihe' instructor pilot is essential during indi-

vidual qualification. This comprises both score- and target miss-type

info rm ation.

The reqUircment for- display capabili'y is limited to one target at

a time (target engaged). Therefore the instructor pilot should be able

to select any one of the si% targets on the range.

The aircraft display unit should be kept as simple as possible

"- and requite no modification to the aircraft. The display must be rcad-

-- C - able under all linting conditions norinally encountered during airc raf•t

- -. operation.

In view of the limitations for modification to Army aircraft, the

on-board display system will have to Zbe a self-contained, self-poweccd

unit issued to an insLructor pilot for the trainnig mission. Weignit

should be fivc pounds or less. Package size and zhaoc should be easily

opc.atcd a,,d ,cried (kiand-held).
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1.9 REC'ORD1)ING

'Only the scoring data (hits) from each target need to be recorded.

Somne means for aircraft identification, firing run number, and targret

- beJiig engagc, d need to accompany the record for post-operational

evoluation.

2. 0 SCORE

Individual, scores arc! based on the following schedule:

In prc ".:tion = 3 points

""Prce-production = 2 points

Developmental 1 point

Closest -pproach to:

24, 000 rpm 3 points

.... 16, 000 rpm 2 points

"8, 000 rpm 1 point

Closest approach in range to:

•4 n, = 3 points

36 m n 2 points

18 rn I poirt
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Clos;est accuracy to

C 950 prcciit3 points

85 percent - 2 points

80 percmit or less = 1 point

Projectile sensing;

"All a 3 points

Two-thirds = 2 points

One-half or less I pointc

* Zone/vector sensing;

Zone plus vector = 3 points

Vector ottly = 1 point

Zone only = 1 point

M ultiple fire;' . . 6 - K o - -.. 0 0

Mixed with sorting 3 points

Mixed - no sorting 2 points

One type only I point

.212



X0, OW t 3n s(1, 000 ni 3 poiiits

10, (100 to' 20, 01)0 in .2 poinl s

10,0(00 11n oyrIOS5 I po;int

All (oIhvi (-itat ~ if.f; are basicc oil :Lubjectivc jiitI-nint ci!* huiv nuar the

rc'l' ituicrmVni Js fl 1iii ced.

2. 1 1l1AN KING ._)'

)1n ar rivinug 'a: a total ;c orkc th-i tulcafletry to tile ai tcroft aoll dis -

pl~iy in thev a ire-ra fi a ro itoel u'IL Iin the rant.A in.. No single ''off-the-

She]1f fI hardwart. ;vst(.11 fie] udeý:i ihlse fentorecs. These deficiencies

'aru factor'.d iisto Ui',c total --.(ort- for eclVch candidate sysfvni in Orde:- to

C-'i ;.)dli~c thue v.-u u' of F 0 rulativt to an optUiun VO.c system that satisfies

all l'ziic. it F ightr nI pnillt f.A are ~'Cl(JP( to the Sc'shing/displa~"inig

scure p(- ttvlritiau (50 percent, weiuI. factor) for the itircraf t disiulay ral.ný,.

Patran..vteri cooisidertu- are: hit display, m~iss di~splay. tparget "denti-

fic-ý; ionf, (CLst- cI prt[,,:~.er and cv; tab il ity; each wourth th-v.'

po i '..

In a sin-,2 Ca:'r tinaon , data t ransrissiur: to the ait~rcxf-. is includoti

in tii' tntrt1 pott- ntial st-ore (25 porcent v.cig. it Ec'tor). rarrcv'

cc, n.-:idereci Lqrec: tr.':rLsr-nissirr: mit-as -and rar, ;c; added points- avc six.

213



the~" upi-il"C 0 tIiui r,:ai[ et~ivK~jrI~O~ 10. Th most 1
p i~is

U'' i iI1~~ p(-c-i'nt~iifC ,
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The bj(ct;%- .- ;to d l Il LIldd s sten w~h fll xi/

Sdc--~to fo Ccp n ga m ufrmne ~dco sia

Rcyi - i:- zi -os cfCcjc (m evla u fL1c iiiac op a

toaTpin-,dsLo curn ns

Cow Mw- IN

Co'ovns aayi snrmWydfn! sLf yl

CQYWICsr on~ldfrec fWadiwessemLBv

by e ofassC. i,,la~;asss u xrse

use 'of CnJ['1c.týv: SY'"Ys aT,.,rpo are or irCndC1O s sLtc ocsts sysl C

CJOWSAdOW :ur cncep inW~ltegbton pcnoiaintcc,ný nd Cost. 'Vaizning

drcjiiirv , : ae -w wa!~ 7Qfectivcncw eap ationm af in1 aindidtcess coinis),r

C'-~ tuc i dco]ý~r,ý incormaij e fosri Apar F, lthc z_ýtc candid tesyseiii.

forcfc't' supo of :x junr am~v qiogani!~~ zuc a.sumn airýr'esscd op-A

flu wi ~ del teC!T219;
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S':O:..s, *-:ho , .I 1.2it a, b.i3 ari. .. ' o I o,- r 11nc01 (boLh of opt, ating e' I C;'a l .

UlJ stldultsc),. costs of coi;m m .b.ca used fin tLainlinig etc. .' !ypicld

analy.si,; iis slif".'n in ].;qualio,l (1).

Y

LCC I K d +CD C1NV + COPER)I (1)

wheru:

LCC lDiscountcd llfc-cycle cost of candidate Fystcm
throughout its operational lifetirric, in duclals

Kd = Discount fartor applied from base year

ni lndf'.z of year's over which costs arc accumulated

Y a. Number of years over which candidate system life-
cycle costs arc accumulated

C =lese.arch and Development cost of candidate systems,
RPD in dollars

C - -•f
Si tINV- [~ia inv%:stment cost of candidate zystfrn., nr.• ° - " • " • do lla~rs "':"

CO Antmial operaLiig cost of a candidate system in
dolla rs

To construct a ..omplt:te custs analyvLIs of candidate scccintý 6ys;-

tems would iequ'r. ,,r swer.; in the follov. ing specific pararntuc-s:

(1) Dis,-ouotctI lite:d - yclc cost

(2) I)i .,'oI.t f:.ct, ." t .! d f-Com ba.sc y* ar
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N.1' Cc r C%( r 0kc .)ij!' C UIUA C

* WVTR1i .W of

(10) Nu riLu- of yariaio ire frureach sysemurdt odc nta

(11) DevcI'i(MOfmu cosjticd theiffg System n

(12i) Nmibc oil irstn-deon ;u por clandss

(73) Nube of classes per innstrutor chys(n

(14) Num)r)h(I01 of depoti prs~onni el requiring training.u

(15) A, PL rg( 6alarye piLIS illowancesofcptcrmw

(10) N::Etniat of vitime vqinsrecosrqitd to rahapec,.nductý initial
oftraining o itou systems

(127) Nimibrý of -tudct. -&d t o e's

of~I Nra~ng of ept personniael requanrindateann

-. (16) kstjAmatc of time required to imreache syestiem to vel

ICCIL Cr :-nt-:

C{1 ) Eti~nuŽof COtim f L&'iiiied to :,cach(in productiod evc
o3 trainn wit A canvidats by ciandidaCý-thre1s

(18) E .irate of ani .ic rourdf ipoesstmt

ultim.-te systenn

t21 ) Eltirnate (J,. cost of spare-s in utit are system-
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("2) *Co~t uf ait craft o ,,I~tion/t'ariiijlg 1wi-iod

(23) Co;: -f expvndabr,,'/tr~Liing period

(24) Cost of range operation per hour or per year

(25) Etc.

Arnimv-'crs tW nany of the questions oi co:.;t are not readily avail-

able andI are beyond the scope of this contract to develop.

Thcreforc, the cost modcl will be constructed as follows. The

candidate .,yVtLln normalized &cst analysis in dollars will be constraincd

to cuoL :, r !y:it-ri in production (N p) + development cost (if applicable)

(N d) + estimated ann~ml nmaititenamnet cos•t (N ) + estimated cost of

installation (N.) + estimated annual operating costs (No) foi

Yo N;

N=1

EF.ECTIVfNYSS'

Efff-ctiveness i.; a figurc ol merit usually derived from a quali-

tative analysis c.Nrc. s-lcd in rniu rical tern-s. Normally, a math.c'ar -

ical model is used for rating arid ranking candidcte svstcnrs. The

nod,.l is con.-"'uctf:d! ,sing idcv'.ifird critical paraniet:,rs. In applica-

tio,, tle ,_.en i. c.iu.. o ch.iv'd ý'hrou-h intend,_- i us,.. of 3('.• 'n s~t:.

or rn eti,1od- is l o !v ,of rfut h:('Iln1cV (P-') a .,'" , by all ý1 inc : Wu:-.
0
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0 ° :;in h ,d F, ,[(], 1 t.':t n ; I) I o t i t t fl ,. I~ n I•; m : W,'. , f s tthi lde n ( ) 6 -1A.: I0 d

, p.J,, . i,, v mu of the sy S tL', for •Ill canlid:cl(t. syz(tcI.In;.
C.."

/':Jf - P N (2)
0

The abisoht,, v:diu(, of P 0is cur''rnt].y poorly defincd. Unit proficiency

is lihewis; pourly drfincd and mcasured using current muthods.

"Somne othjcr method for evaluating "effectiveness" had to be &cter-

niidc0 during th. course of this sludy. (For purposes of cvaluatioI the

pro,,. ici(.nicy terfn (i, ) is assumed to he uniform "student-for-student

and "unit-for-unit at end of qualification rcrardless of the scoring

sg_.;Ljc or method used.

The term NC is also substitutud.

Effectiv,'ncs. for purposes of evaluation during this study will

con.:idcrlonly F .AoU -A 0 -

.C C :- • • "o -o • -. ,

Funotiodal opcr-ation adequacy (F ) has been preViously defined.

Operational a'. .tilability, A is defined as;

M TBFA = - -- - - - -- - -- (.3)
o MTB' ±- MTTR +MLDT
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ilANI'iRAI .;-AT •,. ' 0173-I 3.

N4MT'J'H I Z M q"i tirrI( to I'via1r

1N¶, IYJF .-. a logistics downtini.-

- - he tili].izatior: factor (U) for the systems, is thre c:rly hour1 ;
0

of use divided by annluld] range operating time ini hours:

s

U (4)
o it

0

where

S = Estimatel sy.tv'm.; operational hours of use (potcnti:.l)0

-R Total range operational time-(range. availahility)0

The neasure of effect,-',nc's can now be cxpress.d a-:

-Elff V.' A U .(5)-
0 0 0

SU I STJTh'l EI) COST/i EFEC"I'IVE.NESS mOI)1:I.

Y N N N + N.iN (oN

b-- 0 0 0
N=2
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-), ti io vac r mi i i. IoII

"I'llo utJjimatioll actor - U ( [I i%- (41 ir iL r''ultlu --

crI1hdideL* ." .-l]i' lii Tadle. 3. Annual hotu rs of t,seful service for

(each cand!idittLO: ;,r calculaled hai:ed on tot:l range time' less the vs.ii-

matud tiroe to :tart up and shut down the scoring systeni.

Thc ycar•y range operating tin c (3220 hours) assumes 5 clays

per week, 14 hours per day in two shifts, arnd 50 weeks per ycar less

250 hours for contingencies (lost time due to range operational

problems).

Table 4 stm.nmariecs the cost/cffectivci,-.-s model,

C NE 0 (Normal izCd Cost)

F0 - -0 0 /N =I -

for candidates 4, 7, 8, 9, 13, 14, and 15. The lowest "dollar" %aluc is

the most cost/effective system.

/
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U.TL! PN 9- C-01 1
-c0

M e-,~tr T,7IC)IIr.I T ,~ P*Z.`-,If'.TNG O:.J•'•

23 1-a 1569

C otrc z61339-69-c-o173-1 -

Armed Aircraft Qualification Ranee Scoring Systerm

PROGRAM PIAN

Purpone of the Study

Tasks to be Accovlished

II ACCMPLIS%•T4! DLURLII THE PMOM PFRIOD

A. Re qeats for Technics/ Data from All Known Scoring System

Manufacturr rs

B. Requests for Technical Doc,-,ment and Studies Relative to

Scoring Cystems

C. Field Visits to military Installatione

D. Completion of SDR Review (Task 1)

- Started Preli.m-nary Functional Anal3,yis and Requirement

Allocaticn Effort (Task 2) .

F. Started Pre.ir•iniry Identification, Analysi.a and DeveleOent

of Applicable Off-the-.-elf Systems and State-of-Art Technolo~r

(Tack 3)
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ZI PRO!3rW4 AREAS

A. Anticipate Problem in Cbtainirg In-Depth Informatien From

Equipment/Component Manufacturers (Including Cost Ranmos)

1.' Input Data for Cost Effectiveness

IV WORK TO BE ACCO,4aLIW BEFORE N= TEC~acAL REPO==

CO:D'1 CE

A. Comrplete Tasks 2 and 3

B. Initiate Task

/
V MIX STATUS

Approximately 28% of work effort has been accomplished.
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CA-134-69

27 Mat, 1969

To: Department of the Navy
Naval Training Device Center
Orlando, Florida 32813

"Attention: Mr. K. W. Peterson, Code 371
Project Engineer
Army Participation Group

"Relfer':nce: -Contract N61339-69-C-O178,
Armcd Aircraft Qualification Range Scoring
System Study

Dubject: Fir-t Technical Reporting Conference
23 May 1969

1.1 T'e first Technical Reporting Conference for the Armed Aircraft
Cuallfication Range Scoring System Study was conducted at the Naval
Tr•inirz Device Canter, Orlando, Florida, on 23 May 1969. The followirg
personnel were in attendance:

Mr. Paul S. Walker - Army Participation Group, MDC Code 381

F - Mr. K. W. Peterson - Project Engineer, •,-TDC Code 371

o-. F :• F° 44. *•Mr-. Art Drucker - - Contracting Officer, MTDC CodeF 1532 o F

'4 Lt.Col. Frank Miller - Army Participation Group, NTDC Code 381

Lt.Col. D.J..Palczynski- DCSOP?-AV'i, USCO0"URC

Mr. John P. Ford - Booz-Allen Applied Research, Los Angeles

Mr. Wally Brondstatter - Del Mar Engineering Labs., Los Angeles

4 partial participation

/

/K
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To: .. Naval Training Davice Center C&-1Z'-•9
Orlando, Florida JWa3mo~k

27 My~ .1569
Attention: Mr. K. W. Peterson, Code 371 -2-

2. Tranmittted h.•revith, in triplicate, are copies of the conference
agenda and all infor:,ation and back. up materia.l diccussed. It is
understood that thi3 volt=e (in triplicate) is acceptable to VTDC and
vill serve as both the minL~tes of the ccnfercnce and constitute the
report for the First Technical Fteporting Period. The major portion
of the conference was devoted to a review of the Contractor's opproach
to the problem and his acccr.pliahments to date. It win concluded that
this effort is beir7 perform-ed in a satisfactory manner and in accordance
with the contract schedule.

3. It is estirated that Tasks 2 and 3 vill be completed, a&.d Task 4
started, by miid-July. It is therefore reco=erded that the Second
Technical Reporting Conference be scheduled for the week starting
114 joly 1969.

DM, MAX =10MMIMM IABORATO'I=S

R* E. Denney

Ines As noted

238



o.

MxAD!VC 69-C-0178-2

rC0!M T'C1MICAL 'R":=r' CO.*-';7' =&

17 July 1969

Contract z.61339-69-c.o178,

ARMD AIR QUAIFICATIO3 RANGE SCORIr S, D

PU~RPOSE =UD REVIEW

1I DEZCRIF~xoN OF TASx #2 AND' #3

III PROGXRAM SCHE=EL

IV ACCaMC7.=ZZr!TS D=TG TME REPORT PERIOD

A. Analysis of System Functions -Task #2

B. Translation of Functions into Design Requirements Task #2

C. Review of Documients, Studies, ATT, ATP, et c.

0D. Review of Technical Data from Maown Scoring System

?4anufacturera - Task #3

1. Analyuis of Scoring Systems - Task #3-

-C ~~(xardwa~re in Cmxparison to Functional,.Requiren~enta) c

FInitia~te~Task I4CC

V PRCBLXM AREAS

A. input Data f/Coit Effectiveness

4 3~. Tack of Information fromn Scome System M.1.nufacturerb
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VI WORK TO BE ACCCteU IED IB=RE- NM R

A. Complete Task #

B. Dnitiate Tas• #5 & #7

* VI WORK 0ATTJ

Appro3uiately 140% of the study effort has been accomplished vith

same percentage of man/hour expenditure.
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- -- - - ccA-191-69 -

RED:bat
23 JiX 1969

To: Dspeartment of the Navy
Naval Training Device Center
Orlando, Florida 32813

Attention: Mr. K. W. Peterson, Code 371
Project Engineer
Army Participation Group

Reference: Contract N61339-69-C-O178
(Armed Aircraft (.!ualification Range
Scoring System Study)

Subject: Second Technical Reporting Conferences (TRC)
17 Ju•y 1969

1. The Second Technical Reporting Conference for the Armed Aircraft
Cualification Rarge Zcoring Systen Study was conducted at Los Angeles,
California on 17 July 1969. The following personnel were in attendance:

Mr. Paul S. Walker Army Participation Group, NTDC Code 381

Mr. K. W. Peterson Project Egineer, NTDC Code 371

Mr. John P. Ford Booz-Allen Applied Research, Los Angeles - - -

Mr., Art Sullivan Booz-Allen Applied Research, -I.oon Angeles

)W. Wally Brondstatter Del Mar Engineering Labs., Los Angeles

Mr. John M. REaond Del Mar Engineering Labs., Los Angeles

2. Attached as Lnclosure 1 is the Technical Reporting Conference
Agenda covering topics which were discussed, and insert data for updating
the TRC, Ma.nual. Item I of the Agenda covered the .urpose of the confer-
ence and a review of what had been acccmplished prior to the first TRC.
Item II consisted of a d.scription of Study Tasks z2 and A3, while Item
III was a review of the program schedule. it was pointed out during this
discussion that the prog-am was on schedule, and that tasks were being
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Naval Training Devicef Center § CA-191-69
Orlando, Florida 23 JUly 1969
Attention: Hr. L..W. Peterson -2-

completed as planned. Item IV of the Agenda, "Accomplishncnts During the
Report Period," was divided into six sub-items. Sub-items A and B concerned
Tack #2; sub-items C and D concern,-d the review of technical data and "off-
the-shelf" scoring systems (Task -'-3); sub-item E was an analysis of "off-the-
shelf" systems and a comparison of these systems to the optimum system's
functional characteristics as determined in Task #2; sub-item F concerned
work being done on Task A.

3. During the discussion of Task #2 accomplishments, it was agreed that
the contractor's developrent of functional requirements for the system was
correct and that the results appeared adequate. A detailed write up of
accomplishements for this task is furnished herewith and should be included
as Tab VIII of the TRC Manual.

4. Discussions concerning the review of technical documents, ATPs, ATTs,
etc., retesled that all technical infor.Ation requested has been received

Sand that no problem area exists. However, it was reported by the Contractor
- i that information reou-.st'd from manufacturers concerning "off-the-shelf"

scoring systems, gnerally was incomplete, and that aevural manufacturers
had not responded to the renuest for systc- upecifications. The contractor
informed Government representatives that a "second request" letter had been
transmitted to these manufacturers. A copy of this letter is provided and
should be included with Tab 14 of the TRC Manual.

5. In conjunction with the review of "off-the-shelf" scoring syste-
specifications, mentioned above, an analysii was =nle of each system in
terms of the functional characteristics of the Arziel Aircraft Cuanification
Range Scoring System. Wo- .-sh. -ts and suaries pre~ared In ccnjunction
with the review are 14uiniahed herewith for insertion as Tab IX to the TRC
Manual.- These worksheets and si-m~aries vill be used during the execution
0o Task .44.

6. The status of Tasc 14 accc-plizh-ents was discussed and the work
reviewed. Details are furnished on Pages 23 through 45, Tab VIII of the
TRC Manual..

7. Anticipated problen areas were disc-issed. These are: 1) cost
effectiveness trade-offs and the lack of good infornation on level of ;ro-
ficiency on which to bs3e a measure of per:'or.ance; 2) a good definition
of operational effectiveness of trainets and; 3) cc-nlete Inform-ation on
"otff-t-e-jbelf" hard'eare (inv.dcr-s.-,lieJ ±nfnr-ationi). it vas agreed that
the contractor would mA;,e a3s-•tnions on r.rformance ard proficiency for the
purpose of completing t--? cist e '*ectiver.n!s modellrn. The basis for the
as3.=ptions are to eza described in order to provide a measure of corfidence
level on accuracy of the estimates. '"'hen tetter information beccces available
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0--CC C cC

N..vel Training Device Center CA-191-69C
Orlando, Florida 23 JXY 1969
Attention: Kr. K. W. Petersa "t3"

The Contractor will continue to atte-.nt acquisition of more information
fro vendors on "W"6-the-shelf" hard-dare throughout the study program, up
until conclusion of Tack A.

8. No exception to current program direction or results was taken
by Goverrment representatives. It was agreed to accept the Contracto's
recommendations for

1. Separatirg the point weapon targets fron area weapon targets
during Individual Training.

2. Compression of maximu data rite for display, fro rate of
five (up to 24,000 RPM) to 1/4 second for reduced scoring
rate.

3-. Change of horizontal scorinr3 plane (area weapons) from clock
to quadrant and the reduction of 2 miss zones to 1 for over,
shorts left, or right, the latter for consistency with the
vertical scoring plane (point weapon) requirement.

9. It was agreed that the Third Technical Reporting Conference would
be held durirg the last week of Au~urt 19ý9, the date and place to be
mutually agreed upon. The Contractor stated that by that time, Task #4
would be complete and that Tasks #5 and #7 would be well under way.

10. It was stated by the Contractor that it is estimated that the
study is approximately Wo cor-plete and that approximately 50% of the
"authorized man/hour effort had been expended.

- • . ° fII•{• - This report Is ýfu-nished to cO'°zy with the requirents set forth

- in Section "C", Item 2.d. ofý the referenced contract. .

DEL MAR :-:EýfI IABOR4TCRIS

R. E. Denney
Administrative Assistant
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23-24 Ccpt,'mbr 1ýýo9

Contract ".6 339-65-C-0178

Purpose of 11.1tettng

Progr3m Schcdui~e

ACC Acc:ISE- :7:?rS UT?- MH RE'PORT P2.RIOD

A. CcT.pletion of Tas% 14 (Trade-Off cý=-rarjes)

B. Initiation of Task 5 (Draft Perfor-m.nce Specification)

C. Initiation of Task 7 (Draft Cocepcot Fo~ulation Repor't)

P.-- 7 1 AI1'J 03

A. Innput Data for Cost Effectivc'.ess

B. TLnck of Infurmaticn for ZCom System Manufacturers

r; wr ~ TO BE AC'"LlL

A7;r,ýo±_'ateiyr 75,0 of the Study Effort has been accor,~1ished.
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C CA-251-69

14 October l1,69

To: Depa.rt-ent of th.e Navy
Naval] Trsirnin 1>evice Center
Orlanlo, Florida 32813

Attention: Hr~. K. W. Peterson, Code 371.
Project 'ýr-inpr
Ar=I Perticipation Grc~up

R e ff-r enze Contract 176l3y9-"'3-C-O178
(Armed Aircraft, ýýa~ification Range
Scoriz;.,; !:brstem study)

Subj'.ct: Third Technical F,ýporting Conferenice, (.:Rc)
23 - 24 September 1~96

1. The third Technical1 P.':portin~g Ccnference for the Ar--ed A~ircraft
C)-alification R~gný Ccorin,3 System Study iwaz con~,-ted at the Ccntra.ztorls
facilit-f at L03 Ar...clfŽ3, California, on 23 24 ScpIt-ý:bcr lcb9. The
follcrdItr.'I personnel w.---re in attendance:

M.r. Paul S. Walk~er Arry Participation Grcu~p, 1TC od 3'1

Mr. X. 'f. Peterson Project Di~ineer, NTDC Code 371

Captain Robert 1. FrzenkLin U. ýS. Axz-,y Arnlor School' 'Wcapons
c. Dept. Fort rmox, Xentucxky

Mr. John P. Ford Booz-Allen Applieýd Research, Los A=Z,-!les

Mr. Wa"e..l Biund--tatter Del Mar Zngpirneerir.g Labs., Los An-,eles

Mr. John M. !?*z=ond Del Mar Fnginecrirng Labs., 143 An.,17ces

Mr. 0. B. LoL-auý;h Del Y/ar Enineering Labs., Lo3 Angeles

2. Attac!-.-ed 93 ZnlosT'-e 1 is tV.e 7-c.. ri Conference Az:da
ci toni'~s w*is'-ch *.rzre dscuzs,ýi. 1:,e inaital :inof t,-e cc-fren:e
cc~~>Iof a ''ý:c b t>'.e C:-.traa:tor of 2. all ~l i:-.xs. Yollt:--

i.-, t~i-3, rioovrcrnzent -.-rescntatIwvi ror/i,-. A and pra-:,lI 7rU cuca'tions
on all data '--7~dzy the da~z~r zir-j the r,'--ort --*-e4 fin-"
portion off the conf2rznce irclu:!ed a revlew of the Gc-:ern.2zent renresentatives'
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C C,ý.

A tt r '. r. K. W. *.nCole 371 131. Cetober ll$'9K

C: o n- a crt~. .! c. t.r,# Contr: (:to---x a ccc -mlcnent , an-,po off
h *:tches to výrio .r, ctu !y ncl)o~1ns and i:~3by tho Contractor

to all1 r '1Stiorngj r'a by the Ccda.a'arcr:'.oztntativ,,s. :t -, I
GOf th-e An~aa e±:~ the ru-rose of the cc'rf:-r~c! and sun.:arize"I all
thet. hfid been eccc'-,A~iz ..2i nrior to the cc-.:-aencemm:t of this reporting
periodI. The prozr..i sc-clu~la vas reviewed en~d rca!zcns ffor a ffo,-r ~~e

sl~aein the ccn..-ict zcnedlule wc-re clisct~zed. It WAs rnuturi11y egreed
bet~c.'en Contractor or. -i v-..n Represe-tativces to suL:ait to t*.ý

Cnrr' _i'ng Off,'icer a ).'!tter rac'lest ffor an c~x-cnzicn off one -:.onth to thie
co:.trn:'t SCYedule. A7!,1rvia Itcan II, 'Accc-mlin .-ncnts D~zrirng thc R.eport
T~ri'y1', -was ivJ1into t~zca sub-iteýnss. 0Zh-it-n "A" concurn'-d
co:-ýnction off T.i.ek 4, "Carlidate Cyztc:m Traclc-Offf .zzi7_-ries"; sulb-item.
"D." conc-rný.-l t>.Žý in'ti'tio', off TazM? 5, "Prepa)ration off the Ulti.rla.ae
'cori n, ýfybtrn Pcrfon--ncc O~xcificat ion", i:~dsb-itcm "C". rý!'rcsented
a su--nnrj off ~rore;eL, to diate on '."Lic Concept Formilir~tion Report", Task 7.

J. Inclu'Žod her.-t" 3 7tclosure 2 is a zt-~ayoff the Contractor's
ucttivitP.i t--iecc-ihnn It wa ccn-li~led that the Ccntac-.

torus ef:*orts cni :.oit -.ed in thc- seorir.: ssyst~n tradle-offf emal'aiysz
vere aer- 'lltable, an ti.At te rsstir.:i c'SIIech off the cit~'en c:r.".Cz'.te

h~r~:: yStC73 :!'Tpronriatu to cz'ri2 fun,,tiona.l rytc re~ ~tS.
The n awmr~lud the. ri<s cord r.eet3 1CS3 than 5Cz<, off the es.-entiaml

C*'ui?'e- -:-ts f'or an Id;2o~i:!ed rrnge scorinj rysteti.

4. A -:rant s--eciffication ffor th'n idealized rrescorirg Syfsten wac pre-

fntion:c s-cz"An: cy~tcm r':uir.-:rents .:-ich vere develc-xt-d
&:r-17: i'.oni. 1 nrAt 2. Co':'..mm.-eat rc- res.-ntatives e:mreosed satinfactic.-

~:t~ t.~ cc ecc.-;:.en, an-i ffor-at of the 0dra:'t s-'cifficaticn, z-etr~
hoa;cver, t!.at a me~r-! ::n cl delin~a tion of rz cl caracteriz.tics 'Le

!r:~2~!. TheC7 .r2:rtor ~~e to lno7cra-, t-e zu-c~r~ r~
"' -: critlq-_: 7,er~ion off th-e ce~e~ .A ee7y of c~ drafft s,ýezi-

fi,?tic:-, 13 at-ac*--:, ý2revith a3 lnclxar T-e :ý7i-ara~tion of a cozz;
elfý:tv:neý:s syis rc-:;ired to cc--nlete Ta-' 5. inC2 ne2ither onera-
tl~cn-al .:,r a-ecIific ~ .- ~sto coz. ýiata 13 available, a co.:t

Sconstr-'c:-~d s-.d n:eent.,: a-. t-ecc It u-.s e_-,e~d that
6::is ro-Žlsctul' b., ui_:c iL the Contractcr'3 ccst *2:'cctiveness e!'ffor-.
'rhi3 =od!I. and othe2r ra~iona~le is provided as -Eclonure 4.

5. 7,-.e Ccntric-or nidtiatcd w-ork on Task 7, (''~Conept For-nulation
P.~ct") ~ re. ~ric~, b t-is covz.ioýyl cannot b-ý ffir..m2lzed

Ui. all al -- y tvz:i are c-=.oletBeI. A co-: off t-'A3 dratt rcort is
t~rr~>~- .eev~h~~z1al i 5 It w-_- :nu,ý .,~l ~r t',-at :-:-C vcald

rnoz ffirrl~in a m"ý'cr.-'4ord" to this report. and ccnseqaently Will be craitted
by, th-e C-.-tractor.
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::al Tr~ii~inx De-.-r-r.' Center

Attn: rr. K. W. ~tr~rCode 371 114 Octc*:.-er l.

6., It 1cai3 rcportcd by the Contiractor that thtu are1 t ~cs =i-ortcd
duringi t'-.e Second Technical flenrtirý, Confe~rence stiU excist, r...!y
la,:, of data for a c'.-.Dlete cost cfl^ec~tivz!ncss efi'crt &n-i 2zcc of cc',.D-lete
infoi~ation frcr3 scorirg !f3tC.Ir7n Eufacturere. It vas ,C-so rennotca b
.h Cactaactor theL a.nrcd:.iratelY 75:' of the stI~c'y eff'ort 6= cl-r;,1te.
Work yet to ll~e acefý::plished incluCes co=21ction o^ Tasks 5, 6l ;,! 7.

7. 'T'hs rcrort is furnished to ccnply with thr, requir':!:o.nt.- r-t forth
in S,:ctic,. "C", 2ti d of the referen~ce eoatract; zubnittal of t~a
reporL satitci~ea co-pleticn of Item 2 of the refertnce cont~act.

DEL lIAR EU1*L' IA OVROIES

R. -r. Denney
Admin~istrative As~lstazm.

Enrlosures: As Noted
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~*~* ~ i., to ~I~ the? triout &-rd

C~.t-C,-~.'-tr t'2~O~~ a! t;.~ c~-~ntidil not. require invcntic-i
er .cI.,;ficc vr_-v'Žs to vcie'.e.

2. r-' -,I Inc~. tsL;:s 3 Z'-i 4~ it wns a~cc taimn.! that ecclh of the

C..-A' rinv* -A Utll ~ iAr:et off t'-e 4 '.ir' i~t n7.ai

of*,rrinzre.J to ead cch z*r~haa -P-1i a:3e; ct... atcdi recur-
r1~ t .v~nc---I o ,"'*aora expenlses.

~ -~e.. .~2r'iproluctivr.n cozt:v for em-..i;'ýte ryt'-n
v _ CJ. to; f)t!.,1 t. t 1nrivt_;uA1 cc'-n3.wj &=');:en ots, a

atar..ard.-'i. zý.ethod of cc~st eztI:-atirZ was u.-cd.

A r.~~eci--~f1iuxv waz d.2riv:!l for e~i.h cc-. !iýate tyz~otl by
4X' 3-s rJ. .J3'': -r, yC "S a ;Oints f,- t.ýe C;hnrncý d!:&ýr
1ir*ý, m-tL ý'ata P7~b1iha there wouU.4 have to be cb-!vclo_,c-d

bycach fnndidAte ;.intem, mazufact'irer.

A d-i-.-!op-ent ,-,.o fn,':trr was then Cenerated by usir.g the ir~verse

el_4-.That,_! on *te t:)-13 040 PXCESSi'.e voect:,iis e-so t-_e.i:' to

Sratio ffictcrs ý.nth n r:'.rzd ~c c-.r of 1.4. to a .Z"of
2.7".

i rie factor- of ?0 is the ratio of ;rz~-_:tion to c,ý,rIeo-%ent cost,

Dzt- i- -!Lc:'svr then estt-.ated aj:

factor.

P-.e:- t!:~ (ý cc -cTe then e3tinated a3:

21)

Tab1! 1 sC-cw3 cozt e5.acndata ;.cnr~ttd d cos!.-. effort.

- .. - . -r~Že.-nocAzed over 20 rjstetns for 1,) ycears for
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Car.,"AIant 3 -:i3~ not incluilci' in'thaa cosjt estir.-;attýdue ,t6 I c, c"; - -

Cerb~tŽs1? ex, 15 %:--r el!-Jri.tted on the banisi that a ture hit
ýPar~el ryt,- wo'ild b'ý z1.h' h dc'ielo,-ment due to the large scoring
areasi,(oNd and rcplactr7ernt coaits.
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?zANT=AD2Vc:,1- 69-c-0178-1

CO=T WORVCI..I-rE

A~.'Y~x:To:1. 1

M L'C.i OrI C SCo0IrG S'-TL-Mj MME1L 800B

FABCOCK ELf: VR~I'0IC S CORPORNMION~.

This Elrhct~rc~c~n-tic I\vl,(,e-Dopplrr ncorin'g Eyzten was desirned primaril.y
foý uai! with ro. ~~t rA. 1-i~ b'ý,-n Prodt-ccd for the U. 3. A=ry and
Jar ~ Atf.7o :: ~~oi~p'in!ciD C3 uced iyj this syte:n could
sati r'yl a nuzbezr oi! the jr~ctionz.1 rceýuir:c.,nto o'1 the A=P.ed Aircraf't
Callloa Lion Rarce Scorin3 Syst,-n, limitations in the fol3Vin- axeac have

ScorinZ- Ridi1ic: Limaited to 50 feet

Accura~cy: Adequate cirnVy with large caliber weapons

Two sq~are- fect rnadra crocs section or more

Calibior/t-y-,e weapon: ',To caPabilitY with 5.56 o.- 7.62=z

Vector: No vector information provided

Dlata Display: No real-time-hit, mihs and vector data
displayed

Malfrnction/floz~ge Alarm: None

Develo-tuer.t Cost Z~tizate $rA S________________
UasdDceo~p.et r~ ________ -Mnh

Ua,ýe Dveo~etTie Mnts Production N/A
~Exeptiona: None

Installation I/A

Note: Eli.-iinated a3 candliate due to lc,-i Annual Maintena--ce X/A

functional ý)-.ornance. Annual Operation 17/A

Slaten life cycle _,/.k years Annual Spares N/A

TABIZ 2
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?iL\TJ/,.:C7* 69-c-0178-1

PZaSO:-,.L TAIRG:-!4 SC02I:G fYMN

BIABCOCK E ECT.110:ICS CCT03AMIC

'This nyrtc i w~hich Ir. tinier -icvelo.ý:-i:r~t for the U. S. Arrj is desilned to
8.,n::c n!L-7'ýs of rroj'2ctilcZ from flczhette to hC--m in size a.nd the point- -

of- ~'ictfor ý -rcnw'es surrcunii4 a p~rsoenne1 tYpe tarzgct. An,31ication
oL tniz n..,stcma to th~e flonctional rcnuilrem',rts of the Ar.-ed Aircraft Qualifi-
ctticu ra Scoring Syetem leaves deficiencies in the folo-r-in~g ecnercal

Scoring Rla(Uum: Limited to 20 metcers

Accuracy: Unstated (developmental syztem-)

Caliber/Type Weapons: Limited to projectiles 5.56 to 4C-=

])eta Diinplzy: NlO real tir-e dizpla~y Of hit-Miai or vector data

Vector: No vector data providcd

Mafncticri/rZa.--.e Ala~rm: Niona

Develc:7--cnt Cost Esti~ate $ T/A ZZ7T L, -7

Elapsed flevelope.-rzt Tinme _____Months

Production X/A
Excm-p)tior,3: :-Onie

-Installation NT/A

Nate: 731.ainated as ca:.-i'date due to low Annual M~Ainter-aince 1q/A

fu-'cticnal ;,ýrcrr-a.-nce anrd la,74 of Annual Operation X/A

con.t 3ac-.4 AaalSres .q/

Syste-. LI-Pe :%rcle "7/A Yea-za

TA-BL2 3 /
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•COST WORN,.,:•,•

t.PF'•AC'I 140, 3

6~ o

IS$ DISTANCE ACCUZTIC D-ZECTO,.

SrE1A MOD-FM MAE 12B

Ti'iS 6cou3tic (nmnlitud-) system -as designed prinarily for use with
c .riai t-Ja ts anl has 'Lceon in use by the French Air Force and Arr7 for
c-,Veral ycarr1. Th! princi,.)les of onoratlon =nd scoring nethois used arc
,d ',ptable to the An::2.d Aircvaft Ounliifcation Range Scortn- ryjstem but in

'~ny re:.rds are not cc:patible with its funct ora.l requirements. The
uljor diversions are as follmos:

Scoring Rate: Not stated

Scoring Phdius: Limited to 4 .5m

Accuracy: ?Tot stated

Cai brer/Type Wr.apon: Used with 50 caliber and 30= only

(-upe.-comic)

Vector: Nto vector information provided

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

Simultaneous MUltiple Type Weapons: Limited to 1 type of weapons

Developnent Cost Estimate $ NT/A -_Tr__T_ s_,

Elapsed Dtevelo!.-ent Time :t!A Months
Production N/A

Excepticns: None Installation 
N/A

Note: Zliminated as camd/'1ate due to low Annual Maintenance N/A

functional p erorn-..ce and la'k of Annual .praticn N/A

cost data. Annual Spares N/A -

Sysetes Life Cycle Y1/A year.

TA:22
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AF77T~ACIT TT. 4

RADARt C-C0RrlG S'eF.4 MODEL RASCCCRE-S

GM=D~S ASCOCL1=31 TIIC.

This clcct*rm.3 netic rccrin.- cyatei i3 dezigned for eir-to-ro'- strt%.f4ir.-
ute. It is ba.-ed 6in the' pulaed d l'r r~Iax princ!i)le, c~t~cint~ce~ity.
"~hen c-pnlicl to ti~ fwnctio.,.Al rcquirc-nent3 Of the Arned Aircraf't C'ualifica-
tiori ?i.inZo Zcorinz C'jatc-a, come ai~nificant diver.-Ions are obse~rvecd and
followv:

Scorirvj Radius: Limited to 20 feet

Calibcr/Type Weapons: 7.62mmn to 40mm only

Zone/Vector: Single Zone/no vector

Vert/N,)riz Plane: Vertical on3y (point weapons)

Ammo Cbý-ractcriatics: inert ohly

Data Trr'ns Ran~e: 1 mile

Dive An~1le: U-iited to betwieen 5* and 15*

Approach~ Azimuth: 15' - 0*- 15*

Vulnerability: Due to buLkc of sensing hard-.ware, down ra~nge -

equIynent m~ust be protected.

YA1Thnctian/L'?-=a.e Ala~rm: None

Develo,7nit Cost -7st!!!Ate a LftXý,r0.00 _____________

Elapsed DerteloX-ent -Tine ! -t 2? Months
Production $;3,0C0.00-

Inta~lltion 3,5C00.00

Syzte= Life Cycle 10 Ye 3r. Annual Maintenance 4I,!00.00

Annual Operation 8,COO.CO

Annual Sare s 57, ý00 .00

TA-13Z t 5
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IAVTRADEVCý2 69-C-0178-1

APP•ACH 1N0. 5

xRADAR SCORIN;G 5T -MOD}L RASCCRE AP.

SANDERS ASSOCIATES INC.

This electronsanetic s:oring system was designed for use with a air-le
•personnn- tyr' t, rt. It is ba~ed on the pulsed doppler ralar p-r'inrciple,'
ar 1 litu!." intvisi~j. This systcm's characteristicn, when applied to the
funetioi.;l requ1rc1:1-,tG of the Arned Aircraft •ialification range Scoring

syntem nre inconsistent in many respects. Major inconsistencies are as
follows:

Scoring Radius: Limited to 4 meters

Caliber/Type Weapons: Limitid to 5.5 6 =. to 50 caliber

Zone A'ector: No vector data provided

Horizontal/Vertical Plane: half hemisphere only each plane

Data Display: No special display for real time readout

Appronch Azimuth: 0 - 180-

Malfunction/Dawaae Alarm: None

MWBF: 100 hours

Developn'ent Coat Estizate $ .T/A ET_ _._ = 3

Elapsed Development Time N/A Months -N
Produc t i3or N/A

Exceptions : None
Installation N/A

Note: Eliminated as candidate due to low Annual Maintenance N/A

functional performance. Annual Operation N/A

System Life Cycle !'/A Years Annual Spares N/A --

TABLE 6
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ApPWic1{ nro. 6

RADAR SCORING SY.'M24, MODZEL RASCORE-M

SANDERS AZSOCIArES, I3l3C.

This electrowagnetic ccoring system vras designed for use in either an
aIr-to---!r or a •r'!-d-to-air an")lieition. It givcs continuous miss
aiLn.?u .cale d:te. t;.- i3 based on L'e pulsed donplcr correlation radar
principle usira p3evdo-randcm coded -haze rcvcrsal rodulation techniques.
Wiurtruy intended uze is with missilez havinrg a reasonable large rader
cross section. The characteristics of this system vhen correlated with
the functional requirements of the Armed Aircraft clualification Range. . . . -

Scoring ýystem reveal1s that some essential qualities are lacking, nam.ely:

ScorinZ Rate: Approximately 860 RPM

Caliber/Type Weapon: Only missiles with 2 square feet radar
reflectivity

Zone/Vector: No zone, no vector data

Mamlfunction/D=.age Al=rn: None .

WITIF: 100 hours

Develo;pnont Cost -3timate N r/A = 1."-'-. : -

Elap•ed Develo:-,-ent Ti-.e _N!A Months
Producticn N/A

Excepticos: None
Installation N/A

Note: Eliminated a3 candidate due to lcev Annual MainterAnce N/A

functional ;-ýrfor-_ance. Annual Opo.ration IT/A

Syate" Life Cycle 17/A Years A.in4al &1 .es N/A

TABLZ 7
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AY-MICACH NO. 7

C 
i --

DEL MAR FN•GrN2-F.'R=D' LAB0RATOrJES

This acoustic (acnplituvde) scoring •-PytEm is in wid.':i use by U. S. •'Navy and
Air Force as an air-to-ground str~efir,-/curzerY trainer. When cc-17,.rirn

the opcrzntlonrl. chiracteristics of this syzctem, to the fu~n.tion-al require-

merits of the Armed Aircraft qualificcoticn Pmange Scoring ;:•tc-.n, the

folloving inadequacies have been noted:

Scoring Rate: Presently 1i-aited to 10,000 RM,.

Scoring Radius: Presently limited to 1r5m

Zone/Vactor: No multiple zore - no vector data

No. of Targets per System: Limited to 1 f/slmultancous...•

scoring ..

Simultaneous Multiple Type Weapons: one calibe.1/type
at a time

HM : 700 hours

Data Recording: No, pro-ision for

DeveloCnent Cost Estimate:- 7 ?- CrAT C cV

CI'T-C C C .,2

Elapsed Develorpnent Time 12 Months ..
Production $6o,250

Exceptions: None ...
Installation 250

t$sten Life C~jcle 10 Years Annual Maintenance 2,4O0

.Annual Operation 8,000

Annual sreares 22,025

TABLE 8
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HIAVTPATI;,;C..C7: 69-C-017P-I

AC,.'IC SCORT' SY.,•P , MODEL fA-3E

DEL MAR E Th1E.f iLA T0RI0 S

Thin fixe" aecuatic (Pnlitude) scorlrz cystem is i•n use at helicopter
trninin., zchool of the U. .. Ar.:Z, for nir-to--rcid rýunnery qualification.
A o f t'.: c:- . :-rac 'i•ics cf this slstera vith the-
fu.ctie.o!-l reruir,-:.e:nts of the Armed Aircraft (rralification Ranre B=orirz -..
A/ctem reveals that it Lvecta all requirements except the following:

Scorii Rate: Up to 6000 R,4

Tran=1is3lon fange: Up to l0,00CM (Wire)

Data Display: No vector

MTBF: 700 hours

Zone/Vector: Partial vector (Combinatio~n of 2 or moresensors) fi
Devrelaprcnt Cost Eati-rate $ 5ý0,000 __.__,__ _-__

.. . apsed Develojrent Tire 12-l/2 Month -
Ecto'on Production $49,CO0

SExcep•tions : None "

Inhtallation 5,750

Annual Maieteiance 2,000

System Life Cycle 1i Tears Annual operation 8,00O

Annual Spares 20,900

TABL7 9
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A~':~a~1.70;. 9

ACCUUTIC SC 0-,a' G VZ ZIU4, MODEL rA-3/A

DEL ?M :0lhHRlGIBCA~lE

This acouztic (~.tL--!e) scoring~ cy:.;tci usrcd by the U. S. Armiy for

14. I.a-3 U~i;X r~: xl or air-to--:round (h~zliccnt~ir) g-urnnery
ecorin-rz. lwhýnc-! Cr7:x.ir.- thd eri, ch Lrcterlzsts of' this system
with ' ' Thcttonal rccmir-aezits of t.no Arred Aircrc~it Cualification
1~iir~e L~ccrlng Sy'zteni, linitations have b:en de fined i.~ the fo r~n
area a

Scoring Rate: 6000 Frx~

Zone & Voctor: ,No vector information data

Sinriltaneous M'±lti-Weapon: One type a:--no at a time

MTBF: 700 hours

Malfurncti~on/zanzae A~la~rm: None

Development Cost EztI7ýite $ ao Coo ___________

Ela~fed Development Time Est. 19 !-'nth&
CProdluction $78,000

Exceptione: None
Installation 250

Arnnual Xaintez'.."ce 2,~4co

System Life Cycle 10 Years Annual Opersticn 8,000

Annual C;&-"s 23,200

TABLE 10
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C0.14 KCI'S~iLIET

ACW=4IC & VIIL2ATIO:i LY:I~sZV;.1! ILA-2

DEL MAR 1"RW I.ATORILS

"'his s".triTrg rsj't'm was dIcogned to collect both hit a~nd miss diatance
data frc-. ~- ltr~.-! trir-eti when fired on with crnall arnz z
7.6-> rvl xFi~.ve rZ-a. t -o Ulct zones miss data when fired on by
~40= grenades.

Scoring R~ate: 12.000 RRI-Hit, 6000 RPI-Xiss, 500 RP.T-Grevinrle

Scorirg Ridius: 0 - 2 motcrs

Caliber/:'ype I.Weapon Small arms & 40:-, Crenade

Treneniacion Thumge: 10,000 feet

Data Display: Computer Inutra

W)3:-': 500 hours

Attack Azimiuth: Hit count ;anel: 0'- 60o

All ot'.±r3: 3060*

Malfu~n~tion/flanage Ai.a-ruj: ,N'ore

Develorent Cost, Zstir-.te N T/A ? V"I"~

Elapsed Levelcr-.er ý; Time N/A Months Prd ci nI/

Exceptions: nione
InstallAtion NI/A

Niote: Eliminiated as candidcate dui to low Ar'.ual Ysintenarce N/A

tu~nctiornal p-!r r-)xra.icc and lack of Ar...-n.al Otleration Nl/A

accurate ccozt infor-:ation. Nnu. ~raf/A

Syste-n Life Cyc,-Ie ',/A Years

TABL? 311
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F.VRD;C._ 69C-17-

'CO Ev C

HIT S-EuSr~rIE PA'.:iL iT o ssrl a.

DZL ?-%R E*.I-I:'-½".LNG I ABOi.A~'C'RT-S

Th1.c hit i-,tnv!l t7,e, scoriig, SySten V_'3 designied pri:t.r-ry for xtzc on
~, r"-'~in bol.h a. staticnaia- and nrobile configiturLtions.

C. ..Z~.:t.iz c.-.ýrzvteristics and cawnbiL-Itics of' thisi -/stcc~i to the
fu,::tic.jJ.) recnuirrc-_nts of the Armed Aircraft Ouialification Rr~nn:e
SCorirn., :ýyatcr, it Is evidr~nt that the following areas are not fulfilled:

Scr Iir3 R~ate: 60 ER4

Scoixin~ Racdius: Dependent on panel size

Zone/vector: Neither is furnished

Data Transmnission: Wire

Data Display: None

Dive -A"31o: 0 - 60*

Appz Ioach Azimuth: ± 60'

MalLnction/Dazn.Se Ala=n: None

Develop-:ent Cost Estintate $N N/A r5T t\T.

Elapsed Developm :ent Time N?/A -Months
Production N/A

Exce-ptions: !"One
Installaticn" /

Note: EllmfrAtel a3 csndi14ate due to low Annual Xminter~arce T/A--

f~unetior..l ;Perfoýý:smce a'4 lack of 'nJ.& sic /

production c:ý:t irn~arrnation * Annual Za-rea I/A

Syrstem -ife C~cle ",/A Years

TAYI2- 12
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- I~AR~flVc:-~ 4O-C-0178-1

APTr;CA'CH NO. 12

IZIT PAZ2L SCO2I,::G SY071i1, MOD;- LT-14

SAAB AXaZLOIAG (M MEN)

Thia hit panel ty-, re coriml nysteta -,as do:.itncd for use by str"¶!r.,
air-eralft duri.r7 !U.~ trainir.Z. A cc'v:.rison cf this cyz-'
characteri~etics w.it2; the ftncticr~al requirements of' the Armad Aircraft
Qualification Ra,ý Lcoring, SE'tem results in the fol~lowing discrtepanciec:.

Scoring IRatc: 9000 R?4

Caliber/.Ype Weapon: 7.62 - 40On

Zone/VI.-tor: To zone, no vector

Scoring Rad~ius: 20 feet

Data TrE.n~nmiS3ion Ran:,e: 1ooC:I (wire)

Data Rlecording: No provisions

Portability: Fixed

Dive An~le: 100 - 0

- Approach AzLmuth: ± 30

Malfurcticn/ZaL-.sge Alarn: 1None

Develo,-2nt Cost. 7tt.77ate $ N/A F ir 'A__'!.

Elaped eveo~nct T-.e N/A Months
ElpedDveomet71n ILProduction X/A

Exceptiens: None
Installaticn IN/A

Note: Eliinirattd as ca~ndil.ate di~e to not
Ar-nual Maintena~nce N/A

Ar-nual C-peraticr, /A
radius r~zr;i,.rcer.ets even with

knnt~al S-pare3 N/A
de~velo-.-rent. ______________

ZY;c. Life Cycle ':A Years

TA.-L" 13
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mw -c 6c-rc-

'CWOW

Y0. 13

Scrig at: p oz 9W M1

Th~ia Siimultneou Miaoring Weyptc:~ Ones desietcd fcr wea~ wit

Scoriz~~a Rae tiP to900e~

lWBF: Not stlated

Malfunction/D-.nnage Alarmr: None

Developt."ýnt C03t ES"IMate 55____ E____________

Ela&psed flevelo:-nent Time Tst. 23 MJontls

~Cepti~r~3: ~OnC - C CCPr~ducticn - -1,0

ThstaJllitibn 250
Annual Maintenance 2, IC

tsatem ~if'e Cy'cle 10 Yea~rs
Annual Operation 82000

*A.n-r-al Spare 9 17,950

TABi- 14
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C I

• L W • DWC-xU 69-c-o17-1 -

COST W~" =

AC(CUMMC (As.cLITUPI ) SCCr, .-m, MODEL AS-100

AERL MC AB (.7.EM-21)

Thi3 aecoJ3tlc (u.-citude) scoring system was deilgr.:d for use with aerial
t-rr-tn. As in all acotiztic (e-n.litulc) ccorinj ryste.s3, a nu-ber of-tn-
rý, 2rCi¶cnrts can be caticficd, but when the cystem's characteristics are
co-.pared to the furctio..al requirements of the A-.:ed Aircraft Qualification
Riane Scoring S'13tem, the following limitations are apparent:

ScorirZ Rate: 2000 RRI

Scoring radius: 2 - 20M

Accuracy: < 90%

Zone/Vcctor: 12 zones - 4 sector under development

Scoring CMarts: Supersonic only (no ME or subsonic)

• •BF: Not stated

Malfunction/Da.mage Alarm: None

17o. of Targets per Syatem: Limited to 1 target per system

Siinultaneous MLltiple Type Weapons: Limited to 1 ty-,, of
weapon

Development Cost Zzt'-nate $ IL2 ,CO F IS TAT:-T!

Elapsed Developr-ent Time Eat. 22 Months
Production $32,250

Exceptio-s: None
Installation 250

Annual xtintena.nce 2,LOO

System Life C*icle 10 Years Annual Cperation 8,C00
Annual Smares 19,225

/

TABSE 15

293

\ " _ _



mman-vaZ 69-c-018-. i

ApP2'MiCU 1-10. 15

ACCU,41VC (AL'v CO11I'U SYS2.M24 140DEL MAE-14.

Thin fixr-d acoiistic rcorir~ sycteri was danigncd for eir-to-i~rrourv Gunnery
scorin.3 U3.113~c thC ezllituJi princip2.i. It has beell useY -by i=..ranch Air
For'ce in terial gt'n.,.r/ tr=rdnin,. 1.;hen c-n~ariing tha chr-rct,-riSt1.iC3 Of
thin- ajcern to the k~uctona~l requiremecnts of theArmed Aircraft. Q.isliI'ica-
tion Ran:ce "corinS Eyat'eu, the following ez~sentiel elementsaxe.,

ScorinZ Rate: 8=0 RFZ4

Scorir.- R.d~ius: 10V4

Zone/vect or: I~o vector data fu~rniched

T~ype/Calibnr: UP to 3-'=

Simultr-naous Ilultiple Type Weapons: Cne caliber at a time

Data Tranzmission: Wire only, no TM

Attack Azimuth: * 20*

Dive hr.Zle: 10 ± 50

Malfnction./Loanae Ala~rm: Nocne

K - flo. of amrsets e)r System: Limited toý 1 ýtartgetrC

'Data ?ccording: No provi~sions

Develot~.ent Cost Eat!z-Ata 830,0r-O l.'%T-3

Elan~sed Develoment. Time E!st. !3 Months
Production $56,500

Exception.i! Nonle
Installation 5,750

Arnnual Maintena~nce 2,4+00

Annuja Otemtilof 8,000
Syatem Life Cycle 10 Years

Annual Spares 21,650

TA-T-7- 1
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xAV='RADc-n 69.-c-0178-1

BIT SIMzr SCOR.I:;G T.iT1 Y.OD:-L VTS-Pr3.-1

JCO.XELL c:-~iATM~ES IN;C.

This fix.- hit scorl-v syttem vas deoignetd to be u',ed in trainirl tr.-nk
te~:~ cihniques for the U. S. Arry~. whecn compr.r.r,, the char:ýc =iTsties

n. ...i t r i to thi functional requireme.nts of the Artcd Aircroa't (ruc3i-
fication Ran.ý;* SaorirZ Zrstem, the folov(rir.Z limitations are a;-arent:

Scoring~ Rate: 10,000 flPAf

Scorin3 Radius: Limited to panel size

Zone/V'!cc.or: None provided

Data Tr---nmission: 149/150 M~iz TM

Disp1l.y: No vcctor or mniss

Mlf~unction/Da~age Alarm: rone

Miss flata: N~one-

Deve'lopcent Cost st---*.:ate IN/A ___S______________

Elapsed fle'elc~nent Time N/A Months ~uto NA

~Exeptions: None ~s~~to /

Rote: Eliminated a3 cardidate due to not Annual !4aintenance N/A

beir.A cap~able of n-ecting ecorirg Annujal Cperation N/A

radius requirements even vith Annua~1 :aýwes N/A '

develeX~ent.

System Life Cycle N/A Years/

VAB: 17
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