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Block 20 (cont'd)

.direction computer systems which can . :, .. ,- ean

artillery battery's combat effectiver-ss. An a"; .:a , of

Multi-Attribute Utility Theory is use! L:: 2eer'- :. ,ngla

measure of effectiveness.

As a result of the analysis, the at'tbcr rec:.,r. the

procurement of the Magnavox Artillery Compurer 5ystem ACS)

The author further recommends that the AG' be adapte .:-,)r use

as a battalion level fire direction syc'e on a;, _ ba is

until the introduction of MIFASS. Additi: .nally, a of

recommendations which are representative of the tra: ac.ion

needed to assist in the resolution of the Mar.-e arc',ry

fire direction problem are provided..,-.
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A BS TP ACT

"t'he artillery fire direction sysztems currently used by

th:-T U.S. Marine Corps arc- inadequate to meet '-he demands of

-oday's hattlefield. The lack of a modern acrti4llery firs

2(:.at~ot ccmputer system deqrades the Marine Corps overall

combtat effectiveness.

'his thesis presents a cost effectiveness an~alysis of

rcl;: fire direction computer systems which can signifcantly

en.arnce an artillery battery's combaA. effectiveness. An,

arp 1cat on of Multi-Attribute Utili-ty Theory is used to

determinfe a single measure of affezti-veness.

As a result of the analysis, the author recommends the

Df-c-,rement of the Magna vox Artillery Computer System (ACS).

Th; autic r further recommends that the ACS be adap-sd for

u~ze as a battalio*n level tiedirectio:n system on. an in-e:~.m

b- zl un-;i-l the introduction or MIFASS. Additionally, a

nuimter of* recommendations which ars representative of I-he

cypeo of actio nedd oasit a the resolutio. of thes

Maz:ire aztillery fire dirszticr- problem are provided.
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I.INTRODUCTr:M

A. BACKGROUND

Current-ly a M-a-.ine Artillery Battalion/Battery has three

met-hods for comp uting firingq data: lanual procedTres, Field1

At_Illery Digit_ -alI Automatic zonputsr (FADAC) , and

P:oqrammable; Hand-gield Calzulator (PHHC). M .rine artillerv

does rct have a "standard" primary method for determining

firing data. The four artillery Reg-iments emphasize aiffer-

ent methcds.

Marual procedur-es cannot provide the responsive, accu-

rate and effsctive artillery fire support that is needed on

t6oday's ba-tlefid ed. The FADAC is at the end of its service

i-e rtc Contri*buticn to c-mbat affectiveness has been

degr:aded by ccn-inual maintenance problems. r~he PHHC has

very I Imi-'t = c epa b -4it Is s. It cannot meet the m -ssion

processirq demands of extended combat operations.

S in ce 1,96 7 .Ie Marine? Corps has been involved in ths

deveopmEn-, of -.hp Marinre Inzagratei Fir=e and A--' Support

System (MIFASS) . NIFASS is dsigne~cd to meet the- requirements

of battalion and higher headquarters. In t-he mid 1970's the

Marinre Corps r-ealized that a requiresmert existed f1o r a

bat te ry le vel fir_-e direztion computer sysnem to supoor,

autonomous battery operations. The Ia:'ne Corps par-iciAteI



With the Army in the development of the Battery Comvut1er

System (BCS). In 1979 ths Marine Corzps decidei to with draw

from the BCS progr-am. The Marine Coprs initiated a search

frits own battery level frdicton computer sysnem.

The Army will- commence fieldirng the B:S in second quarter FY

1983. The Marine9 Corps will conduct an operational --es-, of

Ithe Art.illery Computer System (ACS) at Camp Lejeune, North

Carolina in January 1983. T"he &C3 is be.ing developed by

Magnavox. American and foreign firms are actively markeig

a number of fir=e direction computer systems. T!hese systems

are in various st~ages of Iaesign/development.

A rtill_1e r y :sthe la=rine Ai -r Ground Task Force

Commandir's primary all-weather fire support assst. The lack

of a modern a rtilery battalion/battery fire direction

computer system degrades the Marine Corps overall combat

effectiveness. The current fire di4rection sys--=ms are m-ade-

quate to meet the demands of today's battlefield. MIFASS is

am leasz five years over t-he horizon. The Marine Corps faces

a c:z.:~cal window of vulnerabilit-%y at the ar t Illery bata-

li-on I=vel un til. MIFASS or a lerivative of MIFASS iS

fielded. However, MIFASS will not resolve the fire direction

problem at the battery level.

In April 1982, T2he !jsRrt of the MIfASS Pr ogram Review

stated that the fi-re direztion problem Is espscially

c .-~cal at the battery level arnd needs to be expeditul

resolved. The artill'ery battery nses an automated computa-

tioalcapability to support auitono)mous operati rs.
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B. OBJECTIVE ANr SCOPE

The objective of this thesis is to dt z m n w'-

battery level fire dire--cti-on compater svs-esr -h-EM- In

Corps should procure. This thesis assumes -ha-- MIFASS cs:

der iv ati 4ve of HIFASS i-s the long range so.az:orcr 7h rr

art il lery batt-6alion firze lirect -Jon problem.

This thasis assess the current StI:a-US Cc~ f 4re A -* z=C

In Marine artillery units -and provilas a cos: fc i

analysis of four proposed battery level sirz j - ect~o

computcar systems. Active and Reserve Marine artille:-vr.:

are addressed ir this thesis. It was brzycrd the scoj T;- o f

this thr-s-'s to evaluata all1 the carrent-vN availabl>Zf

directw.cn ccmputc-r systems. PrelimiLnary analysiis was us, ti

narrcw the list of Possible alterriatives tc the p r -'m P.

can di-dates for r-eplacing the current Mar--ne? C 0: 'CL:

dir-ectiocn systems. It shoald be no-ted that a number cf -e

fire direction ccmpu-:er syst-ems exist.

Life cycle ccst data have been. estimated fcr or~y src o

the alt--ernal-ives considerel1 in this thesis. t r was bpvonP2

the capabilities of this author ta develop accurate~

mates of life cycle cost for the other three alternatives

-the Short time span available for the p~eparar-on of this

thesis. It is recognized that life cycle cost data provide

the best measure of system cost for a cos- effectiveness

ana-y s-s. Since these data wpre neither avai-lable nor could

they be accurately es--iaatsd, procurement cost was used as a

proxy to, measure the system cost.



It -s intend.d -- a "Is :~iesis wIll provide the gensral

backgrour.d and anallvs:s f~r ~-cs~.makers who have not

been directly ivolved in IH- 2-evelopment of the vaz~ous

fire direction systems. rhe an~alysis provides step by szep

procedures, so that the eoonmaker can ~a rut nesw d at a

a r q uiJc kl1y r ev a ua t the a'In a iv S:. It Is irnterded that

this th.esis will assi6st . x ~p io u s rr-s olaut -- of r-he

fire dir-ecti-on probesm at the a'leybattery level.

C. METHODOLOGY

In crder to factually de-ermi4ne the current status of

fir-e direction -r La=~n a7:till-'ry iunits, questionrna-fres

were sert tc all marine rtle c~mmandsrs in the curr n.

force structure (active aridI -ese:ve). Extensive research of

exsrg documentation was cond9uc:, in order- to provi'de i

histori-cal perspect-ive :)r. devil:) bpment of fire direct-fol

syst.ems. This aut hor v s:e :h manufacturers of the four

alternat ves that th s -n: c on si~s aaan fra

t:fon were collected througih nume:ous personal11 intervi-ews of

manufacturers' rrzpzesrzn+ta:;ves, avtillerycommanders, an!

officers and non-commissi-ond cfficers in-volved i-n -:h3

development of fiJre direction =omputar Systems. Addi-i'--o na.

data were derived from aersonal o-bserva--or of the four

alternative systems and fr-om an an-alysis of thezir technical

descriptions.

15



D. EV 4ARY OF CHAPTERS

The second chapter of this thesis provides an z-v=rvew

of t~ mss:.n ad oraniAticn of Marine artillery, a brief

discussion of the fundamentals of gunnery and ar. explanation

o f tac-ica. and technical fire Ii r 9ct io n. Chapter III

rev 4e WE thpe development of firs lire7:cti-or systems. it

pr-)v .-l, es the histori-cal perspec-tive for the problem that

hIi s thesis addresses. Chapter IV presents the current

status of fire direction in Mar- ta artillr units-. T

prssernts seTparatqly the responses to the questionnaire-s fron

thea d if f:eren t levels of zommand, i.nd then summarizes thei

~nD u f:-om all levels of :ommand to Drovide a general view

cf t he ctatlis quc. Chapter V provides the technical d-escrip-

t i )n s of -he four altearZn at iv e s. Each alternative JLs

01iscusi s-.r)ar ate 1y, ani then th-z iiajor charazteristics of

all the a!lt:-rnati*ves are summarized --n one table. Chapter VT

prov des the cost -effectiveness analysis c'f -the four alter-

rna t ves. A b en.e fit -cost approach is ussd to determine ths

optimal solution. Chapter VII pro)v-'Ies the conclusions of

thi;s tlhesis and offers r ecommerlatior s derived from the

aral:ysi S.
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,J

I.AN OVERVIEW OF MARINE ARTILLERY

A. INTRODUCTION

Today's battlefield is charactea-rized by the appli-catior.

of advanced 'echnology, m)b-ili-.:y of mianeuver unri-ts cver wi!:

frontages, employment of massed E1irepower and increasze!

lethalit-y. Recent battlefie--d experie nce in +-he Falklands

and the Middle East has on~e again demonstrated the value nl

the combined arms team. The rapid movem~ent of maneuver un:s

c_1,:sely supported by air, a rtillery and naval gunfire ha-

proved to be the decisive factor.

The realizations that_ close air support aircraft ar2

:nareasirngly vulnerable to ftontli 1 = air defenses and tha-

cur r e n naval gunfire support assets are i.nadequate ha v

generated a renewed recognit-Jor of the -Lmportance o f f _

arti;.llery. 21ari-re artillery unitzs provide around-the-clock,

quick reaction, all weather fire support fcr maneuver unitz.

The ability to quickly mass artillery firapower a t ih

critical point i;S essential for success on the battlefiel.

Fire directi-on iLs the employment of artil1lery fire:powe r. I

consists of both tacticil an-1 t1echnizal fi-re direction. T h,:

fiedreto cne (D)is the element of the Gunnery

Team witlh which the commander dirercts ths appl-catior of

firepower. This chapter will proviie: an over-view of ths

17



mi.ss ior and organization of :a :n ar:i.2~" a b: 'af

discussion of the fundamentals of gurnnury an ra xplar-Jon

of tactical and technical A'ir--e di e c:ot

B. MISSION

F le' l arine Force M anua 1 7-4 (F'MF ' ) il

guidance fo: 4arine artillery. I,- ~d:'s -he mission,

organization and concept :)f emplymasn- fo:- ariery units.

Marin~e &=-tiil'ry has the followtLng *7eral m usslons in

sup po rt of amphibious assault and subsequert operations

ashore:

1. ?:cv-,4ing firp in support :-_ maneuver act_,ons and as

par'- of '-he overall tire support effort -.-) include:

a. Provid -n4 close a nd ccr --, :u f ire sapport to l
e Ien- s of: landi-ng fo~cz- by I es t --oyi riq nsutral-
izinc or suoorqssinq h,-,s e nargqens whijch
const-itute a threat to thz_ supported a~it.

b. corducdting counterfira prtor is enemy
indre firea systems -dcrac to atchieve an I

mainta=in -re stiper_-o=r_:y Dve.- these systems.

C. Giving depth to =ombd*t by ittack-'ng enemy's
reserves, res:: cin g movement, p=:1vidinrg long
range support --or reconnaissance 1_%1zmsts, and
lisrupting thez enemyls commiand and cnrlstruc-
ture and logistir=s system.

2. Providing fire suppo)rt planning and coordinati1on rs-

sources and facilities -,o all lavels of command.



C. ORGANI"AT 10N

1. Current rait.

The organiza-iona1 structure of Marine artillery has

three levels of command: regiment, bat16talion and battery.

The str:uct4ure o " a Marine divi-sion provides an artillery

regiment as its pr-ncipal source 'Df fire support. UThe

artillery regiment i~i orqarnized alministratively to support

the opera::-ons of the. livision with components capable of

supporting ir.f anir Y regi.ments aid their battalion~s."

(Ref. 1: p. 1-4]1 The artil lery regiment consi-st-s of a head-

quarters element (Readguarters B ate!=-r y) an d a s p,?c als

number of battalions. Each ba tt1-ali--on corsi-sts of a

Headquarters Battery and a specified number of firing

batteries.

The Unit-ed Otates Marine Zo~ps has thrse aclivs

artillery regime fts and ore reserve artillery regiment. Th _

adm-inis ;ati ve organization of artillery units -s st ab-

lished :n the appropriate Table of Organization (T/0).

Appendix B graphically presents the current oraani-za::--on of

the f our artillry regiments. Ec rilr eieti

organized differently.

These differences in structure originated In the

reorganizations of marine artillery following the drawlown

o-focs at hq conclusi on of the war in Vietnam. T h

active focrce structure of larine artillery was significan.tly



reduced in the years following Vietnam. The current organi-

zation of Marine artillery evolved from the allocation of

active artillery units to support the primary mission of

each Marine division. The artill=ry regiments were struc-

tured to counter the particular threat that each Marine

division faced. The introduc-ion of the M198 (a 155mm Towed

Howitzer) and the phasing ou- of the M107 (a 175mm Self

P:opelled Gun) has create.d additional differences in .h
o-g ar izat ion.

2. The FY 1987 Proiscted Force Structure

Marie artillery is in the midst of a large scale

r-organization. "The reorganization will evolve ever a

period cf years with a projected rompletion date of -he end

of FY 1987" tRef. 2: p. 11]. 1 hen this recrganization is

completed all fcur artill ry regiments will have the same

basic organization. Figur= 2.1 depicts the FY 1987 projected

force structure of the three active artillery regiments.

This thesis will address the FY 1987 projected force struc-

ture. The evolutionary steps to reach this struc-ure will

not be addressed. Each active artillery regiment will

consist of a Headquarters Battery, Target Acquisition

Battery, and five artillery battalioas (three lirect support

battalions and two general support battalions).

Control cf artillary in combat is exercised no- cnly

through the organizational command relationshios, bu- also
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through the assignmzrt .ifa m:;sion. A tac-ical

mission descri-bes I, letail t~f:support responsb~-

tie,-s assignqed to an ar~.Lr n~ The~ tactical mission

prescribes the fire suippoct: "asks oI -.he unit, outl*ies -he

respons iiliies of the artillery :cmand-er, ani establishes

the fire request charnel-s. Tnr, izn for combat opera-

tors an artillery bat-alior, is mtsq ned one of t.cru

standard tactical mi-Lssi-'o n s d ir e c Supncrt, reinforcing,

general support or general support-:?r f o::ci ng. (Ref. 3: p.

B-61

Ar. artillery batt alion asF .gnel the mission of

dire-ct support is rpsponsibl= tor pro:viding fire support for

an infantry reg iment.-

The m_'slon cf direct- support 7aquires the ar-tillery unit
to assign frad berrso, and establish close

liaison with, the support-d -.t rd -:o plan and deliver
Zires i-'n direct re3sponse .6o the nr.=eds of that supported

anit (Ref. 2: p. 50).

An artillery b at t a Lo n ass i gne I the mission o I

general support is resipoas:ibl fonr pro vidiLng fire support"

for the force as a whole. Thef:soa nrasupt

urnit- are- controlled by thB rext hig h ar-tillary headquar-

tt-rs. General suppor-t battalions orovi!de the focce commander

wi*h an immadiately available sourzz o)f firepower with which

to influence the course of battle

The 1st, 2d, aatl 3d Battalions of each artillery

re-giment: have been confIgured to m=e-: the rsquirsmsnts of

the direct support misslon.. The: U :h and 5th Battalions havs
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nee con .f gu re ( t o mee t t he requirements of the eea

sup por, r e :inforcing, i nd general support-re-irfcrcicng

mis sions. mar '.ne artillery ba+-talions are identified as

either dietsupport or general support battalions.

Current]. y, except f4or th;e 10th Mari-es, a d irect

support hat-tal-fcn consists of a Headguarters Batte- ry and

fo.Uf '-'q batteries. (Sea Appendi-x B.) Three of the frJ~na

batteries ar e =-quiJp pe d wit--h the "q1 ,1 A 1 (a 105mm Towed

Howitzer) . 7he fourth battery is equ-*pned with the M1114A2 (:a

155mm Tcw'?d How itzer) . All of t-he batterie-s have six howit-

zers. Therefore a batzaiicn has a total of t'-went-y-four

howite (18 11101Als and 6 M114A2s).

rhe projected forze str-ucturea changes the composi.-

tion o f the- dire--ct support battalionrs. (See Figure 2. 1.)

Each d :ect support battalion wil6 oss of a Headquarters

Ba t ts zy a nd thr ee firm;n batteries. Each firin-g battery wil

bes equi;p e d wi h e ight h o wi z er s. Tn t he artiler ym a ns

vsrrnacular t:his is referred to as t-hze "3 X 8"1 concept. The

"13 X 81" st ru cture9 only applies to the direct support

battaliors.

T wo o f the three direct support battalions in each

regi'men-- w'11 be equippal with M18s. The third direct

support battalion in t he- 10th and 11th .Mar-nes wJll be

equipped with M114A2s. The third di;rect support battalion in

the 12th Marlnes will be aguipped with P1101Als. As a result

of the introduction of the M198 and the rsorgar.iza-ticn of
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artiery assets, the 155mm will1 rsplace the 105mm a

"standard caliber" for dfirect support battalions.

The pro jected force st-ructure also changes -he

composit~cn of the general support artillery battalions.

(S-99 Figure 2.1.) The 4th BattaliJon in each regiment will be

a towed general suppcrt battali4on. I t will consist of a

Headquarters Batt -ery and three fi-rin batteriss. Each firing

battery will be equipped *dith si-x 3198s. The 5th Bat:talion

in each regim~ent w-ll be a self propelled batt:alion. I-- will

consist of a Healquarters Battery and -five firing batteries.

Three of the f irin g ba tt aries will be equipped with si-.x

M109A3s (a 155mm Self PropeilIed Howitzer). The two remaini~rq

firing batteries wil11 be-: equipped with six L1110A2s (an 8

inch Self Propelled Howitzer).

3. :rmpact of teReorgani-zat--*n

The reorganization of Marins- awtillery wi-ll have a

trmnosimpact on fire support. The adoption of the

155mm as the standard cal iber will! Droduce a sigifi"cant

increase in overall fire power. The 155mm has a more exten-

sive ammunition mix than the 135mm. Included in this mix ar,?

dual pu~posr- improved corven'tional matnitions (DICI) and the

family of scatterable mines (FASCAMI . FkSCAM pro,.j-ct-le-s ar=

of two types: the area denial artillery munitifon (ADAVI) and

tlia remotely activated antitank mine (RAAM) . These types of

muntniors were not developed for the 105mm howitzer. Ths
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employment of DPICM and FASCA M wi 'a:a-zicail.L --as-

the lethality of Marine artillery or I, - batt1ef4 ig.

However, this more extens*ve a ini n tx 4il!

significantly increase the computat e-.anal rset'. of the

artillery battery fire direction ceat-rs. Th.= o.tat.ons

needed tc determine firing data for t!_se new t :,fyn mutni-

tiors are complica-ted. Generally spzwaking, th . sl:xior of

the gurnery problem for the 155mm is more ccmplex -han the

105mm. The 155mmm has two basic typ:= of propei.nt ard a

larger selection or projectiles and fuzes to chose -fom. The

155mm has a greater range capabiiity. Small errors in ccpu-

tation are magnified as the range " a

The complexity of the firs .ontrcl o c;-dures for

the employment of the new family of munitions, acainst thi

highly mcbile targets on today's battlefield, ":equ=rcs av-c

mated assistance in crder to provil_ fire support that iS

responsive and accurate. The fire con-rol p-cI lem is

qreates- at 6he battery lave_ and should be z-- l'e.-as soon

as possible. [Ref. 4: p. iv]

The introduction of the "3 X 9" concep" in the

di-ect support artillery battalios e.-zates nany addicnal

problems. A partial list of these problems includes: devel-

opment of a new organiza-iona! structure for the ba'-ery,

adoption of new Tables of Organiza.rion to support this

structure, changes in f'e-i a-til!_-y doctrire and concept

or emplcymen-, and the adootion of firem- dirc-:ion prcCedur-es

S.
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which w -: zupi =m e r :i s t r uct ur. Any one of these Pr-cb-

V I --l ms c ou9 b~ a. s i 1,ec t :,f a separatec thesis. This t-hesis

addresses the FEY 1987 projr-ctel forza structure daeoic-d in

Figure 2. 1. It4 will c~al ly cza sider the impact ofth

"13 X 8"1 conc ept In t he s ele:,-ti4on of a rew battery level

compute:: system.

D . FUNDAM!ENTALS OF GUNNr-.'

1 -he -=ver Proble,~

Fiell artillery w.aapcr systemis can. engage targets at

extended ranges. OCrma, :hey are emplaced 4n de'i'ads

positi;ons -.c provide corc-ialme.nt ff:I~ enemy target acquis-

tior syst-ems and prot-ct ri f r.)m enemy direct fire weapons.

Their position o n s~ ba 1 ef =ld usu all1y precla s si ch---.in-

the weapcns at:c~ -i an e t irget ( d iect f:ire). F o : -he

vas-, majcr-ity of ta -qe -:z inrd-rect Eire must be emolcysd.

"T he- cunr ra- ;ro~e bll~ s t~determin? ai'ming and ammunition

dat a that snsurss time'l.y, ;acc-uratez arzd effective indirectHfi-rs. 1[Reef. 5: p. 1-2]rThe sol-uti--o-n of te gunnery problem pr-ovid=S weap--on.

and ammunition sightinrgs that cause a projectile to bur-st on

t argaet or a t a predetermin~ed height of burst above thl

tarqet. Thsro are four basic steps involved in the soluti-on

of the gunnery p~oblem:

1. Krcow the lrcatio n of -the weap-i and determine the
lccation of the target.
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b.De ter mina tion of c har t dat a (dr0tin range, tn~d
vertical interval from weapon to the targe-t).

c. Conversion of chart data tofrn. aa.Fra6t
includes: fuze setting, deflection and quadrart.

d. Application of the fi=rg data to the weaponr Ar~
ammunition.

St-andardization of gunnery techniques is accompli-shel
utiflizing appropriate U.S. Arp~y Field Manuals of ths fi=eli
ar-tillery series (F1 6-) . Th-ase nan'.als a==- approvsd for
use by Mar-ine Corps artille:y units an d are applicable
wih only m 11r.cr mo diJf i at Iorns naeressary as a result of
dif ferences in organization. and eguipment. [Ref. 1: P.
3-2]

The oluion of the gunner y problem is achievel through ths

coordinated efforts of the field artillery Gunnery Tseam.

2. The Field Artillery Gurnery rzan

17h e field artiller y Gunnery Tsam con~sist=-s of th'i

Thrward observer (FO) , :h-3 fire dirc'tion cent-,er (FDC) and

the firing ba4 ery li n k-3 by an iJ~equats co am ur-ica- -o ns

rnetwcrk. Field art--ilery doc-rine rsqu-ies tht he elements

oft the Gunnery Team operate with aL sense of argency and

continually strive to minimize the tota! ieneddt

execute an effective fire mi ssi'on.. (Ref. 6: p. 1-21

Responsive fire support is critical on today's battlefiseld.

a. Forward Observe:r

The Forward observer is the= eyes of an indirect

fire system. He detects and locate=s suitable targe:ts for

idirectc fire systems within his zcinc of observati-on. To

engage a 4-arget, he transmits a Ca:1-For-7Fire to the FDC and
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* ~ ~ h -nncsary adjusts the fires onto t-he target. P

responsible for providin uvilac aao

delivered in his zone of ob servat Ion.

b . Fire Direction :enter

The artillery FDC Is that elemert of the ar-ille-, :cmmand
c st (C P) -that consists of operati-ons, inei~eand

the necessary communi cati-ons perso)nnel and eguiren by
which the artillery =ommander 14i-e c ts a r 41' z:v firez
r Ref. 1: p. 3-5].

*The FDC utilizes inrfcrma4--orL contaired in the F 01

Call-For-Fire to determine fi-ring lita. The FDC -rno:
* ~the firing lata inthe fOC3m of fie:omnd4oth-Zwte

sections. "The FDC srves as the brain of the :l v

System.,, [Ref. 5: p. 1-3]

c. Fi*ring Battery

The firing battery consists of a firini bat-ery

headauarte-zs ard the hiowi-tzer- sections. In the c-,nt=xt ~f

th uneyteam, the te-m firing batery refers -c h

*howitzer sec4.-ons. They apply the f 4r4 nc data o i

weapons, load t he s peci fied am muniti-on. and fi-re t he wi-apon.

"The firing battery serves as the brawn of -1hs -'r

system." (Ref. 5: p. 1-3]

E. FIBE DIRECTICN

'ir dir-ecti'on is the employment of artillery firepower

on the ba-ttlefifeld. It involves the appiication, control and

ccirdinaticn of art illery f ire support.
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The objectives of firie dir:ectcon are to provids C-r---
n uo us, accurate and a s Pon si-v fir-. support undzer all1
conditions, to maintai fLsxibillin ?cngacre all types of
targets over wide fro,-ta gc- , to mass th'. fires of all
-available units quickly, ana ?o ngage a number a nd
variety of targets simu'ltaneously 'R--f. 5: F.. 2-1].

Fie direction consists of t6wi distinct subslements;

tactical fire direction aal techni4cal A-r*dr-C-ior. F%1FM

7-4 and the U.S. Army Feld ManuaI (FM) 6-40, F ielI

A=t --e.y all Unne r, both iidefi-ne f- :e I zsc tion and its

subelemFents in essentially the same ma'sr. FY~ 5-40 (p. 2-11

defines the two as follows:

Tacti-cal fire direction is ths :rommand of one or mori
un 'Its in :he sslec-lon of taras-rs 'Co atntack, the choice of
the urm~ft or units to fireB, and tha allocatioa of the most
suitable ammunition for each missi-n.

*Technical fire direction is the :onve:sion of calls for
*fire from the observer .n--o ::ecommands to the cannon

s ectJ.ors.

Since this thes s is 7.cncernsd wit.i svaluating computer

systems which wi2.-* snhan~a technica. frFe direction at- the

battery :evel, understaidi.;±q --h.: difernce between tactical

and techrical fi:e direction is c~'. The za_-n differ-

enze is, "t+hat tactical f Ire dir sC-or. involves command,

whereas technical fir e 1. :e ction -. concerned only w it h

execution". [Ref. 7: p. 59] Technica. -i:s dirzctior is rhs

* computational process whi--h determines fiigdata.

Tactical fire direction i-s exercised by FDC's a- all

Kechelorns of command. It i-s thse only type of fire dIr-ction

exeircise - by t!'e artillery regiment'S FDC. Technical fr
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zrcti'on ts exerc-1sed by those FDC's which dirzctly Cor-:ol

firi.ng units; t'-at Is, battalion and battery FD--s. [Ref. 1:

p. 3-31

1. Ccn-::-o of Fire D'irecti on

The ron:rol of f ice direction may be czrtralized o:

-.1e e rr a iz;d Current 1.oc-:4ne emohasizes t--1 centraliza-

t -;on Of '-acical fire di-rect;-'-on at the ba-.I-aion FDC In

order to prcv.Je a rapid means for iiassiLnq fires, and the

dscentra2.izalior of technical fi're 5irscmion to) the bat-tery

F Ds. Th - c!=ntrali zatio)n/dIecent::a' iz a 1i4on of technica. ir

d:rec:cr has been a very conrtroversia.isu among Mari'n=

arzt c-::c y-.,e T.

T he --, was a large inconsistency rsgaMdi-na th e

cenraizcn/ecrtaliatcnof techn~cal fir e d; -ac:6 on

be'twesn FM.FM 7-4 an~d FM 5-40 which fueled the controversy.

The currnt ~IM7-4 (dated 1991) zliminated a large part of

the inc oinsster.c -y. Both manuals e-mphasi-ze that the decen-

n .al za- ,on of -:echnical f ire dir4ction_ is 'he preferred

met hod. 717M 7-4 states tha t,

the commanidinq officer designat-es the echelon which will
ixerci.se primary techni-cal firze direction respcnsibilty.
In this regard, decentrilized -:schnical fire lirecticn at-
the battery level is are e because it 4s more rsson-
sie (Em;phas is added is mi-ne.)

The control cf tehr i*;al fifredicio. (etrl

ized/decentral z ed) has a lar*:ge iPa c on -he design

requirements for a fire direction zo~iputer. Alt-hough cu==rren
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dcctrine emphasizes decen tralizat!3 . of technical =ie

directior., it gives the zommander the opticn of centralized

technical fire direction at the battalion FDC, if the situa-

tion dictates. According to doctrine, a battery FDC 4S

responsible for exercising decentralized technical fire

direction. The battery must have the capability to determin =

firing data for its hcwitzer sections. A ba-tery FDC is not

responsible for the ccncept of centralized technical fire
direction. The r,-sponsibili ty for zaaltralized technical fire

direction clearly lies with the battalion FDC. The dasign

requirements for a new battery fire dirsct " or. compu-er

should be based on current doctrine. The firing battery

needs a fire direction compu-er which computes firing data

for its howitzer sections. A fire 1ir ection computer which

has the additional capability of c9a 1traized technical fir

direction is In reality a batt aion fir: direction computesr.

This chapter has provided a genaral overvi-w of

Marine artillery. It has discussed the mission and oraani-

zaticn of Marine artillery, the fundamentals of guntr::y and

" fire direction. The next chapter traces the development of

fire direction systems.
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III. DEVELOPMENT OF FIRE DIRECUION systEms

A. INTRODUCTION

in Chapter Two, technical fire lirescticn was d ~as

the ccnversion of Calls- For-F ir_- from the_ obsl:rvez: fnt~

firing data which is tcarsamitted t:> th-s howltzer c:-:s.

Currently a Marine artillery batz:alior./batte.-y has ~e

methods f'or computinrg firing data: la:.ual proce.1Au r e s, K

7 ~Artillery Dicital Aut)m atiz4c ComPuter (FADAC) an

Programmable Hard-FHeld Calculator (?!iTiC) . Ajdit_.n Y,

sce1q67 the Marine Co)rps hasbe ivoedi..h rl

opment of the Mar*.e Integr ated Fir~ and Air 3Sippo-t ztem

(%-qIFASS) . IFASS is dc si2d for battlcsa- ~ge

quarters. 1- wil perform t actical and t echni ca 1i e --:ec-

t.Lon -for arl-illery units.

_n 1980 Up he UntdSta4tes Army bzgan ~iA~qa -. .;-ical

Fi-re DIrec-lion System (rACFIRE). Th -4. s vstm w an. Uiso

designed for battalions and hi-gher hu::. Due tc, 1tha

on-going development of Al FASS, :-hz Mazire Zorpos a_: not

4 procure TACFIRE.

The Army and the Marina Corps recognized the requirement

for a rew battery level fire direo:tion computer -,c replacce

FADAC. ':hey Jointly pursiaed zhe dvalopmen-, sf the Ba+4 :.ry

CQpnpu+-er Syst:em (BCS) . In 1979 th~ arz Corps decid~sd ac-



to procure ".1e ~(.The Coros intiatd a ssarch- for

its wr ba---e:y level fir- diLrect-:on computer. The Army

wilbgn iligthe S rn the second quarter of FY

1983. The Malrine Corps has scheduled an operational test

for the Artillary Computer Sypstei (A:S) f.or Janriary 1983.

This chapt=r will rev i: w Le iavelopment of fire-c airec-

0 - S sse ms.--: provides 7_11 :-ismorlcal perspective for ths

problem that the thesi.S aiir' --ses.

B. MANTUAL FIRE DIRECTION S' S2IE

The man~ual fire diro 'on sys-en has evolved from ths

systems used in World War 11, Korea± and Vietnam. The Manual

system uses graphical _=q ii pmEn-t : o determin4 in data.

Alt-hough this equi pment h a 'ee n ,nT)rovsd over the pas-

-c~ yas, it re-3A rr,, i2uch of its or-'giaal form. Thm

graphIca.1 equi p mcnt c:)ns. Ss Sof a firing char--, rangea

def lecti-on pro--r=act or (i.D?~ 4raphical firing tables (GFTs,

basically a slid rule) an, tab ular: firin -g tables (TFTs).

A bri-ef discussior cf Ths manual procedures used In a

battery FDC is provided. -Vier.a Call-For-Fire is received by

the FDC, the 'target locat:on 's mnanually plotted on. gridal

FA firing char-ts by the horizontal control operator (HCO) anl

the vertical control ope rator (VCO) . The battery fire direc-

-ior. of ficer (F DO) analyzes the request for fire:- and i"ssues

4a fire order to the FDC. The- HCO determines a char-t range

(distarnce from -he batte-r y to the t argest) andc a char-



d-: l:ection (directior from the battery to the target) . Th~

VC',) 6etermines chart data as a "chezk" on the HCO. The VCO

th~n 'etermines the vertic-a! in-erval (VI, difference 4 n

alitude be-tween the battery and the target) . The computer

placzes the range on the appropriate GFT and det-ermines the

el;evation. The computer applies a tot-al deflect or. correc-

-:on tc the chart deflection to dslermire the deflection to

f Thr-Ve computer uses the V1 to 1etermine sits (a corrsc-

~:rfactor for VI) . The sit saole ote lvto

an5. the quadrant evelation to f ire -s determirned. As the

"-z-iiq data is be-ing deter~inre i, the9 computer transm-ts fi-re

couans o te owtze: sectilons. The entire process 4s

Suor, rV-sed by t61he battery operation-s chie-f and the EDO.

(Ref. 5: pp. 2.1-2.221

Tn 1976, following the w ar i:.n the Middle East,, the?

Uliad S-lates Army Field Artille-ry School (USAFAS) began to

erno-as'ze the need for responsiveness. Aanual FDC prcce-dur-s

wsereF streamlined to improve system response i-ims. This was

ac. ompllshel by the int-ro ducti-o a of an improved

Call-ior-Fire format, fire order/fire command standards,

average s---% maps and ballistic-'s far. (an RDP wit-h balli*stic

sca. es). These changes were successfully incorporated it

the Manual System and are i-P use today.

The number cf personnel assigred to the battalion/bat-

t:r-y FDC is established by the appropri-ate T/O. The current

Mar -ne Cor:ns T/Cs are based on :he number of aersonnle!

reguired fo: manual mission processiag.



C. FIELD ARTILLERY DIGITAL AUTOMAric COM1PUTER (FADACI

In the mid 1950 Is the United States Army real'z- ~a

artillery -lire support could be signifiLcantly improv _-

the time consuming and repetitive? manual fire d i::,- c n

procedures could be automated. FNDAC (M18 Gan Di4-r:Tc - o n

Computer) , developed by Magnavcx and fielded i th i -1

19601s, was t:he first attempt to aut :mate the computat'cn of

fi-rng data. System design was based on late 1950's compute:r

t-ezhnology. FADAC was desi gned as a battalion/battery ~~

direction compu er. It zan only p-rform techni;ca2. -1 S

direction. FA!DAC has the capability to mass t-he f :res o

five f ir ing b a tt-e r 2es. It can support the conc,---t oC

cenralzedordcentalzed tschni*cal fire direction. ?'ADNZ

r:eguires a large amount of manual~ intract'on and by today's

sT-anda~ds has a very slow zompatat.oaal. speed.

?ADAC i s a tr _an si .toized, stoed-progr-am, gera

pour pose, di gital computer designel primarily to c c mr i t

firi ng data for a vari4ety of artlley weapons. in additic:

to the cannon artiller y ,pplication , programs have been.

developed for survey operations, sound and flash, anA -hze

Lance m~ssils. [Ref. 8: p. 1-2]

FADAC consists of fi-ve basic el=emen-ts: an input unit,

sto::rage- uniLt, ar 'thmetic un -t, output uni-*t and control uni*t.

The FADAC wci"ghs 230 pounis and i-s 13sued with a metal fi-4

table which weighs 58 pounds. Thce field tablZ provide=s a

1 ave:, suppor7t for FADAC and ssrves as a power2sgjutol
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ter minal1 for FArAC and - -_ :.aea aiirnt FA DAC

powered by a three KW, 12 0/'2 8 v.i:, 400-S-Z. -hree phase,

four wifre genera-tor. Twc W ;-ne a:~ r S 7 authorizsd to

support each FADAC.

FADAC programs (punched t1ape) must 1Le 1tc;.Ied by a S--gna'-

Data Reproducer (SDR, AN/GSQ-54). 7r. th& 'iarlne Corps the

SDR was usually Located at h a R giatet a.H Eeadq u a ters .

FADAC's ron. volati-le memory re-tainis the oroq;:a3 once n:

loaded. rADAC has built-_i self-n-est c::u:. As part of

the "prepare for action" sequence Lh-S ci> -ato: performs

program tests tc ensure that FAhDAC conn:.ns the proper

program, that the program --s wcrk-ig corrsctly and that ths

-~~ ube filaments cperate roery

In the fire control applization, t h compL-zer facili-.

ta tes ballistic n-rajectory corpuzatiln by s:-mulatifor. of :-h-

f!light of a projectle frcm t h- Lu be through a known

nonstan dard at mosp here to iinMpact. F 4 C solves the

b alli--sti -c trajectory by a prc7ess -ff nun'5eical i-nmegratIon.

it uses the modified point muassetcs or Moton andI

input dat cossigo i~l ~jectile *deight,

propellart temperature 9.nd m=necrzoIogic=l ifomtin t

account for the effects o f drag, gra-v-i-y and r o ta ---o r in

determing the firing dIa-a solution. [Ref. 9: p. '-91 This

solution --s then displayed for the operator in 4-h ni-xie=

display tubes.
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FA D AC r D r s -.ne d a significant technoloaica2. mesne-P

fcr the eld 4o:2tey 1wever, the actual assimulatcn of

FAD AC nno tr. h E- ar e:y proved to be very diffi:cult. In

rettspect theipeetto plan for FADAC was Doorly

structurel. in bu-::h tlae Army and larine Corps there was a

tremendous amount cf resistence tonake the change from the

Manual System to FAD)AC. rhe degree of ittuinlresis-

tance -;- change wa.z, not fully antizipated by tne develoiment

ccnrnunit-y.

Mar~y command-r_ in the fifeld d- d not really emphasize=

't he use c4- 'ADAC. 71hey were well versed in the prover. manual

Drzcedurer, an Is rp 1y did not trust the FADAC solution.

(Raf. 10] AS a r--su:.t muiny FDCs used both the FADAC and the

Manual Sys-.-?m. "Thie pi.-oblem is -chat we have tri;*ed --o work

Wits twc comauat n.-al ~ytes(manual and FADAZ) ever since

FADAC was [:-.oue. Ref. 11: p. 61] The , aual System

was used tc chc k" (v 9ri-fy I t'ne FADAC solution. The

ar:'=::v ccrnmuz z'i trie4d to make the more advanced computer

soitior acree wv,.h the graphical soIuti--or. They failed to

unizst-and that L-ADIC could acrount Efor more of the nonstan-

dare ou:~n (Poecti-e Wei-gh:,- Propellant Temperature,

met eoroo cal Data au rl Vlct, ad Rotatin

[Ref. 12: p. 62]

The war In Vietram al so impacted on the general acce: p-

'ance of0 FXDAC '-y the artillery c-.mmunity. 7t :a- imes
4

there was a shortace of t-raine! FADAZ operators, supe~v:sCors=
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*and mairtenance personnel. Additionally, harsh cmani

conditions (high humidity and temperature) created m anry

unanticioated maintenance problems. The logistical base had!

difficulty in meeting the very h-gh demand for maitera:,cs

support and repair parts. A~s a result of these factors many

ccaimanders relied on the proven Maniual System.

Despite all the-se problems, FXDAC was a sg rif Ic a n

aivancement . FAD.),C d=amnsraned tha t was nosbeto

app -y advanced com puter tachnology to the ffielda'' v

s yst e m. I t is the f crer urnesr of. all t hea auto1-matead artille!=ry

fir - di'r e ctio n s yste ms.

*By the mid 1960's ;-he flid ar-lilery research ind

devlopentcomunty had become zon~v~nc-a ha the zutoma-

t*on of fire 1ireCtion procedures was absolutely nece-ssary

_I order to p)rovide responsive f irez support on 1the mcd?=n

bat tlefie-ld. Thase forward-looking ~'neswarted t0 cei-

tI-ali*,z e on -he quantum le2ap in zomputer tSc h n _1og y t Iat

ocz urred duri--ng the 1960'3. rhe Army and the Ilari.-e Corps

want;ed an artillery zomputer7 systam t h at co ul1d zoerform

tacica.I an1 ec hnIc al1 f irea dI'r sc t -o.

The Army began, the levelopmsat Of th-e Tactical ir

D Direco Systsm ("IACFRE) as t he- follocw-on replacemen- for

FADAC. Thne Marine Corps closely monito:red t1he 4=velopMent of

T AllF I R. [Ref. 13: p. 3-18] However, t he- Mar-nz Corps

dided chtwatwsrally rneeded was a systsm which

performed fi-re su ppor-t co or d r.a:Lor. as well as fr
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dir ec-ticr. Th e M arine C: CD S w a nte d a n a u r-ma-d vs -* :i-

coozdin-atinq and ccn-trolli-ng air, 1:tile y ~:

-naval gunfire. in 1966 -6he Marine Int egra-.cj . 7 nd l

Support System (MIFASS) was ccncept.Aally ca. ty

Stanford Research Institutea. (Ref. 14: p. c)' Thq Armny

the Marine Corps began to proceed da)wr twc '~rn ~.:;

FADAC had provided the Com mon st art-_ ; poin-: :)r .:::'

I systems.

D. FADAC MANUAL INTEGRAT*ION

Over the past twe-nty years FADAC softwars (proa

ha en ctnually revised as new weapons ard arnml3rI : r.

entered the inventory. Throughout '-he 197 ls FADiAC w:.s,

aczording to doctiIne, the priwary method used ccm tc.u

firngdat-a. Ln reality Hield ari2 yuniJts c~-::3tc

use the Manual System as the primary method. 4- C f

mainternrce prcblems withi the FADAC genera t c:.S, pCc, r-

Dar-Is support, lack of trai ned opizzators, a ri ro~ ':v~

n iiz he FDC, an64d m is-trust of :he FADAC S o.. r

-or not usirg ?ArAL. (Ref. 10]

The lessons learned f rom the 1973 Arab I s rae I__W:

4reve:rberated throughout the field arti-lle-ry c:mmur-_i:y. if

artilliery support was -I.: be effective on the battlefield i

had to be respCnsve. TeFldArtillsry School was

11directed to eva-"ua-:e fi-r-? d s c ti and de termiine ways to

Arcrease ove- a1._ respcrsivensss.
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In 1977 the concept Of :n:gai~ FADAC and

manual procedur*es whs davzlope], Tie ilea was to capin-a1-iz=

on the strengths ofL- bo-l syst.etr5 :-.n order to m',ni-m~ze 'mdi-

v;Iiua. weaknesses. FADAZ~'s ma-r -,,::=_rgths were ro:mputationa.

aczuracy and capability --o quickly determine correction~s for

adjustirng rounds. FADAC's to iajor weakness were slow

computa4 -ona. spied for -,n -:-a! oind data (approxima ely

2/3 Time of Flight) ard exensfvs z3.!iual intsraztlor.. Time

of Fliaht is based cnn r . a a r. t:o the target, type Of

trajectcry and the charge : re:

The Manual System coull usually determiJne data for the

'-;tal round faste r than- FADA. IThis was especlally rue at-

ext en ded ranges . T he Manup- S ys z- 3s resonrse n~ewas

imprc ved wit h t he intr o 1uc-6 n 'fte balli*stic fan and

other streamlined FDC po c au ~s. These wera previously

iscusssc. (See Section~ B In -.e; FADAC-Manual Integrat-ed

T DZ, manual orocedures would -rovid2: fiig data for the

irst ron n AA od poiedan!a for the subsequent

*rounds. Sucess of t-he FAD:-Manrual ar-iegra-ior depends on an

initial chart v r:ri-'f Ic a tio*:n a s p ar of the preparati-on for

act ion steps and the us-2 of FADAC leri ved GFT sett~ngs.

in 1977 there was a marked change i;*n philosophy. The?

artilley commun ity recogized -the computalioral accuracy of

FADAC. !:he curren-t FM 6-140 (p. 4-2-7) states, "nall cases

FADAC _s more accurate". Arilrm ncnw looked at ho w they
col ae-eg4~-cl ou-na: w".FDC

could ~ ~ ~ ~ ~ ~ -mak "he gahclslto wih FAAC Ma nial
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bac kuP techniques were 1 -3ve loped f or periods whe n FADAC

became ronoperational. These technig'ies allow the

o0 7P f_-::. mission to manual Procedures wi-th~out a sigr.-fi*cant

loss in Sneed or accuracy.

Th- use of FADAC-Manal Integrated procedures is known

as -The "Fast6est Method". The Fastsst Method is based on

de=n -tralize= t- tchnical fie drccn I& tcokte

a:7t ile:y commun ity over fite east ulyitgrat:e

FADIC .n-o the fire direction System.

Thus, #while_ the Army has made some progress initgrtn
?ADIAC I n to t S t ec hnif.cal fi-'r e d irsctio n o pe ra t o ns s irce
..........mid! 1970's, the Marine Corps his dzifted into a situa-
tior w-.ers some units use FADAC wit,-h one sof-ware p)rogram
(?evis-on 4) , some use itwith another (Revisior 5 o= 5A),
an s M l thers dor't use it a all- eite eas AA
-s -cc mucha trouble to mair tar. or because they feel more
ccinfo--ab2. wit-h the manual solution (Ref. 11: p. 611.

In :h is a ut ho r'Is opi4-ni-*on, the majority of Marine-

: v-r y ba-teriJes have aot achieaved, nor will T-hey ever

a& c ve, the full pctential3. of the- inategrated FADAC-Manual

SYS z Eft This opinion is based on actual experience, int-er-

v*-ews anid research for -,he thsi-s. it is interesting to note

-than: s c 7.,e b at tal -'ors/ b ater -e s still regard the Manual

Sys--am as the primary sourne; of firing data.

E. PROGRAMMABLE HiAND-HELD CLACULATOR (PHHC) , ri-59

The emphasiso rssonsivene,:ss spurred the artilr

* research and development community toevaluate the possible

adaptior of a commercially ava~ .J'able= ?:cgrammabl.e Hand-Held

Calculato(,r (PHHC) as a fire Iire ctioi computer.
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Extes~v evauatons of the hand-held calculator's,= n~
Itial with magnetic card programs were conducted by h
United States Army Fiell Artillery School (USAFAS) and -I
Unted States Army Fiel1 Artillery Board ir. 1977. h

results were encouraging, but thm fragile nature of t 1
2agneti2c cards and the anpredIcal-able reliability of the
card reader 1i ited the HHC' s fiel.9d applicati-on. At te
same time, ho wever, the computer industry had introduced
programmable modules with sufficient memory Capacity fc!r
comprehensive applications withou'C reliance on magnetic
c ar:ds. rRef. 15: p.8]

P~e programme,- memory modulss were tha key t-chnologica

advancement in. the adapzio. of a commercially availablie

cal culato:.

The development of a PHHC received addi--ional impstus

when the U.S. Army Armament Materi-al Readiness Commar~d mud-

cated, "that the capab.ility -to lcg-stically support FADAC 'n

the 1980's would be doubtful"'. (Ref. 15: p.8]

The development of TAZ:FIPE was bahind schedule. Si nce_

TAZ:FIRE diA not extend down to the battery leval, the Armv

had decided to develop a Battery Computer system (BCS) . ECS

was beingq developed as an extension of -the TACFIRE system.

The development of BCS was also behind schedule due tc

serioCus scf 'ware problems. If FADAC logistics Support falci-

before the field-ng of TAZFI'-E and BS, Army field artilleiry

bat ali ons/batteries woull h ave tzo :ely strictly on manual

fire direction proceduras. To preclude this possibility an

accelerated levelopment/pcrocurement Program for the PHHC was

T"he ?RHC was never 'atended tD be a rsDlacezien:_ for

FAD AC.
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It supplements the existing F",DA2-'anuaL fI ; ireccn
system, by simplifying gunnery c-outaio a' .oce.:es.
During periods of FADAC novbility/-~'ope.biitv
(movement, lone gun operations, hi shoots), the calcu-
lator can provide -he primary sour z-e i cf: data.. It
also expedites and simolifies HS/MPI :eg:.t"-ion proce-
dures and concurrent/subsequea. Met ""plication.
[Ref. 16: p. 1-A]

The PHHC was intended to be an "FDC tool" - increasing

overall responsiveness. It does not have the capa*ili:ies of

FADAC (mass fire, nonvo latile mimory, -c- s-torage

capacity, shell fuze flexibility, 5400 ril accuz:ay).

The PHHC is a commerzially available Texas Ins-rument

Model 59 (TI-59), militarily aiapted for canncn cunery

application by incorporating preprogrammed memory mcdules.

It is powered by an internal :zz.narqeable ba-tery pack.

Chargers and adapters for external power scurces (AN/PRC 77

radic battery (BA4386) and 12 voIt vehicle batery) r-

provided to extend the battery pack's life and p--.onc cp.r-

ations time. The PHHC's keyboard allows f or data enery,

control of calculator funtion, !11 przv =  Lo= rumeriC

display of ten digits. Two programm=-! modules (chipz) are

reguired to accomplish all field arI.er y gan.1 Y a plICa-e p:__ -lD vi l - 19 s f.,'. rn -' a al.cT -

.tions. A unique ieapon system hip proviles i .. da a. The

spacial situation c.ip i commcn t. all ar-ille~ y weapon

r| systems. It contains mete:rological mathematics, Terrain Gun

Pcit.ior. Corrections an! Special Corrections, Joint
Munitions :ffects Manual/Surface :c Surface estima-es,

Linear interpolation, 14.5 gunnery and Rocket Assisted

Projectile (RAP) gunnery for M114A2/.1109A1.
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The giancrv solllic L- zomput-e by the PHHC is a ~ba

f _irq a b I (IFT) --!Aniard -~I I 10n solution. T h,-

Bali4ti--cs Resea -h ,L&.oatc~y, Abserden Prov-4ng Grounds,

m arylar.d pro duce d 116 U VeG fit ?quations using second

derqee polynomials, t I FT dat-a by t-he leas-r scuazes

method. The cur-ve f J - solution Js an approximati-or which

normallh agree I!~: :~ FT sclution bun_ may vary as mc

as 3 m__ _n elivatio.i u dif n . se-cond fuzge

Set tinc. These_ a(cu::;*y c equi remen Is ar- met cnly within

cenanrage:te -2:) fr each pr- pselng charge, calledI

curve C1it--ervais. In th e d-3t er m in a ti-on o f siJ.t e, ths P H C

only a:s a~qle cf- sit=. (Ref. 16: p. 7-A]

Alt-hough t'-he calcularor' s solution is not as tschnically
zor r,%ct as theq bali StICc SoltI- . pr o vided by FADAC,

TACFIRZ cr BCS , i iS more accurate than the manual so'u-
::or. Uni.'eFADJAC, :hze PHHC carnot automa-LIcal lycme-

sate cr nons-tanlard zzondi-ons. *Ref. 15: p. 11]

Registra-tion Corr-ec-tions can be dstnerminea and st'ored inthe-

P HHC.

Th ~Cwas -",r-dad by the Army in 1980. The Marins

Corps purchased 338 ?-HHC Sets [Ref. 11: p. 61]. Because of

th3 PHHC's limi ted ca,)abliti=s, it could not ser-ve as a

replacement fcr FADAC, but it ioes zontributes sub-stantially

to the effectiveness and versan-ili4ty of the battery firs

dir:ecti;.or center. The PH:1'S gr-eat:?s: applIcatIon i-s at the

battery level. "The calculator neatly complements -rh-e weak-

nesses of manual and FADA: sysnmems, but has wsaknrrsses c,-K:S own that ar9 well =oversd by the currert s y snem."



(Ref. 17: p. 241 its major 1 ml.t ation s ar e the r- a i'-i to

mas s fi4res, Zmi-ted sto rage an.d memory capacit-y, and vola-

k:1!e memory.

Th-4 acu tor of the PCdd demors-1rate that an

of f-t he- shelIf Item could be quickly adapted for military

aPD -ca-tzcn in rssponse to an. urgent r urmn.h HCi

a l~ow cost alternative met~cd of zcomout-ati-on with "a-ccep-

-;able accuracy dqgradat±-.o)n. Tha FY1982 cost o f the PHHC

c-mputer set was $310.)0 and tha =ost o f the Individual

memory modules was $4&6.00. [Ref. 13: p. 21] The PH{HC is

b-I n g utili'-zed by Marine artillery uni-ts.

F. MARINiE INTEGRATED FIRE AN~D AIR SUPPORT SYSTEM (IF7JS S)

~I.:Swi ccss of staff D-garnizaticn and standard
o pera~ na procedures assistad by a real-time 1isplay and
inflormat-on processing s ysre=m that Is desi-gned to more
efficiently employ supporti"ng arms at the division, recg-
a er -6 and battalion echelon~s of' -h=- Larin-e Air: Ground Task
Force (MAGTF) (Ref. 19: p. 1].

Siwmply szatcd MIFASS automates the processing of all

fi:support requests (mortars, arilrnaval gunfire and

air) :t is an automated system which incorporates -the

latiest6 -echnological advances in inf ormation prscssing-, and

di-splay equipment for coordinating and cortr-clli-ng

supporting a~rus' fires.

MIFASS integratcs the tasks and funci- ons of th.= Fizz

Support Coorlina',on Center- (FSCC) , the Dir=c: Ai;. Suppor

Center (DASC) and some -2,nc ions o)f the artiey' Fir-



*.Di4rection Center (FDC). 4IFASS ~s expect ed t

dez=isi-cn making at battali-on and higherha~:.r. :

ulti-m at-e aoal of NIFASS is6o :mprove the Msc S ~ ~ s

time of all fire support systems. An Ini L -Oraa 70

Capability (IOC) for MIFASS Is cur:c-ntly proj--c-ed 1-o0: CY

1987 [Ref. 4: p. vi].

M:I*F AS S originated inr 1966 when itwas co n ce ptu a 1

defined by t he Stanford Research Ins-,itute, i::hc- -a

report on the Marine Tactical Command and ::o rc -:Svidz

(MTACCS). The I1TACCS concept evolval from st-ud4 ss conducte-:

in. 1965-66 to determ-Ine the fe asibilit6y and P r ac t c a Iiv

applying new teschnology to command and cont rr I of __

combat forces. (Ref. 14: P. 9]

rhe concert envisi.oned a fami'ly of functionallyor~
systems, bourd together by commonality of equipmentp--
jt or a! procedures, ai I data ba--e, and -,ra~' S
iecessary through a common communizations syst-m [Ref. 20:-

The General Operation Requ.-=-reen (GJR) CC-9 dated July, 19,57

establi Shed 4the overall requiremen-t for MTACCS. MT?.ISS

one cf -the fundamental subsystem of ITACCS.

A critical management Issue at tia,: time wa:,~e>.r-h

Armty's TACFIARE could be used to satisfy Mar4Ze CoC=!)

requirements for SIFASS. The Ma::4nze Corps decided 'hat

TACFIRE could noct sati-sfy the rsqui-rements. TAOFIPE was

desiJgned solely to improva ths empl:oymenrt of artillery. it

*was not able to intsq:ats ani c:oo:d,-nazn all o f th--

suppo::i-r.q arms. Additi-onally, It 'ddnot mee+ -h.7- size and
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we ght ccns-raint-'.s ip~ v D~:nsoea~rs c

fication of TAC? IRE -.o sa~ti ;sfy rn.c'cros reqairemer.-S Wa3

examined but It was nv o e sa n. a a viable a!-ernative

s trat egy.

rhe di-fference 6n 4heiio syst-T.: w-e = of such magni-luds
that -he effort to modify the T:tEto sitisfy MIarire
Corps requiremc-nts wo ull clos Ely apccoximate --he cost and
levelopent effort of -th. MIF~SS rRtef. 20: p. 111.

in order to iJncorporate t:he an' t-echnoI:qy --,-c the

system the *larinp Corps decided -he concept of evolu-

tCionary design based on tst b e. :tor t . The mmTACCS

test bed was e s-tablis=he In 1973 a ctvt o h

Marine Corps Devc-lopmnc"n aand: E_4ufcat':n C-nlez (.ICDEC) wi*th

te-chn_-ca_ assist-ance provids,! by iughes Aircraft Company

under corn'ract to Naval en r C,-mmFand (NAVELEX). The

tes t bed provides an :)Pzza-::onal !t-oratory :or modclin

sys.-ems so that imprcvmen', S, W hiC 1,result I-om alu:omat;na

selected command. and cont_:ol fuc~tcan be evaluated.

(Ref. 13: p. 1-1]1

The Advance Developrnsr.t bjctv (ADO) was publi-shed in

April1 1973. The ADO s p - if ed thz required IOC d at-e fo r

MIFASS as CY 1980. 4hen :. I FA s Requir ed Operatronal

Capability (ROC) was published inr August 1975 -the? :OC had

s li p ped to- CY 1962. (Ref. 21: p. 1]

I n Ssptember 1978 Hughes Airoraft COMDany and N Crde Sn

Systems (a division of Iniiled Tachaologies) ws=re a wardlei

pa.-allel cne year contra~ts to iefin-, an app:o)achI to the
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actual . 'elopme.:t of MIFASS. A revised ROC was publish*ed In

July 197C,. "In September 1979, the Norden proposal was

at a n ed and th,: ccmpany was award-d an approxximately $30

million contract to proceed with .nireering development."

(Ref. 22: p. 4331

The iiarre Corps conducted a major review of the MIFASS

proaram n -"-e early part of 1982. The program review was a

rsuit c f conce-ns regacdina the validity of the MIFASS
* " requiremeta, i:-pact on mobility, -ad cost and schedule

- overruns. The Revcrt of the 1IFASS Program Review,

complet-d in April 1982 oresents the finings of the work

group a d--commnends fou. possible courses of action. In
Jine i92 a deci.zion was reached to rontinue th- development

of The *7SS !n,]ineerinq Develcpmenr .Model- (EDM) as speci-

Ae c- .Acuisiton Decision =_morandum (ADM) which

resuted fr-m th'- 22 December 1981 In .Progress Review (IPR).

(Ref. 23: p. 1]

This thsis assumes that MIFASS (or a derivative of

M:FASS) is -he long range solution for tactical and tech-

ia the artille.ry regiment and batta-

lio.. Ov-rational testing and =valuation of the MIFASS EDM

currenty in progress. OT Ii for MIFASS is scheduled for

March 1984. [Ref. 24]

MIFASS and TACFIRE will be intesroperable. A Memorandum

of Understanding has been entered r into with the Army to

insure at. appropriate MIFASS/TACFIRE i.tPr face.
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As : oslii-sca~ssai, MIFASS and TACFTRE are d=sicnel

to me ez hte ir-q u~rmr~ of battali-ons and hi-gher 'headquar-

tes. -ch ams ~s car provide fir 4in data for the f~~n

bat t-er.. zs ofIL a ha t-a 1 cn. H!owever, they do n:), allow for

autonomous batmery operat i or s. During the development of

TACFIF2.tal was recoq-.iiz9c. as a seri-ous operational defi-

ciancy. Th sIr my -a~i c tllery research and devel.pment

*commun--v -eai zed -rhnt :n sxtansion. of TACFTRE- wi'ich would

allow fc r autonomous battery operations was :eeiied. This

realiza-lor l-3d -o e*X dev Elopment of the Batt er Y Compute r

System (BCS).

"he MIFASS dces ,.ot provide a fire direction comput-er or

ter~n~. t he -7tL2J:; - bat-ery level. The MIFASS requir-

m e nts called1 -P:r as m a .1 hand-held calculator (Fire

Di:ect Ic/Su,:7vsy Clc ltor, F D/SC at the battery levsl.

The Marlne Corps z,?a 2izd t *,ar th e origiIna! MIFASS FD/SC 111

not m e ga :he co mp Lta +ion e.l requiresments of t he Ifiin g

baterie Since M:.Asddno rvd for a ssparats

enhance6 computatoral ca pability a,- the f4=rna battery

lev el -6h1e M'arine Cc-zps pirt-iciparesl in the desvelopme nt of

BCS.

G. ATERY COMPUTEP SYTM(CS)

The Army regards the 3:S as the- replacement for bot-h the

* FADAC (at t-he battery level) and the TACF:RE Battery Displa y

Un> (B DU) . The TACFIRE 3DU has no :om?utatfonial capatility



of its own. It can rece-'ve and display fire commands dr-ter-

minedc by the TACEIRE computer located at the battalion, FDC.

The gunnery solution deterLmined by the TACFIRE comput-,er

* is a battery center to target -enter solution. This solution

* - does not take into account in diJvid wepo A nso

~.niviualaim points. The TACFIRE BD(J Is a throwback tc t-h=

*old doctra.ne and automatiz data proz;essing (ADP) thinking

that was in effect when TACFIRB had Its genesis. r~ef. 25:

p.23 ]

Operational testing of TACFIRE, -the Artillzery 75 Study,

the Batt,-'-e Ki-ng Study and thesere of Helba- tests recog-

ni-zed and established the requirement for an enhanced compu-

t*i+1caaiiy at the battery level. It was also

recognized that the TACFIRE solutiton would have to be

*rzrrned to consider -*ndiviiua. weapon locations and indiv-

dual aim points. Indivfidual weapon corrections allow for

crc at er weapon dispersion whi-ch increases survivabili1-fty anrl

provid better target cov=erage. To correct these cperational

defi clernc;es, BCS development was initi-ated in the mil

1970's.

The BCS is an automated data processing System which

pro vids the firing battery with high speed two-way digital

communications and interfaze with TA-ZFIRE. BCS is composed

of three major units: a Bttery Computer Unit (BCU), a Power

DitrbutinUi (PDU) andI Gun Display Units (GDUs) . The

*old wireline interccms be-3twee n the battery FDC ar~d the
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cannon sections are replaced by the GDUs. e . .

remcte display unit which interfaces with the 9v a. ! ws

for firing data to be displayed it the ca:I - on.

Digital data are transmitted via wire or ra d aic. .

complete technical description of ths BCS i% provi

Chapter Five.

Delays in the development of MIFASS and the urgen-

requirement to increase the responsiveness of a_'-llery fi-

support caused the Marine Corps Ja 1976 to sonsiaer th:

acquisition of a "near te-rm" replacement for FADAC. The

Marine Corps desired a replacement which couid be use e.-

the regiment, battalion and battery levels.

In recognition of the need to replace FADAC, a p:_-pose!
Marine Corps FOC for an aztillery computer system wa
published in April 1976. A work directive was prorulaa-,-'
in September 1976, directina ICDEC to explore v ro
sources for providing a follow-on 1_vice. (Ref. 26: p. 21

At -he same time, the Army was in the process c- -

ating the BCS program. The Army approved the ROC for BCS Ln

October 1976 and made a conscious decision to apply exiting

computer technology to solve the problem. The army's I-ci-

sion to use the existing computer technology permi-d -h

immediate initiation of fill scale .=ngineering devlcpment.

Ncrden Systems was awarded the contract for the fabrication

of the FDMs.

The Marine Corps decided tha- the BCS program offered

the most cost-effective approach to meeting its "near term"

requirements. The Marine? CorDs planned to use the same

4 51



software as the Army focr 1-_ ba :tery lvel application, and

to develop a modificatIor of t:his z tware f): uss at thm

battalior. and regimer. %a e,"s. n March 1977 -h= Army

proqram manager app'ovei an Fnqin-e ..ing Chance Proposal

(ECP) wich. inccrporated the 1a:in ZC-rps softare require-

ments intc the basic BCS zontzac:. " f. 26: p. 2]

The BCS was rushed in-_ : era)'z-.l tcstirq and evalua-

tion. THe BCS completed the Army D7 II it: May 1979. OT I!

had to be temporarily suspended berause of software problems

and additional testing szheduled to znsur- the fielding of

an acceptable product. Ov-r 500 zsftvare deficiencies wers
identified during the vlpment : : op:rati~nal testing.

Most of these deficinziei we r knod-, pr:.or to the actual

commencement cf operat.i)na! te i: (OT I) . The Army

decided to adhere to its salf imuoos.f -unrd::.ng cons-raint and

proceeded to OT II withou t  c:u:4 - ,-q --he deficiencies.

[Ref. 27: p. 2401

These software prcblems were ir -.'ie basic battery level

application. The unigue M-rne Ccr.S software modifications

had not been fully developed.

The in' ial operational tes-s conduc-ed on BCS in 1979 had
very negative results. They shcwed that BCS did not me_ -2
% any of the operational requirements; such as accuracy,
interoperability, reliability and iaintainabifity, and di!
not prcvide an improved capability over existing equip-
ment. rRef. 28: 2]

In early 1979 MCDEC contracted with Potomac Rasearch

Incorporated to conduct a study of alternative -eplacemant
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sys t emrs -:o-: FAD AC. ThIs st udy, A C g 2a r 1,o0P0f Alrnc-a:v~

S~s C- S'C Mee;,n~ tiar2.rie CrsReauiremznts C7 i

ospliac~men. t for the M18 Fiel Art- i U D4 ial A qmai

Ccmp tr_ (~F,'DA) dated 21 June 1979 considered eight alter-

rati-ve Evst fl5. It recomme-nded t-hat:

1. The marin e Corps procure a system based on the
ea r. a V x Fi"=e Supoort rean D Iqit a 1 Message Device
__TST D2ID) , or equivailent, as the FADAC repiace-ment.

2. The arf re Cc rps orocure the PH1IC and appropriate
per 4 p heral.s

3. The Marine Corps reguirements and intentions b- made
krcwr. -to the Army pricr to the developmne-t accsontance

-~ IPB scheduled for August 1979.

4. Te Marine Corps re-view and revi4se as necessary ROC NO0
TA - IC"6 for an Ati llery Compu--er System (ACS) tVaccura-tely reflect cur resnt *6arine= Coprs; :equirements.

c~o~~:os2,3 and L4 were followed and appropriate:

1The lla -ne Corps formal'.y withdrew from the BCS program

_n Aucus-t 1979 because of diss-atIsfa~tion with1 BCS 's ability

to centralZ z79 battalion fire directi-on and it s hi-gh cost."

(Ref~. 11: p. 62] 1he Re2ort of the ::ommitteer on

,1p -2.2ratins provides four SoeCiriZ reasons for the with-

'd a w a I. The decision for withdrawal was based on the higqh

procu~smen-: costs for a lia:re Corps-u-.ique battaliocn leve

4program tape, ccncern over software defi-cie-ncie=s and l.evel-

opments in technology whizh could pro)vide a smaller, lsss

costly, and more adaptable system.

4The problems that B:s experier.:ed d urin rg CT II were

sclvable. In April 1980 M4orier. Systems was awardsa a five
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year, mu.tiyear contract for 687 systems. Full scale prcluc-

tion and deployment was aoproved by the Army on 21 May 1982.

Deployment to USAREUR is schedulel zo begin durIng -hssecond quarter of FY 83 concurrent wilh TACFIRE f_ dng.

CONUS units will commernze receiving their initial issue
luring the third quarter of FY 83. [Ref. 29: p. 22]

Norden Systems is currently produzi:-g -he BCS as specifie

by the multiyear contract. The .a-,r-r Corps stil has avail-

able an option tc buy 330 SCSs in FY 33. The option expires

on 30 April 1983. The final cont:rat option date for addi-

6ior.al BCS procurement is 30 April 19L4. However, the Army

program manager was not sare -f any BCSs would be available

to the Marine Corps from the FY 84 final option. [Ref. 4:

p. 7-A-B-6]

H. ARTILLERY COMPUTER sYSrEM (ACS)

As a result of -:h= cisicn to withdraw from -he BCS

proaram, the HQMC Sporso)r (DC/S PP&O) and -he Direc 4 or,

Development Center (C3 Di vision) began a ccmorehensivz

survey of the fire dire-:tion computer alternatives that

could meet the Marine Corps requirements for an ar-illery

computer system (ACS) (Ref. 30: p. 1]. A Proposed Rvision

of Required Operational Capability (ROC) NO SPA 1.06,

Artillery Computer System dated 12 March 1979 was drafted.

It outlined the urgent need for an artillery compute: system

* to replace FADAC and provile Marin _ artil-lery with state-of-

the.-art computer processing cf technical i direction. The
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Marine Corps had made a dezision to r-.c u: f- -he- r

technology instead of existing t chola. ?:cg:am

Initiation at Milestone I (Demons' .aion-Valii-.. ..... was

approved on 3 August 1981.

According to the ADM, the ACS must be a .Lq-h-weight

(under 25 pounds) system which provides ballis-t r::mputa-

tions and applicaticn of nonstan- balil :-3.c d--a for

individual weapons at the artillery battery . The ACS

must use the command, zontrol and c mmunc a:o . s ys-ems

(wire/radio) inherent at the artilliry batte=ry I '-e!. It

must allow for the transmission of firinrg da-a via 7ire or

radio from the FDC to the gun disp>!y units (GDUs 10oc-e

at the irlividual weapons.

The acquisition strategy envisio.ei buildi.% u- o'aer
service dev~lopments to the maximum _ent feasible tn order

to minimize program risks, costs an! velep . Base.

on this strategy the Magrnavcx FIST DID, dh2ch '.s being

developed for the Army, was the most p ojisTnq andidate

sys-em. The Potcmac Research Study had st:rogly recommended

this system. The development of th-- ACS is ca:-egoriz=d as a

less-than-major program for manaement purposes.

The MIFASS Review (April 1982) effec-ed the development

of the ACS. This study determinel that the fire control

problem was grea-est at the battery level and it needed to

be resolved as scon as possible. It .ecommcended:

that, as a matter of priority, HF2C expeditz- development
and/or procur ement of an artillery fire direction
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computer.. 6 lon this end, :,ie artillery computer sysT-em (ACS)
pro gr a rzhold 1) acc B1,, at ed. its capailities n-ested as
soon as Pessib1le. ar -'proctrement of ACS or the Ba."! ZY
C o mpu -1: Sv s e t (B CS) IT r during FY 83. (Rae. 14: p. ix]

The davel.opment of a replacement system for FADAC "s to

be accomplished spt;arataly from the MIFASS development

effort. Th- ACS ROC z i ures an 10C of 1985. The Marine

Corps plers on acquiri-ng 381 k.CSs (161 in FY 85 and 22,) in

F86). [Ref. 31: p. 1l),h A"S will be procured for all of!

t-he artillery regiments tieand rssrve:) . Procuretien is

to be based on the FY 87 ocojected fo)rce struc'zuze. tw:ill

support the "13 x 8"1 St-ruct ure o f t.:he I rct Support

artillery ba.-C-l ons. A b -2t ezry in a direct1k support batta-

lionwillhave two co-mputer un'ts, one for each platcon FDC.

Additional systems will be Tprccurrad for formal school

t rai-n ingq, prepositio-ned zLp:.g spares for a mai-n-tenance

float and war reserve stz.s

In July 1982 the ACIy expressad an i.nter est in ths

Marine Coros ACS as a noss: ble subst+ueo-heBS:r t

Li6h Ianr Dirsos 1he -os not meeat the mobility

r:?q u remen.3 of t-hese di[~cs Raf. 32')

* ~~The Marine Corps has used the zx~st.qAm FS M

cont-ract- wi -h Magnavox --o i4niti-at= development of the ACS.

0 Or. 30 A ugust 1982, Magnavox submitted an unsolicitel

proposal for the United States MIe Corps ACS toth

Commander, United State rm:mmncatiors and :-!=cnron-cs

*Command (CECOM) , Fort Monmouth, New Jersey. This command i-s

managing the acquisition of the Army's FIST DID. Magnavox
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proposed to perform Phase I Oevelopment of the ACS in accor-
Qaice with the Marine Corps Statement of Work, datpd 27

L,'igust 1982. The estimated cost of Phase I develcpment was
566,462. Magnavox's offer to perform was made or a firm

' fixed price basis.

Magnavox is required to provide four Artillery Computer

Un..s (ACUs) to the Marine Corps for testing in FY 1983. The

otal cost of the four ACis was $340,466. Gun Zontrol Units

(GCUs) were not included in -he Phase 1 requirement. The GCU

:.s composed of a Secti or Chief Assembly and two Gun

Assemblies. Magnavox is providing the Marine Corps with GCUs

so That the ACS can be tested as a complete system. A tech-

r,"ncal description of the Magnavox ACS is provided in Chapter

FLv e.

OT iI for the ACS is scheduled f:r January 1983. An IPR

of ACS is t=ntitlvely planned for April 1983. rhis IP-q will

-:eview the results of OT II and recommend a dcis 4 on

regarding full scale development and deploymenY.
This chapter has provided a historical overview of the

development of artillery fire direction systems. I:

addressed the transition from manual fire dizection Droce-

ures to automated fire d..cti.on. The nex" chapter presents

the current status of fire direction in arine artillery

units.
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IV. CURRENT ST&TUS OF FIRE DIRECTION

"If we could first know where we are and whith1i= we a r -
tending, we cculd better judge what to do and ',c'w -o do

Abrahlam Lincon

A. INTRODUCTION

The factual determination of the status quo -s basic

requirement of any analysis. A problem statement cannct be

p::oper-y formulated without aclear understanding of tnh-

status auo. "'his chapter establish=es the currenr =tatus o*f

fire d-recti on, -: Marine a rtille-ry uni -s. The -u rr e n

status was determined based on data provided by artil1--v

Regimental, Battalion and Battery Coiimanders. Questicnna--:e-

and intervi-ews we~e used to gather relevant6 data. Lrp,1tS

from the artillery commanders regarding the charac--s:istics

of a new battery level fice directib)n computer syst?!n w~-

als o coilected. The data were :ab ulatre and analyze1.

accordirng to the level of command. Thi-s cha pte: p ---ss qn t s

separate~y -6he responses of the different levels of zoo-mard

f4 radn g the current stts of fi-re direction.

Additorally, the chapter summarizes the input from all

levels cf commani in order to present a general view of the

status quo. Having established the status quo, the chapter

3ef-n es -he problem this thesis addresses.
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B. DATA COLLECTION

In July 1982, this au-ho:7 otta.rin d permsior of the

four artillery Fegimental Commiapders to corduct a survey

reg ardig t.e current status o- L.e~rci~. Asto

quest ionnalres was devslop:ed- to qathez -:he required informa-

*to. The questionnaires were ~oc: 11y desi gned t

parallel the three levels of command. 2,1e ques-_4onna;==es ani

the tabulated responses are provided A-Poendices C, D, E.

The questionnaires were ma.lc ":c t6he Be:giment1

Commanders on 30 August 1982. Quc=stioraizres for --he 1st

Bat talion, 12th Marines were .a L d directly to the

Batt1alion Commander to zza ve maI m tre. 'elays. Prior to

malliLnq, the questionnai:Ps were 3=.a:-,ved Lrto standarl

batt-.a lion packages. The- 3 at I i i qu-:-st ionnaires w -sr,

labeled with. a randomly selected latter dtesignator. B at-srv

quest:.onrnaizes were labeled with t Btaonletter desig-

nator and a number (for axample K(-2, ~e>the last pace of

the Battalion and Battrey usinar1

This labeling allowel data to be ,qq:egated by batta-

SI'On. In order to preserver ariocyni, y, t-he Regimerntal

Ccmades andcmly distr ibuted th-atalion packaqes

wi'thi n their- reg iment. Bat tali'on com a ander s random ly distr---

but ed zhe Battery quest onnaires w-ithin thei battalion.

Cosmande rs were asked to completei the guestionna*=e within

one week of receipt. A self addressed return envelIcpe was

provided with each questio nnaire. A 11 ques::_ornna::*es were
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M. eC dz:.ec-.. to .his -author's NIava2 Postgraduate School

d d rss. 1, d ~I ine return da.:e of 20 November was sstab-

1iishe, :4r. -)rd, r to allod sufficiant :i--me to tabulate and

anaYze the :?Sptnse=.

Questi4orai --- s were sent to all larine artIllery comman-

a=: s in+h.= cur-ent force structure (active ard reserve).

Th c ur-.r.n - 0 ce structure has a t-otal -f eighty-one

a:.ler y c .m ma r ker s Table I presents a breakdown of the

!"Umber c questionnaires returned by the sstablished dead-

T!ABLE I

Qaestionnaire Response

Echelon. Cf Number of Number of Percentage
commnand cmma.-,der s Reseo2nses Returned

F 'imen 4 10O0
KBaa.~r 17 16 9L4.1%

K at e V 60237.7Y

lot al 81 53 77.8%

4At the time this survey was conducted a significant

number cf Mar-ie artillery uniLts wre deployei around the

I.world tc support variJous commitments and participa-P in

14 multinational exercises. This5 aut hor rscsived retazrns from

ur --s deployed tc~orthern Europe anI Kore. A7. ecn
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reti~ ::ate for a voluntary questionnalre is excellr.-. T.i

high rc:urn rate is indicative of the artillery commanders'
conce, with fire direction.

Appendices C, D, and E present the tabulated responses

for the set of questionnaires. The individual responses have

been ,,aintained. Requests for a :omplete breakdown of the
date siould be fcrwarded to the auth::. An analys -- s of the

res pns*es is presented in the following four sections of

this cha pter.

C. THZ PEGIMENTAL COMMANDERS' VIEW

Appeandix C provides the tabulated results o th

Reg mei. al Commander's aues tionna're. The Regimental

Ccimau~:Iers support the dazentralizaticn of technical fi=e

i.ec t..n. The primary methcd of determining firing data

varies from regiment to regiment. The 10"_h M:rines is th,

orLy -egiment which uses FADAC as the orimary method of

-.et ez inng firing data a- the battery level. two regiments

emphasize the use of FADAC at the balta ion level. It is

significant to note that over fifty percent of larine

artieu-y units use the Manual Systeim as the primary means

of determining firing.

The :evel of training of FADAZ operators was identified

as the problem area associated with FADAC which caused the

greatest difficulty for the regiment. The regiments hav

experi.nced lifficulty in obtaining :-pair parts for FADAC.
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Ci: cumt boards and memory siks were -een';fied a= h

pri mary repair parts deft::iencles.

*All of the Rregimenta*l Cornmandaer3 ird~cated that they had

adequaite resources to trai-n the FDIC pe nlin the opera-

tion of the PHHC, TI-59. Hlowever, all rec.-ommer.ded that Fort

Sill1, should allocate more fstruzt:ial k ours to the PHHC.

*.The PHHC Is definitely beig used n y --.he :hr:ee act ivs

regi m ents

A majority of the Regirtental Co-rtmand-::s s-:ated that the

actual computatici of firing data D od ucs ' tihz largest time

delay In. m~ssion process -in. rhis answer --s not surprising,

based on the fact that ovsr fifty pe rcent. of tne- uni-ts still

use the Manual System as t he pri.na:v me',od -,f determimi mg

The -Regimetal Commaders eid assign a very high

raIting to the invortance cof fiJe IIaig a new battery level

fire direction sy stCe m. S Pacii_4c w r it -en co'nments stated
tait should not be fielded untAl! a sufficient nmero

operators and maintenanca personl .. ave been properly

trained on the new system. Th i ~g 1 vent 11 Commanders

rertember the numerous problems assoc a,-' with the introduc-

tio-:n of FADAC. They want to ensure that: ths problems associ-

eatad with the Introduction of any new computer syst em are

minimized. They indicatel that the new system should be

capable of operating from battery and generator power.

Ad it icrally, tley Indicated that the capabili-.ty to operate
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fr=om stan.dar carrison power was a highly desireable cha-a -

teristic for a new computer system. Comments indi-cate=d thT.

this feature wculd greatly facilitate- FDC trarning ar±'

reduce operating costs.

All cf the Regimental Commanders identifie:drlibit

as the most impcrtar. chacacterlstiz -- n the selection ofa

new a:r opt:system. They want a system that works.

Writter. ccmments indicated that the new system should be

easily ma L-tainable at the user level. A majority zesoonde

that thci rew system shoul d Include the automation o f t h'

trarsmission of Fire Cou'man ids to the guns. Alt hough all t.,:

Regimiental Commanders emphasized the decentralization of

technical fire directi6on, a majority indicated that a fle .
4

battery C-22Rter syst-e should have t he capability t o

perform centralized technical fi1re direction. for all ::nincq

batteries in a battalion.

D. THE BATTALICN COCiHANDERS' VIEW

Appendix D provides the tabulated result:s of t-ho

Battalion Commander's question,,na,-re. The Battalion Commander

is responsible fcr deciding how tachnical fir-e-irc~ni

exercised in his battalion. The Battalion Commanders unani-

mously supported the decentralization of technical fire

diretion Theprimry mthod of dstirmining firing0 data in

4the B attalion FDCs i s the Mianual System. All Marins

art:illery battallons hava a FADAC capabilil-y. The =sserve
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baDtaliens do r~ct use FADAC. All five reserve battalions

responded tha- the Manual System was the primary method for

determinin -iriniT data in the battalion FDC. This tends to

bias the overall results. However, without the reserves no

system emerges as the primary method. The active battalions

were evenly split between the three different systems. The

same s-:uation prevails i the Battery FDCs. The majority of

battalions have a current Battalion Gunnery SOP. The

primary method of determining firing data ir the alternate_

battalicr FDC is the Manual System.

The questionnaires indicated that the operational readi-

ness of FAI)AC is 59 percent. The Potomac Research Study

found that the operational of readiness of FADAC was 57

percent in January 1979. The FADAC operational readiness

based on inforation obtained from HQMC was 79.7 percent as

of 15 October 1932. The HQMC was extracted from the Marine

Intergated *aLt qnance Management System (MIMMS) records.

The reserves have not been incorporated into the MIMMS. The
HQMC data do not reflect the FADAZ assigned to the reserv,

uni.ts. [Ref. 33] In this author's opinion, the survey data

for FADAC provide a be-ttr estimat: of FADAC operational

readiness and correctly identify the major problem areas.

a The averaqe FADAC downtime "s greater than sixty days. In

L" this au-hor's opinion, this is totally un.acceptable. The
.Batta.cn Ccmmanders' written comments agree with those of

the Reqimental Commanders, tha- the lack of replacement

*64



circuit boards and memory disks io :h- z'7: . o r

the long maintenance downtimes. FAD ACRoairmen {CS 2635)

are all assigned to the ReqimentaL t=saduart=e-s 3a.ry.

With the execption of the reserves, ar-: Q- , " SEre

using the integrated FADXC/Manual System. i*h b .- t a"_ ion
FD's proficiency wth FADAC was ra-: as averaq . Batta]ion

Commanders agreed with the Regi=-ental Commande-s that the

level of training of FADAC operators I:s - r.. ous

problem area associated with FADAC.

All baralions are authorized th= PHHC, TI-5. Th-

rs erve battalions are not using the P4HC. Tht f s evid9 n

from their :esponses to Secic c que ticrs oer- a 7,.r. to the

PHHC. Appendix D indicates those questions which havs a -Las

:n rcduced by the negatiwe response3 of the re-erve un:'ts.

The active artilery ba -talions ar- using -h P H . The
survey four.d that the reliabili-y of the ? IC was arcve

average. its operational readiness was 90 pecern'. Specific

wtitten comments addressed the dezgz ation f PHC's

performance caused by harsh cli~aic cm:.ati.. The

Batkalion Commanders stated that th PHHC's urfo:rjaic= -;s

defir-ily degraded by dust and cold zather.

The malority of the 3attalior Cotnmanders indicated that

they had the resources to adequately train FDC personnel i-n
K - the operation of the PHHC. they also indicated that For'

Sill shculd aliccate additioral instructional hours to the

PHHC. The active bat-alion FDC's profic lency us- n e -iHC
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was rated as average. rhe p.rofi cirzy of the 7reserve7 bant-a-

L-ions was rated as bel~ow iverage --o unsatiscfacto)ry.

The Battalion CommandBrs indicate-d that the largest -J.me

delay I, mis2on processing occurrel in the actual compuan-a-

tio n of firing data and thes v--iz c;B:ransmission of Tire

Commands to the guns. Thare wa.s an. sven - li between these

two are-as. The overall :a-a of training of the bat:talion

FDC was rate-d as average. No reserve= bias was dete -cte:d in

the respcnses to -these que stions.

The Batt6alior Cc'mmaners assigned a higaher prIo-y- +-:

t he fielding of a new battery compuiter system than th s

ReimntlCommanders. 'They indi-cated that th= new system

should be capable of opeL-ating from batte:ry azd generator

powe-r. They rated t-he i mportance of the Capabilit:y to

opera-te from standard garri_-son power slightly lower than the"-

Regimetal Commanders. They definitely suppor: t6he automa-

tion of -the transmission, of FieCommands to -he guns.

The ma jority (69 perce nt) of tri e Batta1 ion Commanners

sta ted t-hat r elab ilityw ~as me m o st I'muort-ant character-

4 sti-c thlat should b,: considered inr the selectio-f- e

batt ery co mpute: syvste, am. A rumor o f writtenc comments

clearly expressel the impor:tance of system rei-ability. Th s

4wr"Ltten comments of the B a t t a I-on Coumanders also empha4_zd

that testem shouli be eas-iy mainanbe a h

Oprator/Organizational levels of Ma.nntenanc.?. The se

dcomments agree with.. those of -1h,; ?=egimexnn:a. Commanders.
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Alt!houqh h ataL:, Commanders unan-mously endorse

ths corcep- of d ec e rtr i Ied technical fire direction,

eighty-one tpercen't irdica.ted that a new battery cop-:

system should have the zapability to perform centralized

technical fire :rcton fo all frina ba-ttries in a

battali on. Thqir wri'tten -orrients also eixpressed a corncern

hat if a new battery =oq putsr Syste'un iS f4ie~dp~:

MIFASS, the Eat'alion FDC w )uld :De without an enhanced fire

direcc caablity. This* would z-reate, a seri'ous gap i

capabilit--ies. T he battalii,)n FDC woald have to cont in us to

rely on FADAC anrd the PWI2-. This vie=w may have influenced

t-heir responses :n regarls to t he inclusion. of the capa-

bility of centralized lachn -cal fire9 dir-ecti on in a new

system.

E . THE BATTERY CO IMANDER9 1 V IEW

Apeni r prov des -tn -.ab u its results of the Bat,:ery

Coamandsr's qu e stionnair. Ba -t -:y Commanders clearly

f favor ed t;-he I c entra _'z a-on o f tazhnical fire dir-ection..

Three questions (numbc r, 2, 3, and 4) were used t hc h

Kdegree of decentralizatin. All the checks Inda-cated zhat-

decentralization of technizal fire diraction was in fact a

reali1t y.

This au-hor was surp::ise-d to f'il that seventy oercen,:

4of the firing batteries do not have a publi.shed 3unnery SOP.

The major-ity o f t he u nis that-6 had a Gunnery SOP ke7p- th?

SOP curzrt.
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Fift y-t hr ee percent of th e Battery C -~~i:

ccm plet e d the Field A rti.-llery Offi,,zrs Adv .e: a~:~

res-dentstu de nts. Eiqh ty-ei ght percent ofth 'i

Commanders had completed a career level sch.~ ~r:

residence or by corresponlence.

.he Manual System i.s the primary method d e c- T.n:

f irin-r.g d at a in the battery FDCs. It should t,- no e-h

fourteer. of the fifteen reserve batteries r~odn s

the Manual System. The aztiva 'for=e structu:"e was evs;nly

SDlit between FADAC, PHHC, and t1_he Manual Syst _n,. ere

ir the 10-th Marines used t he FADAC mcre thanbters

the other regiments. Ba t terc ies r, t h 1 1t h M a s-~s e Iid onr

the PHHC as the pri-mary source of firing data. Batt_':--c 4.'

the 11t--h and 14th Mar nes were not ia~horized a FADAC. FO'::

reserve batteriAes indizated t h at6 they were authoriz ' a

FADAC. Based on the ia ota iedI f~cnte 3:~'

Commanda-s -he operational readiness of battery owned F7ADAC.-

i53 percent. The averags FADA- lownt:4me zs reaz'r !a-

sixty days. This is consi-stent wit the data lprovi ed ly the

6BattcaliLon Commander:s. A majori-ty of the= ba-F4:ie=S Xp5er-_

e-noed si--qnifca nt Idif fio::ult Y in :)bnaini:ng F~A n

part s. he writ ten comment s --ndizat --d that cin- -u _t_ boardIs,

memory disks and keyboards ar-e the: great:es: problem are:as.

The se resul-6s agree w ith -the Regimental and Bat:talion

Commanders' assesment. With -he ezpinof the reserves,

the majcrit y of artillery btrisautn'.orAzed a 'FADAC arze

4 69



usirg the: integrated FADAC/Manaul System. The battery FDC's

prof iciency with FADAC was rated as average. The Battery

Coimanders indicated that t-he maintenance of FADAC was the

most serious Prcblem area for their units. rhe level. of

trai-ning of FADAC operator)s was ranked as the second major

problem area.

The majori-ty of the reserve batteries are not usin-,g the

PHH~C. This is evident from their responses to the quqsti-ons

pertaining to the PHHC. Apperdix Einicte those ques-

--.r.s which have a bias introduced by the large number of

negative responses from the reserve batteries. The results

of the survey shcw that the active uni, piar he1t

Mares, are using the PHH. Based :)n the data obtained the?

op-3rat-ioral readiness of the PHHC is 94~ Percent. The reli-;

abilit cf the PHHC was rated as above average.

'7n se;cific written comments a number of Battery

Commanders Indicated that the Performance of the PHHC was

degraded in a desert environmer't- AlddtIorally, The LED

(L-,! =mi'tirg Diode) lisplay is diffi-cult to read in

bricilt sunl1ight. The small sizs of the display degrades the

afctive supervis-*on of -)perator inputs.

The Battery Commanders were evenly spli..t over their

ability to adequately train FDC personnel in the operation

of the PHHC. The majority of the reserve batteries respondel

tha t -,hey lackel suf.icie-nt- resources Io conduct proper

tranin on the oppration of the P!FHC. An overwhelming
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majority of Battery C:*,Ma7Idt:rs r=Fponded that For, Sill

should inrcrease the 4-sruzt'icnal hoar,.- devoted to h HC

The actiLve battery FD%-'s- prof -;ci-=n:-y using the PHHC was

rated as above average. Paserve batter-Jes rated their FDC'S

proficie::ncy with the ?HHC is unsa.4SfaCtory.

The Battery Commande-s responded that the largest time

delays in mission prccessing occurrel -. t-he actual ccmputa-

tion of firing data. rhze final re~lswere influenced by

the reserve responses. This may b . reflection of thqeir

state of tra in ing. The majority of: the active batteries

indicated that +he voice transmission of Fire Commands t6o

the guns caused t64he greatest delays. The overall state of

training of the battery FDC was rate d as above average to

average. The reserve batteries genarilly rated there overall

state of trainina as aver-age.

The Battery Commands assigrqned a hiqerp;o.n o h

fialding of a new compute r system than the Regimenta or

Battalion Commanders. HIowavsr, the difference in the

average ratings (3) be -en thBattary commanders and the

Battalion Commanders was not s4iniflicant. The Ba~tery

Commanders responded that a new system should be capable of

*operating from bcth batter7y and ge,4nerator power. They r7ated

the importance of the c-apability t:) operate from s-tandard

garrison power higher thin the Ba ttali-on. Comimanders but

lower than the Segimental Commanders. The majority of the

F4 Battery Commanders favor the automation of the trarsmiLssion

of. F..re Ccmmands.
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Sixty percent of the Battery Commanders stated a,

re iabilty we s the most- im port ant charact eri4sti-c ta

should be consi dered I n the selection of a new ba:y

comute sytem Spcifc wzitt-cn comments reinforced th e

importance of system reliability. The Battery Commar.1?rs

want a systsm tChat works.

Although the cverwhelming majority of BakLtary Ccmar,7i=7

currently employ and prefer t he decentralization of t-ech-

nical f:-.re direction, they indicated that a new bate r

t2f~e:ssem should have the capability t o perfor=m

centralized technical fire d.-rect4.on for all rn

batteries In a battali-on. This Is based on the responses

questions 1, 9 and 42. No reserve bias wdetetd: ~s

q uestionr.s.

F. SUMMARY

The questionnaires far-tually document the current status

of Marine artil ary. rhe- data frcm the questionna~zes an

numF-rous ineves clearly estabis-hes that mar L n',

artillery un-'.its st Ill he-av-Iy rely :)r the Maaual Syst-emr as

the primary means of determi-ning fi*ring data. There 's a-.

4obvious lack of standardizati on between +he zreg* ents. Each

of the three active regiments generally emphasize a.nd employ

dif ferent methods for -1 tsrmi n.-.g firmna dita. Marine

artillerymen are require! t6- maintain proficiency -i thres

di*f feren-6 fi 're direction systems. The full impacn: of the
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lacr ofsandardlzation of a Primary method for determ-n-na

fi*ri;rq da-ta 4.s onily ascertained when the number of irnter-re-

a 'menm~a. :rans fer s is con sidasred. Dur-irg t4=.ir careers

Marires rou-:..nely rotate through the different regimet.A

Operatifors Chief who only used the lanual System during his

Sarly years generally has a very dIfficult time mastering

the other syst;iv.s. Marns trained primarily on one parti-

cular syst-zm are promoted, transfeBrred and required to

Supervise aro-ther system. The Reserves r7ely solely on the

Manual System. The PHHC is not rsalLy being used by reserve

The data fromu t%-he quest ionnaires inrdi-cate: that:

1. Tehnicl fie- direct'rn 4s decentralized.

2. Batterie-s do rot have current 3unnezy SOPs.

3. A malority of artllery Battery Commanders have
ccloplete& a career levc-l school.

4. The inegrated FADAC/Marual System is beig se t
lim~tdegree.

5. FADAC maintenan~ce sapport is- inadequate.

5. The ?PJ{C is being ased by the active uni ts an i..1t s
re'Liab-ility is rated as above average.

7. PHHiC Instr-ucti4on at Fort Sill should be expanded for

8. A new bateycmtr system should be capable of
being opcerated from battery and generator power. 11,
should include the automatio of the transmission of1
Fi-re Commands to the guns.

9. Relability Is the most important character-st-c to bs
cornsi.ered in the selection ~fa new battery fr
dire--cti-on computer system. The C-cmmanders want a
system that wor-ks.
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10. The "3 X 8" concept requ4: s two fully equipped
Platoon FDCs.

11. Although Ccmmanders employ and prefer -z: dece ntral-
ized concept, a significant m-.ority rs p . ed that a
new battery computer system include th a.ability to
perform centralized technical fire c °:: for all
the firing batteries in a battalion.

The FADAC maintenance support probler - especially

critical. The state-of-the-art for FADAC 'I .--been passed

many years ago. In 1978 the U.S. Army Arm.m-: '' Readiness

Command (ARRCOM) reduced the procurmnt of maior long lead

time spare and repa ir parts to prevent :xcs stocks and

unnecessary expenditures. This decision was aie :ntici-
pation of the 1980 fielding of the BZS. The sli-oace of ths

BCS IOC to FY 1983 impazed on ARRC3 -'s --i "o prc.rly

support FADAC. (Ref. 34: p. 121

The most recurring problem assoc'-sd wi-h FADAC suoport-
abilizy is a dwindl*ng source of manufacturing expertise
willing and able to produce spar.? an z pair ,arts. Many
of the repair parts have not been maanufac" ired for a
number of years, and the current Technical Da.ta Packages
(TDP) are out of date. Repeated zff c-:.s z btain up to
date TDP's suitable for procurement hav -- --h failure.
The Memory Disk Assembly "s the m,)- cruc:al item in the
FADAC system. Efforts to procure this item have failed
durino the past few years. The 90 spare --mcry Disk
Assemblies (currently available ar I from the
Letterkenny Army Depot (LEAD rebu_'l" Prcgrai. There are
no new FADAC Memory Disk Assemblies r-ma-ning in the Army
inventory. ALL Memory Disk Assembli-s must b= repaired by
cannibalization of other Memory Disks, resulting in a
dwindling supply. Attrition rate for Iemory DiSks has been
about ten units per year. This rate is expected to
increase. (Ref. 34: p. 4]

Cperational readiness is degra-ed by th _ shortage of

spare and repair parts. Data from ARRCOM reveal -tha- i
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takes from three to four weeks for CONUS un t s to obtain

"normal" replacement parts. "The Memory Disk usually

reguires six months to a year for reolacemert."1 (Ref. 34:

p. 71

ARRCOII plans to support the FkDAC system through 1989.

The cor ~u,:d support oIf th a F A DAC system will be based on

can nibalization of existing assets for the major ite-ms and

additional procurement of miscellaneo)us minor it-ems (such as

resistors, capacitors, transistors, stc.) . AERCOM is consid-

ering establIshirg a maintenance float at Latterkenry Army

Depot to support the Army Reserve and Marine Zorps FADACs.

The float assets will consi st of FADACS turned in, by ac-ive

Arm y un-'ts as the BCS is fielded. (Raf. 35]

The Fe22t of The MI? ASS P rogram Review, April 1982

identifed the inadesquacy of the current firs *rc 'on

systems. Tie da.ta from t he guesti,,nnairss reirforces the

f In dings of the KIFASS Working Group, regarding the current_

status of fire di r e ctio n. In this author's opinion, the

current Marine artillery Eire direction systems are in~ade-

quate toc meet the d~emands of today's battlefield. In an -age

of si-gni-ficant" technoloqiral advan~ss in computa-or an!

autcmatic data processing systems, the Marine Corns still

utili11.zes a manual1 s vstem co nsis ting of paper firing charts,

plotting pins and GFTs. FADAC is no)t being used and canno:

be reliet! unon. FADAC was built- to -net t-he field Perfor-

mance reguirements needed twenty ye-ars ago. It mwet the
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req uiremen S a t thtti, but new field per forna nc:

req uire me rt s for today'.- battlefield scenario have made

FADAC an ou~moded svstem. The supportability of FADAC has

beacme :nraigy ifzl IFASS is at Le-ast fiv:e

years over the horizon. Th e most optimistic IOC for MIFUS

is FY 1987.
NI11S wlpride -he artillery battalfon. FDC Wi4th a

st-a te-of- the- art fire -SuppCr/fir= directi'on. computer
sysem. HoeeIFSas ressntl.y configured, dses no,

extnd-o t-he battery level. MISSwlno :slv h

fire direction Problem at- the battery level. rhe artillery

batt -e ry needs an automited co m pu ta3ti onal1 capabilit y to

support- autonomous battery opErations. The fire d::sct-or

problem is especially CritiC11 at the battery levsl a nd

needs to be expedito-usly :eisolved.

Artille; ry is t 1ie MAGTF Ccmmande:'s primary all-weather

fire suppor:- asset. The; lack of a modern artillery batta-

ion/ battr _ire dirctn rompDuter system degrades ths

Marine Cor-ps overall combat effectivenass. As a r.?suit, thq

Ma ri-.ne Corps faces a critical window of vulnerabilit4-y, until

MIFASS or a derivative o . MIFASS i-s fielded. Th-7 current

situati-cn rsgui4res immediate attentio:n.

The problem def inition fo: thi-s thasis is that the

current battery level fire directiLon systems are inadequate

tmetthe demands of t:oday' s batt-lefield. This t hes is

*addresses the selecti-cn o)f a Miarine azrti-llery battery fire
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directi-cr. computer system which car:infcatL

the battery's f ire difrectio)n capabilitie-s. S~st= ec7.

ress can be improved through the use of autom , i,!as- s-anc-

for ths computation of f irin g data and ans S or ot

Calls-For-Fire and Fire Commands. T h t ech oI a Y .x st s -6.

suppcrt t-he automation of these IFunctions.

This chapter has restablished :ha curr--t s,:atus o-,E:r

direction based on data provided by the questionnaires -a!c

interviews, and defined the probles the thesis addresses.

Arillery Ccmmanders' inputs regarding the hrcs ~ sc

of a new battery 'Level fire direction computer systsrn w;-rn

also pze s en e d. The next chapter 1discusses fcu:: firs di:---

tion. computer systems which can enhanze batte -y :.4:e d-;*-c

tion capabillties.
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V. DESCRIPTION OF ALTERNATIVES

Thecu-ent status of fire direction ~nMar-ne ar--er

units has been establishe d. The ex is ting f ire dirsc-ion

3 yst;ems are considered inalequate for the batt"isfield of zhe-

19E?3's. This chapter prowides a descri pti on of four battery

I ev s fire direction computer systems whi-ch cal-

signifi'cantly enhance the battery's technical fire d~rsc-4on

cap abiliti es. In alphibetical orler the four alternativs

systems are:

1.Atllery Computer Systemn (ACS)

2. hattery Computer System (BCS)

3. £rnhancsd F4re Direction/Survey Calculator (FD/SC)

4. Fire* Con-6rcl Computer (FCC)

it should be roted that o th sr alternatves exist.

Ameri can an~d foreign compan-Les ara za~ketinrg a number of

batt4ery revlel fi=e direction computer systems. *:. was beyond

the scope of this thesis to consider all +he available firs

directior computer systems. This thesis evaluates the :our

alternatives (listed abovse1 which ars currently considearel

to be prime candidates for replacing FADAC.

The BCS is currently in production and i-ts technical

characteristi.cs are firmly established. T he ot he ,r three

alternatives are In various stages -f development. Some of
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-. their technical chaL r;rc Stc .i-ay change as development

proceeds. This a t hor ha s rEcsntly visited each of the

*man uf act urers and .1'cse thle -:--chnica characte::s2.cs

w Ith the respective project en~sr. The te:chnical data

presented inLr this chapter were provilsd ty the manufacturers

of: the systems. Additionally, cost 3.ata were liscussed N.:th

represertatives of the copnis Cs at reetd i

this -4thesis do not reprssent an offer to produce at ne

estimated cost. The actual cost can only be established

through contract negotiation. Eaca of-, the alternati-ve=s is

di-scussed separately and ther the major character-Ls: cs of

all thealernativ es are summari z=! I n Table XVIII.

A. ALTERNATIVE 1, ARTILLERY-.COEI!PTJT!B SYFTEM (ACS)

The Magn~avox ACS isa s~ae~-h-r auomt .ti

directio.n system. it combi'nes imprve:me-nts in the computa-

tion of firm-_-.a data and CcmaunI-Cat. onrs to enhance Overall

sys tem's effectiveness. The ACS uszes the command, cor =ol

and communications syst=em inrherent to the tactical employ-

ment of a Marine artillery batteary. The ACS consists of an

Artilery Computer Unit (AC U) and 3u- Corntro. Units (GCUs).

The ACU is the hea rt of the systlem. It provies the

computational capability ind the communica-tions rerfaces.

The ACU is a lightweight, battery ?owered, handcarried

*bat tery :evel f ire d irect i on computer whi-ch provide four

separate c ommu n ca tic-ns networks for- digizal or VCcs
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recepticr/transm ission. T he AC'J digi-tally passe-,_

Commands directly to each howitzer via wire or rad--c. T 11

ACU also provides for the stor-age and display of -nfo:ma-:on

pertaining to weapon and ammuni tio:n status, t a rga a nd

observer locations, met eor ologi-cal infOrmation, arnd cthe:

essential FDC data

The GCtJ cornsists of four pieces of eguipmen- pse

howitzer; the Gur Control Interface (GICI) , the Secti-on Chi.ef

Assembly (SCA) and two identi cal Gun Assemblies (GAS) .Th

GCI provIdes the interface between the ACU and the SCA and

GAS. The SCA is connected to the 3C1 by a pow=er cable. Th,;

two GAS are- connected to ths GCI by standar-d fie-d w-;rz

(WD- 1) . The howitzer secti on chief uses the SCA. T V. SC A

has a display for filre commands and a control keyboard. The

GAS provide deflection fo: the gunner and quadrant eleva::ion

for the assistant gunner. The GAS will be mounted or -_h=

howitzer.

2hv=,ical Characteristic-s: Table I- provides the gsr .,ra2.

physcial characteristics of the ACS. The total weiql- of

the ACS Is based on the the equipment required to suppor:- an

eight gur. battery; that is, two .1::s and eiaht GCUs. The

weiqht of --he power cables and the Government Furnis-hed

Z qn-pment (GFE) printer that the ACS ROC requires is not
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TABLE II

ACS Physical Charactearistics

Ovrall Dimensions (in.) ACU 7. 6 (L) ,11 (W) ,7 (;J)

Volume (cu. ft.) ACU .34

Weight ('.bs.) ACU 19, GCI 10, SCA 4, GA 1

To-1 a eIqh (lbs.) 158

Memory Capanoity 256K, 16-bit words

Display ACU, Plasma, 256 Charactsrs
approximately 1/4 inrch i
hzei;ht

Display Dimsnsions (in.) ACU, 7 (W) 3. 3 (H!)

rowe Beuir Erntnts: The ACU can be powered by internal

-or extrt -,= power sources. Inera po, 4sLUrvidU byc

non-rechargeable Lithium (BA5557/U) batery or one :echarge-

ablE Ni-'ckel--Cadm-im (BB557/U) batter-y. External power is

pro:vi4dea by: sx-ernal twe nty--eight volt (28 vo".t), di~rect

current (25 VDC) batteries, standard la=--- Corps mobil

elezctri-c Dowsr generating sources (MZPGS) and st:andard

garrisor. pcwar (63 cycle, 1 20 volts). The external bae--r' es

incl-ude: n-rcagbl Li-um (BA5590), rechargeable

4 Nickel-cadmium fBB590) and st-andard vehicular batteries.

The ACU has buil --in connections for the ex-ternal ba--ter--es

ani MEPGS. A small converter is rzquired frthe ACU to

4operate from standard garrison po w er. Th-e rc haaoe a-',1-

so



bat ter ies will recharge when th- -Cz c ne--- ca

external powpr sourcce.

T he operating time p r v d d by t..q-nal/ex'terna.-

bat teri4rs is a f unct ion of syst,,rd us-a:jr. : expec .e-d oper-

aigtimes of these bat:!-r *,s wz 11 be ~~ri~ aE part of

developmental and operatio)nal. tig. m a ~~v: -,x .as found

han the Lithium batteries gensrally last t -L nms lne

tha n t1he N ic kel1- Caldm iu m b at t e ri' rh-? DMD &!-, FIS7 DtMD as=

the same t ypes of ba~teriss as th, AZS.

The GCI is pcwered by either inr-nrnal or :ixterral power

sources. Int6ernal power is provided by one ror-rechargeablea

Lthium (BA5557/U) battery or one r-=cha abla iBB557/U)

batt er y. Ext er nal power can b- pr)vide by evhcua

electrical syst-m of self prope lled weapons. Thea GCI

provides the powe~r supply f or t:e SCA andi the :wO G~.s.

Communi cat-ions Capab-lit es: The kC" ptrov:des communi-

cation net switching control -Ecr four scparate ccmmunica-

tiorns ne,.tworks. Integral z:onnecro::-- :-or four nets, eitoer

wi4re or radio, are Provided. :he U can r.ecei-ve and tran-

smit diia c~nctons or vocez v-:a -44--o radio.Th

AC'J has a local tezminal niods with n-t? er nal o ort into the?

four net communicati-on swi-tch . Tine :ags 1far messages ori4gi--

rnated at the ACU are provided. The ACS has the capabili'ty

for. ti-me synchronization viith net u-z;e:s. Thr- communi-cati-on

net subscriber --able allows t-he AZ!J to control che commun-

cations cf subscribers c n the = ne's attached to the system.
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The modes of operaticn for this control include a dirsc-:

addressing mode, an automated mode and a manual review mole.

The ACU provides a pet sers-n capabili ty to reduce net

usage corflicts by multiple users. The ACU can han'dle 64

subscribers. Encryption compatblitie i*ncude the KY-8,

28, 38, and 57 systems. The KG-31 and 84 compatibility is

achieved wi~h an appropriate modem card.

Programming~ f:Id Ballis tics: The ACtJ does not requ~rs

tae oain o pograms. The ACU's firmware co-ains the

programming for all the required we9a pon, systems and t hs

appropriate pro jectiles, fuzes and propellants. In 1978-79

Maqnavcx improved the M!od~ Ped Point MIass Balli-sti*c Miodel

for teU.S. Army's Ballistic Resea-=h Laboratory. Th~ C'

programm na uses this Improved LModified Poi*nt Mass Ballistic

m IelI. Ballistics are provided for the following calibers:

105mm, 155mm, 8 inch, and l1i.5mm Irairer. The ACS can

compute? 4":ng d a ,a for all current !ier~ne Corps a-

weapon. systems including te M198. ACS can compute indivi-

dual firing data for six-teen we3apons.

atoraas Cap abllitizss: Table III contalis the currenn:

dat-a base s tor aqe c apa bi-*l i -_s for --he ACS. The ACU can

4 detem-rzefrn data, store weapon and ammunition. infcrma-

tion, store and apply Registrati-;on Corrrections ard stort!

mask da-ta for sixt-een howitzers. The ACt? automates ammun.-

-ion accountina. It can retain three fire plans as part of
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'I's tarqoat Storage. Provisions have been made to allow th=

ACU tc =xc.ange t6he F4i::-= -o rtrol Directory and Data Base via

digital communcatlors wit h another ACU at a hiJgher- head-

quarters or ani a dj acen t uni4t utilizing one of its four

communications nets or the s.eriJal data port.

T'AELE III

ACS Storage Zapab.lities

Krown Points 60
FO Lccaticns 13
No Fire Areas 13

rspace CoordinatinAra 1
eteorolo gica.. Fi-es 3

Individual Weapon Locat.ions 16
Fire Uni-t (weapon and ammo) status 16.
Ccncurzen- Mis~iicns 3 +1 FPF

Miss-cn P:oc, s'no: Firc mi.ssions can be inputted diai-

tally or manually. The ACS can procsss three conicurrent :lrs

m--ss~ons plus one9 Fi-nal, ?~ot-ct6ive FirZe (FPF) . Table IV

iderti .es the typ-es of mi ssions that the ACU is programmed

to procES.

The ACU w:ill process all threa nethols of target loca-

4tion)r: grid, polar and shift f~om a known point. Using laser

generated target or proje-ctile point of Impact informa-:ion

(slant range, vertical angle and dir ect, *on) , he ACU

computes firing data for s-.at!-onarv and moving targets.
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r ABLE 1V

ACS Mi6ssion Processing

Area, Low and High Angle
Registration /Destruction
Illumination /Coorlinated IlluminatisD-

* I Air observer
Ti*me on Target

* - Laser
Precisicn Guided Muniio ns (Cor)pperh a d)
Nuci sar

Moving target behavior is predicted using linear it:~A

tion. technicrues. Based on the moving zarqet bahavico,

ACU develops target -nter~apt- points, t-Me tro targiet ~~

cept, -ime weapons a-re to f ire, the r-ommands to fr =- an,

EQ commands for "1shot" and "splash". The ACU provides app':o-

Pri ate al erts f or Ti me on Target missions. A gun-ta~rget is

adjustment is provide orArObserver mu'sSIons. i

processinqg a nuclear fire mission, teAGO computes on:X :h

4-schnical firing data for ',ho; nuclear po~~e

A u xi-6liary ?unct :ons: The ACU DerfOrmMr' a rumc-:. ux

liry4re di-rection funct"ons. Ona Cf -!is Mal r dUX4:__za:Y

functions is the letermination of eeitrc Jcr :n.

It can provide GET settin.gs for manual back-up. The AGO can

determine dat61a for replot. The ACU can determine Muzzle

Velocity Variations (MVVs) .The M93 ValocimetEr readigs are

*manually corrected for Pr ojscti--'le wigh t and prcpe-llan-



4temperature and entered in the ACU. The ACU compares the

entered value with a scandard value to determine the MVV.

Using a set of MVVs, a set of Comparative Veloci-ty Errors

(VEs) can be determined. Comparative VEs are needed to

transfer GFT settings to non registezing batteries. The ACU
also COmu-es zone-to-zone transformations. The moving

tarcet ard "shot" and "splash" functions have already been

discussed. The four AC~s being built for or II are not

programmed for standard survey operations. However, Magnavox

has indicated that this czpability could be added prior to

producticn , if it is required.

Ia-ntenance: The ACU contains a buil"-in self--est for

all firmware. The operator performs this test as part of the

preparation for action sequence. It takes approximately

seven seconds to run the salf-mest. Mean Time to Reoair

(MTTR) for Organizational level r=pairs (operator repairs)

is currently estimated as less than ten minutes. Repair of

the ACU s accomplished by the' interchange of replaceable

modules at the appropriate maintenance level. Mean Time

Between Failures (MTBF) is estimated at fifteen hundred

hours, The contractor's estimates of TTR and MTBF will be

4 evaluated as part of OT iI.

Ease of Op-ration: The ACO's programming uses a

layerinq of menus to present inforaation to the operator.

The operator calls the system mode menu which causes th-
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choices cf system, opo;eration to te displayed. When he Sslects

one of the choices, that 3aectIion: will bring to the display

panel the next menu which contains the additional decisions

that the operator must make.

Prompting techniques are uszed to lead the CDErator

through the sequence of operat:ions he mus4t rerform. The:

display presented tc the operator -ills attent-oroth

in.forma-tion which the program r:-quires +he operator to

supply. Default selectioas are pro)vided in tepresentato

of some menus, so that :he operator is not requiread -cc make

1 14 an entrZy unless his entry is different from the default

(no rmal standard entry).

-f he operator should :-Equest- t.he syste m tc do some-
ti,-,a that violates a previoaisly established "ocperational

rule"; (for example, incorrect pro)jectile-- / fuze combIna-

Kton, ::rnqino an established no fir-!e area, etc.,) the

system will output a warning mesesage to the operator telling

him of the conflict and wil.l not honor h.is request until th-

conflict isresolved utilz ':.q -pzoper procedures.

This author was able t,. execute -a complete fi--*e mission

on the ACS aftar a ten intoerew brisfing on. the

system. The key to operation of the- system is the effectivs

-I ayering cf information. rhs presentatior of information, was

logical and easy to follow. The layering proceeds from a

broa ovrviw don t s~cfrcs. The presentation of care-

6fully sorted data enhances the operation of the system. The
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display is clear and very easy to read. The char ac-, -

evenly distributed and the alignment is excellent. C nm mn

arileyabrvitons hive been used wherever pc s ib Ie

The operator is no required to memorize a ILis- f new

mnemori~cso System prompts are used effectively to quile th:?

opraor. The system can be classifida uerr.n~"

Magravox's attention to human engineering is c ea =ly

evident. The size of the display characters (approximately

1/'4 inch) ,effective layering of information and the use of

syst-em prompts contributea to the ease of otoeratio~ Ths

di-splay panel- cmi easily be read by the FDO. ViLsuai ant4

audio alerts are provided for the opsrator. The sys-em isz

definitely easie: to operate than FADAC.

The ACU has a directory feature which allows the cpsr-

a or to search information in his lita base in responsct

ques-ti-ons con.c-:rning tarqats, mission st-atus, forward Obser-

vers, weapons, etc. This feature permits questiorinq thn

system for information without thl? requirement of the oper?-

a to r ask'i for each piecze of inrfor=mati-on th at he wantzs

separately. B's senti-a 11y the d irectory feature alb-cw3 th s

operator to know what is plarnned, and what is cuzrentl.

happening, in his area of i:nterest. The directory feature

uses ±1ayerinrg and sorted data to provide the in~formation.

-Y Appr)x-'iane=ly ninesty percent of the ACU's

hardware IS com mcnr to othe;r systems :Ref. 36]. Th-E ACS wil11

be produced on the same production li6ne that was estab!.Ashed
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-cr the Azmy's EfLD (AN PSG-2) and FIST DMD. Magnavcx's

Conmurica-'on Message Device (CMD) becomes an ACU wi-h the

loading A programs to accomplish the ACS system tasks. The

proqrams a.re ccntained on two Electrically Programmable Read

Orly MFwiory (EPROM) cards and one Arithmetic Processing

Memory (.IPM) card. The ACU will use the actual FIST D1.D

box.

Althcugh the ACS would b, a unique Marine Corps system,

th a majority of its components are used in a number of Army

systems. The Marine Corps maintenan=? effort should benefit

qfrom th high degree of coamonality of basic components.

magravox has produced 2000 DMDs and currertly a total of

7000 are c, be fielded. Approx imateiy 1200 FIST DMDs are to

be fielded.

S....rce .evelo::men Test and Experinentaion Testing of the_
FIST DAD was conducted it Fort Sill by the U.S. Army Field
A: -'le1_y Bc-a:d during July and August of this year.
Pr-li1inary f-n*ings based on emerging -es- results indi-
cate *-. FIST CMD performance to be favorable. [Ref. 37-
p. 211

Th ha=dware commonality shculd signiicantly reduce logis-

.ics costs. Additionally, the Marine Corps should be able to

take advantage of Magnavox's production learning curve. Th -

ini-'a! oroduct-on line problems associated with any new

" system start-up have already been resolv'ed. The Marine Corps

381 ACUs represent only a small fraction of the items -c be

produced cn this production line. No major modifications of

the production line are required for the ACS.
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2ZMl-y The ACS PC,- r=-quires that, hAC

will incorpora te automate! a-ssiste:d 0 7-e ra o r actior

required prior tc message bein'g entered :-'to mzemory) in-ter-

* fze wih -he Meteorologi cal Da'a Svs Ti (11D) and t he-

Digital Communications Ts.-minal. (DCT) A CS will2 also be-

compati'ble wi'th and inrccrp:)rA-:e in autui'-< in--e-facs with

MIFASS when 11I4ASS is fie.;e. [Ref. 38: p. 61

MDS isan Army program to diev=13o an improved fi4eld

arti*llery msteorciogical system. It wi-1ll ave thz- capability*--

of prov i dir c an automated assisted di:lme- eorological

data input d-irectly to an artillery fire c- dir cn comput6er.

it is bei ng devsloped by Berd x arJ:t prc'jec-d ICC for

the Ma re Corps is FY 1984. The OCT -4s a M-arin e Ccrps

developced, small, hand-held manually ooer&.ted desvice for

sendin.,g and receiving digi talI, fixed form~a+ an~d fre-e-t-e xt

messages over wire and voice radio r:ets 7I hE CT I s b e.--ngq

devi=loDed by Liton The projected, DCT I,*C sF 95

MIFASS was discussed in Chapter The. IFASS ED !s are

being bu It by Ncrden Systems. The projected MIFASS :oc is

FY 1987. All of these systems (ACS, IDS, DC", MIFASS) are

snl I in various stages cf developmznt and are beina bull!:

by different ccntractors. Int-sroperability will1 be a

preblem, bun- it is solvable.

The ACS m ust be able to use input from the 191~

Velocimeter -and the AN/IPQ-36 Radar. The M90 was fielded in

F1Y 1981. it provides ac:urate and ~I-Iely detearminati-on of
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weapon muzzle veloci'ties. These muizzle velocities can. be

manually entered into the ACU. Th? M90 does not have or

require an automated interf ace.

The AN/TPQ-36 hostile? weapon locating radar has the

capability for a digital data lnk with a fire direction

computer. The AV/TPQ-36 i s currently being fielded by the

Marine Corps. The ACS automatically interoperates with ~h -

AN/TPQ-36.

Ilagravox .sworking towards developing the intsrfaces

for MDS and t.e XlT. These in:er~aces would be included in

the production version of the ACS. Since the final vess!on

of MIFASS has not been decided, ~1qavox has recommended

that the MIFASS interface be a praplanned product improve-

ment, for the ACS. Sufficient memory has been allocated. for

the required interfaces. The FIST DMD intsroperate-s with

BCSTACI3. Sic C s In reality a derivative of the

FIS T DMD, the co mmunica tiJons intsrface bstweeni ACS arnA

BCS/TACF:P.E is not a major problem.

Procurement Cost: Procurement cost is based on a FY

198/4 procuresment of the AZS. Table V presents the current

estimate of the ACS pro)curF-ment- cost :or an eight gun

battery. All costs in Table V ire in FY 1984& dollars.

The ACU's high degc -3e of commonality has allowed

Magnvoxto establish a good estimate oth Cscs.

There i.s some uncertainty concerninag the cost of the GD11

(composed of the GCd, SCA and 2 3A-) . Magnavox provided a
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rABLE V

ACS Estimated Procurement Cost

Item Cost Per 1tr.m Number Rqui_red Total Cost

ACU $35,00C 2 $70,000

GDU $ , O0 8 _32,000

$102,000

range of from ,3,00U to t,5, 000 per GDU (Ref. 361. Table IV

uses the average of +he low and hiah estimates. If the low

and high estimat=s are used, the total cost per batt-ery may

be as low as S 94,000 and as high as $110,000.

B. ALTERNATIVE 2, BATTERY COMPUTER SYSTEM (BCS)

' he BCS is a lightwei'ght, self contained, twenty-eight-

volt (28-volt) direct curent powered central computing

subsystem which jerforms the processing, display and control

functions for aztillery bittery fir .=irection [Ref. 4: p.

1, Encl 71. BCS is an automated da ta processing system

which p-ovides the fir-ng battery with high speed -wo way

dig ital communications and interface with TAZFIRE, DID,

Ground Stations of Remotely Piloted Vehicles (RPVs) ,

AN/TPQ-36 Radar and MDS. The BCS is the battery lavel exten-

sion of TACFIRE. It refines the TACFIRE solution and

provides individual piec-3 corrections. its emplcyment an!
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capability ar? optimized for ar t 11 rY r - G~try V 17

performirgq survey tasks anid technical fire d i -e ( t. 0 7..

erhar.ces responsiveness and min:-M:zes FDC t ra C. ~s 1-01

errrsbydigtalysend-Lng Fire C:)tmar.3s from~ 'DCt

each hcwitzer.

The BCS replaces the 1118 FADAC and the AFI - DU in

all Army -'iej-d ar-til1lery ba-meriLes to s omJ u3.e sf vr v:-

and Naticnal Guard units. The BCS --s capable :)f- u -. m

battery cperat--ons. The BCS normally will be mtounteal . th--?

M57 7 Command Post Carrier (a -tracked ve hicle) or M~. 561

Gamma Goat (a wheeled ve. iicle) .Thze BCS can a.jsc btz -!abl:

mount ;Ced for- ground cne rat ion~s. It i-s being ptoduc~rA1 b~r

Norden Systesad'i~lfedn commsnces dur nq ~:

sezond quarter FY 1983. The BCS cosists c: h.r E,7 :Lajo:

un;.ts: a Battery Compute~r Uni-t (BEZUl a Pow er Dist r -_n ,6 -o*,

Unit, (PDU) and Gun Display Unilts (GD~s).

The ECU cortains all --he contr-ols, displays, and i~ia

tor-s required -For t6he initiation a n1-- irn Plm s- t at o n 0 ir

missions and associated act~vlt'es. The BCU perfc r ii all

calcula--ions and interfaces wiLth sxisti'_c, a~~ ccmni.-inca-

tions sscur-ty (COM1SEC) dev--ces and the GDUs. Thti BCJ ',as a

twanty-fcuz line plasma d ispla y pansl, an a';paumer_c,

*special function keyboard, three :o)mmur,icati-':ns ports (two

external and one :rnternall arnd a program load uni:. The

* communTica tion s n qt wor ks all1ow f or :hs re7ceotlon /=:a-smIs-

4sion of aigital communica;ions or voicc via wire or :adlo.

92



Tuahea2rP e2:: priry system pcw:: from eithe7 ve:h-*:

bites incoming power to the BCU, COISEC equipmert, anrd

radios. The PDU is e-quipped with a trickle charger to main-

t-azrL the BCU's Internal. emergency batteries i.~aconstant

st.ate cf charge.

The GDU receives piere dama and Fire Commands from t-he

BCU and displays them at the howitzsr section. It also tran-

smits the weapcn. statu s to the FDC as a fire m~ssion

progressE. The GDU c:)nsists of a Case Assemly, Section

Chi*ef Assembly (SCA) and two identical Gun AssembliJes (GAs)

Thel: Case Assembly provides the interface beten.teBC n

the SCA and GAs. It also serves as -he power distributio

source -Fcr the SCA and GAs. Bach saztion chief-' receivss his

howitze:Is Fire Commands on teSAwietedfeto n

quadrant elevatio are simultaneously displayed on h,

gTunner and assistant aurnner GA's rspectively. rhe GA's will

be mounted on the howitzer.

yhsical Characteristics: Tbe VI provi-ds s h

gen er al physical characteri-sti-cs of the BCS. The total

weight of the BCS is based on ti,: eg'±ipment requir:ed to

support an ?ight gun batt.ery; that is, two 3CUs ard eigh-

GDUs. The weight of the :equired power cables and t:he GFE

prirnt er is not icl1uded.

?oWer R?equ1.rments: rhe BCU is powered by either v:h-_

cular batteries (2t3 VDC 1or a DC gzenerator (1.5KW) . To
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rABLE VI

C P h Y l ch .ra c  ristics

Overall Dimensions (in.) CU 24 (L), 17 (W), 18 (H)
PDU 20 (L), 19 (W), 5.5 (H)
Case 20.3 (L), 12.8 (W) , 14 (H)
SCA 9.4 (L), .4 (W), 2.2 (H)
G A 6.2 (L), 4.8 (), 1.8 (H)

Volume (cu. ft.) ?C4J

Weiaht (ibs.) PCO 9)
'Dj 30
Tabl e 73
Case 25.2
SCA 2.3
GA 1.5

Total weiah' (lbs.) 63'4

Memory I 12SK, 24-bi-. words

Display SCU, plasma, 24 lines with 72
ch.:acte s per line, 1728 to-a!
characters, approxi-a-ely 1/8

~inzh in he-ight

Cisplay Dimnsions (in.) BCU, 10 (W) , 5 (H)

protect the memorv c(n!:n-s 'n the evert of primary external

power lcss, the -C is equipp d with a power backup sys-:e

con sis'ing of w N::k el-Cadmiu intern-al emergsncy

batteries (BB590/U). These batteries provide power -o -:h

BCU memory for up to two hours, thus allowing for :he repair

and return cf primary power without total memory loss. The

PDU rickle charcer main-:ains these batt, : es in a corstan,

s-_a-.e of charge.
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The GDU Case Assembly serves as the power soarcz-

SCA and two GAs. The power options !include interr.a -:I r

power (BA5590 Lithium), vehicular battery powe: a-d Dc

generator power. [Ref. 39: p. 1-19]

Commniucations Ca.23b,*lities: The BCS uses standard

communications equipment (wire and radio) to commn~u~cate by

digi a. and voics transmission. The SCU has three communi-ca-

tons channels. Two external channsls provide high speled

d gital communications or vonc e with the eleientns ofI

field a:tillery system. channel 1 is normally -,he 3at-_e~y

Fir--e D recti-on net;. It serves as the prima:y Lin.-k w it

TACFIRE. Channel 2 would h andle any o-her nets the bat--zy

neads tc utilize. The FDC lases the channel 2 radio -o:c tz

to the apprlopria-te frequenzy prior to communicating with any

channel 2 subscribr The internal channel is used ti

support the GDUs. The internal charael1 can. communica--e -v-Er

w-re or radio. T'he FDO _-an communicate on any chane bZ-

tring his handset channel sellecrtohe eiedcan.

an! mor-itoring/ speaking on that channel th r ou gh F DO

han dset. The BCU allows for the zonocs tlon and ~.~cof

mes sages.

The PDU permits on line teletype with the GCX-74.

Encrypti- orn compatibIlitizes inzlude only the newer COMSEC

devices, KY-57 and KG-31 and 8U. There are? currently no

*plans 1-c require secure communcatioas for the AN/PRC-68 on

*the GDU net due to it s li-mi'tod range.
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2,j~q'ammD~q and Ballistic: rhe ECU requ-zes the

:oad!itq of a magnetic tape prior to operation. The: BCS

Cannon Applica-icr. Program consi4sts of an operating syst.=M,

diaqnost c module and a weapon dependent program wi-h data

base. The program load unit located beneath the 9CU loads

the sof-twars program in less than onrie mut.The software

p rogram contains si.xteen different zaliber and model ccmb-

natitons for --he 105mm, 155mm, 8 in ch and 14.5mm trainer".

*.Every ar-tillary cannon unit has the same t1.ape. The cpe; rator

'initializes --he ECU for the spec.if ic weapt-r. system desi4red.

The softlwars program contains all the authorized projsc-

4- les, fuzes and propellants for each weapon system.

Ballistics data are based or. the older Modif!_el Poi-nt

Mtass M~odel. The BCS can zompute fiigd,--a for all current

-c-r~ Corps artillery weapon systemsinldg e 18

3CS car compute individual f-iring data for twelve weapons.

Bcs wll 1determ-_ne fifring data using individual piece loca-

ticsq ndividual piece muzzle velocity va-riations, i.ndivi-

du al Pi-ece aimpcints and by flying individual ballistic

'tra J ect on-e s.

Stcraqe Cgajbil ities: Table VII cont7ains the data base

4storage capabilities for the BCS. The ECU can determine

firing data, and store weapon and amaur-ition information for

-twelve hcvi-tzers. However, the BCU zar only store and apply

eight different mask in~t. Eight sets of Registration

Corrections car. be stored. The appropriate setI of
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Reg'stration Corractions .s app!ied -c all howitzers f 'rng

a missicn. The BCU can st:)e -hree f"*a plans as part of i+s

data base. Fire planning lata can b_ autormatically inputted

from another BCU, TACFIRE :r DID.

TABLE VII

BCS Storige Capabil "ties

Targets 60
Known Points 60
FO Locaticns 10
No Fire Areas 10
Airspace Coordination Areas 0
Meteorological Fii-s 3
Individual Weapon Locations 12
Fir Unit (weapon/ammo) status 12
Concurrent Missions 3, + 1 FPF,

1 CP !lsn

M ~on Process ing: Fir_ missions ca:. be :.nrut-ed digi-

tally or manually. The BCS can proces-s :-_ee concurrent -

missions plus one Final Prctective (FPF) and one

Copperhead Priority mission (CP Msn) Tat- e VIII "den-ifies

the types of missions that the BCU s r-cgrammed to process.

The BCU will process ill three isthods of target loca-'d. Thehod fU tagtican

tion: grid, polar and shift from a krown point. The ECU ca.
-us laser generated target information to de-nermine firna

data for a staticnary or noving targ-t. when ased with the

Ground Laser Locator Designa-or (GLLD), the BC. hs ths
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rABLE VIII

BCS Miss ion Processing

* Area, Low and High Ang'Ie
Registration /Destruction
illumination /Coordinated Illumination
A ir observer

* Time on Target
Lassr
Precision Guided Munitions (copperhead)
Targets in a Fire Plan
Nuclear

capabilifty to assist in observer self location by zrilatsra-

tion or rssecticn or to attack i;rre=gularly shaped targets

thrcugh a draw rcutine.

The BCtJ provides appropriate alerts for Ti-me on Target

m~ss-ons and the execution cof1 fire plans. A visual countdown

clock keeps the BCU operator abreas of fire plar. imi ng.

Whetn the BCS operates with TACFIRE, tacti-cal fire direction

is provdqd by TACIPIRE. TA:FIRE sele:ts the unit(s) t*fre,

the shell/fuze combinatioa, and determines the number of

volleys required to defeat the target while conforming witi-

the commander's guidance. in autonomous employment, tactical

*fire di-rection decisions are made by the FDO and manually

*inserted by the BCU operator. Default selections can be

established by the operato: based on 'he FDC's ?Firc

Orler/Fire Command standards.
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Aux .iarv Fun~cticrns: The BCU performs a number o- ui

1iary fi-'re di.rec'Cion functions. One of ts primary auxili-ary

functors is the leterii.nat ion of Ragistration -orrec-ions.

The BCU provides GFT settings for manual back-up. Ths BCU

can detl rmirc lata for reD].ot. The BCU uses in~put from the

1193 Velccimster to determinae MVVs. The M190 muzzle velocity

readingS m us t first be manually co)rr ected for projectile,:

weight and propellant 'temperature. This corrected muzzle

velocit-y is entered into the BCU. The BCS compares thq

entered muzzle vel'ocit.y with the standard ruzzzle velocity

for the specified projectile/propellant lot/charge to deter-

mine the 11VV. The BCS software was designed to allow the

transfer of MIVVs to other charges *n the same projectile/

propellar~t group, but no restriction for diffecrt lots was

imposed. It thus :emains the FDO's responsibili;ty to manage

t he lots of ammur::"cn. Jsing a set of relatad MVVs, a set

of Comparati:ve yEs can be manually letermined. Comparativme

VEs are rqedqid to -:ransfec GFT settings. The BCS can perform

zon e-to-zonz. transforZmations. It also provides "shot" and

"'splash" to the observers.

r. nna nc e The BCS was desIgned to concentrate

maintenance activity at the Operator level so as to avoid

costly evaluation downtime (Ref. 40]. The operatcr can

correct ninety percent of all1 system faults Inr fiell

replaceable items within -thirty minutes.
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The ECS contains a self diagnostic proq-_a which ;:ssists

the operator in isolating problems. The cperatoz'Ic_ manial

(TM 11-7440-2 83 -12- 1) pr-3vides a 1.ist of tb.otn

procedures. As part of these procedures the opszator may be

directed to a specific diagnestic r outrne . TheL LACS has six

diJagnostIc Itest routines:

1. Display,

2. Keyboard,

3. Printer,

4. communications Ch!annels

5. GDU Channel, and

6. Front Panel.

The BSU displays all necessary r. s-ructi- s ~-rthe

operator and provides the results of gach test. U;Jhe r; a a s t

Is f aile d, the BCU tel'Is the opera-:or which DCU modulze

(there are eleven total) to replace. Orgarizational mainte-

nance is limited to the replacement :)f these modules.

Th C' TRis thi rty minu~es and I TB F .s twelve

hundred hours. These estimtsaebsdo -dt v:

lable from develcpmental aad operatio.:nal testi-ng.

Eas of QP. M_6 on: The BCS programm~na auzomates as

much of the fire direction process as possible wh-ile st-ll

retaining the allowance for FDQ intervention. The ECU has an

alphanumeric, special function keiybo)ard. The operator uses

the alphanumeric keys with a list of operator options

presentr-d or the fron~t panel display. The specilal funct::on
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keys allow special tasks to be initiatei by the cpera-:o:;

that is, gun command keys, display operation keys and

execute key. The basic ksybcard -s similiar to the standard

computer terminal keyboard. The keyboard folds up to cover

the display area/front pane.l during movement.

The display area on the BCU front panel is a plasma type

display on which 24 lir.as of 72 characters each can be

displayed. The display is divided into three functicnal

areas:

1. Upper display. Contains mission status cf current fi:
missions. It has 5 lines of display.

2. Middle area. Contains gun status, date time, and data
fie status. It has 4 lines of display.

3. Lower display. Used for displaying incomina messages,
error warning messages, firing data, and messages
stored in queues, composing and _diting aessages, and
displaying editing established files. It has 14 lines
of display.

An cperator- rompt caabi'lity prsents at the bot-om of

the display the range of legal values for the field in which

the cursor is currently located. 3pera-:on of the BCS is

based cn the use of standard messag- formats and the ex-.en-

sive use of mnemonics. The rough Iraft of TC 6-1-2, Battery
oter Ss lists 36 standard message formats. The

Glossary to this TC provides a dic-ionary of 276 mnemonics

-in addition to those used for projectile and fuze identif"-

cation. It takes time for an operator to become familiar

with the basic mnemonics. Initially operators rely heavily

or. the published list of mnemonics.
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In this author's opin.Lon, the BCS Is more compli-catel

thin FADAC. It appears -.3 be: more difficult To learn how to

*operate the BCS than FADA. The BCS requires a great deal

of memori zation . Data npu: reuires a larg amount of

typ in g. Using FADAC as a baselineB, there is -a significant

.ncrease the amount 3f typlng. The BCS operator is

required to type in text, mnc-oni-zs and numbers.

USAFAS is currently planing to allocate 120 hours of

Instruction on BCS to the Officer Basic Course students. BCS

-eq uir a ereo"il rilery system understranding

beyord the simple genecation of technical f iring data.

USAFAS has recommended that du_= to the inrcrsasing complexity

and responsibilit.y c f t he d ut ie s of the FDO, the senior

1 eutemant :n the f 4 4 -: ba ttery should be the FDO.

(Ref. 40]

Officers at-tending -:ha Field Artillery Officers Advancs

Course and Nor -Comm_4ss-'orned Officars (NCOs) attending --he

Fied Atlliery Cannon Advanced Course will r-csive approxi-

mately LLO hours of instruction on the BCS. This instruc-tion

will1 rclude familiarization with the BCS's characterst~cs

ani capabilities cons-ructi-ng data bases and Processing of

TA-FIREE4 cr autoncmous firs missions. The organization of a

BCS operator's course is currtly under consi-derat-ion. It

has been eszimated that approximately 80 hours of i*nstruc-

tion wculd be required for a basic operat:orls course.

(Ref. 41] Regardless of the amount of11 formal trnn
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pro v'ded to operators, profi ciency is only a~i.d~~

maintained through unit tra-nr.rq. USAFAS is stiudvina t',-

possi bilit-y of obtain-,ng tr aiJni;ng s- mulators wh cn c-1l1 1,, i

prograirmLd to di splay speci fic messages in sur7x:rt cf str--Ic-

tured training exercises. A BCS insartable, fiXe'! fcra-

ta§e, which would simulate the TACFIRE and DFD "znts:acr -;8

being pursued to support initial BZS fielding a-,d sarva a

te~porary expedient pri-or to fielding of 'he prcqrrnmabl~z

trai.n ing s Imula tcrs.

gommcaali: if this alternat've is selec-ted the larins

Corps ard the Army would have the same battery le=ve± - :*

directicrt computer. The Marine corps would be able -c tak-

f ull advantage of common logistics and trainin-,gs'pct

Trainirnq and maintenance publi4cati--ns have already b,:.s

dev~zzoped. Software maintenance would be perforned by -.%e

Army (USAFAS, Gunnery Departmeant) In the same manner -:ha'

FADAC tapes were updated.

The BCS serves as the extension cf the Army's T~kCFTI;'.

BCS capabili'1ties are optimized when 4-4- is linksl to TAC-TR-.

The1 A--my's training will be str-uctured1 to suppcrt h s

BCS/TACFIRE intlerface. The Mar" ne Corps t;.ra4 i n w-. haves

4 to be modified to emphasi.ze BCS autonomous operations.

.1f1eroperability: The BCS intseroperates with another

BCS, TACFIRE and the DMD or FIST DMD. Norden Systems is -,-e

developer and producer of SCS an I is currently unie:
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contrac- for the MIFASS EDMs. MIFASS interface problems

woul d be minimized, sin:-- -the sams company has wcrked on

both syst ems. Only one of the systems (MIFASS) is still

* . under development.

4 ddi. ionally, the BZS will interface with the M90

Velocimeter, AN/T:Q-36 and the MDS. The Marine Corps wouli

net have to tes' these interfaces since all three programs

were designed and developed to support the Army's

BCS/TACFIRE concept of employment.

An interface for the B-S ani DCT will have to be devel-

cpad. The Marine Corps will have to test this interface.

Norden Systems is not currently working on a BCS/DCT int.r-

face. Since the BCS is in production, a rational approach

would be to modify the DCr to meet the BCS requirements for

...t r face.

Procurement Cost: Procurement costs are based on a FY

1994 procurement of the BCS. Table IX presents the current

estimate of the BCS prozurement cost for an eight gun

battery. The Army has decided to provide two complete BCUs

for its eight gun batteries. All costs in Table IX are in FY

1984 dollars.

These costs are based on a Marine Corps buy under the

existing firm fixed price contract [Ref. 4: p. 7-&-B-6]. If

the Marine Corps is not able to procure the BCS under the

existinq contract optio >-e A0 April 1983 and 30 April.

1984), a new contract will have to be re-nego-iated with
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7 AM I.TX

BCS P-rocureamenz :,

g2.~t er ite M Number Pzciuired Total Cos-6

BCU/PDJ S120, 122 .2 $240,244

GDU P 12,4$52 $ 99,616

$339,960

liorden Systems. A re-regotiatior of '-he contact will mos-

probably result Jn h~gher costs -than thoss ifen: 4e d I n

Table IX.

C. ALTERNATIVE 3, ENHANCED FIRE D.-E.ECTbON/SURVEY CALCULATOR

V/S C)

The Enhanced FD/SC hias Bvolve-! 2rom the stand-alone

FD/SC required 4in t-he c~gina MI-AS program specifi ca-

- ~ tions. The MIFASS requi.rements calle:d -or a small, hand-held

ca'Lcula~ic= at the artillazy battrle_. Thscluao

was supposed. to s-upport autonomous ba-titry operations. Ths

original requi4rement16s closely parallgl the capabil -t4-s of

the PHHC, TI-59.

In the late 1970's the Marine Crs dvlpetcmu

nit relze 6hat the FD/SC would .iot meet the operati-onal

requremntsof a arillry bat:ery on the battlefield of

the 1980's and beyond. This was oan_ of the reasons that
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prompted the Marine Corps to participate in the dsvelcpi ---

of BCS. Chapter Three discussed thz- reasons for the aE

Corps wit hdr-awal from the BCS progrant.

After the Marine Corps withre from theBC ogtn

Norden Systems submitted a "nlo cost to the government" eng.i-

neering change proposal (ECP) to enhance -the FD/SC. As par

of the MIF&SS con tract, Norden was required to prcvd=

eleven FD/SC TDMs tc the Marine Corps. Howeve=r, the ECP

reduced the number of FD/SC ED~s to two. Norden is currerntl'7

under contat odeir two Enhaaced FD/SC EDMs -to h

Marine Corps in larch 1983. [Ref. 211]

Norden is in the; proc-ess of sabmitting a proposal to

further enhance the FD/SC, so that it meets or exceeds -he

capab-611ies specified in the Marine Corps ACS ROC. Nordcrn's

proposal is to produce and field the Enhanced FD/SC as

* . currently specifie in the FD/SZ Prorm Prfrac

Specification 2157-S-0110 and ECP 01. Additionally, Norlane

plans tc include a digit-- GDJ communications charnl zha:

:s nt adressed in these specifi'cat-ons. (e.L2

If a production decision is mad-a in July 1983. Nor ien

projects that, initial daliverles of the Enhanced FD/SC couAl

be made in the third quarter FY 1984. (Ref. 43: p. 62]

* Further Pnharcement of the FD/SC would be based on the

concept of pr-eplanned product impro5vament (P31) . The 231

would not require any hariware changes. it is based solely

*on addiltIonp to existing s oftwarze. Software addi' tions are
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required to provide full digital communications and graphics

capabili-ies. Norden envisions the P31 being accomplished in

two separate phases. The first phase would provide -he soft-

ware additcns necessary to support the full digizal commu-

nicaticns capability. The second phase would provide the
software aditicns necessary for a graphics situa ion

display complete with fire support coordination measures.

[Ref. 441

Alternati.ve 3 is the Enhanced FD/SC in its final form;

-tha- is, complete with communications and graphics capabi.i-

ties. The technical description will identify current

Fnhanced FD/SC capabilitiss and the additional capabilities

*. that can be provided by Norden's proposed P31.

The Enhanced FD/SC is a state-of-the-art automated i

directi on 5yst M. The Eahanced FD/SC in 'ts final form
combines imrovements in the computation of firing data,

coM Munica :ions and graphics to enhance overall system's

effectiveness. The Enhanzcd FD/SC uses the command, control

and ccmmunications systems inherent to the :actical employ-

ment of a Marine artillery battery. The complete battery

-vel re direction system consists of the Enhanced FD/SC

anA the GDUs.

The Enhanced FD/SC is a self-contained, command, ccntrol

and communications terminal. it provides for integrated or

stand-alone tactical and tchrncal program control, infcrma-

tion storage, processing, comiout ation, fixed and

1 07
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proqrammable key enb6ry, and display cf fir s rii: c -tn o:

survey da4-a. The Enhanced PD/SC is 3. liqhtweigit~ ba tte ry

powered, handcarried fire direct.;.or comput-er. Thc. Enhancel

FD/SC functionally consists of a cantral1 procezts -_, communi-4

*cati-ons processor, modems, memory, fixed d. diplay,

* irXt-ract-ve device, asynchronous sezial ne arnd power

source. The Enhanced PD/S C programs and date. ar:E re-ained

and autocmati;cally restored during power cycling, ima:n

*the need for a program loading devire. The Enharced FD/SC

hardware will have four dual purposs cmmaniAcationsz che.rnrels

and one GDU channel. The dual purvose channels will P:-ovide

for digital or voice raception/-ransmi sso via wire or

radio. I-he GDU channel w-.ll provils for -he ti~al tran-

smission of fir-ing data Afrom the FD/SC to the 9DU ; va wrz

or radio. The digital GDU channel wiL be incluaed in the

Ernhanced FD/SC EDMs. The software to suppcrt6 the fcur dual

purpose communications zhannejls Wi1ll be Dart of th-3 P3::.

The GDUJ which was developed by Norier fr -_ BCS will

be used in t6his system. The GDU cors,_sts cf a Cass AsseBmbly,

SCA and two GAs. The Case Assembly prcvilas -:hs interface

betwen-he PD/SC and the SCA and -:w: GAZ. 11, also serves as

the power source for the SCA ani GAS. Each section chi.ef

4receives his howitzer's FIre :-ommands on the SCA while -he3

def'lecti-on and guadrant elevatio)n are simultaneously

displayed on the gunner and assistant gunner GA's respec-

* tively. The GAS %ill be mounted on the howitzer.

4 108



Ph *a Cha~actecris4-ics: Table X provides the ge-erai

physi-cal characteri-stics of the Enharced FD/SC. The :-ctal

weight of the system is based on the equipment required to

support an eight gun battery; that is two FD/SCs andi eight

GDUs. The weight of the reguired power cables and GFE

pri-ter is not included.

TABLE X

Enhanced FD/SC Phys c a l hrceit

Overall Dimensions (i-n.) FD/SC 18.8 (L) , 12. 5(W) , 6.6 (H)
Case 20.3 ('"), 12.8 (W) , 14 (H)

SCA 9.4(L), 4. 4(W) , 2. 2(H)
7, A 6.2(L), 4. 8(W) , 1.8 (H)

Vclume (cu. ft.) FD/SZ .89

Weight (:bs.) FD/SC 35
Case 25. 2
SCA 2.3
3A 1.5

Total Wceiqcht- (lbs.) 302

M emory 720K, 2t&-bit- words

Display FD/SC, plasma overlayed with
in intsractive device,
left half, 25 lines with 36
characters per line, 900 to--al
characters, approximately
1/8 -ich in height

.4Display Dimensions (in.) FD/SC 9.72 (W), 4.75 (H)
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The :,Lhapced iFD/SC's mtemory can be expanded to 816K

Byt16es w t 1 t h e add&ition: of an internal pl1u g- In memory

mcdule. The Enhanced FD/SC's menory could be furt-6her

expanded to 2000K Bytzs based or. projected technological

adv an ces in the size reductiomn of memory module2s or thp

incorporation of a pe-ripheral add-o)n mass memory. Nor-den

belIee -that a 2000K Byte memmory based or smallez sized

memory modules could b ? i.r.stallIeI inside t he currnt

Enhanced FD/SC hardware. r Ref. 421

The Enhanced FD/SC w-'1l use only the left half of thp

total display area. This allows for the presentation of

twenty-f've lines with -hirzty-six characters per line (total

nine hundred cha racters) . The left hall of the I-splay will

be used for displa yir-g text a.nd pcogrammable swi-tche-s to

implemer-; the fire di-re-ti4on and survey functions. The lsft

%alf of 'h dsnlay is 4.86 inchs wide and 4.~75 inches

high. The rigqh- half of the d Is plIay is reserved for thce

graphics capablifty. When the graphic'-s capability Is added

th 9 di-splay will allow fz:)r the ocasentatior, of eighteen

hundred characters.

The plasma display is overlayed with an interactive

device. This drcvice provides the capab-lir*-y to hook or

desi-gnate a specific location cn t:iz display surface for

programmab.4 item selection. A fingear or stylus can be used

to activate the interactive device. Actual touching of the

display surface _,s not req ui-red . Finager travel withinr .4~5
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inch of the display surface will activatc- the e"c-v

device. The Enharced FD/S-. is the only altP::atV'E W!hi'1. a S

a n ntrciedisplay.

Poe Reui~ants: rhe Enhanced FD/5;C- car be pwsel

by interTa or external powqr sources. I-tsrrnal power i

provdedby hree non-rechargeable Lithium -- zk (3A560O.'U)

bat-.e='is or ten rechargeable sealed leadaA -eI(A0

bat teriAes. External power is provided by: 1:he external

IIFASS B att+er y Box (215 7-S- 0019) , 28 VDC v C- cu 1a'.

batteries, and standard IEPGS. The additio.n of a sn a 1

converter allows the use of standard ga::i-sor powe,-r (6)

cyzle, 120 volts). The rec-hargeable, interral batter_-s W->_

recharge when thq Enhanced PD/SC is cornnected --o an ex-s:na.

pcwer source.

The Enhanced FD/SC has a power conservati.on f sa-urs.

When power is on and the Enhanced PD/SC i1s noz activzly

performinq one of its specified functions, i.t wil1l savie t

current status and go into a power conserving ill mode. In

this mode, the Enhanced PD/SC will blank the 2.splay, retain

all infor-mation in memory, keep the power J-dia-ato or., and

be capable of returnin~g tothe active mode a-.- ecep:O

an incoming message or a fi-xed key dapress .on withu the

loss or modification of any data. After returning to the

active mode the Enhanced F D/SC: will continue normal. opera-

tion from i'-s last period of active operation.



Based on the operational scenario presented in the

MIFASS specifications, Norden has estimated the expected

operating life of the internal batteries. The expected oper-

a72_ng life is currently estimated at twenty-two hours for

the Li-hium batteries and four-and-a-half hours for the

rechargeable sealed lead acid D-cells. The operating time

provided by these batteries is a function of system usage.

Th.= expected operating time of these batteries would be

evaluated during developmental and operational testing.

The GDU Case Assembly serves as the power source for the

SCA and GAs. The power options i.aclude internal battery

pcwer and DC generator power.

Communications: The Enhanced FD/SC currently does not

have a communications capability. The Enhanced FD/SC hard-

ware is designed to provide four dual purpose communications

channels and one GDU chanael. Nordar- plans to include the

software required to support a digital GDU communications

channel in -he Enhanced FD/SC 3DMs scheduled for delivery to

the arine Corps in March 1983. The existing Enhanced FD/SC

specifications do not require this capability. The software
V.

required to operate the four dual purpose communications

channels is the first phase of Norden's P31 proposal.

The final version of the Enhanced FD/SC provides for

-digital or voice communications via wire or radio over the

four dual purpose channels. The GDU net will provide for

the digital transmission of firing lata from "he Enhancei
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FD/SC to the GDUs VI.a W:r? C: radio. The GDU net does not

provide for voice ccpimunica- :o*ns.

The dual purpose channels wiiI support the DCT and

AN/TPQ 36 interface. The En~hanced PD/SC will provide a net

sensing capabilit to reduce nat usa-e conflict ymlil

users. The Enhanced FD/SC will1 be able to han~dle sixty-four

susrbers. Encryption zo mpatib-if ties include the KY 57,

KG 31 and 84h CONSEC systems.

P~am~ ad Ballistics: The Enhanced FD/SC does not

reguire tape lcading of programs. The Enhanced FD/SC

programs and data are- ratained and aut omatically restoredl

during power cycling, eliAminatinq ths need for a program

loading device. The initialzatior fu!.ction provides h,?

displays and menu selections necassary to initialize thea

permanent data files.

The Enhanced FD/SC pcogrammi.ng auses the Modified Point

mass Bal"listi6c Model. Norler. has proposed that the Improved

Modified Point Mass Bali=tic modci. be incorporated in-to the

Enhanced FD/SC's software as part of the P31. B-all-ist ics arg

pro v:.de for the follcwinq calbers: 105mm, 155mm, 8 inch,

and 81mm. Nine different weapon sy~stem models are included

in -he software. The Enhanced ED/SC can compute firing data

for all current Marine corps artillery weapon systems

including the M 198. All weapons and ammunit-icn lata used in

*ballisti'c computations is stored in plug-in, Read Orly Ismory

(R3 0) . The FD/SC can co3mput-e in di vida Iiigdt o

eight weapons.
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Le:Table XI =Dntains t-he cu~r', *:*

proposed data base storage capabili4ties for the E nhar.~

PD/SC. 'he Enhanced FD/S: ca eeiJefrng data, S-tcrq

basic weapon anda ammuflit-on informatlon, an d ap p 1

Regi4stration0,. Corrections for eight weapons.

rABLE XT

Enhanced PD/S- Storage CipabilitiJes

F eCurrent POC!

Targets 50 101)
Known Point s 50 100
FO Locations 30 30
Fire Support Ccordination Measures 0 10
Met eorolog:cal 2 3
Individual Weapon Locations 8 9
Individual weapon MYS 8 8
Concurrent Missions 2 3, +1F??

The software additions would provide ammuniti4on

aczountinq, increased ta:3rgc-t and kaown pointfie, fr

support coordinat ion measures, incraised concurrent m~sson

capability and storage for fi*re plans.

,fjUo P.21s g Currently f.-r= missions can only be

manually inputted. When the firing dita i-s determined it can

be transmitted digitally from the FDC to the guns v-"a wire

or radio. The first phase3 of the P31 proposal providess thq

Ifull di4git,-al communication3 capabilities for the systeim. I n
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ts pr*Fs-n- cor-figurati-*ri the Enhanced FD/SC can only

computle 4.Wo Concrrn fire missions. T"able XII ident4 cS

the tpes of mssions that the EnhancedP/Ci porme

to process.

rABLE XII

Enhanced FD/SC Mission Processing

Area, Low and High Angle
Fegistration /Destruction

Ilination / orlirated Illumination
Air Observer
Nuclear

The Zr.hanced FD/SC will process all three methods of

ta ra e" location: grid, polar and shift-"- from a known point.

A aun-*arget", li..e adjustment is pro)vided for A r observer

misslors. in processirg a auclear fire mission, the Enhanced

PD/SC ccmput6es onl the technical firing data.

sof-:ware Mission processing adiiti-*;ons would iLnclude:

Fire Plan axecution, Laser (stationary or moving target) and

Prtc~zior. Giided Munitions (Copperhead).

4AuMxiliAr! Funat~ons: The EInhanced PD/SZ performs a

number of a u xiliary fire d-rcton functions. one of the

major auxi*liary f unct' ne is '-he determination of

Pegistrati6on Corrections. It c-an currently store and apply

four different sets of Ragistratior Corections. Softwars
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additions will increase this to six sets The '.nharcedFDS

provides GFT settIngs for manual bankup. it e:ar derermine

data for replot. The Enhanced FD/SC s t~ an d applies

weapon muzzle velocities. M90 VeJ1o=Jimstse a:ng;mutb

manually corrected for Droject-fle wsigh~ ~n3 propellant

temperature to determine the weapon nuzzis ~~iy MVV and

Ccmparati've VEs must be manually datermlie-d.

The Enhanced FD/S'.C Is programmed to n'srform all the

standard survey operatiJons. It alsD cowput=, zonc-to-zorie

transformations. Its survey capab-UIitis ars -xcellen-t.

aintenance: The Enhanced 7-D/SC. con'-a-ns a built -in

sl-test- whi*ch monit6ors performanze and c an be u s d a t the

Organizational and Inte.-mediate iavqls of maintena:,.ce. The?

b uilIt-inX s elf16-t est i s I n,-t iatd b y the c Der a +or via a menu

selectior.. The cperator per-forms :he bult-in self-tqst as

part of the preparation f:)c action ssq'Ierce. The tes- vsri-

fies the proper cperation of all prinary :~m~~,keyboard,

dislas lambatery charginq and powsr functiorns. The

proper operati-on of all central processor: Lnstructions,

memory addressing, buffering and inrput/out:put 'e-,ictions will

alob "eiied. Addiionally, '-he capability and proper

4 operaticr. of coamuni-cations proceassor=s, spare memory and

asynchronous serial i6ntecf ace is v ar -fieqd. 1Th e bui-lt-in

self-test is able to detect ninety-five pero-en: o f the

faults in the Enhanced FD/SC. An alarm _'S Provided t o the

opeato toindcae failure of the test. The Fail Indicaltor
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illuminates when the Enhanced FD/SC has failed either a

performance monitoring or the built-in self-test and is no

longer operational.

The Enhanced FD/SC is constructed to provide ease of

maintenance, accessibility and replacement of all modules
and prir.ted circuit b)ards by maintenance personnel.

Organizational level maintenance is performed by the ooer-

ator using the built-in self-test anI/or go/no-go diaqnostic
firmware to identify a failed unit. No support or test

equipment is required. The Enhanced FD/SC is designed so

that the operator can replace_ some modules. Operator mainte-

nance should be a function of the replacement modules

..stocked by the using unit. MTrR at the Organizational level

is based on the time required for an operator to determine a

unit is defective and repalce it with a good module from

Organ izational stocks. The origini! ?D/SC specifications

required that the Organizational MTTR be less than fifteen

minutes.

However, the maintenance concep4  formulated for the

original FD/SC was based on the replacement of modules at

the Intermediate maintenance level. Defective units were to

be repaired at the Intrmediate level utilizing lowest

replaceable items (LRIs) stocked by the activity. MTTR at

the intermediate level is currently estimated at less than

thirty minutes. MTBF is estimated to be greater than two

thousand hours. The contractor's estimates of MrTR an_ MTBF
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would have :o be evaluated durina dsvelopmental and opera-

tional testing.

Ease of 0p2 rat cn: The Enhanced FD/SC's programming

uses layering of menus to present information to the oper-

at3r on the left side of the display panel. After set-up and

.n::.alzation, the operator is presented with a menu of

system functions. When he selects Dne cf the system func-

tions, the Enhanced FD/SC leads him through properly

sequenced steps to allow input of all data necessa-y for the

computa-ion. The operator selects a choice from the msnu by

touchinc the area of the interactive display panel.

Prcmpting techniques are used to lcad the operator

through the sequence of actions he must perform to exacute a

system function. The oprator is able to review and edit his

input. The operator dr=azts the Enhanced FD/SC to execute

the function. If all the input data is correct, the Enhanced

FD/SC performs the computation; otherwise the opera-or is

. alerted to an input error. When the computation is complete,

the Enhanced FD/SC alarts the ope.alor and displays the

output data. The Enhanced FD/SZ does not destroy input data.

.It allows the operator to rsvi-w input data as well as

output data at the comple tion of computation. manual and

automatic deleting of data are provided to purge unwanted

data frcm 4he data base. The Enhanced FD/SC prcvides the

operator with an index and allows for the recall of stored

data.
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The interactive display and a fixed keyboard p:rcvee -o_

operator input. The interactive display provid.s ur:: -

mable keys (switches, mena items and alterr.a e ent_; selac-

tions) The operator is required to make a -- lect " ,n trom

the display. Input default selectiorns are provided i ths

presentation of some menus, so that the Cnerator is no-

required to make an entry unless his inpu-,: data is dI_ rn

from the default (normal standard entry).

The fixed keyboard is divided into two major arps:

special function and numeric. The fixed k-yboard cc.=ains

thirty-two total keys. The keys are pressure activa-ed and

prov'de a positive feedbazk tc the perator when activate.

Thre a-e twenty special fanc-tion keys. Six of the special

function keys arc- currently spares and will be programmed -o

support the P31 software aiditions. The re are twelv,- n_':c

keys (digits, decimal ar.d plus/minus s gn). Addi:ionally,

the keyboard area contains three tr:uble indizator IaItts:

Built-in splf-test, Low Battery and Power.

Currently all data must be manually input.ed oy :he

operator via the fixed keys or interact:.:; n u s--.iection.

The first phase of the P31 proposal will enable p_-oces_'ng

to be initiated by the ra ceipt of messages fm eterna

sources over the communirtions zhannels. A Call-For-Fire

transmitted via the DCI from a Forward Observer will

6i _-ate th-. prcper steps to comaen.z processing the fir-

mission.
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A hcok capability and graphic cursor are included n -h-

graphics P31 software additions. The Enhanced FD/SC will

provide the capability to hook a symbol, thereby iden-ifying

it as the point to be effected by subsequent switch actions.

The hook symbol is a square designed to enclose the selected

graphics symbol. The graphics cursor is a displayed position

defined by the operator's finger. The graphics cursor

follows the operator's fin ger until he is satisfied wIthit

position. When the operator removes his fi..ger, the graphics

cursor will disappear. When the center of the cursor in-er-

sects any part of a symbol or touches a line point, that

symbol or line will be hooke-d and the hook symbol wil'

enclose it. Wearing gloves may require the use of a stylus..S
When this author visited gorden Systems on 10 September

1982, the Enhanced FD/SC hardware and software had not been

mated. The actual display of informa+on, layering of menus

and system operation coul_ not be fully evaluated. In early

Octcber 1982 software for the Enhanced FD/SC EDMs was boxed

n the actual hardware. Norden Systems should be able to

deliver the two Enhanced FD/SC EDMs to the Marine Corps on

schedule in March 1983.

4 Commcnality: The Enhanced FD/SC would be a unique

Marirne Corps system. Norden's GDUs, developed for the BCS,

would provide the only :eal commonality. The technclogy

6 employed in the development of -he Enhanced FD/SC's basic

components has surpassed the technolbgy used in -he BCS. The
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ver y low degree of comm:onali*-y creates certain dis-advan-

tages. The Enhanced FD/SC would. be a la=-ine Corps uni-que low

density item. The Marini? Corps would have 4-o mar.aqe the

*entire maintenance effort. an aiequate supply of repair

parts would have to bes pzocuread to support the Enhanced

FD/SC tr o ug ho ut I ts I a cy Cl. The lack of hardware

commonality would most li-kely result in incrsased l'cg-istics

costs. Additionally, the larine Co)ros would have to providze

for sof-ware maintenarce.

Norden would have to -2stalih a production lIPe for the3

Enhanced FD/SC. initial prod =ction. liner, problems associated

wi'th any new syst-m wculd havs to be resolved.

Norden has indi-cated thtthe Enihanced FD/SC has suffi-

cien't q:cwth pot;enti-al to svolve - -nt: a multi-purpose light-

w-eight combat terminal. -hs volati-on could be based soley

on ofware modi-F ic a -6-on s. if teEnhanced FD/SC's sof--war,-

is modified for other ain Corps applications, and ths

same ba si c hardware I's ased, t.he a , tem den-,sit y would be

inc re ase d.

Inter P er abii: rocurement of the Enhanced FD/SC

min--mizes the ma -ority of i-rterope-ribili-ty problems for t-he

battery leve l fire dir actio-*n computer system. Norle n iS

developing t6he Enhanced FD/SC so that it will be able t6o

interopprat- with MIFASS, DCT, M90 Velocimeter, AN/T.'PQ-36

and MDS. The MIFASS intz-rfa=e is no real problem, sice

Norden Is building tha.-.1FASS EDMs. Additi-4onally, Norden is
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currently under contract to develop the fire suppc- -'

cation software for the Litton DCT. This should -:e=-!y

simplify the development of thS DCT-Enhance3 FE!ISC

interface.

Norden developed th. BZS interface for 9he 93

Velocimeter, AN/TPQ-36 and MDS. These interfaces will b-

incorporated intc the Enhanced FD/SC. The :IDS is still

under develcpment but no major interopsrability probl-ms ars

*anticipated. All of the interfaces will have to be -ested as

part of the developmental and opszrational tasting. Th*

minimization of the majority of the interoperability prob-

lems is a definite advantage of the Enhanced FD/SC.

-rocurement Cost: Procurement costs ar. based on a.

FY1984 procurement of the Enhanced FD/SC. On 18 Novsmbe-

1982, Norden provided a Rough Order Magnitude Est'ma -_ ol

$50,000 per Enhanced FD/SC to this author (Ref. 42]. Thi-

estimate was in current dollars (FY 1983). The cost estmat

was converted to FY 1984 dollars using the s-andari

* Departmert of Defense ten percent inflation factor. The FY

1984 production cost for the BCS SDU was used for th=

Enhanced FD/SC GD. Table XIII presents Norden's cirren-

estimate of the Enhanr.zd FJ/SC's procurement cost for an

eight gun battery. All zosts in Table XIII are 4n FY 1984

dollars. Norden estimated that the levelopment cost for ths

* additional software to support the P31 would be approxi-

mately -wo million dollars [Ref. 42]. The developmen- cos t
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n i.oincluded in Table Kill. The large amount of software

d.v iopmeiit/prcgramming required for the Enhanced FD/SC in-

troduces a !arce degree of uncertainty concerning its ac t ual

cost. In this author's opinion, the total c.st shcwn in

Table XIII is soft.

TABLE XIII

?D/SC Procurement Cost

M Cost Per Item Number Required Total Cos-

FD/SC $55,000 2 $110,000

GDU $12,452 9 $ 9616

$209,616

D. ALTERNATIVE 4, FIRE CDNTROL COMPUTER (FCC)

Litton Data Systems' FCC provides full automated compu-

-ation, ccmmunications and display zapabilities- for mortars
an artillery. It is a hand-held, lightweight, bat-erv

powered fire direction computer, capable of rapidly

computing ballistic trajectories for the complete inventory

of mortars, artillery ind ammunition types currently

fielded. it combines improvements n the computa-ion of

firing data and communirzations - enhance ths overall

system's effectiveness.
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The FCC has evolved f o ni 1-, lorta: Fire Control

Calculatcr (MFCC) developed oy Lit-o n luring the nid 1970's.

The fi-rst- feasibility mo)del- of -:ii IFCC wa.s p-.:oduced in

1973. T1e P- FCC was subse qu,:n t'y m:),*i -o include t he

ballistics for artiJllery weaocrs. The FCC wr- developed for

and field -tested by the United S-:=-:z- Ar r. . Army decided

not to procure the FCC.

L itt o r is currently markg-6-:ng I-e FCC as part of a

complete batter y level f ire a* ~tc r !opat!=r s y s tm.

Litt-on'sl system consists af a FCC, Z o m m ior. Interface?

Unit (CIU) and GDUs. The FZC and CIU woull be located at the

battery FDC. The GDUs w:ould be located a ~ th ndividual

wpapon locations. Litton oh.as dsevelopea th- ha:dware= and

li;.mit 4-e d demonistration artl -l-=y weaoPr s prcgzaming for the

FC. CIUI demonstrati on hardware h as be- developed t-o

suppcrt a swx gun battery. heDUhas :rnly been. conceptu-

ally dcfined. For marketing desionstr a -6.,ors Litton It

curren-tly using the DCT as a '3DU . LUtt o r has not decided

whether to design and producS its own GDU or attempt ti

accquire= an existing GDU. Litnhas aiven serious consider-

aticn -to using the Norden BCS GDU. -Ref. 451

The FCC is 4he heart6 of the Litton battery level fire

direction system. It provides the =omputationai. capability

and basic communication iaterfaces. TeFChstocmui

cati;o n itrae: a standard seri-al interface and a dual

purpose commun-icat6ion channel. The- FCC serial interface
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provides fozr dic-ital racaption/transmission. W hen used Ir

con ju nc..o-n Wit t J.:e DC T, the FCC will receive in-ccmi:ng

mesaqe, asply P ch on comn ad perform the required

com PUtat:.on s. The aaal purpose channel provides for digital

*or voics recep -. Cn/Itransmissicn via wire or radio. The FCC

was rot cr. qinally Caesignad to communicate with GDUs. T h

CIU was added to allow the FCC to communicate wit-h GDEJs.

The CIU is a seaata4e anit which provides for digital or

voi ce -ransmission of messages via wire or redio to the

GDEUs The CIU iLs in essence a wire linre adapt~r. A radio

mus-. be connected to the CIU to complete the radiJo communi-

catiLons link owenthe FCC and the GDE~s. The CIU also

prov des a small display which indicates weapon status by

target number.

Litton env -s2.ons that the 3DU will consist of two pie-ces

of equ-pment zer h(:w:.tzer: a SCA and a GA. The SCA will

disla Fie ommr~ an povd= for acknowledgement,

ready, shot ar. end, c': mission reports. The GA will have two

displays, one for zhs gunner with deflection and one for the

assls-tant gunner wrnth quadrant elevati-on. The GA could be

positionred on. the around close to the weapon or mounted on

the weapon.

Phs- ga C aacteri sti cs: Table XIV provides the

gen e ral physical charactaristics of the FCC. The act ual1

weight cf the CIU and GDtJ has not been determin.ed. The

weiaght of these two itz~ms has been, esti mated in crder to
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determine an a proximate total wei;ht ,- -h , S

system. The total weight of the FCC systc is baesd -e

equipment required to support in eight gur bat-:ry; "h " is,

two FCCs, two CIUs and ei;ht 3DUs. The weigh: -h'- :c.wer

cables and the GFE printer is not included.

rABLE XIV

FCC Physizal Charazt-_-ristics

Overall Dimsmsions (in.) FZC 8.6 (L), 6. 1(W) , 1.'- (H)

Volume (cu. ft.) FCC .0 U9

Weiqht (:bs.) FCC 3.3, CIJ 5.0
SCA 4.0, GA 2.0

Total Weight (lbs.) 63.3

Memory Capacity 144K, 3-bit words

Display FCC, LED Display, 16 Alpha-
num.ric characrers, IDEox-
imately 3/8 inzh in h'ht,
4 pressure senzsit:iv4' mem-
brane swi-:ch=s.

Display Dimensions (in.) FCC 3 (W) , .5 (H)

Lit:cn estimates that prior to production -he FCC's

memory could be expande.d to 288K Bytes. This is based on

projec-red technological alvar.ces in the size reduc-ion of

memory mcdules. [Ref. 46]
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The display keyboard is 3.375 inches wide and 7.125

inches high. It has forty-eight touch sensitive switches.

The size of the actual display area is shown in Table XIII.

Tle display allows for a maximum of sixteen alphanumeric

characters. Four pressure sensitive membrane switches

overlay the Light !mittin g Diode (LED) display. These

switches become effective following the activation of an

initialization, fire mission or output switch.

Power Requir ements: The FCC is powered by one internal

non-rechargeable Lithium stick (BA5600/U) battery. The FCC

could be modified to use rechargeable batteries.

Ae.iticnally, a power adaptor allows the use of standard 28

VIZ vehicular batteries. The alaptor converts the 28VDC to 8

VDC and acts as a filter for power fluctuations. Another

power adaptor allows the use of standard garrison power (60

cycle, 120 vo1-s) . No idaptor is available for MEPGSs.

[Ref. 46]

The FCC has a power conservation feature. When it is not

actually performing one o-: its specified functions, it will

au-tomat ically go into a power conserving idle mode.

Ac-.ivaticn of any touch sensitive switch causes the FCC to

return tc its normal mode.

Litcn estimates that the Lithium stick will provide

fifty--hree hours of operation under 100 percent continuous

operation conditions. "This 53 hours of constant operation

is better 'inderstood as 30 days of combat opera'ions."
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[Ref. 47: p. 25] This es.imali! was baised on normal op=eration,

of the FCC given a tempezraturce of 25 Centigrade. The oper-

ating life of a Lithium stick varles with temperatu re. The

* exectd oeraingtim -Et1i Lith~um stick battery would

be evaluated during developmen~tal and operational testirnq.

The GDUs wculd be powe red by internal bat eri-es or the

vehicular eleactrical system cf s,.?f ?r ope lled weapors. The

type of internal batteries wi)2-' depend on the f-inal confiau-

:a ton of the GDUs.

Communicaticns Capab ilities: rhe FCC provides f or a

complete digital fire diraction sy:3tem. The FCC has two

communication interFaces: a. stan~dard serial interface and a

dual purpose communicaticns, channal. The serial intzerface

pr:)vi1.des for digital rze.ptior/transmission via w-re or

radi4o. The FCC will r=eceiv;e i.ncoming digital messagems,

di-splay each or command, and Eerform the required computa-

tior. A messaqe ndicato:) l-ht iluiae whnadgital

message is received. Ths FZC can retain three I igi tal1

messages in the huffer awa.-ina rev-4ew by the operator. The

message inrdic~rdsly h number of messages i h

buffer. The digital messages can be formatted or fres text.

When messages are received digitally, they may be reviewed

one line at a time by touching the Message switch, then

touching the Sequence sw.'tch as required unt il al li1.nes

*have been viewed. The Back switch allows previously

diLsplaye:d lines to be reviewed. The serial ir4-e=face can
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* ~also serve as a channel for peri pheral units (for e~.~c

prirter or the link to MDS)

The dual purpose coamuni~at4ions channel prcvid-*,As _For

digital and voice reception/transmission via wiro- o: radio.

Integral standard connectors are provided for the vo comatu-

r~icatior i-nterfaces. Encryption comtpatibliie - I - n.KY

38, KY 57, KG 31 and KG 8L4 COMSEC systsms. The FCC was ro-

originally designed to communicate with GDUs. During th:

late 1970's consideratiLon was givent3o.in nFCa

eazh weapon where it could serve as both a calculator a nd

fi-re dis-play unit. The ::U was adled to allow then FCC to

communicate with and drive the GDc~s. The CIU Is ccnnectell

to the FCC by wire and serves as a wire lieaate c h

GDU wire lines. It provides for digital or voice transmis-

sion of messages via wire or radi-o to the GDt~s. Arai

must be connected to the CdO to complete the radio communi-

cati-ons :irk between the FCC and the GDUs. The CIU also

prvdes a small display which ind'cates weapon statuE by

target number.

jjo ~ n Balli stics: The FCC does not r,:qui-r:e

the tape loading of programs. The FCC's firmware Will

* contain the programming for all the required weapon syst61ems

and the appropriate projectiles. The ballistic data is

contained in -the EPIROM modules. The current feasibility

* model of the FCC contains ballistics for the 155mm %1109A1,

1411UA2 and 19 fiiqte Efmly of pr-oject-ies.
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The FCC aoes not use the Modified Point Mass Ballistic

Model. The ?CC uses Li-tton developed ballistic computa-tion

algorithms. Litton's approach uses trajectory interpolation

algorithms, as well as new techniques for representi4ng the

tra-iector-es, tc achieve minimum storage and computation.

t The fire control rsguirements for this model are met

wi + he low cost6, sigemicroproc~zs:or which it he heart

of Li-tr.s FCC. Litton c-laims that its approach meets all

test-a-ed accuracy requirements.

The FCC firmware would have to be- programmed to provide

baJ!.Istn-cs for all current Marine Corps artillery weapon

sys-emP.5. The FCC can computea individual firing data for

e-ghteer weapon locations. However, it was designed based on

a si.x aufl Oattery. It displays only six individual firi-ng

pcz-iticr solutions in sequence. The FCC's programmina would

h~vF- tic be si gni4ficantly o d' fied to properly support the 113

X 8" CC rCep.

* Soraqe capabilities: Table XV contains the current

data b a Ze storaqe capabilties for the FCC. The FCC can

de*-erm'irne firzing data, store weapon and ammuni-tion informa-

n-on, store and apply Registration Zorrectiors, store fire

.4suppcrt coordi-nation measures and apply artillery safety

dana for the firing position. The FCC has the c.apabili'-y to

exchange data bases with another FCC. The FCC storage

4capacity does not provide for ammunition accounting, re te9n-

tion of fire planning information, and. the arPpLication cf
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mask data. Tar gets and Kn owi '--at~ are stor9d inr the sam--

file. Si-xteen locations in- :his f I c an b-z specif ically

use d to st ore R egistrati on Pcoint.

TABLE XV

FCC Storage Capabli

Targets/Known Po'ints 356
FO Locations 12
No Fire Areas 10
No Fire Li"nes 1
Meteorological F-les 2
individual Weapon Locations 18
BTRY or PIT center Locaftions 3
Concurrean-l Missions 3

nal ProtectiLve Fi;res (F~)3

Mission Proces ina: lrt Missions can be in'puttedA

digi-tally or manually. The FCC -a~an automatic computa-

tional capability. The Fire Ord-er =-:an:K1rds eastablished by

the FDO are entered into the FCC as lautvalues. when a

fire mi-ssi-on is received via 'iii-l r::nsmissi-on from a

forward observer, the ?ZC can automa-dt-ally compute thle

firing data. No operator actcn is :equirel. The firinig data

idetermined based on the3 sstablished default values an!

displayed for the operator . However-, operator action is

required to transmit the FieCommands to the wearpons. Ths

FC:C also allocws '6he operator to manually step thr-ough a tr

mission.
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The FCC can process three concurrent fire missins.

Table XVI identifies the types of missions that the FCC ca-

be programmed tc process. The FCC will process all three

methods of target location: grid, polar and shifr from a

known point. The FCC can also process a laser generated

target cr projectile point cf impact (burst point) informa-

tion (Slant rangre, vertical angle ani directior) to compute

firing data for stationary targets. A special key is

provided for laser burst adjustments.

The feasibility model of the FCC only process firm

missions which pertain to the HE family of projectiles. Ths

ability to process other families of projectiles/fuzes will

be added prior to production in ordar to meet the require-

m erts of Marine Corps artillery. In processing a nuclear

fire mission the FCC would on 1 compute the technical firinc

data fcr the nuclear projc-tile.

!!ABLE XVI

FCC Mission Prozessing

Area, Low and High Angle
egistratlon / Destruction

Illumination / Coordinated Illumination
A- Observer
Laser
Precision Guided mnit-ions (Copperhead)
Nuclear

I1
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A'Ixiliary Fu rc"ions: The FCC performs a number of auxi-

l._ary furc-tions. One of the primary auxiliary function~s is

the detterm~nation cof Registration Corrections. The ?CC can.

provide- GFT sett ngs for manual back-up. 1It can det:ermine

datafor reviot. Corrected M90 Valocimeter muze oct

readi-ngs car, be mnanU2.1ly inputtsed. The FCC stores ani

applies irdivi'dual weapon muzzle vql)c-t*es. Comparative VEs

must be manually datermined. The Compa~at_-ve yEs are needed

*,c -r arsfer GFT settings.

The FCC alerts the operator whzen store! fire support

coordinatf:cn measures are violated. In additi -o n the FCC has

a ratu~ hic p 'd~es for the input of arilery sa-fq-y

d igram :n, or ma t- -0r. (azimuth, minimum and maximum ranges,

and charqst ~frd This =apability provids o

safety cortro. In firing dat6a terms (Deflection, Quadrant

---3vatic an~d Charg~es). The operator isalerted if the firs_

miss on violates the safety diagram input parameters. Thi-s

featr -inha'.ces ncrmal peace tiLme-r safety procedures and can

serve as an add I'.icnal check for combat operations.

Thce FCC is programmed to perform basic survey opsra-

tons. Its cap a~l e ihcude Traverse Intersecti4on and

Rescctior. A d diti-o nall1y, -the FCC has the capability to

*locate a new location based on. an azimuth and dis-tance from

any knowrn point in the data base.
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*e M~nean ce: The FCC contains ' built-In fo-~ r

all f irmware. T.h e operat or perf orms -:A..Js tes: as pa:-- of --he

"preparation for action" sequence. D ep r S Sin gL e y0 ~r

the test switch activates menus for heself-e: cF:

1. ROM,

2. RAM,

3. Ir.s tr u ction ,

4. Display,

5. Modems, and

6. all swi .tches on the computer.

Operator maintenance is normally imi4-ed t: c ,arging

the primary battary, keeping the unit clean and riir-,n-ng n-hs

self-test routines. When the operato. -runs thie ssif-'-fst -ind

determines -that there is a fault In the hardware, the FCC is

evacuated -:o th e General1 support ma ntenance ac-:ivi_-y.

Litton ervis'ons that spare FCs w:ould be a.::i . a

p o . at the General Support Maintenance level. A a it w o ild

-zurn :n a faulty FCC and immedi-ately be =7uria opfra-

-tiornal FCC from the pool. assets. 3ansrai Sup~ort main;*e-

nance isbased on -the conzapt of modul2:r =;-pact?-ient.

MLain-tenance rersonnel disassemb e 'he ::C=rmove -he

f auilt y crcu4 t toard, s-31ler in a replacement bcard and

reassemble -the FCC. The uanit4 Is .;-etasted with the self-test

routines and returned to the operatIonal inventory. !ITTR for

General Support level rapairs is ist-mat-I as less 60

minutes. MTBF is estimated at- 8800 hours. [Ref. 45] The
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contract1crIS estimates of MTT2 and 4TBF would have --c be

evaluated as part of developmental daad operational test ing.

Ci~cuit+ boards can be repairsed by General Support

maintenan~ce perscnnel. A programmablze tester is connected to

test points or- the faulty circui-t board. Then a directed

probe is used to isciate9 the faulty component. The man-r=-

nance technician reamcves hefaulty zomponent and sol-dzzs i

a replacement.

Ease of Operat-on: The9 fr~nt panel and s wit6ch

pro)cess~rq arrangement of the FCZ- have been desi-gned to

simplif-y op-ration. The forty-eight to)uch sensi tive switches

are used to execute actions. Several switches lead the oper-

ator through the required erries. Prompting Sequences are

indicated on the display for all appl-cations. The program

presents :nformation inmenu format to the operatocr. The

display presented to the operator :ails atten rtion to the

specific data whi-ch the program raquires the operator to

ir.put. Some menus allow input of default values, so tha-

during subsequent operatfiris the operator is not required to

make ar. entry unless is e-ntry is difern from -:he

default. The front panel is di-vid into five- major aresas:

d1. In iti4a li-z ation,

2. LED Display,

3. Ex-cuti--on Switches (inclaidIng Alphanumerics),

(4. FieMission, and

5. Outout.



F or a s:.r g s,:ep rr i saries of steps, the Ji-SD-ay IS

act ivated by touching a ny of t he swtches t h --

ir Ii al zat io n, z::e If sz-on an. lut put areas of t-h? front:

panl. he xectio swtces (4,n=ludinq the alphanumer- cs)

and the four sw tchrs w1 Lch o v Erl ay the di-splay, become

ef fective f -1o w ing the a7t a t I cn o f switches in the other

three arsa S. in a-:9emPt -as bqenr mad=_ to m_4n.-m I'z e -racL

number of switch positiois . Litton's basic design philo-

soDhy e-mphasized that ever-y labe2.ed switch should have only

one function.

The seiuence swi-tchi includes a multidiode- in dicator

whi.ch, when lit, informs "-Le ope-nator that there is a multi-

I lns block of la ta f or di splay a nd select-'on. When

seguencir. g throuqh these ~Irc!s of data, the indican:or extin-

guishes upon dIsplay of ami Iast linz of selectable data.

The four variable switch-es o:ve=rlaying the di-splay Ihave

associated indicator dl~od-:s which, when li-, indicates selec-

tble "ems from the displiy. Converssly, if the in dicat or

:s not- lit, -heFre: is no disolay selec;tion allowable.

The mes~age switch contains i-ndicac-or diodas which show

the operator the: number of digi-*;tal messages stored in the

4-zomilg buffer. A low battery iLnlicator is also provided.

The FCC provides an audi4o a aId visual alert when a

message is received. All i'io nally, thce FCC providss ths

4perat*cr with vi-sual error= me ssages and warnings, when he

ent er s an improper input or any aspect cII mission dat-i
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violates the established criteri a. Curren-1ly d u' ~

is provided when an error message oc warr.iJng d4 -rd.

Th Is capability could be- programmed into tihe pro-1tactor

model.

This au-6hor was able to execute a completire Missi-O:

or. the FCC after a fifteen mi;nute overv-ew brie-fing or thle

systre m. The operational sequence was loqi ca. and easy

follow. The display is clear and easy tc read. The sizs of

the dispay characters (approximately 3/8 in.) and -he uss

of system prompts contributes to the ease cf aperati.on. T he

operator car adjust the brightness of t!-he dispay. T'-.=

adiitio. of t6he brightness control and i-mprovzeIIer-ts -

dsplay membrane cover have en.-hanced heFCC's display caor-

bility. Bright suinlight16 no longer significantly 1-grads-r-

-*LED display. T he FCC's field c a:-rying cass nc' ades -i.

protec"ve "shade" for the display panel. [Ref. 45)

The FCC uses some mnemonics. Common art4ll=eryabe.-

tions have beer used wherever possi ble. The oPraz:)r no

required to memorize a large Ist of rew mnemcn! as. aytm

o ~prompts are used effectively to guide theor:crt-ug

the m'ssio., The systeam can be c' assi-i-d as "aser

Ifriendly". Operation is based :on :-hree primary rules:

1. when headings and underlined blank spaces arc-
displayed, use the numeric keyboard to fil in -he
blanks.

2. When items are discolayed from whi.ch selection may be
*made, the display will show up --o four selsc--able-

itemswithassocia-ed display swit6ch inia 1- lt
I A. t here ar e addi oral i-ens for selzcti-on, h e
Sequence indicator will be li;-t.
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3. When data items are called up for correction o r
review, t he display swi1.tch ndicators light up for
those items whi-ch can be selected for correc-:'cn.

Commona lit!: The FCC would be a. totally unique Main

Corps system. The FCC, ClIU and GDUs would all be Marine

Corps unique low density :*tems. The Marine Ccrps would have

to manage 'he entire mainteanance effort. An adequate supply

of repair parts would have to be procured J-o support --ll the

:teams throughout their lif-e cycle. The DCT Is eysmla

to the FCC in hardware d=_sgr_. Approximat-ely thirty-five

percent of the DCT's component p arZts would be used in. the

PC:: (Ref. '451. The use of zommon components provides a

-:-:ted degree ofcmoalt. I his author's opinion,

'he low lov el of hardware commoality would defini-tely

r- n1t in incr eased logiLstics co st s. Additionally, 4tho

_ar~rna Corps would have to provide for all of the software

maintenance.

!i_+tcn would have to establish a production lins fcr ths

FCC. The initial production line problems associated w4ith

any iew syst6em would have to be resolved. Lto n indicte

that the FCC could be pro)duced on the same production line

as -he DCT. This would reduce some of the iialproduction

li~ne problems. Certai-n adjustments would have to be made for

the dif ferences in case sizes a nd ::)aponents.

Inte ropflerabilitv: The FCC minimizes some of the intesr-

*operability problems. It will1 be able to inpteroperate with

the L-64,cn DCT. The DC"T is required to int-eroperate with
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MIFASS. Norden is develoiic the DCT' s fire support aopli-ca-

tion scftware and the co)mole-r MIFASS FD~s. As a result, the

FCC-MIFASS interface pzoble-=ms shoull bc- mirimizsd. The FCC

will also be able to in-:opsrats with thc, Army's TACFIRE,

BCS, DMD, and FIST DMD.

The FCC can use the zorrezted mazzle velocity readings

obtained from "he M90 7-3lociAmeter-. inh-Erflaces f6or t h

AN/TPQ-36 and MDS will h-ave: to be :1veloped. The MDS is

stll1 under development, buit n~o major i-: -ercperabiliry lprob-

iams ars anticipated.

All of the interfaces will have to be -ested as Dar of

the developmpnl.tal and operational, tsst'ing. The mi.mization

of interoperab -iy pro ble-3ms ~s an a'dvan-age of -he FCC.

However, The FCC's limited communirzations capability i s a,

dra wback to overall interoperabilit.y.

Procure ment C3§st: Procurement --:.s+- is based on a FY

1984 procurement of the FPOC. Table KVTrI presents Litton's

current estimate of the procureament cost of a FCC battery

level fir-e direction comtputer system for an, elght gu n

battery. All ccsts i.n Til'.e- XVII are in FY 1984 dollars.

The cost of the FCC inclules the 01(1. Since Litton has not

decided wh-ther to produze --- wnGUoraouiea

exi stin q GDUT, and accurate estimate for the cost of -:he GD!J

was not avai'lable. However, LiLtton indicat-ed that the cost

of the GDU probably would not excae! the cost of the Ncrden

BCSGDU Liton is ccnsidering purzhasig this :;DU for use
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with its systems. The cost of the SDU in Table XVII is basz

on the BCS GDU FY 1984 contract option.

TABLE XVII

FCC Procurement Cost

Ite m Cost Per Item Numbqr Required Total Cos-

FC_ $20,000 2 $40,000
G DU $12,452 8 $99,6_6

$139,616

Litton proposes to use a large portion of the exisling

TAZFIRE ballistics software in the FC. The TACFIRE softwar-

would have to be significantly modified to meet Marine Corps

requirements and applications. Litton estimated that approx-

-mately five hundred thousand dollars would be required for

software development/modification [Ref. 45]. This cost is

not included in Table Vir. The software development/modi-

faction and subsequent programming required for the FCC

introduces a large degrc.e of unc-tainty concerning its
actual ccst. The GDU cost is in reality a "best guess". In

this author's opinion, the total cost shown in Table XVII is

very soft. Additionally, the best estimate of IOC for the

FC- is FY 1986. This is bised on thl. current stazus of th .

DC] and the fact that Litton is considering using the DCT

production line for the FCZ.
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Add-4+14nal information: In November 1982, LiJttor rca.-

ized that- 'he IFCC could not reet the operation.al r=equie-

merits l*-i-e in the Draft ACS RQZ. On 23 November 1982,

L:t~or-'s Proqram Mlanager for Advanzai Marine Corps Prcgrams,

in-dicatead th*a: an unsolicite--d proposal for a battery level

fiedirection comruter system consistinJg of a LIg htweiqht

D-1 *al Cominani T"er minal (L DCT) a FCC and GDUs was in ths

process of beir'.q submitted to the Marine Corps. (Pef. 451

The LDCT i~a rev name f or -the Lito Eriefcase Terminal

(BCT) . The LLC is ir reali*ty a larger vers,:on of the DCT.

LI tt c n envi-'siors the LDCr as the primary cocmpDutat io n

uni fc:, a 11 Y Ell tatte~y. The LDCT would be located ir the_

plazoon FflC whi'ch was designated as the "lprimary FDC". T h 1:

FCC uculd b,? aisel tc support the ezhelon displacemert of -th e

firing pa~n. Addtionally, the FCC would serve as a

bazkup for the LDCT. A CI J nS needed fcr the LDCT and FCC.

This zystem was. de mo a sarated f or this author on 23

Ncvember 1932 a the Lit-on Van Nuys production faci-lity.

DC*"s were programmed to servs as th 1D3s

This new alt;ernetiva was proposed too la-te to be fully

resaarchel, documented and evaluated in this thesis. The

reader should be aware of this alt:ernative. Litton's unscli-

cited proposal should contain detailed Information regardina

the LDCT's technical charazte=nistics. A brief outline of thg?

LDCT is providsd for the reader.
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The LDCT is a portable, crouta a n and display

terminal. The LrCT has an alphanume:-c and grap1-ic display.

Up to three peripheral devices may b_ connec a . s-:mu tane-

ously to the LDCT. These include a -ap digizze:, ypewriter

keyboard, printer, and a mass stDrage devi.e. The LDCT

currenlty has a 128K, 16 Bit word memory capacit . Litton

estimates that the memory size can b- expanded zo 512K. I

has an LED display overlayed with ii:mbrane sw-v-ches. The

LD::T has over 400 programmable and fixed funct.:o!. switches.

Six separate radio and w ire communications channels are

provided. The LDCT is powered by th ee Lithium stick

(BA5600/U) batteries. A power converter a'lws -he usz of

28VDC vehicular batterias, ILEPGS and standard garrison

power. The operation :f the LDCT _s very siLi-iar o the

FC. The LDCT is interoparable with BCS and T!CFIRE. The

estimated procur-ment cost of the LDCT is one hundered thou-

sand dollars (Ref. 451.

E. COMPARISON OF ALTERNArIVES

Table XVIII cresents i comparis3n of the major charac-

teristics of the four al :ernatives. The charac-eris-ics of

the Enhanced FD/SC represent its final form upon comoletion

of Norder.'s P31 proposal. P ssible memory expansions are

estimates based on plug-in memory md.ules and tchnologica!

advances. The MTTR and MrBF are based on cortractor esti-

mates. The cost data for the four alternativas listed in
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Table XVIII, with the execption of the BCS, are the cortrac-

tors' best estinates of the procur.ment cost for a system

designed to support an eight gun battery.

The chapter has presented a te-chnical description of

four fire direction computer systems which can enhance

battery fire directio capabilities. The manufacturers of

the systems provided the basic te=hnical daza that were

prasented. Additionally, the chapt.er provided the manufac-

turers' current es-.imate of the procurement cost. The BCS

procurement cost was the FY 1984 contract option cos-. All

cost data were expressel in FY 1984 dollars. The next

chapter prcvides a cost _ffectiveness analysis of the four

alternat'ves. The aralys:s uses the data prssented in -his

chapter and previous chapters to mcasure system effective-

ness per dollar cf cost fo- each of thr alternatives.
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TABLE XVIII

Comparison of Alternatives

ChaA_cteristics ACS BcS FSC FCC
Computer Unit
Weiqht (lbs.) 19 90 18.8 3.3

Computer Unit
Volume (cu. ft.) .34 4 .89 .049

Total System

Weight (ibs.) 158 634 302 63.3

Memory 256K 128K 720K 144K

Possible Memory
Expansion To 304K None 2000K 288K

-Display Plasm. Plasma Inter-Act* LED

Display
Area (sq. in.) 24.5 15 46.17** 1.5

P=3.ma ry
Power Source I NT-BAT VEH-BAr INT-BAT INT-BAT

Generator
Power YES YES YES NO

Standard
Garrison Power YES NO YES YES

Dual Purpos=
Com m- channels 4 2 4** 1

Programminq SC*** TAPE SC SC

Ballistics IMPM# MPM## IMP M** LITTON

Graphics NO NO YES** NO

MTTP (r.) 10 30 20 60

MTBF (hrs.) 1500 1200 2000 8800

' Tctal Cost
Per Battery $O2,_2, $209,66 $139.616

See notes next pag.
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Notes:
" Plasma overlayed with an_ nterative Dev 4 -c
** Based on th . P31 proposal
*** Self Ccntaired in memory
* Improved Modified Point Mass
## Modified Point Mass

1.

0
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VI. ANALYSIS

A. DEFINITION OF THE PROBLEM

The Mari-ne Corps curcent battery level f ire direc-ion

systems ars inadequats to mezet tedemands of trCday'S

bat tlefield.

n. EJECTIVE OF ANALYSIS

The objective of this analysis is tc dst -mire whi ch

battery levql fire direct ior compater system the Marine

Ccrps shculd procure.

C. DESCRIPTION OF ALTERNATIVES

T hi s analysis evaluates four alternati-ves whi-ch are

currently cons idered tobe the= primes candidats for

replacing the e xist ing battsry firez directicn systems. In

* alphabetical order the four alterrativses are:

*1. hlt-Frrnative 1, Artillery Computer- System (ACS)

2. Alternative 2, Battary Computer System (BZS)

3. A!-' rnati-ve 3, E nhanced F ire DIrecticn/Survey
Calculator (ED/SC)

4. Alternative 4, Fire Control Computer (FC-)

4 146



A complete technical descripmion of the four al-ternat-ves

was presented in Chapter Five. A a un be r of other alterna-

tives in various stages :' !siqr/dzve lopmen' are currently

being marketed by Amierican a nd 4.orei--gn cocmpanies. It was

beyond the scope .of thi*;s thesis t,) cons'.der all the avai-

lable fire direction computer systepii. Preliminary analysis

was used to narrow the alt6ernatie to the four i-sted

abo)ve, so t ha t a c o m pIe4t an aly s o f 4 he most promLS~ng

alternatives coul~d be conduc -.1.

D. CRITERION

A benfit-cost approach was selected as the criterion

for comparing alternativas. The four alternatives have

unequal bensfits and unequal cost-. A combat effecti-veness

index is used to measure the be-nefr't of each alternative.

The combat affectiveregs in-dex is based on a subjective

assessment of each alena.Ve's cont ri-b u tiLon to anr

artillery battery's co)mbat- eefc- :*vlness. The estimated

procurement cost for each alternat v? :s used as the measure

of Cost. The procurement cost iJs b1ased on the equipment

regui.red to support an. e-,-ight gun b3,ttery. A benefit-cost

ratio for an artillerry battery -is developed. The ratio of

the combat effectiveness index to the estimates procurement

cost is used to determine the opt .mal battery level fire.

* directifor. computer system.
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* -E. ASSUMPTIONS

Constant4 dollars: rhe alternatives are- anal Z ec i

-- terms of FY 1984 dollars. Procurement costs are based on an

FY 1984 production.

Accurate Cost Estimates : The BCS cost data are bas'ed on

the existlrng Army ccntra~t. The FY 1984 contract cr--on

costs are used In the analysis. Ths :ost. :sti"mates for thte

*ACS, 'Enhanced Fr/SC and FCC were pro)v'dsd by the marnufac-

turers. The alternatives are analyzal based or. the ccst1 lata

p~asented in Chapter Fiv e. It is assumed that the Ma7 Jfac-

turers have provided accurate est-iates of the proclu;m:en-

cost:.

Accurate Technical Data: The alternatives are analyzed

based cr the technical data prasentel in- Chapter Fi~ve.:-i

assumed that the technical data is cor~act. I'- is :ecog-*zed

th a t certain system featurces may change as develapmnerlt

pro qresses.

Economic Life All alternatives are assumsd to hava t-h-

W. same economic li4fe.

nr o du ct6-io n o f the "13 X 8"1 Con:c 2t: The alternat---v=e

are analyzed i-n terms of thr- planned reorgani-zatlo. of

M ~arin~e arti-llery and t,~ :mimntt of the "13 X 9"1

concept in the Dirzect Support artillery baltalicns.

* ddtioaly -tis planned :hat an eight gun battery will

* have twc platoon FDCs, e:ach equipped wiha comouter unit.
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F. EFFECTIVENESS

1. Flfectiveness Modal

MTp -eeI custc eiins are complex an d

mal ti-o bjctive. Thi-s impties di ff4 zulzies 4_7 appropriately

accountinq for all releva nt factors to select :he best

alterna:_-ve. Mul- i-Attribate Utility Theo-y (MAUT) isa

technique wn:.ch allows the declsion-miker to evaluate --wc or

more alternatives whose u--ilit+-y varieas along several di-msr,-

sion's cf value. '4AUT is essentially a. descriptive techrique

that proce:sses information according to specific rules. Data

processirnq is accomplishal within a logical but f lexibl1e:

framework f oun dad upon quantAt--ive combination o

evidence. Fvidc-nce= Is brought to bea'c on the alternaivet

be evaiuat -_z by Iccating them on var-'ous dim en sio ns of

value. Tha ~a~ measure s are then aggreqated accordirg to

a c-cmbn;r.at:Q-(n rule which weighs the relati 4ve i-mportance of

each di:mension. If the model is successful, it will iden-

tif''y the al-6erra'ive that represents the greateast worth 6to

the decision-maker. [Raf. '48: p. 66] Decisions With

"Iu -iP1s. -e cti4ves , Rf. 49] presents a complete dcescrip-

tinof MArJT.
K An applicaton o 1Tis used to determine a combat

effectiveness index for -in art-illsery battery. This inlex

represents the -measure of effectivensss for each alrterna-

tive, as a function cf tha author's- _,Pinions. The following
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seven steps were usea to determie "he co.,a'. effectivr-ness

.Lnlex for each alternative.

a. The major attributes of fir= jir-c-r.on coiput~zr sys-
tems which contribute:- to he 9 nhancemen.: of an
ar illery batter-y's combat =fflctive:n-ss wer'- identi-
fi-ed.

b. These attributes were subjectively 7aix in !)rder of
importance based orn their individual '-~uinto

an artillery battery's combat cir-s

C. The four alternativas were r-atzi fc- sa :' attv:ibute.
Ratings of Below Average, Averags, ard ; bov* Ave~ragq
were subjectively assignsd to =each lerav.

1. The attrIbutes were ieighted. Weights w*-re as: ,igned
based on subjective judgement. A total if two hundred
weights was allocatead among the a-tributess.

-3. The descriptiLve alternative rati:.%gs were ra!placsd by -a
numrical value. Ihe assigned value :spre3en-ts the
re-ative pcsitionin of Below Average:, Aver-tge, and
Abcve Average ratings on a scale of 3n~e to ten. k
value of threei represents Bcelow Avqraget, a vtlue: of
five r-epre:sents Averags, and a value off seven repre-
serts Above Average.

r. The attibute weight was muti-lied by 7h? re-spect-ve
numerical. value for each alterna-tive.

g. The alternative's combatl ef fact iveness f.:ndex is the
summation of the indiv'Idual at-ribut- w--ig!X: multi-
plied by the respective numeri'cal valui- for all the
identified attributes.

2. Determination of PffectiPnzs

Data from the questionnaires and numerous interv -ws

with artillery command=er-s, zombine-d wit h this author's

previous art-illery experience, assisted in idntifyigth

tibutes of a fire dire--ct-ion com~puter sytm hch can

signifi-cantly enhance an artillery batt-er y's combat
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effectiveness. Ten major at--ributes were selected based on

*this author's tmderstandig of artillery fire Qlrec::_ofl

*procedures. These ten attribumes are listed and d-iscussedl in

alphabetical order.

Communiccs a~a bil ty: rhis attrfbalte addresses

the system's external and Internal 7rommuications capabili-

"'e. he Gunnery Team 4s linked by communications.

Improvements i n t he v oioe or dI I-_a1 tranrs mi:.s s ion of

Calls -For-Fir e an d F ir-e Commands will Increase system

response time.

Ease of OpII.gton: rhe co~nputer- should be "user

friendly". System prompts should be used to assist the oper-

ator. Alerts should be provided when srronous data ar

entered i4nto the computer. A computer system which is rela-

ti-v el1y easy to operate minfmizes the ope:rator training

requi-rements. A "user friendlyll sy=stem allows t-he operato::

to gain confidence in his ability to use t-he system. A

system which is relatively si*mple to opera: e -s essent~al

under the stress imposed by combat Dper7a t ons.

Growth Poetil This attri4bu-te addresse- s the

system's potential for additi-onal g:o)wth. A fire dir-cton

com put61er system must have suIfficier.:_ memory and computa-

t~nlpower to provide if cr the incorporation of f utures

i6mprovements In the f"iel d ar ill er y system. The sysn:em

should be capable of evolvi na over its3 if soaa to meet new

0 dem an ds.
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Gun Display: The vi-sual dis play of Fi;.re Commands to

the sect'-on chief, gunne~r and assistant gunner will increase

System :-esponse time.

H Irtgroperabijut x: This attribute is corncerr-ad with

the system's caoability to int ar operate wit h existina

systems and systems currently under development. A battery

le-vel fiedirection computer must be capable of rscs-ving

and uti4lizinq input froM. the DCT, MIDS, AN/TPQ-36 and MIFASS.

nt eroperability requirmments for the system shoull be basel

or. an automated assiAstei interface.

Daintainabi lity: 147 is important here to distin-

guish between maintai-nability an d ma inte-narce.

raintain abi.lity is dfr as a characteristic of design and

installation which I S e-xtrpssed as the probability -,ha-- an

A.e wil be ret ain ed in, o r re-s-tored -to, a specif ied condi4-

tionr w In-.i-n a period olf ti-as when maintenance is performed

in accor7dance with p7rescribed procedures. Na-Lntgnance is ths

set of act ons necessary orrtinga iemn, or

r est o ri4r g i-t to, a sp e cif i ad c on di tion. Th us ma int ain.a bilt1

is a syst -m design parameter while maintenance actions are a

result OZ the system1's design. T~he purpose of m a Jnt a -

ability is to provide the rsquirsd availabi-lity and depend-

ability by maximizing ease of maintenance In a marner that

is cons stent with other 3ystem re-quir-ements and by minim-

K -zing support resources required.
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addresses the system's ability to proccEzs thoF var-cuS t_'ueiS

of artillery fire missions and the proq.-a~n- rq uiir=edt to

support the exe cut'on of these missions. P7 ramrning muist

provide for zhe responsivs and a=ccuratre c o 1pu -at ior. of

firing data. The effectiveness of artill. y fiesuppocrt is

significantly increased by the timely and accurate compa"..-

tio n o f individual weapon -1o aimpoint ballis-ti-c solutifOns

which account f or all1 non-s tandarzd co~nd,iios.

Power Source: rhe capabil -ty of a fire drec-_or

computer system to operate f rom various -types ofJ oowar

sourzces provides a degree of flexibility to the users.

Peizabil-ty: The probabilityta nie -

perform its in-tended function Eor a specified i at e v. a Ljrdr

ted conditio ns. The reliabili-ty of a system lep, nds on

its design. Additilonally, J-he man~ufacturer's- quali4ty aszu-

rance program becomes a key factor in assuring th_=. h s

reliability inherent in the final dasign is nct comprcomised

in the manufacturing proces s. Ik highly reliable_ firs~~c

tion computer system will cequire far less support and will

pro vide the means fcr rea:hing vital levels of combat, sffsc-

tiveness while'1 holding the line on life cycle cost. A sysr:em

that corsistently performs will be used by the operators.

. Z a d Weight: Transportabili ty, installatf- . and

system Operation are- effetcted by the system's physical

characterlstics. This attribute addresses the size and

153



weight of the system's components, total system wr-igh', and

Vol um e.

a. Ranking of Attributes

The ten major attributes werea subjectiAvely

ranked _n order of importance bassd on their individual

con+. Ibutior to an artillery battery's combat effc-ctiven ss.

Table XIX presents the ranking of the attributes.

TABLE XIX

Ranking of &ttribute s

Reliabilit-y
Ease of Operation

* A Maintainabi lity
Communic at6ions Capabilt
Gun DiJsplay
Interope9rabil1it-6y
Missi-on ProzessIng/Programmig
Growth Potential
Power Sourca
SiJze and Weight

Reliability was ranked as the most important
con-_ribu t or to combat effacti veness. Tersosst h

questionnaires clearly emphasized the imporntance of reli-

a bi *ty. If a system is not working it cannot contibute to

eff ectiveness.

*Ease of Operation was ranked as -he secon! mos:
iportant attribute. Th ul otnial of any compute-_
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system can only bl~ attained when :h= operator is confir~snt

of his ability to use tesystemv. The best computer in. the

world wil not enhance combat effactiveness I the operator

has difficulty performInq the required system actions. The

firze direction ccmpu-zer system must be designed to bs "user

-6 er dly", sinc e the operator wil have to use the system

during combat opesrations. Simp!F pcocedures proietebs

results.

The questionni~es indi cated thalt the system

should be maintainable a the Oraanizational level. When the:

system fails, maintenance ac-::cnS shculd be able to quickly

restors -;-he syste=m tc normal operatior. System downti-me must

be minirnlzed.

The Comm urcaticn s Capability was ranked hiaher

than Gun Display and rnterope-rabflty These latt.er two

attri'butes depend on t he systsm's overall commun;ca-t-ons

capability The best Gan Display Units are ineffective

without a proper commur&icat ions channel. Ccmmunicatons lik

the widely separated elemants of the G'unnery Team.

Interoperability at the battery level centers on

the- system's ability t'- _-.eface with the DCT, -IDS,

AN/TPQ-36, and MIFASS. FIring batteries are concerned with

the executi-cn of fire missions. The impcrtance of interoper-

ability Increases at higher echelons of command.

ission Processing/Programn roie

qre at e: contributior to Combat ffectiveness than growth
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potential. A battery firs direction system should hiav-: 7,)mz

growth potential. This allows for flexibility a r.,] r

* applicati2ons. Howeve;r, programming is required -o :~so~

*potentia. into r eal1ity. Tremendous growth poten~tial wihouat

proper programming does not i-mmediatesly contribute -to comba-

effecti4veness.

The ability to operate from various power

scurces is more important than the size and weight of --h:

system. Battery power frees the unit from relying on gene=-

a4*or power in fast moving situations. Gererators car- pzcvids

power tc sust a 4n contir~u operatio, ns ina =el~vely

stat_-c erv-4ronment.

b. Rating of Alternatives

The four al ena: ves were subject ivel y ra-ted

for each attribute. Ratings of Below Average (BA), A\veragg

(A) ,and Above Average (AAM were ass gned. The ratng wr

deter-mined based on the data presented, in Chapter iv e.

Table XX provides the :ratings that were assigned.

The reiblty rtn onsi-drrs more Ithan ths

contractor's estimate of 11T BF. The re-liabilit I f : hs BCS

and ACS was r-ated above average. The BCS rating was based on

the final operational test rpEults and commerts ofatMer

officers statloned at06 Fort Sill The ACS ratingws aedo

the limited deveJ~opmetal test results of the FIST DMD andA
Mac~aqx' wll-efned quliy assurancs program. This
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TABLE XX

Rating Of Alternatives

Att ri bue ACS B::S FD/SC FCC

Reii4abii*--'y A A A A A A

*Ease of Cperation AA BA A A

MaA ntalnabiility A AA A BA

Commo Capability AA BA A BA

Gun Display A N1A AA BA

Irnteropc-rability A AA AA BA

* Msn Pro/Programming AA A ABA

Growth Pct'-intial A BA AA BA

Power Source AA A A BA

Size and Wei?;ght AA BA A AA

author was impressed by thle quality assurance pr-ogram -.ha--

ma:Tnavcx has established for the M~D and FIST D,1D production

lin e. The ACS is a deritive of tiese systems an, --t wll

be manulact!_ured on the saie productlon line. The tITBF for

the B CS and ACS are considered to be? gooi estimates. The

Enhanced PD/SC reliability his not really been demonstratad.

The system was only boxed in -;.I-s harlware in early October.

The FCC demonstration models have never achieved the s-a-ed

MTSF. The reliability :)f the FCC alternative was ratel

average because the antire system has n ot really beer
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f inali zed. The high MTBF f orth En h an cedDS a rd FCC has

nct been. clearly established.

-- The ACS was rated abov? averaw'i for ease of

operation. THe system prompts and layenI:.g rf menus provided

a logical step by step prozess. The kCE IS a "user friendly"l

system. The BCS was rate:d below average, because of the

requi'rement to learn an exzessive amo)unt :,4- ---w mnemonics. A

BCS operator needs at least eighty hours o~instruc--ion to

bp able to operate the system with IL~ited pr-Df"ciencv. The'

Enhanced FD/SC and FCC were rated average. Vie menu layering

in the FCC is rot as efficient as thm layering inr the ACS.

Tha ECS was rated above averaae for ma:in-

abili-ty. This rating was based ~n th e sxcellent b uilt-n

self-test rcutin-es, MTTR, and ease :)' mainr-ancs. The ACS

and Enhan~ced FD/SC were rated average. Thei-*, ITTR astimates

*.have not been validated by actual fi;e.Ul testing. The FCC was

rated below average, b acaus e all 'Rai-toenance must be

perfotmed at the General Support lzev=l.

The; ACS has sup-rior in tin -ca:_ ons capability.

40 ~The Enharced FD/SC commun-1:-a:-ions zaoabi:;l-itv is based on the,

completion of the P31. The Enhanced FD/SC '71ns which will be

delivered to the Marine CorDS in tMacch 1983 will have only

one communications channel. This channel will1 prov-ie for

the GDU communicati-ons lin ak. The BCS and FC- have limited

communcations capabilliis.
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The Norden GD3 for the BCS and Enhanced FD/SC

was rated above average, beacause it- is the only fi.eldsd GDU.

* The Norden GDU has been extensively tested by the U.S. Army.

U The problems identified during operational testing have been

cor rec-ted. The Magnavox -SDU is smaller and li-ght.er but it

has not been +ested during actual fi.ring. The FCC GDU has

only beer. conceptually defiraed. If Litonuesth ore

GDU, inn:erface problems will still hive t16o be resolved. Th-

FCC: GDU capability was rated below average.

Inteopeabiitywas rated above average for the

Enhanced FD/SC and BCS. Since Norde-n is developi-ng -:hs

MIFASS EDMs and the software z'irea support application

programs for the DCT, interoperability problems would be

mini-mized. The interoperabili-ty capabilities of the Enhanced

FD/SC wil exceed -hose of the BCS. The ACS 'nteroperabili ty

was rated average. The FCC -irteroperability was rated below

average. Its limited :mm uni4Ca ti4 EScapablit y affect's

interopsrability.

The Missi-on Processing and Programming of t he

ACS was rated abcve average. The ACS has mission processing

capabiLliti-es which are si-milar to BfCS. The ACS incorporates

the improved Modified Point Miss Ballistic Model. I t can

compute. firing data for si-xteen individual weapon locations;

whereas, the BCS car compuxte firing data for twelve indivi-

dual weapon .locations. The BCS is the only taps loadinjg

alternati-ve. The BCS and Enhanced FD/SC were i-ated averags
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based or. +he mission o)rocassing capabilities and programming

presentred in Chapter Five. The FCC was rated below average.

The FCC uses thle Litton leveloped ballistic model. it was

designed to support a s--x givn battery. Modifying the FCC to

handle ei-_ght quns would relIuira major software charges.

The FD/SC has excellent growth potential. The

total grocwth potent-al for the Enhanzed FD/SC is based uoon

complet-io of thce P3I proposal. The Enhanced FD/SC has the

poetial to evclve into a multipurpose lgregtcma

terminal. it currently has a very impressive memory caoa-

bility. The Enhanced ?D/SC will provide a gr:aphi.cs capa-

biity. The- laro wth poten7rI al ofIL the ACS was rated average.

The BCS and FCC werE rated1 below averige. The BCS msmcry

size is fix-Ed ani would require a signifi-cant investment to

expand thscapalbility through an unplanned product im0prove-

men. Te FC s i reliy a very powarful calzulatcr. It

does no-- 'iave tChe capabiLlity to evolve= into a multipurpose

combat -terminal.

T'he ACS and Enhatoced FD/SC can operate from a

larqe va::e4-_y of power soairces. This provides the commander

with a larqe degree of flexibility. The ACS uses fewer

internal bat:teries t han t-h e Enhanced FD/SC. The ACS was

rated above average and the Er.hanrce d FD/SC was rated

average. The BCS cannot operate froa in ternal bat41teries and

regui-res a powe= disrtibutior amit. The BCS GDUs include an

internal battery power option. The BCS was rated average.
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The FCC power sources are limited. rL h nblt 1) 1h FC:

4.o operate directly from EIEPGS i s a major disa d~ .age..

Therefore, It was rated below average.

The size and weight of '.he ACS and rCC wer:

rated above average. when all zomponz-nts are coasidereA, +th-?

Enharnced FD/SC is twice as heavy as ths ACS and -,he BCS iJS

*four ti-mes heavier than the ACS. The 9C3 i;s larce= ar:l, bulky.

It I's primarily suited for installation in a vzhicle-. T h:-

BCS was rated below average.

C. Weighting of Attri-buts

Table XXI presents -he w=-ah-,s tha- were sutljec.-

t :vely assigned to each aLttribute. '4eight aiqm: was;

based cn information gainad from the cverall research :effor--

for t1his 4.hesis and this aut-hor's previous artilsry sxper-

en::e. An Y number of different weigh~ing scalee could havi-

been used. The weighting szale shoull allow for a afLin

spread between the various attributes. This 1-hasis- 'ses a

Atwo hundred point- weighting scale. A total of two h-undre:3

rq ~weightinrg points was allocated among t-he variouas at-,riiates.

Ass gnmen+ proceeded from the lowest i:anking attribute to

the highest ranking attri-bute. This type of weighting system

permits ties between attributes. Eowver, in the assi-gnme-nt-

of weights no ties occurred. All weightswr xpesda

whole numbers.
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rABLE XXI

Weighting of Attribute:s

At tributes Weiaqht

Relijability 35

Ease of Operation 30

Main ainabihity 28

Commc Capability 25

Gun Display 22

Interoperabiht 20

Msn rro/Programming 15

Growth Poten ial 12

Power Source 8

size and Weicht 5

Total Weights 200

d. Assignment of mumerical Values

The descriptive alternarZive ratings were

replaced by numerical vahlies. Any scale which provides a

cons~stpnt spread between the three desc=ipti-ve ratings can

be used. A scale of on? to ter. was used to transform the

descrip*tive rati-rg into a numerical valup. A value of three

represents below average a val!Ie of five represents

average, arn! a value of severn represents -above average. The

Kaverage value (5) is the numceri'-al average of the values

assigned to below avseraqe and above average. Table XXII
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depicts the replacement d5~escript' ve ratings with numsr-

ic:va-ueS. Additio na22.y, hewgtasindto each

at,-r'buite is ind ica +ad.

Th BU~ XXII

Assi.gnment of Nums:'- ca- IValuqs to Alternat'I ves

At rbu+ e Wei'h ACs BCS FDL2C F*ZC

Reliabili 35 7 7 55

Ease of Operati.on 30 7 3 5 5

M ain -t a -*n ab i11-6tY 29 5 7 5 3

Ccmmo Capability 25 7 3 5 3

LiGun DIsplay 22 5 7 7 3

I nter o peria bi4Lit y 20 5 7 7 3

?!sn Pro/Proaramrnng 15 7 5 5 3

Growth Pot6eitai l 12 5 3 7 3

Power Source? 8 7 5 5 3

Siz e an d Weig ht 7 3 5 7

e. Measure of Effectivensss

Table XXIII ocesents the- d eterminration off the

*combat effectiveness i4nd.ex for each al:=ernati-vs. The at'ri-

buts wei-ght was multipliel by the :-espective numerical value

for each alternative. The ~.tra~escombat sffsctiveness
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TABLE XXIII

Combat Effectiveness Index

---~BZ FDZSC PC"

Reliability 245 2145 17 5 175

Ease of Operation 210 93 150 159

Maintainability 140 196 140 63

Commo Capability 175 75 125 75

Gun Display 110 154 154 66

Int e=oper abi! 1 y 110 14 0 140 63

Msn Pro/Programming 105 75 75 45

Growth Pctenti l 60 36 84 36

Power Source 56 40 40 24

Size and Weight 35 15 25 3

Total, Ccmbat
Effectiveness Index 1246 1066 1108 75.)

ndex is th- summation of -th values shown in each column of

Table XXIII. This combat effectivn-ss index is the msas'i:
o' effectiveness which represents the relative hen_=i- of

each alternative.

G. COST MODEL

All of the altprnaives hava s-gnificantly differen-

ccsts. in a cost effez-iveness analysis, thez cost model
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should be based on the life cycle cost for each alterna::_ve.

Howevez9 -the BCS is the o)aly alternat.ive for whi*;ch an accu-

rate es-_ ma te of life cycle cost exists. It was beyond the

capabili'ties of this author to de-velop accurate estimates of

lif e cycle cost fo: the other t-hrzee alternativoss in th-

short t~me span. available for the completion of this thesis.

T he:eLOT.e , the estimated procurement cos-, of Sach alterna-

tv e based on an FY 1984 production) was selected as ths

measure of cost. Table XXIV presents the procurement cost

* ocpr ar+,;i-lery battery for each alternative. The procureen

cost is based on the equipmert reguired, to support an eight:

qur. artil'ler.y battery. This -Includ;Fs two computer unf::s and

reight GDUs. All costs in 7able XXIV are in_ FY 1984 dollars.

TABLE XXIV

?rocurement Cost Per Ar-tillery Battery

Syster, ACS BCS FD/SC FCC

*6Cost $102,000 $339,860 $209,616 $139,616

In t-his author's opinion the procurement costs for the

Enhanced FD/SC and the FC: are soft. These systems rsquirq

additional research and ievs~opment funds for software. A

discussion of additi-onal re qui; reme9n ts was prsser.:e in

KChapter Five. Nordar.'s r:ost esti'mate of the ?31 prcposal
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must be viewed as a "best a uess". Sof4.ware cos-- and

development schedules have been -r3 -IJ -.ioally underst ated.

The majority of any computer systsm's to-'dal cost is based on

the software cost. The aztual hardware only represents a

small fraction of the total cost.

software is the most unsafe, the !least understood, and the
Softaredevlopentcosts are now a-ImostI 90 percent of
tota copute sytemcosts. Thi-s parcerntage will probably
-inreae lon wth heabsolute costs of soft-6ware, since

software des-ign, development and testing (ire) the most
h~ghly abo-irensvecomponent (s) D f. computer system
p roucts Th cos ofsoftwara has risen continuously.

Overruns of 100 percent In both cost and the t-_4me to
develop software have rot been unusual occurrences. I n
fact, there have been cases of total failure to develop
systems due to software cost and schedule overruns.
[Ref. 50: p. 191

The U.S. Army currently plans to maintain the BCS well

into the 1990's (Ref. 41]. Sezlection o-f the ACS, En h a:niced

PD/SC or FCC establishes a tctal'-vN ur,4aue Marin~e Corps

battery :e--vel fire directior compute-r system. The la--ine

Corps would be completely responsible1 for the lif cycle

mairterance and train.ing costs of the CS Enhanced FD/SC

and FCC. it should be note3d that these three uniqaue alterna-

tives si-qnifi;cantly impact on li-fz c:: support costs.

in tis author's opirior softwr maintenance of thes

three alternati-ves will be a very Sianificant cost. It, is

impossible -to accurately estimate the sof t ware ma-rtenance

Cos Is c.L systems which have not even been o perat iona lly

tesed. The estimates of any requird softaemnernc

4 made after operatlional testing is complete will most li-kely
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L7
be very sofi,. However, past exper-Lenze In the davelopmenr_ orf

computer systems can provide a rough approximation of soft-

ware maintenance costs. "The cost of maitaining softwars

is est--mated to account for 75 percent of -all software?

costs." C~ef. 50: p. 19]

in th is authcr's opinion, the? life cycle training cost

for the ACS, En~hanced FD/SC and FCC would be roughly equi4va-

lsn t. However, a significant difference batweer "thse threm

alternati ves and BCS emerges. The Marince Corps would have

to procure a sufficient number of systest poie o n

formal school training. A complstely unique training program

would have to be developed.

The high procur-ement cost of the BCS may offset any liJf=_

cycle cost savinas -in maintenance and training. It Is recog-

nized that there arc- most likely diferences in the to-al

life cycle cos'-s of the four alterna ::ves. Life cycle cos-!

data would provide the bast measurs of system cost fora

cost effectiveness analysis. Si;nce- these data were neither

available nor could they be accurately estimated, procure-

ment cost was usad as a proxy to measurs Sys . em cost.

H. BENEFIT-COST

1. RADkIAS cf Alternatives

The ranking of alterril Lvles s presen~ted in Table?

XXV. The ranking is based on ths determinra'i-on cof a
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bene f:-cost ratio for the equipmen- required to support an

eight qun artillmry battery. The benefit is -xpressed in

terms of the combat effeztiveness i-,dex (CEI)• This index

was developed in Table XIII. The cost is the estimated

system procurement cost per artillery battery in FY 1984

dcllars. Th.'s cost has been qxorassed in thousands of

dollars. The ratic cf +he combat effectiveness index to -he

estimated procursment cost is used to determine the optimal

battery level fire dirBe-tion computir sysem. The ACS

provides ths areatest benefit per dollar of cost.

rABLE XXV

Ranking of Alternatlves

A.lterna*ive CEI Cost ($222) Ratio

ACS 1245 $132.000 12.22

750 $139.616 5.37

Enhanced FD/SC 1138 $209.616 5.29

BCS 1056 $339.860 3.14

4 2. SsitivZ Ait Anal s-s

The analysis in this thesis assumes unequal benefits

and unequal costs for the alternai-,vs. The benefits were

subjectively determined and the costs for three of the four
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a'terna ives were based on manufdc-turers' est:ma e S of

procurement cost. Basei :>a equal berisfits and t-h-iet-Itn

estimated procurement costs, the A~CS still prov.. :s -he

largest bensfit-cost ratio.

Since effectiveness was 1?t.=rmined 3ubjectiLvely,

different artillerymen. would most likely determifne 'c n

totals for the combat effectiveness _ndsx. I:f this auk-hc::'s

determination of t-he combat effectiveness inldex is assumned

to be reasonable correct and the syst-em cost ~schang,:d,

then the sensiti.-vity of the altlernatives can bce furt 9er

examined. The BCS procurement cost _S fixed by the F'Y 18SU

con-ract opti"on. The other costs w,- most probably incrsass

as system development progresses. A 100 psrcsnt :Tc-asa in

the estimated procuremenit cost of the ACS provides a 6.11

beneit't r at io. The==cfore, if the ACS p: uremet cost

is assumed to increase by 100 par:=n and the e s maned

DrOcurement costs of all thea othze: alternatlvez _ r sma

unchanged -he ranking of alternative-s pre:sented in Taole

XXV will not change.

Table XXVI preseats the rinking o A alte: iatives

based on a 100 percent increase in --ae Procuremernt .cost of

the ACS, a 50 percent i.ncrease i-n the procurement cost of

the Enhancel PD/SC and FC:, and an. unchanged BCS procu~ement

cos. heranking of thrlentv s reai'ns unchanged. In

this author's opir. a 100 percent increase in the procure-

m ment cost of the ACS is highly unlikely. T"he ranking of -he
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alternaltives was not affected by sizeable percentage changes

in the system prccurement cost while holding the dtrie

-effectiveness constant. The ACS aonsis-tently produces thq

largest benefit-cost ratio.

TABLE XXVI

Ranki ng Based cn Increases inProcurement Cost

Alt rna+-.ive Cst ($000 ___--

ACS 1246 3204.000 6.11

FCC 750 $209.1424 3.58

*Enhanced FD/SC 1108 ~ 34.424 3.52

BCS 1066 T339.860 3.14

This chapter has presented a cost effectiveness

analysis of the four alternatives discussed in Chapter Five.

The f inal chapter provides the conclusions and recommenda-

tions of this t-hesis.

17



VI I. CONCLUSI311S AND RECMENDATIONS

* - A. CONCLUSIONS

* ri"lery -s the MAGTF Commarder's primary all-weather

fire supprt aset. Today Is battlafi eld scenarios dm~

that artiller-y f4ir= support must be cespornsive, accurate and

*-eff ectiLve. The majorit-1y of Mar-Jr. Corps artillery !in its

currently compute firi4ng 3.ita usi;ng in -i6quatednnalpoe

dures. in an age- of sianificant technological advances in

com puta. ion an d autcomat'iz data processing systems, Itha

Main crs tll ztilizs a mranual system consis-,ig of

paper firing charts, ploz:t.rc pir.s anid GFTs. FADAC, fielded

durinq the m id 1960's, ~salso outmoded and beyond its

expected service life. FADAC is not being used and cannot be

relied upon. The PHHC has only lim i1-ed capabi:'lities. It

cannot suoport extended combat operat-ons. Simply sta--d,

thea current Marine artillery fire 14irec-tion systems are

inadequate to meet the demands of to'Iay's battlefield. The

* lack of a modern artily .6edrcin copt:sse

degrades the Marine Coprs o)verall combat effectiveness.

Since the late 1960's the Marine Corps and the Army have

been mcving toward tha 93tabli-shmeait of two unique fire

suppczr:/f-*rp direction systems, 11 FASS arnd TACFIRE. Many

Marines have not realizei this, because TACFIRE has only
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:ec-ently been felded and M1IFASS is stiil1 undez

MIFASS is being designed to complement the .18Lr 4.7_ C. p~

*concept of operations. The two syste-ms support uh un, iu

requirements of each service. It is importart r nera-

that in '-he near future two completely differer,:, b u i n 'ie:-

* operable, systems will exist.

*The field deployment of MIFASS is at least five yzears

the future. MIFASS will orovide the artillery battallor FDC

wit*h a state-of-the-art fire support/fire direction Compute:

system. However, MIFASS, as presently configured, does no-:

extend -to the battery level. tIFASS will no- resolve= the:

f ire direction problem at the battery level. r~he art- -y

battery needs an a ut oma ted computati'onal caipab-i I ty

support autonomous battery operatioas. The fire dir;ec::or

pr:)blem i~s especially cicaatthe battery level1 ?fl

nae ds to be expeditously resclved. rhe Marlne Z2orps faces - a

critical window of vulnercability until -he complete

direction problem is solve!.

Response-s to the questionnaires clearly establ sh -',a-

te artillery :egiments emphasize dflferent :aetho-IS o r

computing firig data. larire a-"t~ lery does no' have a

"standard" primary method fcor detarnining fi-rma-_ data. Thce

*acti-ve arti llery unit*4s ars using the PHHC. Approximately 36

percent of the artillezry batteries in the acti-ve force

structure uss the PHHC as the pri-mary means for determininq

*firing data. T he reserves are not usina zhe PHFC. FADAZ
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maintenance support is inadequate. Based on the data

provided by the questionnaires, the average FADAC downtime

exceeds sixty days. FADA maintenanc, support problems will

con inue to increase.

Research for this th--is indicates that 'he impact of

the "'3 X 8" concept has not been fully addressed by th?

Marine Ccrps. The Marine Corps Development and Education

Comvand's Doctrine Department, Firepower Division and the

Command Control and Communications Divisien (C3) could not
provide definitive information regarding the or~aniza-.on of

the fire direction system, number of personnel required to

support an FDC equipped with a new battery computer system,

and -he concept of employment. The 3 X 8 concept introduces

a myriad of additional problems for larine artillery. These

problems can be resolved. Data from the questionnaires indi-

canes that two platoon FDCs each equipped with a computer

uni are required to adequately support the employment cf an

eight gun battery.

Since its inception, the ACS program has been poorly

managed. This is not meant to be an indictment of any indi-

vidual or group of individuals. The acquisition strategy

has clearly violated a number of the Department of Defense

acguisi ion principles. The documentation for the ACS

program is incomplete and 1isorganized. The ACS is currently

approaching OT II without the publication of an approved
ROC. The develcpment of the ACS has been degraded by tha
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parochial interest-s of a number of d ert Mari ne Ccrps

act-vities and agencies. rhesz aCti.4Viti+CS and agencies have

placed their parochial inte-rests above t he, needs of: ths

Marine Corps.

In September 1980 an trticle in the marine Corps Gazette

clearly ident ifi4-ed the ociani-za-.io!na,1 weakness which, to

this day, still continues to a f fecs Marine artillery,

"namely the lack of focus, or single head". (Ref. 7: p. 651

The au~hcr of t!-his az4ticle depiotzd the commurni-y of

commiands and agcencies 4a the Marne Corps involved with

artillery doctrire, tactizzs, techniques and development as a

"Hydra like creat-ure"l. TwD years later t-he "Hydra" is alivs

ard grcwing. Wi1thout d-f initi 4vce i z sc- ion provided by a

single head, the paro ch a2 i nerst s o f the individual

acti-v-ities and agencies wil continu= -,- dominats.

Mar-re artillery needs a :flr= dirsction computer sys--em

to replace FADAC at the battalion aai bat-tery level. A FADAC

replacement is needed now, not !a-sr. :1IFAS3 is supposed to

provide ths artillery b at4-al ion wit+ an automat6ed fire

suppor-t/fize direction zapibili1-ty. A S .s supposed to be a

battery e .vel fir e direct1on computze system. However, a

care-ful exam~inat ion of the Proposed ROC for ths ACS reveals

that the design parameters address a system capable of func-

tioning at the battery ani battalio-n levels. It6 is a classic

example of acquir-ing a system that is really needed and

desired under an "1acceptel name".
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if the ACS is fi6elded in FY 1985 as a batery leve

direction system and the MIFASS 10C :niesto slip, .

an :ntolerable s.;.tuatio)n Will1 result. The artI r y

batteries will have a fire di'rect:ona capability that is far

superi4cr to the battalion FDC's existing capability. The

battalicr. FDC will have to continue to rely on FADAC and ths

*-PHHC. The artillery batta!lion FDC cannot be cut out of h

fire direction loop. Ar t-Ilery battalions, niot batteries,

provid -the effective massed fir support that is eeti4aL

for success in ccmbat.

The cost effectIveness analysis oresented in. Chapter :3 x

det er mined that the MaqnaLvox ACS L s the opti4mal batt sry

level fire direction computear syst: m. I t provide-s ~h

greates4 benefit per -dolla-, of cost. The ranking of 1he

alter-na--ives was not affectsd by sizaable percentage changes

in the system procurement cost. The ACS c o nsist4,e nt

produced the largest benefit 4,-cost ratio. The ACS can prcvide

aF s -nfcant, enhancement in an artillery battery's comba--

* effeciveness.

The total procurement cost for the ACS i's r e 1aItiv e l

inexpersive when one cons.ile~s the bensfits and ccmparecs i

to the cost of other new Systems. :1f 200 complet.. sets of

ACS equipment were purchased at a cost of S102,000 psi. i.ct,

the tot al procurement cost is 20.4 a--io lollazs (FY 1981

dollars). Compare this cost to the flyaway% cost of an ?-18

or AV-8B air cra ft The flyaway cost of a s,*nale F-18 is
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cu11r re nty -s t-, m -tled to b e approximately 22.775 m II 4on

dol a rs (FY 19832 lollars) The flyaway cost of a single

AV-8B is cur enity estimated to be approximately 21.58

mLli'on dollars TFY 1982 dollars) . The af*:craft flyaway cost6

figures were extracted from the 30 September 1982 Department

of Defense Select-ed Acqu is iti on R e po rt (S AR). [Ref. 51] The

ACS will orovide a significantly greater ircrease in overall

Marine Corps combat effectiveness than any single fi-xed wing

airframce. Ar-tillery remai ns the pri mary fir- support ass at

fr o0r the MAGTLF. Faripe artillerymen must be given a computa-

--oral. capabiliLty to ensure that fire support is responsive,

accuratc ard effective.

B. ?!C.CGMNDATICNS

The cbjective of t"-his research effort has been to de-tqr-

I~~ whichP battsry level -ire airection system the Marine

Corps Shculd procure. Whi le moti-vated by personal =experi-

ernzes in. ?re-v-ous artiller y assignments, irdividual bias

* ~ ~ ~ ~ ~ 6 wahpfly o infcant factlor in the det-rmina-

-, or. of directicyn or outcome of the anralysis. Based or -his

rlcse arch :?ffort a number of spcifi recommendations have

beer compiled. These rscommendations should not be

construed as repres-Rntin g thIne tot alit y of actions needed to

solve thom artillery fi-Are Ii'rection orsblem. Instead, t hey

a=9 simply representativ4 of -:he t-ypes of a cti-o:: which

should assist In the resclation of the artill=ry firq direc-

ti-on problem.
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1 That the Marine Corps adopt an:. publih a ROC fcr the

Artillery Computer Systm (ACS.

2. That the Marine Corps review, correct a update the

complete ACS acquisition documentation.

3. That the Marine Corps adopt Ah_ CS, pr'vi:3. that th=

initial operational test schedul.! for Ja-i7nary 1q83 i

sat is fact o ry.

4. That the Marine Crps adapt the ACS for use as a

battalion level fire. direction computer ysTem cn an

interim basis until the introduction of IFA$S.

. That the Marine Corps revaluate the Letter o. Adoption

and Procurement for the ACS.

5. That -he Marine Corps assign a orofessiora'ly comoe-

tent artilleryman to agnavox, as an in-p!a.nt :'=pre-

sentative, to assis' in the d=ve!oDmsn- of tie ACS.

7. That, once a final acquisi-:_ion decisicn is made, the

7T Marine Corps levelop a complt-ze system :I 'oducton

plan for the ACS. rhis plan aus- be carefully deve!-

cped to ensure that organiza-ional resistance to

changz. is minimized.

8. T-at the larine Corps establish a formal t.aI'ing

course for ACS op?:ators at the U.S. Army Field

Ari'llery Schocl =. -hat sufficient assets ( ccmpu-

.ers, gun display uni-s :an! instructors) be provided.
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9. That t6he Marine Corps plan to contract for hcz ACS

life cycle software support.

10. That the Marine Cocps adopt the ACS as the "primary

m e:h od" f cr determi ni ng firi4ng data and t:hat the

MCCRES standards foz: a= t illery units be based on- the

ACS's capabilitics.

11. That the Marine Corps emphasize the use of FADAC in,

the battalion/alterna-te bat.talion FDCs until ACS i-s

felded. Thses FDCs can make excellent use of FADAC

capabilities for data update.

12. That "he Marine Corps emphasize the use of the PHHC in

ther batter y FDCs untl- ACS i s f ielded.

13. That -he Marine Corps closely monitor FADAC support-

a bilit4-y . FADAC ass:ets should be redistributed, i

required, to maintain a balanced capability in th s

different artillery reginents.

1L4. That' the Marine Corps address the total impact of the

"13 X 8"1 concept.

15. That the Marine Corps Sxpand the PHHC operator

instruction at the UJ.S. Army Field Arti--llery School

unti-,l the ACS is fielded.

*16. That the Marine Corps consi-der an. organizatIonal

change to create a sing:.- head for Mari--_ art-ile-ry
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who can form uat e, review anda evaluate a:::i±ry

system a cq U ISitz -,)1 doctri -- F tacri -cs, and

techniquam-s.

The t'im= has come fa L Marine artill1ery ~obreak Cu:_ of

4:ts conservative, slaid approach toward change-. rhe tim for

change ar.1 Sys-tem improv:.-t i:n artillery fir7e dirsc- o. is

r~cw. Ar. ar-tillery fire Ii.-ection c:mputer system is needed

today, rot tomorrow. r-;z nzee-ds of thp LMar-ne :oprs and the

- nation demand i. Effeciead 5crt utiliza-io. of

artillery fire support assets require it. The adop-:ion of

the Ar.tiller'y Ccm puter Sv-trzm will en~hance overall Marins

Corps comba-6 effc-ivr-n~s=.
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APPENDIX A

LIST OF ABBREVIATIONS

ACS Artillery Computer System

ACU Artillery Computer Unit

ADAM Area Denial Artillery Munit:ion

ADM Acquisition Decision Memorandum

ADO Advance Development Order

ADP Automatic Data Processinq

APM Art ihmetic Processing Memory

ARRCOM Armament Readiness Command

BCS Battery Computer System
,BCT Briefcase Terminal

BCU Battery Computer Unit

BDU Battery Display Uni

CECOM Communications and Electronics Command

CEI Combat Effectiveness Inlex

. CFF Call For Fire

CIU Communications InterfacS Unit

CMD Communications Message Device

COM SEC Communications Security

CP Command Post

CP MSN Copperhead Priority ission

C3 Command Control and Comnunicatirs

DASC Direct Air Sapport Cnter

DC Direct Current
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DCT Digital Communications Terminal

DMD Digital Message Dev-:ca

*DPICM Dual Purpose Improved C:riventioral Muni::onr

DS Direct Suppor-t

ECP Engineering Change Proposal

EDM Engineering Devslopmen- !Molel

EPROM Electrical2ly Programmable Read Only Memory

FADAC Field Artillery Autcmatiz" Digi-tal Compute:

* ~FASCAM Family of Scatterbe ie

F FCC Fire Control Computer

FD/SC Fi-re Direction /Survey Calculator

F DC FIi Directi"on Center

FDO Fir-e Directio)n officer

FIST DMD F-,re Support Team Digital message Device

FM Field Manual

FMFM Fleet Marine Force Maruil

FO Forward Observer

FPF Final protective Fire

*FSCC Fire Support Coo~dinat- n Center

GA Gun Assembly

GCI Gun Control Intgerface

GCU Gun Control dnit

GDU Gun Display Unit

GFE Government Furnished Equipment

GFT Graphical Fir.,ing rable

GLL D Ground Loc!at!or Laser Designator

GS General Support
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HB Hicah Bur:st

HCO Hor izontal Cinntrol Oi)eravor

HQM C Headquarters Marine Corps

1CM Improved Corv~rk: )nal Muniti on

IMP M Improved Moai:f ied Poi-.nt lass

IOC in;itial Ops-ralk.ior.aJ. CaLpabilit--y

IPR I., Progress R=.view

LDCT Lightweight Df-gital Comman~d TsrminaJ.

* LEAD Let terkenny Army Depot

*LED Li ght E miLr D i.dc

*MAGTF Marine Air Ground Task Force

MAUT Multi-Attribuite Utili-ty Theorv

*MCC RE S Marine Corps 7comb-6 Rzealiness Evaluation Sys--em

MCD EC Mari-ne Coros Develcpmer-t- and Eelucaticn Cocmmand

*MDS Meteoroloa~cil Data Systsm

MEP GS Mobile rlecz:rc r, wer Ge=ncrating Source

MET Meteorolcgic-tl

MFC Mo r ar Fire Co)ntr-ol Calculator

MIFASS Marine, Irtiegr3ted Fir- and Air Support System

MOS Military 0zcaipat-ional Speciality

MPI Mean Point- o"' Impact

MPM 2Modified Poi47nt Mass

3TACCS Marine Tactical Command ari Control Systems

MTB F Mean Ti-me Between Failure

MTT R Mear Time To RC-Dair

*MV muzzle Velocit y

MVV Muz zle Velocity Variatio)n
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NAVELEX Navy Electronics Command

PDU Power Distribution Unit

PRRC Programmable Eiand-Hell :alculatcr

P31 Preplanned Product Improvement

RAALI Remotely Activated AntiJ-Tank Mir.,?

RAP Rocket Assisted Projectils

RD? Range Deflecti-on Protractor

ROC ~ Required Operational 'Capabilit y

RPV RemotslY Pilot ed Ve hicle

SAR Selected Acquistor R-?pc=4

SCA Secticn he As.ambly

SDR Sg na. :)

SOP St a 71.7r Op-:. Pr c i r e

T/OJ Ta bl ;0f C rga n.z a sor.

TA FT P.7 Tact-cai. v-:= Dirsction System

T D9 Technical Data Package

A..T Tabular Fi-rin,,g Table

TO? Time Of Flight

USAFAS United States Army Field Ar-tillery Schcc.

VC~3 Ver-tical Control OPeratorZ

VE Veiccity Er-ror

VI Vrtical Intarval
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APPENDIX B

CURRENT FOPCE STRUkTEJRE

This Appendix presents the caurrt fotce structure of

th. active and reserve Marins Art:.lleriy Regimean s. The M198

*hcwit zer is currently beinc fie- e +. he 101th mr; r s.

F ;i ur e E.2 dapicts the changes in s--ruc-lure which will

rfesult from the introductiLor of the M~198. The target date

for completion of the changes in tha structure of the 10th

Mazir~e *s Spebr18. The FY 1987 Prcojected Forcle

Str:ucture was presented in Chapter Two in Figure 2.1.
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S11th MARINES

( 0 0

H 4thIst 23rd

Q Q --!5 a 155 (T)

Ne 155 (SP) 8" 175 *105

lit U (CAMP PiNDLETON) 2n d ON (CAJAP PCNDLETON) 3rd ON (CAMP PENDLETON) 4th ON (29 PALWS)

Q H H

A 10S () ID OS (Tr. G 0 s (T) dt 5ss (PIP)
B 105 (") I I0S (T) H1os (T) 4th I$S (SP)
c lOs () F 105 (T) I 0S (T) Ist S"
K 15 (T) A 155 (T) M ISS (T) 2nd "

3rd 175
*03112 10S (T)

* ATTACHED

Figure B.2 11th Marines
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12th MARINES

1st 2nd 3rd

No 155S (T)
103 (T)

Is? BN '(HAWAII) -2nd 3M (OKINAWA) 3rd EN (OKIN4AWA)

A 105S (T) D 105 (T) *(G 105 (T))
B5105 (T) E1105(T) N 105(T)

K 155 (T) L 135 (T) M 155 (T)
I * st PIT a##

*Attached to 4th 6N, I11th MAR
**Attached from I1sf 8" BTRY, I1st GIS 3M. 11Ith AAR

Figure B .3 12th Marines
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APPENDIX C

REGIMENTAL COMMANDER'S 2JESTIONNAIRE

This Appendix present s the qu-s1ionnaire which was

forwarded to all four artillery Regimental Commanders. The
qusticnrai-e cons sts :f multiple choice questions and

quesmions which require a short w=-ter response. The

questicnraire was designed so that no question splits a

typed page. The areas that were )riginaily provided for

written ccmments have beer, deleted to save space. Specific

written comments are adl.essed in the discussion cf the

Regimen-al Commanders' View in Chapter Four. Ques-:cns 1

through 11, and questions 19 and 20 address the current

sta-us cf fire direction. Questions 12 through 18, and

questions 21 and 22 address thes!t'on of a new battery

level fire direction computer system. The responses of the

Regimental Commanders were tabulat=- and entered on ths

dashed line preceding the appropriate choice for each

question.

V.
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REGIMEN;TAL COMM ATDERIS QUESTIONNAIRE

Fi~ 1 '7- Ct.or :s 7.11 Employment of arti-llery firepower

on t h ba_1 cef ie I. I-- cons sts of both 't=ctical anP.

techn'cal fire directaon. Tactical Z --- d4-Cot ~o.1 iVolVeS

comar. herastehnci 1 fire dirs ction is concern,:,: onl

with ex-=cuti on. 7M 6-4.) lmfirnes teschnical fire direct~or acs

the conversion of calls for fir:e from the observ='r* into firn

commands to t h e- ca nnn s eCtio rs. This que::s:1ionae :

c o nc ern Ec w ith tr=ch ni-.ca I f i s d ire::o n .

1. Ther-1 has bEten a cco.' na 'm~g aeban:e over whether technical

fir d:-ection s*-ould be : i:ralizal or aecert:alizd.Ho

should .1-ccnical t:ir: 15ir=ecnior_ Ln a Di-rect Support

Ba,6ai' be exercise~i-?

_CentralIzee a, -h~e Bat:taliori FDC

'L1__ Dscsntra1lirecd at 4,he Battery ?-DCs

2. How should t-schncal _Fire direc-4tior In a General Support

Battalionr be exercised?

1 _Cetralized a-: -the Bitta!hizn FDC

-3-Decentralized at the Bat--e:y FDCs

3. If ycur answers to questi"ons 1 arnd 2 diffA.ed, 1:)le as t

comment- on the zeasons for thedierc.

E ~COMMIENTS:----
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4. What is the most common method used -: 7,~. ::~g

data in the Battery FDCs of your Regiment?

1 FDAC

-1-PHHC, T-1-59

-2IIANUAL SYSTEM (Ch art and GFT)

5. What is t he rostcmo method used to d et:r. ~:rq

data ir. the Battalior FDCs Of your Rzgimern-?

.2-FADAC

PHHC, TI-59

2JIANUAL SYSTEM (Chart and GFT)

6. Has your Regiment exper.- -cad If f culty n~ o b a n

repair parts for FADAC?

3 Yrs 1iNo

Please comment on the genqrai type of :cpair p-.,rt s

th at have pres:ented the gr:e a e st P=I-b.zms.

COMMEITS:
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7. The following five problem areas have been associated

with FADAC. Rank order these problem areas from 1 to 5. Let

1 ersent that problem~ arei whi-zh has caused the most

difficulty for your Regiment.

1 Level cf training of FADAC operators

-5-Leve. of trainiqa of rileyOperatior~s Chie-fs

3 AvailabiliJ-y of trai.ned FADAC Repairmsn

4 Re:pai-r parts suppor-41 for F&DAC

2 Maintenance of ?1DAC generitors

Programmable Hard Held Calculators were pro)cur-ad by ths

Marf~ne Corps to improve overall FDC 3perations by augmen-ting

-the FADAC ard manual chart capabU1.i-es. Cur==sr"tly the Fiz

Controiman (MOS 084L4) course at th- United States Army Fifeld

A r-'llery School, Fort Sil1, allocates 4.2 hoars of Gunnery

Ins t'ructi-'on to -he TI-59. The instruction i-s desi4gned to

introduce the st udent to- the TI-59. The Fire Controlman

le-rs hcw to determine basic iria g aa sng the thrg-

methods of tarcet locatioa. The Oprati-ons Chief (MOS 0848)

course a-so allccates 14.2 hours of Gunnery Instruction t:o

the TI-59. In aiddtion t the determir.ation Of basic. f-rina

data the Operatilons Chief le-a~ns how to determine and apply

Registra-tion Correct6ions. Unit trainina is criti*cal to

* * :creasr~q rofi6ciency wit the 715~
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8. Do you havc- ;-e rzsourc- : .. adequately trai FDC

personnel in the operatior of th-? 1--59?

_4_Yes Nc

9. Should Fort Sill allocate adiinltime, for -he TI-59?

L4 Y es No

10. Which course (fany) shoui2. giv; a higher pricrity to

the TI-59?

Fire C cntrolman (" OS 08341

2 Operations Chise: (M1OS 08481

2-Both

'+_Nihe:

I1 In pro ces si ng a fre z ss -oi n w 9 AThes the I a zge st time

delay occur?

1-Transmission :f Call for F-Ire

3 Actual computatior of F-,-i';i Data

_Voice Transmission of .~ Commands from FDC to

the guns.

Quest:oms 12 to 19 Dartain to 'he selection of a new

battery computer system.
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12. Rate the importance of fieldi4n; a new battery

system. (Scale One to Five, with Five reprzes,:!-.

gre at est i mport ance .

- lOre -2-Two - Threa -- Four 1Yvs

The number of responses i-s prirnted or. t-he dashed 1i~

Avgrag* urgsncy rating is 2.5

13. Which type of power source would you prefer for a new

battery computer system?

___Internal Battery Powar

-- Standard Marine Corps Mobile Ele--ctric Pow=: Gener-

a -ing Source (MEPGS)

-4 Ability to operate from both battery and genrator

power

14. R ate the Importance :)f Jincluding the ability to 'o~t

from standard garri-scn power (50 cycle, 120 volts) in e

battery computer system. (Scale One --o Five, w ith F4-i

representing the greatest importancso

0__One i1-Two --- Three -1 Four -2-7 ?iv

The number of responses is printed on. the dashed lins.

Average rating is 4.0
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15. Should a new battery computer system include -he

autcmuati.on -f the transmission of Fire Commands to the guns?

Nc+e: Fir'ng data wcull be computea and visually displayei

in I e FDC. Th- operatcr would press a bu'ron which wculd

transm-i t the Fire Commands via rd-dio or wire to an

individual un display unit.

S3 es _ __No

16. Ir selecting a new bttery computer system which of the

followinc characteristics should be the most important?

Size and weight of the system

Type of power source

.. ase of opc-ration

S..aintanability at the organizational/intermediatz

- eve!

17. Give: a "3 X 8" Battalion structure, how shculd the

battery fire direction system be organized?

I 1 Battery FDC e.quipped with -he new battery corn-

pue: system. Firing data would be transmitted via

radio cr wire to the firing platoons.

3* 2 Pla-oon FDCs each equipped with the new battery

computer system. Ona Cf the .Platoon FDCs would bt

designated as t-a "Primary Battery FDZ".
0-. her ( Please :ommeat )
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18. Shoul d t6hi nev bat t :y comptlik--r syst em hav I ths

capability to pPr f or m c e at rali .zed t =-ch -I c a1 fire direction

for all firing batteries in the batt61-41on?

-3-Yes 1

19. Given the present fi4re- directifoa umetwhat type of

systems improvements can be made -z ~ cs the overall

effectiveness of firs dir-cticn- until a n-w computer system

can be fielded?

20. How would you describe the cur:=ent sta-us of technical

fi-re di rection in your rpiment?

21. Discuss the impact :)f the "13 X 8"1 carceot on the firz

directior. system.

22. Wh at are your recommend~ations for t-he desifar and

acguisiti--on of a new battery computer systzm-,
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APPENDIX D

MAZLI.Q.K QOMANDERIS QLJESTIONNAIREE

This Appendix presents the questiornna:ire which was

forwarded to all seventeen artillery Battali-on Ccmmand!ers.

The questionnair s ccnsists of multipe choice qupstjor s an!~

questions which require a short wri .ten reSpornse. The

qu3sinar was designed1 so that no question splits a

typed page. The areas that were o)riginally provided for

wri- -en comments have been d~el9 ted to save space. Specific

written comments are adiressed in the discussion of the9

Battalic. Commanders' View In Chapter Four. Questions 1

through 29, and question 37 address the current status of

fire direc-ion. Questio)ns 30 through 36 address he

selec-tion of a new battary level fw direction computer

system. The responses of -the Battalion Commanders were

tabuated and entered on the dashed line preceding the

appropriate choi4CS for each question.

The final resul-ts provide a snapshot of the status of

the ovperall force structure. The fi-vz r-eserve bat'lalicns use

the Manual System as the primary means of de-tsraining firing

data. Reserve responses blased the results of some questions

relating to FADAC and the P!!HC, TI-5 . The fi.nal results for

questions 2, 3, 9, and 15 were biLased due to the rsservi?

bat~alicns exclusive use of the manual system. The fact that
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the :esi:ve battalon have not really commenced to uss ths

PHHC rniezef -he finral results for guastions 19, 20, 21, 22,

and 27. The reader sh~ould note that a significant differcec

exists betwsen --he re serve and active battalions regardin

the use of FADAC and the PHHC. Bias has been identified for

the reader. In casqs whiere a particular bas was noted,

spcii cmens r poided to sxplain the -_-buat'

data.
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* BATTALION QUESTIONNA127B

lire direction is the employment cf ar:'Ilery f:7,power

on the bat-tlef ield. Vt consisms of bo-th -ccct2. anij

technical fir.-e direc-.ion. This guesticnna::re is ccn :cernei

w ith technical fire dire~tion. FM 6-40 defiaes 4-c't-ca!.

ir e di.=ection as the conversio o call for f,~ =s~ th-z

observe: in~o fire commands to -:he cannon sec-tions. F o:-

questiors 1 to 4 assume that your Bittalion i ccrnducrg

FIREX. Headquarters Battzry and all thc- f'rina r

i'-he fi'eld for this ex, r:1se.

1. How i.s te.=chni-ca'l fire dirscti-or xerclsed?

-Centralized a- 'he Battalion FDC

16_Decentralize4 at the Battery FDCS

2. WVhat is the primary method of ietermining fi'L-inc dila ii

the Battalion FDC?

4-FADAC

-3?-HHC, TI-59

-9 MANUAL SYSTEM (Chart and 3FT)

ALL five reserve battalions use the man~ual. system. All

Marn atilr battalions have a FADAC capabilit--y (se

r quastion 10).
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3. Wa t is the primary method of deter-ming firmaq data '

the Battery FDCs?

LLFADAC

J4...PHHC, TI-59

_8_MANUAL SYSTEM (Chart and GFT)

The "Manual Systeml" was the rsspo)nss of all fiJve reserve

battalionrs. Not all artillery batteries arc- authorized a

F AD AC

4. If the Battalion FDC receives a Rainforcing mission. from

the Regimental FDC in which an adjusted grid and altit-ude

are provi-ded, where is the firing data determined?

_3 Battalion FDC 13_Battery FD~s

5. What type of artillery misesion would normally be assigned

to ypur Battalion?

12 Direct Support _U __Gerneral Support

6. Does the Battalion have a published Gunneqry SOP?

15 Yss i1-No

7. How old i6s the Battalion Gun-nery SOP (date of lat:est

* revisior. ) ?

-51-ess than 1 year old

* 4_1 to 2 years old

-4-2 to 3 ye- o

-3-more than 3 years oll

200



8. Does the Battalion Gunsry SOP address the structuIre of

an alternate Batrtalion FDC?

14~ Yes 2N

9. What is the primary mit hod of determ!ning firing data in

the alternate Battalion FD:?

-2 FADAC

4 PHC, TI-59

10-MANUAL SYSTEM (Chart and GFT)

The "Manual System" w-as +he response of all f ive reservs

battalicris.

10. Is your Battalicn au-_horlzed FAC.'AC?

16 _Yes -- No

If your answer to question 10 was "No", skip -c austion

18.

11. Indicat-e the number of FADACs that your Batt-alion is

authorized. Additionally indi-cate how many of these arce on

hand and how many arc- opceratioral.

~:ii 55 Number Authoriz=sd

5L4 Number On Hand

_32jlumber Operation!a 1

Based on t1hi4s data ths operationa2. readiness of FADAC

K 59 percent.
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12. If any of your FADACs are currently ncn-opr-_c:i,

what is the average length of time that they hav hee:: ;rwn?

_3__less than 30 days

3 30 to 60 days

1 60 to 90 days

6 more than 90 days

Thirteen Battaions respona-i that thl ha

no-ope:ational FADACs. rh sir rest: nses show 'he ave: aa

dcwntime of the non-operational FADACs. The- o :h si

FADACS that have been non-oprational in oxcsss of n _v

days belcng to reserve units.

13. Has your Battalion sx peri-ncgd Iifficult-

repair parts for'FADAC?

1 _Ys 5__No

PIeasa comment on the general type of rspair ra

that, have presented t he greate-t oroblem.

COMMENTS:

14. Indicate the number of FADAC Repairman ( O 28P5 I

authorized and the number Dn hand.

This was not a valid question for ths battalion

q u-stiornaire, since the current !/Ds assign all the FADAC

Repairmern to the Regimental Headquart-rs Battery.

- Number Authorized 3 Number On Hand
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15. Does your Battalion FDC employ the inlegratei.

FADAC/Manual concept to determine firin-4g data?

-9 Yes -7 No

The gi4vs reserve battalions respo:nded "No".

16. How wiould you rate your Battalion. FDC's proficiency with

F-AD AC?

Excellent

4i Above Averagle

5 Average

3__Below Average

3 Unsatisfactory

There was a slight bias intiroduced in Que sI:on 16

becausp the reserve bittalions rated their EN FDC's

proficie=ncy with FADAC belIow the average response of -6h

act-ve battalions. All thrse unsatisfactory responses came

:rom the reserve battalions.

17. Thec following live3 pcoblem areas have been asscc-atei

with FADiRC. Rank order these problem areas from 1 to 5. Let

I zapri-sen that problem are a whic*h has caused t-hz mos-

difficuty for your Battalion.

1 Level cf training of FADAC ope-rators

5Level of trai4nin*7 of Artillery Operat~ons Chiecfs

S3-Availability of trained FADAC R-epairman

2E-epair parts suppor. for FADAC

4 Mantenance of FADAC generators
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R ank-ig was based on ri ,6a. vnaeaC assigned sach

alternative by all questi-on naire s. rha ai-:ernative wit:h the

smallest total was ranked number one.

18. Is your Battalion author z d the PFHC, TI-59?

-16 Ys

If your- answer to questxion 18 waz "No", sk-p to questifon

28.

Questions 19, 20, 21, 22, ard 2'7 we bias-Ed by the fact

that the reserve battalions 1.v not =ep.1ly started to use:

t hze PHHC, TI-59. Howvvc, the 1-nal results prcvids an

accurate revresentation of the .otalI fcrcs st~uature.

19. Indicate how many TI-3 9s are as'Lan~ed to the Bat-talion

FDC secti on and how many of these a==- operatloral?

-87 Number assigned t-o --he 3attal on FDC

279)Iumber operational

Based on the data the operati-oniU r'-ain.ss of the PHHC

i90 pcercent. All non-perati.ornal ?HHCs belong to ac,' ve

units.

20. Has you: Eattalion- FDC evse: used -.he rI-59 as the

primary me:thiod of determini-ng firing data?

_9_YCs -7 No

F our reser-ve battalions responde! "NO".
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21. Has your Battalion FDC ietsrmined Regis--:::

Corr e ti o ns from a Pre c,-s ion RegistratiLon or High Burs-

Registration with the TI-59?

-8 BYes -8 No

Four reserve battalions responded "Not#.

22. Has your Bat-talion FDC worked a C:!currernt or Subsequent

Met with the TI-59?

7 Yes9-No

All Five reserve battalions responded "INc"l.

23. Reliability is defined as the prcbability that a. 44--m

will perform its intendsd function for a specified -z:inem

irnterva2. under stated conliticns. How would you rare th?

relablity ofI the TI-59?

-6 Excellent

8 Above Average

l1-Average

1 Below Average

__Usati efact cry

No bias was detected. However the reserve responses ars

based or. very limited use of the PHH:!.

Currently the Fire Controlman (MJS 08L44) course at -hz

Unitled States Army Field Artille3ry School, Fort Sill,

allocates 4.2 hours of 3unnery Inst:uction to the TI-59. Tha
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:ns::tz . is _34g'~ to inrdc he studer-t o t hz

TI- 59. The Firs Controlian learns how to determins basic

fir i: g data nsifrg 4the thrsa methods of target location. The

Coe rat-ions Chie f (SOS 08491 course also allocates 4. 2 hours

of Gunnery Tnst-uction to the TI-59. In addit1_i on to the

detsrmi4r.a4tion o f basic f Ir, ; data the Operati*ons Chief:

l~earrs hcw to I2ezairm.u.ne and apply Rqgistratior. Correctionis.

Uni - tra in ing is --ical t o Increasi P.a prof iciency w-L-h thc

TI-59.

2L1 Do yon havp h resources t dqaeytar D

Fers~.n..in - he operation of the TI-59?

1C YeSS6N,

No ?-as was deptected.

25. Shouli Fort Sill1 allozate aditoaltme for the TI-59?

16_Yss ___ No

26. Which course (if any) should qivs a higher prio=ity to

+he TI-501

1 __Fi-:e Ccntrolman, (NOS 0844)

__Orpratons Chief (M!OS 08431

15 Both
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27. How would you. ra~e your Battalioni FDC' prof ic-r.cv w*.th

the TI-59?

Excellent

4Above Average

5 Average

38-elow Average

L4- Unsatisfactory

Three of the four unsatisfactozy rs-sponses came --rom ths

r-serve battlali-ons.

28. In processiLng a fire mission wheres dogs th? larg-st time

* delay occur?

_2__Transm_ssi-on of Call for Fi-rz

7 7Actual computati-on of Firi:iq Data

-7-Vojlce Transmission of Fire Comman~ds fom t o

the guns.

29. How would you rate th? overall stalte of ~:iigof your

* Battalion FDC?

-Excellent

-6-Abovr- Average

-8.A vera grz

1 Bclow Average

1 lUpsat I efac tory
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Questions 30 to 37 pe rta-in to ths selection of a new

battery computer system.

30. Rate the Importance of1 fiJelding a new battery computer

system. (scale one to Five, with Fi-ve representin-a the

greatest! importI-ance.)

-2 One -2-Two _1-Three -5 Four -6 Five

The number of responses -is pri-nteda on the l~ashed line.

The average rating i-s 3.7.

31. Which t.ype of power source woull you prefer for a iew

battery computr-r system?

2 Iternal Battery Power

-- Standard Marine corps Mobile Electric Power Gener-

at-ing Source (M:-EPGS)

14l A bility to operate from both' battery and ge-isrator

power

32. Rate the importance o)f irciuding he ability ooprt

from standard garrison power (50 cycle, 120 volt6s) in a new

batt-ery computer s ystem. (Scale One t o Five, wi-th Five

representi ng the greatest moor tancel

30one 2 Two 2 Three- 5 ?our 4 Fie

The number of respornses 4s printed on the dashed line.

The aver-age ra'ling is 3. 3.
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33. Shculd a new tat :ry zompu-=3r system "nclude *hz

automation of the transmissicr of Fir_ Commands -o th- guns?

' Note: Firinq data woull b. computed and visually disolaved

- in the FDC. Thc_ operatcr would press a button which would

transmit the Fir e CoM %a a ds via radio or wi re tC an

individual gun d-splay unit

14_Yes 2 N

"J34. In selecting a new b - y computer system which of th=

following characteristizs shculd be the most importan-?

.1-ISize and weight :f thi system

• TYPe of power sc'urce

"4' Ease of operation

S1Ieiiab ilty

____:ntainability at -:he oranizatinalfintermediate

level

35. Given a "3 X 8" Battalion structure, how should the

battery fire direction system be organized?

1 1 Battery FDC equipped with the new battery com-

puter system. Firing data would be transmi--ed via

radio or wire to the firing platoons.

12_ 2 Platoon FDCs each equipped wi*h the new battery

computer system. One of the Platoon FDCs woul! be

d-signated as the "Primary Battery FDZ".

-Ohe: ( Please :ommen-: )
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36. Should th e new bittery computer syst~ m -h

capabilifty to perform cetatraliazed t-echni-cal f ire d-:-c,: -On

* for all firing batteries in the battalion?

13 Yes _3__o

37. Given the present fir:e direct-ion squipment: wh..at type of

systems :mprovements can be made icaeth :va2

effectiveness of fire direction unt-i a new computer systemn

can be Ealded?

ADDITI:)NAL COMIERITS

A. Status of current technical firr Iireto sse

B. Reccmmenlations for a new battery cc mputer svstem

DEtSIGNA'OR___
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kPPENDIX E

BATTERY COMMANDER' S 2EESZONNAIRE

This Appendix preseats the questionnaire which was

forwardsed to all sixty art*ilery Battery Ccmmandsrs. The

questionnalre consists of multiple choiAca guescions i P.d

questions which require a short w,:,.nrspne Thz

questionrraire was designel so that no questton spits a

typed page. The areas tha- were originally provied 4or

witen ccmments have been deleted to save space. Specific

wr'tter ccmmenms are aldrassed in t h Battesry Commanders'

V--=-w In Chapter Four. Qu=sti--ons 1 through 35, anrd q ue stion

14 adess: the current status of fire dirction. Questions

36 thrcuch 42 address the selection of a new bat-tery

comlputer system. The raspornses of the Battery Commanders

wee abulated and entered on the dashsd ln rcdn h

appropriate choice for each questr-on.

The final results provide an excs-.lent rapreserntat,:cr of

the tatu of h, overall force structure. The vast majority

of the ::reen reserve ba tterie which responded use the

Manual System as the primary means of determining fir-ing

data. Reserve responses biased the results of some questions

relati .na to FADAC and the PHHC, TI-59. The final results for

* .questions 12, 13, and 17 pertaining to FADAC rzeflect aL bias

caused by t-he reserve batteries exclus~vs reliance or. th:-:
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manual systegm. The fact that zas rerv= batter-ies have not

really commenced to use th? PHH~C was retflected inquson

21, 22, 23, 214, 25, 26, 2-7, 28, a . 33. THe final results

ars biased by the overwhalming neaieresponse from the

reserves. The reader shcuA i: nte mhat a si*;.nifi.4can--

diffILerer ce sxihst s betwee. t'he resgrv=e and a c tIve b a J t-eri-e s

in regards to the use o--- F'ADAC a.-d the 2?HHC. Bi-as has been

'deantif~ed for the read-r. in cases whirs a oar-icular bias

was rno~ed, speci:91c rornments are P~ovided tz exla h=

tabulate-cd data.
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BATTERY QUFSTIONNAIRE

Fire d irecticn is -the employment cf arti-ey- ieoe

r. the ba ttle fi-eld. It cors-;sts f bot h tcia

technica! fire direcion This questionnarescocn&

with technical ire direct ion. FM 6-40 de fine s tiech--;cal

f ir e direct ion asa t he conve rs--o r o f calls for fire from t-hz

observe: into fire commanI~s to the can~non sections. For:

q uastiors 1 t6o 4 assume Ithat your Battery is partic-patna

-n a Battalion FI-hEX. All -firing batteriess of the Battali-o%

* ar in +he field for this exerz:s.

1. How --s te chnical fire Jfrpction exercised?

2 -Centra I zed an te Battaii:rl YDC

Ul1Dscent~alized at the Battery FDCs

2. If th e Batt-alion FDC cece-ves a Fire-For-Effsct missicn

a nd the Batt-ali cn ?DO deci des to Firs-For-Effect with h

Batt-alion., where is the fi-ring data ig-ermined?

S ;-Batt.alion FDC -38-3attery FDC
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3. I1-h Batt-alior FDC reze_ ves an Ad-,-ust Fir-e mission from

one of your- Forward observers and thie Battalion FDO Adeci-des

to adjust- with your unit and Fire_-For-Effect wit h the

Bar-tali-on, wher--, is -he fi4ring data detremined? (Assume good

communica:ions exist between your Battery FDC and the FO.)

Li _Batta.io-n FDC 39 Battery FDC

4 . If: your Ba:---e:y 's a non-adjustf: batterv In aBaalo

*Mass m ssior, whezre is the firing data determ.:iad?

7 atalonFDC 36_Batzary FDZ

Ques-ions 2, 3, and '4 were use as a check on Qusstion

1 Ifar indiv-duaI respon.ded "IBattali'on FDC"I, :-h=n some

djree cf cent rali zed te2chnical fire- direction was besInac

exercised by the Battalion FDC.

5. Does the Battalion hava a publis-he-d Gunnery SOP?

35 Yes 8 1o

6. HIow c~d is the Bat.talion Gunnrery SOP (date of astre-

v-s.o n ?

5 _,,s than 1 year old

101 to 2 years old

8-2 to 3 years oll

12-mc-re than 3 years old

Generally t he Reserve Ba tt alin Gunnery SOP'S were?

clier. Fifl y percent of hr respoases from reserv:e u-:::s

stated t1hat the SOPs wera nore~i -har. three years :)-d.



7. Does you: Battery have a pub2is-_ I';urne,-,,! P

13_Y-s 30No

Sevsntee-=n active bat-teries 13 nct 1-a v e' publi shed

Battery Gunnery SOP. Reserve uni ts i3 -,o-: t4-- -h- :es'u2ts.

8. How old is ycur Battery Gunrerv 30P ( a-e z! atst re-

vision )?

-5-less than. 1 yea: old

5 1 to 2 years oil

-1-2 to 3 years oil

-2 more than 3 years oil

9. Giver. the present methods of dets-cmnining iirqdat-., how

would you like tcsqe techlai4cal firs iirecticn :exsercis,-d?

1 -Cetralized a-- the Ba--tali-:)- FDC

'42_Decenralized a : the Batter-y FDC

10. In-di-ca-e which of tha following 7-rmaJ. Sch,)ols you havs.

comDleted. PAddtionally, indicala i-f you were a resident

student cr completed the zourse by -,r--spciden'ze.

39 _ild Art-ilery Jffice r Ba~ic Coursce

-27_Field Artillery Officer Aadarced Course

-23-Resilent -L4-Correspondencs

ll1Amphi;bious Warfare S~hool

-4-Res-Ient -7 Corres pondance
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11. Idertify which weapon system currently applie-s :cyour

ur.it.

21-MlOlAl 74__11UA2 6 __M198

-6-M10 9A 2/A3 -3--i11 OA 1/A2 --- M107

12. W ha P6Is the primary method of d-tezrm-,,.ng fiin daai

your Batterv?

-9-FADAC

1OHHC, TI-59

-24MANUAL SYSTEM (Chart and GFT)

Fourteer offfteen resservg batteri-es :7-spor. dina

answered "Manual Systemll.rhe responses show that FkDAC i-s

pot being used at the bat'tery level.

13. is your Battqry authorized a FADAC?

1SYes 2~4 No

T-n cF the "loll responses wer-e from reserva units.

If you: aaswar to questi'on. 13 was "No", ski p to question

20.

14~. If your Battery is aathorizsd a FADAC, dc you Cu7-rently

have a FADAC on. hand?

15 _Yes -4-No

15. (a) :-s your FADAC cuzrrntly opsrational?

10_Yes -9 No
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Based on -A-.is lata 4.ie operational readiness of 7FADXCs

ithe fiiqbat~e-.:e-s is 53 pefrcent.

(b) Ifyu FADAC is not cpa-rational, how lonaT has il

been down?

-2 )oss than 30 days

_30 to 60 days

-3-60 to 90 days

C4- more than 90 days *(Two of the four belor-i to

h reserves)

16. Have? you CeX~er~encal difficulty inob-taining i:-p ar

Parts for FDC

-12 Y-s _ _R

P:'Pas,: comment on :e-ipaI: Darts that have present-ed thc

greatFst problems. ider.ifly the= item by part name.

COMMEINT S: ---

The mos- common answecrs were co::cuit boards, memories,

arA keybcards.

11. Does your Sattery 7-DC emrloy the in.tc-grate'=d FADAC/M,-arual

Con ce pt to dete rmine flr in g data?

12 Yss 7 No

Only on- resc-rve unit respondel "YES"t
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18. How would you rate your FDC's profi.ciarcy wit-'h ~~

I __Excellent

-'&-Above Average

-8 Average (No bias was cvidn in . .h

U4-Below Average response s.)

-2 t-rsa: Sfactory

19. Which one of the following problem areas ncrma_",V

asscci-a-ed wit-h FADAC has caused the most_ difficu-ty fu

your unit?

U -Level cf tralning of FADAC operators

2Lsvel cf T--ainin of Artiley-,a:o~ he

10 a nterancs of FADAC

_3_aintenancp of FADAC generators

Thr-e of the four unit-s which answered level of r~~

of FADAC operators were from reserve unit-s.

20. Is your Battery authorie thl P11HC, TI-99?

4i 1Ye s 2 lo (TwD reserve un-ts

If your answer to question 20 was "No", Slkip to 1Isto

314.

Questi-ons 21, 22, 23, 214, 25, 26, 27, 28, and 33 werle

bia s ed by the fact --hat -the reserve ba-t-eriss have no t

really star-ted to use the PHHC, TI-59. Hcwe:ve:, :hx fin-ral

rcas u.1ts Provide an a c u r .te r 9p z 3m-nt a.t c n f the *otal

force s-t=uc'ure.
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21. Indicate how many T1-59's you have or hand an~d h maz-,y

a:ra operational.

l.339Iumbet OnHad25-Nusbe: Operational

Based on this data the operational readirness cf the

T-1-59 IS 94 percent. All. of the non-operat conal PHRC u'srs

rf:m a civ e un it S. The reserves a:S not really U.sin.g the

P99C, 'herefore the results are iasalI.

2.Has your Battery FDC -3vr- used the TI-59 as -he p:imary

1n194hod cf determining firing data?

-23 Yes 19-No

E-vr- ofth "o"rsporses wetce from resarve un-ts.

23. Has your Battery FDC =onductsl i P~eci;siorin Regi-S%:at-.on

using -he TI-59?

27 Yes la- No

Ter cf the "No" responses were? from reserve units.

24. Fas your Battery 'FDC con)ducted a High Burst Registra-:.on

us-ng the TI-59?

-22_Yes -11-No

Ten cf the "No" responses were fro:m reserve units.
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25. Has your F att r Y FD C det ermi ned Rregistr~o

Corrections from a P--c4 s or RegittratJon Or High Furst

Registration with thc- TI-59?

-25 Yss 16-No

Ten of '-he "No" re-sponses wr--- f--om reserve uniLts.

26. Has your Battery FDC applied :R=_.;stra*!ior etic. s t

the TI-59?

Li -Yes -17-No

Ten of the "No'? responses were -f::m rseserve uni.ts.

27. Has your Battery FDC worksd a ::, currqnt or Subsequent

Met with the TI-59?

_Yes 23 No

Twelve of the "No", responses we==- fro!, reserve unts.

28. Has your Bat-tery F D: trii Terrai.n Gun Positiion

Correctlons with the TI-59?

10 Yes _31NC

Thirteen. of the "No" remsponses were from -reserve uni-ts.

Currently the Fire Co~itrolman (NJ)S 0844i) course at ths

Un*-te d SItates Army Fiell Artillery School, Fort Sill1,

a2.ocateS 4.2 hours of Gunnery Irnstraction -to the TI-59. Th--

itr uc-: on is des-cred to introduce t-he studer+ to ths
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TI- 59. The Fi-re Controlman learns how to temr

firing data using the thr.,4 methods of target l:)cati-o:.. r "1 -

Operaticns Chief (MOS 08L481 course also allocates 4.2 11!U:S

of Gunnery Instruction to the TI-59. in addition -c Ihs

deteremi-ration of basic; f irng d -t i the Operations Ch'i=,p learns how to determine and apply R~gistraton Correct-crs.

Unit'- tra: .ng is cri64ica1 to icreasi-ng profi-cienacy w-th

TI-59.

29. Do you have the reasour-css to adequately train. FOC

psrsonnq- jr. the operation of the ]!1-59?

-213s 2N

30 hodFore Sill allocate !addition)Pal time for the TU-59?

36 Y=s S5-No

31. Which course (I any) should give a higher pri4orit-y to

the TI-59?

U -Fire Con,!,r-olmani (MOS 08U~4)

-8 Operat ions Chief (tIOS 08C481

29 Both

-cthe r
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32. fiz bi ab 14vIs defined as the probabili-ty that an itsm~

w.pe'rf or% its i*ntendal functior. for a sptecified ti-me

interval urdqr stated cord-,ti-;ns. tHow would you rate the

re iabi.r_Y of the TI-59?

_10OEcel ent

15_Above Average

13 -A v- 71

_2 Belo-:w Averaqe

l1-ursa-isfactory

33. How wou-id you rate your FDC's proficiency wi-:h the

7__-xcellent

- Q~AAverage

-7 B: Icw 
Average

_9 rJ n z _fa ctor y * (A1-. in. weres fro-m

- Ssrve units.)

34. Based on your experi eqcs, where in the processin-,g of a

~iemlssi"on does the largest time 19jay occur?

?7_Transmssicn of the Call for Fires

_21 Actual computation of F-iriaa Data

15 VoIce transmission of Fires Comman~ds .O::m 7'DC to

* the quns
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Eleven reserve un--s r espone r- h :he ac-ual

computation of firing data was whzere- the largsest t~fie .elay

-- occurs. Th s is most probably a -esuit of ,-'; state of

*.trainirg. The tresults shown above are -6ne:- e ti ased by

the reserve responses.

* 35 Howwoud yo rae the overall stan_= cf t-Mar-nc, of you

FDC?

-7__Excellent

l14iAbove Average

18 Averags

-4 -Below Average

_Unsat isfactory

There was a sight bias intoue -eas.t~rsrvs

Bat:eries rendc-d to rate zhe-: 'PD""= zrc~ic-'r=cy lowe: thIan

the average respcnse of the active bet7ezo'.s

Questions 36 to 43 o ar-a~r-- t-li the se -l-or c f a new

bat,:ery computer system.

36. Rate the importance of L_,:ldin-q iA _W ba -. 6ry CCMPUt 7

system. (Scale One to Five, wi-I iv~ rep:9serting the

greatest importance.)

- 2-Ore 1i-Two _ 11 _hree -8 Four -21-F Fvf

The n~umber of responses Is prin'ted on the dashed li-ne.

e -The average rating IS 4.0.
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37. Whi ch type of power source would you prsfer foc a r.e w

battery computer system?

16_Internal Battery Power

S -iandard Marine Corps Mobile Electric Power Gens:-

atiA*ng Source (MEPGS)

27 Ability to ope:ate from both bat-tery and generator

power

38. Rate the importance of 'including the abilit-y to operate

from stardard garrison power (60 cycle-:, 120 voltrs) in a new

battery computer system. S Scal On-a to Five, with Fivs

rep-eserting the greatest importance.)

_&i One -7-Two 5-Trhrce -6Fou _21 _Five

The number of responses ~s printef or the dashed line.

The Average rating is 3.9.

39. Should a new battsry computer system include the

automation of '-he transmi-ssion of Fira Commands --o the guns?

Note: Firinq data would be computed and visually displayed

ithe FDC. The operator would press a buttn.ri which would1

tranrs mit r the Fire Cm d vi radio or wire t"o an

individual gun display unit.

231 Yes 121o

V.2
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40. Jrn ce'Lect-Ing a new battery computer system which cf ths

followirg characteristlizs should be the most important?

1 _Size and weigbt of the system

-- Type of pcwf=r source

10_Ease of opqrati.on

_6__Mai nt ainabilitty at the orgzn-za~4 onai/intermediat?

level

41. Given a "13 X All Battalion st ructure, how should the

battery fir=e direction system be organi-zed?

-9- 1 Bat-tery FDC aguipped with the new battery com-

puter Eystem. Firing data would be transmitted

via radifo or wire to the firing platcons

31 2 P'at-oon iD~s each squippe-I with the new bat,:ery

Computer syst:?m. One o-f -1he Pla-toon FDCs would be

designazed as the "Primary Battsry FDC".

3 Other (Pecase Comment .........---------------- .

42. Should -he new battery computesr system have the

capabili-ty -to perform zsntrajlized tEchnical fire di'r.Ection

for all -firing batteries ia the Battalion?

_38 Yss -5 No

4 225



43. G-ven -6he p:esert f ire directiori equi;rment w h. o

systems improvemen-ts can be made t I ir.cr s e t6h~

effectiveness of fire direction until a n~ew compuli-r zvs^ em

V can be fielded?

ADDITIONAL COM!MEN~TS

A. Status of current technical. fi:e direction systsm

B. Recommendati6ons for a. new battery cIputem y~r

DES I GN A , F
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