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ABSTRACT

7"he artillery fire direction systsms currently used by

th:z U.S. Marine Corps are iradequat2 to mee*t *he demands of

D

~oday's rattlefield. Th: lack of 2 modezn artillecy fir
directior ccmputer system degqrades *he Marine Corps overall
= ccakat effectiverness.,

T‘ ‘This +*hesis presents a3 cost offactivenpess analysis of

fcar fire direc+ion computa2r systems which can significar+ly

@nhance an artillery ba*tt=2ry's comba* effectiveress. An
T! avplication of Multi-Attribu+tz Utili+ty Theory Is used +¢o
determine a single measurz of =2ffsctiveness.

As a resul* of the analysis, <+he author recommends *“hs

pcacuirement of “he Magnavox Artillsry Computer Sys<em (ACS).

'H"-T AN
@ .

Marire az+tillery fire dirscticrn problem are provided.

=

? Thz z2uthcr further recommends *hat +he ACS be adap+zd £fcr
ﬁ usz 2s 2 ba*talicn level Zire dirsction system on an in*ecinm
!! tazis urn+il +he introduction of MIFASS. Addicionally, 2
5 runter of recommendations which ars representative of *hz
i types of action needed to assist ia the resclutiorn 9of th=2
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A. EACKGROUND

Curc-ently a ¥avine Artillery Bittalion/Batiery has %hree
me*rods for computing firing data: %anual procsdures, Fiell
Azt iller Digi*al Automatic Zonpu<%er (FADACQ), and
rogrammable Hand-Held Calculator (PHHC). Mazrire z2r=illerv
dees rct have a "s*andarci" primary method for determinin
iring daa. The four arzillery Regiments emphasize 3differ-
en< methcds.

Maruel prccecduces canno* proviis the raesponsive, accu-
rate and effective artillery fire support *hat is needed on
*odeay's tat=leiield. The FADAC is 3t *he end of its service

life. T+s con*ribu%icn *o combat 2a2ffectiveness hes teen

U,

degraded b ccn=irual maintenance problems. The PHHC has

~

)*-

very limi+=si capabilitiss, It cannot meet <+he mission
processing demands of extznded combat operations.

Since 1907 <+th2 Marin2 Ccrps has been involved in the
develcpment o»f <he Marins Intagratei Fice and AI- Suppor:
System (XIFASS). MITASS is designed %o meet th: requi-emen*s

of battzlion and higher Lhsadquarters. In *he mid 1979's <ha

Marinre Corps cealized +tha* 2 r2quiremernt 2xisted <for a

[a]
1]
(9]
or
[N
O
o]
Q
0]
2
el
[+
ot
n
"
n
~
n
¢t
)
8
t
[o]
n
=
e}
o
(o]
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[ 4

baz+ery level fire di

autoromcus bat*ery operations, The Marine Ccrps pactticipatel
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with the A-my in +he dsvalopment 2£ *he Battery Compu*ar
System (BCS). In 1979 ths Marines Corps decided *o withdraw
from the BCS program. Tha Marine Coprs initiated a search
fer its cwn battery level fire dirsction compu%er sys:=sn.
Th2 Army will commence fi214dirg th2 BCS in second quarter FY
1983. The Marine Corps will conduct an operational =est of
+h2 Ar+illery Compu*er System (ACS) a* Camp Lejsune, VNor:th
Carclina in January 1983, The ACS is beirng developed by
Magnavox. American and foreigr firms are actively markerzing
a number of fire direction computer sys=ems. These systzms
ar2 in various stages of 3i2sign/dsvalopmen<.

Ar+illery is +he Yacine Ai: Ground Task Force
Commander's primary a2ll-w=23 ther f%re support asset. The lack
of a mnodern artillery bat+alion/bat+ery fire direction
compu+er system degrades <+he Marins Corps overall cocmba*
effectiveness. The current firs direction sys<sms are irade-
quate *0 meet the demands o5 £ *sday's ba+t+tleflield, MIFASS is
at least £five years cver =he horizon. The Marins Corps faces
a critical window of vulnsrability at ths artilliery bat*ta-

iion Zevel until MIFASS or a dsriva*ive of MIFASS is

fielded. However, MIFASS Wwill not =zZssolve +the fire direc+ion
problem 2t the battery leval.

In April 1982, The Rapor: of tas MIFASS Er2gram Review
s*a+ed <+ha* +the fire jirec+tion oproblem is especially

crti+*ical a* +*he battery lavel and n=zeds to be expeditously

resolved. The aztillery bat%ery nssis an au+omated compu+a-

«ional cepability to suppo>rCt autonsmd>us opera+<ions.

13




B. OBJECTIVE ANL SCOPE

The objective of
battery level fire
Corps should procure.

of MIFASS

direction

this thesis
compater
This “hesis assumes *haz MIFASS oz =

is the 1long range

artillery battalion firs direction problen.

This thesis assess ths currert

in Marine artillery units and

analysis of four
computer systems.

are addressed

*his thesis +*o evaluats 2311ll the

ir this thasis. It

gta<us ¢f fire diz=c~:on

proviizs a cos=t =zifectivaisgsy

propos2d battery level Zfirz dizectiocn

Active and Reservs Marine ar=illsry uni:z

i

carrently availaplz Zirs

direc™cn cemputer systems. Preliminary analysis was usad 3

nerzccw +he list
candidates for

direc*ion systems. I*

of possible

replacing +he currznt

al*erna*+ives =c¢ *hLe

should bz no%2l that a number ¢f ec+rer

fire dirsctlon ccmpu=er sysiems exist.

Life cycle ccecst data have been estimated fcr ornly ons »f

the alterna*ives consid=ar=1i

th2 capabilitiess

in this <“hesis. It was bevornA

9f this author =o dsvelop accurate es+i-~

mates of life cycle cost Sor +he othar =hree alterna‘tives in

+ths short
thesis,
+hs Lest m=easure of

analysis.,

thay be accurately 2s+inatad, procur

Proxy *c measure “he g

+time span available

It is recognized that

Siance these 3at: were ns

for the p-eparation of *his

lifz zycle cos* data provigde

systam cost for- a2 ccs* 2ffectiveness
i4h=zr availabls nor conuld

uszd 23 13

[}
=
)]
3
ot
Q
Q
n
ok
=
v}
()]

wm

ystam cos:.
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thezLs will previde the genszal

scis

i

|4

backgrourd and analivsis for or makers who have not
been directly irnvolved in *rz 3avelopment of the various

fire direction sys*ems., The &analysis provides step by szep

=
jo V)
o]
ot
i

procedures, so that the decision mak2r can iaput ne

ol

'Jo

Y
fe N}
of
o
f+1]
o

anl quickly revaluate *he al=ernavivzs, I% i3 irn<ernd

(11
in

o

*his thesis will assist in “+us =xpziitous resolusior of <he
fire direction problem a= the aw+illacy bat*ery level.

C. METHODOLOGY

In cxder <“o fac*ually de*=rmine the curreat status of

-

fire direction Ir Mazins artillery uniss, questionrairas

were sen* +*c all Mazrine artiilery conmanders in ¢

=
[

curran+
force struc*ure (active and reserve)., Extensive research of
existing documen*aticn was conduc=231 in order to provide 2
historical perspeczive o5r the Jdevalopment of fire direczion
sys*ems. This author visized <he manufacturers of the four
alterna<ives tha< this =-h2sis consiisrs. Data z2nd Infcrma-
<ion were ccllec+*ed <=hroujga rumezdus personal in+erviews of

manufacturers! representatives, ac-tillery commanders, and

cfficers and non-commissiornzd cfficers invcived in =he
development of fire dirsction computzr sys=ems. Addi<ional

data were derived from o2rscnal cbserva<ion of <“he €four
al-erra+ive systems and from an ana2lysis of “hzir <echnical

descripticens.
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D. STMMARY OF CHAPTERS

T“he second chapter c¢f *this th2sis provides an cvarview
of the mission and organizaticn of Marine ar+illery, a brief

édiscussion of *he fundamentals of gunnec-y and an explanation

of tacrical and techaical fire Adirectiorn. Chapter III

reviews +*he developmen:t of firs 3Jirection systems. I«
provides the historical perspeczive for +*he problem <tha+
*hiz *hesis addresses. Chapter IV 9opresents <he curren<
status c¢f fire direction in Marinz ar%illsry units. I~

preserts sevarately the raspenses to the questionnairas from

zes *ha

“he different levels of zcommzngd, and +hen =uamar

irput fzom 2ll levels of command o provide a general view

¢f the ¢tat1s gque. Chapter V providas the techrical dascrip-
tions ¢Z -he four alta2rnatives. BEach alterna<ive is
discuss«d s<pacately, 221 *hen th:z mnajor characteris+~ics of

»
[
P
-+
o
o
fv

ltarnatives ar= summarized In one *able. Chapier VI

provides the cost 2ffectiveness analysis c¢£f +<h2 four alter-
natives. A berefit-cost approach is used to 32termine the

optimal solution. Chaptar VII provides “he conclusions of
this +tlesis and offers recommerniaz<ions derivad from <tha

arzlysis,

16
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II. AN OVERVIEW OF MARINE AKTILLERY

A, INTRODUCTION

Today's battlefield is charac+t=2rized by ths appiica*ior
of zdvanced “echrnology, mobilizy of maneuver units cver wii:z
frontages, employment of massed ELirspower aad increasai
l2thali+y. Recent battlsfield experience in *he Falklands
and the Middle East has once again dsmons*ra*ed the value of
the combined arms team. Th2 rapid movament of maneuver uni=s
cldsely supported by air, artillary 3and raval gunfire ha:
proved to be the decisive factor.

The realiza*ions tha*® close air support alircraf* ars

reasingly vulnerable :o5 frontlins air defenses and thza-

current naval gunfire suppor:t assets are inadequate thav

T

genera+ed a renewd recognition 9f the importance of £isli
artillery. ¥arire actillzry unicts provide around-the-clock,
quick reaction, all weathar £ire support fer maneuver urits.

The ability to quickly w@mass arc+tillery firspower 2+ +he

ct

he ba+t*lsfield.

o

critical point is essential “or success on
Fire direction is the employmen< of ar+illery firepowezr. 1I*
consists of both *ac*ical and technizal fire direction. The

fire direction center (FDC) <is the elament of the Gunne:

o
n

Team wi+*hn which “he commander dizec “he appiicz+icn of

firepower., This chaptaer w#ill proviiz: an overview o0f *h2
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missior and organization

discussicn of *he furdamentals ol juanary and

of tactical and techrical fir

B. MISSION

Flee* Marine Force
Aztillery Su z
guidance fo:o
organization and concept 5%
Marire &ct*illery has +hz2

suppors

ashore:

of “azirs arT=zillarv, a

Manual 7-4
contiins tne fuandamental

Marine artillery. I+ 3idresses

following

2f amphibious assault ard

briaf

1 2xplarna=ion

iy

. L.
e Jdirvecticn.

Toramework and

employmsa~- 0w ar=iilery units.
missions in

operations

1. ?P-cvi?®ing fire in suppor® ~% maneuver ectrons and as

par* ocf *heé¢ overall fire support

a, pProvidin
amen~s of
izina or

laading

suppressing

3 close arnd cen*inious fire support <o =z=1-

r=u+ral-
which

€or-cz by destroying,

zhese *zrgets

conszitute a threa* to “h=s suppoc-ted unit.

b, Cornduc+ing countarfice cpe:aticns sgzinst enemy
indirect fir2 systems iIn crder *> achieve ani
maintain iire superiori=y sver these svstems.

C. Giving depth to comb2a* by 3*tacking =h= enemy's
reserves, res=-ic*ing movament, pozoviding long
range suppor% for reconnaissance =zl:aen*s, and
lisrup%ing “hz 2nemy's comnard and conzzcl struc-

ture ard logistics
2. Prcviding fire suppor*

scuzces and facili+iszs

systza.
planning and coozdina*ion re-

<0 all lavels e¢of commangd.
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C. ORGANTZATION

1. Ccurrent Crganizition

- e -——

The nsrganiza+iocral structurs of Marins ac+illery has
three levels of command: regimen*t, bat+talion and ba*tery.
Ths s+*ructure of a Marirs divisiorn provides an artillery
rejiment as its principal scurce Sf fire suppcrce. "Th=
artillery regiment is organized adminis+<ra%+ively to support
the opereticns cf *he 3ivision with components <capable of

supportirg irfaatry regiments aad +heir battalions."

[{Ref. 1: p. 1-4] The ar%*illery regim2nt consists of a hsad-

quarters elemen* (Headjuar+ters Battary) and a specifiaeqd
numnber <cf battalions, Each ba*talion corsists of =2
g Headquar<ers 3a*terv ani a specified number of firing
E batterics,
; The Uni*ed S+ates Marine CZo-ps has three ac*iva
. artillery regimerts and one reserve artillery regiment. Ths
3
: administrative crganiza+ion of artiller units is estab-
lished :In the appropriate Table »5f Organiza*ion (7/0).

Appendix B graphically prasernts <the curren* organization of
tha four artillery regiments. Each 2:+illery =rcegimer* is

orgarized differently.

l-l-

These Jdifferences in structures originated in +“he
reorgarizations of Marins artillery follcwing the dr-awdcwn

0f forces a* *he conclusion 2f th2 war ir Vie+nan. Tha

active force structure of Marine artillary was significanctly

2oa o P SO P SRR STUIL N T Wl SRy P P P PP Sy Y.} A 3 PP DRSPS SR




reduced in <he years following Vietnam. The current organi-
zation ¢f Marine artillery evolved from the allocz*ion of
active artillery units to suppor: the ©primary missicn of
each Marine division. Th2 artillsry regimen“s were struc-

tured <to counter the particular thresat +that eaca Marins

l; divisior faced. The introduczion of +he M198 (2 155mam Towed
i; Howi*zer) and +he phasing ou= of *he M107 (2 175mm Self
E P-opelled Gun) has crsatad additional differsnces In <hs

orgariza+ion.

D ]
LR S

F ]
v,

2. Th2 EY 1987 Projscted Egrce S:iructuze
Marine artillery 1is in *he midst of a 1large scals
rsrganization, "The rzorganizatisn will evolve cver a

- period cf y=zars with a projected completion date of <he end
of FY 1987" [Ref. 2: p. 11]. When this recrjanization is
compieted all fcur artillarcy regimenzs will have <the same
basic organization. Figurz 2.1 depicts “he FY 13587 projected
force structure of +*he t“hree activ2 artillery —regiments.

This thesis will address *he FY 1937 projected force s*ruc-

ture. The evoluticnary s+eps to rzach this structuzs will
not be addressed. Each ac+*ive arc+%illery =rc2gimen+t will
consist of a Headquartsrs Bat=ery, Target Acquisi+ion

Battery, and five artillery battaliosas (three jirect supoort
battalicns and two general suppoct battalions).
Control cf artillsry in comba* is exercised nc= crly

thrcugh “he organiza+tional command r2iationships, buz also

20
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thrcugh the assignmer: o7 a *=ac+*sc:l mission. A factical
mission describes :In d43%ail +ie fi:: suppor*t respornsibili-

responsibili+ties of +he artillazy

the fire request charnels.

o
)-oe
tn

tisrs an ar+illery ba+tzzlio

standard tactical missiorns:

general support or general support-czinforncing.

B-6 ]

An
dicect support is respensibls for
ar infan*ry cegiment.

The mission of direct suppor:

to assign forward obsarvers
liaisor with, <*he suppor*zd uri
fires In direct respons:2 =c

ani< [Ref. 2: p. 501

Ar ar+illery baz+alicn
general support*
Zcr *Le €force as a whole.

uni+ are controlled by =h:2

ters,
with an Imm=diately available sour
battle,

+*¢c irnfluence the course of

The 1s+, 24, arl 34 Ba*

regimen= have been ccnfigured %o

+ha direct suppor: mission. The U

22

In or

o2
*2
~he n=2sds of
is respeoasible ¢

nex* ki

General support batzalions porovida <he

The

tactical mission

Janizing fer combat opera-
assigned one 2f +he fou:
supnrert, reinforcing,

[Ref. 3: p.

missior. of

guires the arctillery unitc
‘ and establish close
t 2nd -o plan and deliver
“hat suppor*ed

issignel the mission of
5T providin firs suppor*

gzasral suppor*
ar+illary headquar-
£o5rce commander
ce >f firepower with which
taiions of =2ach artillary

mz2t the =ceguiremeacts of

o
(y}

th ard 5+h Ba<+alions havs
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tesrn cornfigured o meet the requirszments of the gen=2:3l
support, reinforcing, and gen=sral support-rainfszcing
rissiocns. Marine ar+tillary ba+t=aliosns are identified as
either Adirec~ suppor* or gsneral suppor+t bat*talions.
Currently, except <£or ths 10th Marines, a direct

support ba*-talicn consists o©f a Hsadquas<ers Ba=tery and
frur firing ba*teries., (S22 Appendix B.) Thre=s 2f *he firing
batteries are <equipped wi*h the ¥101A1 (a2 105mam Towed
Howifzer). The four*h battary is equipwved with the M114A2 (=
155mm Tcwzd Howi+zer). A1l of thes battaries have six howii-
Zers. Tlerefore a battalicn has 2 *o%al of <wenzy-four
ncwitzers (18 M101A1s and 6 M114A2s).

"he projected force structurs changes the compos
+ion 0of <“he diraect suppert baxtalisns, {See Figur=z Z.1.)
Zack dizec* support battaliorn will consist of a Headquarter
Ba%<ery and three Ziring batcerles. EBach Zirirg bat%ery will
be equipped with eight howi=zzers, In the artilleryman's
verracular <his is referrzd %0 as ths "3 X 8" concep=. The
"3 X 8" struc+ture only applies to +the dirsct suppor*
battalicrs.

Two of “he <*hree dirsc+t suppdc4 bat*alions in each
reyimen= will be equipp=3 with MN138s. The third direct
support ba**alion in thz 10th and 11%*h Marines will b2
equipped wi*h M1WA2s. Th2 third dir=ct suppor* batzalicn in
+h2 12%*h Marines will bz =23uipped with M101A1s. As a cesul=

of the :Introduc=ionr o0f *hz M198 and “he recrganiza=-icn of

. d



acttillery assets, +*he 155mm will rzplace the 105mm zs +he

"standard caliber" for direc* support battalions.

The projected £orce structure alsc changes <he
compositicn of *he general =support a2rtillery ba<zalions.
(S2e Figure 2.1.) The 4th Battalion in each ragiment will b=
a towed gereral suppert battalion., I+t will consist of a
Headquarters Bat*ery and three £iringy bat*-eries. Each fir-ing
bat+ery will be equipped with six ¥198s. The 5th Ba=z*alion
in each regiment will be 3 self prop=alled bat=alion. It will
consist of a Headquarters Battery ari five £firing batteries.

Three of the £firing bat==sries will be equipped with six

b ]

M109A3s (a2 155mm Self Proo=2lled Howitzar). The two remaining

firing batteries will be equipped with six M110A2s (an 8

Zach Self Propelled Howitzar).

3. ZImpact of the Reorzanizatigs

b

(=

The -ecrganization of Marinz ar*illery will have a

semendcus impact on firs support. The adopticn of <the

ol

155mm as +he standard ca2liber will oprcduce 2 significan*
increase in overall firs power. Th2 155mm has 2 more extan-
sive ammuni*ion mix than *he 1)5mm. Iacluded in =his mix ace
dual puczpose improved conven*isnal muni=iorns (DPICM) and =h2
family of scat*erable minas (FASCA¥). TASCAM projectiles ar=z

of two types: the area dznial ar<illsry muni+ion (ADAM) =z2rni

ot

tt2 remo*ely activated antitank mine (RAAM). These Lypes of

W

munitiors were not developed for +th2 105mm howitzer. Th
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employmer* of DEFICM and FASCAM wilil dramaticaily Ilnacoeass

trte lethali*y of Marine artillery or *“%h2 battlefield,

sigrn

However, this more ex+*ensivs asmunition aix will

ficantly increase ths compu%atinnzl requiremernt: of <hs

acttillery ba*tery fice diraction <c2a1+2rs, Ths sonmnita*tions

r

ne2ded <c d=termine firing da+=a for :Zhzse new “ypss ¢f muni-

tiors are complicated. G2nerally sp:zakirg, *“hz scolisior of

the gurrery problem for the 155mm I3 morze ccmpléx tThan +ths

105am.

The 155mmm has “wo basic tyvas of propsiiant ard 2

larger selection of projectiles and fuzas <o chose £zom. The

155mm hes a gr=ate

range capebility. Smalli errocs Ip cerpu-

s}

~ation are magnified as +th2 range incrsassas.

+ha

The complexity of *he £irsz =sontrcl »nraocedures for

emp_cymsnt of “he new family of muni+ions, &acaiast th=

higtly mcbile tarzge*s on =o54ay's battlefield, Tegquizes ar~g

mat ssis=ance In crder to¢ proviis fire suppor* <“ha* is
responsive and accurate. The firs con+=zol prztlem is
grs - a* *he lkattery l2vel and should be r2sclves as soon

as possible. [Ref. 8: p. iv]

dizect suppor*= ar+tillaery bat+alions <cosa+es nany 1dé

The introduction >f <%he "3 X 8" concep= in  +he

ticnal

problems. A pac-+ial list of these p-oblems iacludes: devel-

opment of a new organizazional stzucture for +“he ba*-=e:x

azdoptior o©f new Tables of Drg

s*ruc*ure, <changes Iin fZ

V]
}-

nization to suppor+ <his

13 a-+ill:zc:

10

doctrine and concsp*

~

o =mpicymen=z, and “he adoo+icn of firs direczion prceccedures

[ 9]
w
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which will <oamp

Figure 2.1, I=*
"3 X 8" corcept

computer systen

D. FUNDAMENTAL

1. Tha Gup

+ion sys*eas ar

vast majcTi=

The s0l

nd ammurnition
target cr a*

+arqet. Thare

of “he gunnery

31, Krcw *he
lcca=ion

B A e S EE e ST S A T A A

l=ment tns structure. Any one of *hese prch-
e subdect 3 f a separate thesis., This =hesis
Y 1987 projzctel forssz st-uctura depic«ed in

"-'

will =p ically consider the iapact of <th

(l)

17

ia th selection of

@

a rew bat*ery Leval

S OF GUNNIzY

ot

r+*illery w=apor syst2ms can engag2 *argets a

. Wermally, :-hey ace emplaced in &=iilzade
ovide corczailment £fr>m 2nemy tzrge+ acquisi-

4 protectinan from =n2my direct fire w2azpons.

on %he battlefizld usua2lly precludes sightiag
ectly a% :hre +arget (dicect <£fire). Fo:r +hs

irdirect £i-z2 must be emplcy=zd.
and ammurni+iorn
effective Indirec=
u*ion cf <h2 gunnery oroblem provides weacon
sigktings “hat causz a projectile %o burs* on
a predeterminel heigh+« of burs%t abova <h=2
ave four basic steps involved in <he solution

problem:

lrcaticn 2% the weapcnh and deterain: the
0€ =he tarcgst,

25
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b. Determination of char+ data (direction, range, =
vertical interval from weapon =95 “he *arget).

Cc. Ccrversicn of chart data to firirg da*ta. Firirg
includes: fuze setting, deflecticn and quadran=,.

d. Aoplication of ths firing data “o *the weapon ard

ammunition.

S+tandardiza*ion of gunnery +*echniques is accomp
utilizing app'op:iate U.5. Army Fizld Manuals cf %he

I)

né

da%a

lished
fis14

artiliery series (FM 6-). Thas2 n1nanuals acs aporoved for

ase by Marire Corps artills:cy un

ith only mnmincr modifiza+ions ns=
differences in organiza=icrn ard =
3-2]

its and ars appl

juipment.  [Ref.

The solution of *hs qunnsry prcblem is achievel <hrou

cooréinated cfforts cf *hs field artillery Gunnary Tea

2. The Field Arxiliery Gunnery Izanm

The fleld artillsry Gunnery Team consists o

“orward observer (FO), <h2 £ire dirzc*ion cenzer (FDC

ok

£

1]
(B
(X0

k. Field arctillery doc*rine rejaires that the el

o
W]

Twe

H

o]
th

continually strive *o minimize ths <+o*tal +“ine need

exscu*e an effective fiza missiorn. (Ref. 6: p.

Rasponsive fire suppert is critical 71 *cday's battlei:

a. Forward Observar

th

The Forward Obsarver iz ths eyes o an in

fire systen. He de*ects and 1loca<zs sui+abl

M

indirect fire sys*ems wizhin his zon2 of observa=io

engage a *arget, he +ransmits a C2ll-For-Fire t> the T

27

ssa IY as a Tesu.l

ng ba*tery 1link231 by an z23zqua%e coamurnic

targe+

icabls

1+ of

1: p.
gh *hs=
m.

f %he
) and

a*ions

2m2nts

the Gunrery Team operate with 31 szanse of urgency ani
g /

1-2]

direc-
s for

Ne T>
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when nacessary adjusts ths fizss onts> the target., Ti= . i
respensible for providing surveillance dea*ta on =zl fires

delivered in his zone of observation.
t. Fire Direction Zenter

The artillery FDC is that elemernt >f the arzillervy ~cmmand
pcst (CP) tha+ consists of operations, ir+«zllijgence ani
the neca2ssary communications personnrel and esquirnsn*
which +*he ar+%illery :commander 3irects ar+«ills
"Ref. 1: p. 3-5].

The FDC wutilizes infcrma+<ion con%ained in <+he F0O'sz
Call-For-Fire *o de*ermin2 £firing ia%*a. The FIC -ransmi=zs

the firing data in the form of firs commands o the Lhowizzer

<

sec+ions. "The T©DC servas as tha brain of the zcszllar
system." [Ref. 5: p. 1-3]
c. Firing Battery

The firing ba*tery consists of a firing batzzrvy

headguar*erzs ard “he howitzer sectisns. In the c2nt=x+ cof

*h2 gunrery +*eam, *+he term firing battery refers =c =h2
Lowi+tzer sectliors. They apply <hs firing Ja+a =c =hz

weapons, load +*he specifi2d ammuni<ior and fire the wzapon.
"The £iring Dbat+<ery servss as thz brawn of =<he ar=illsry

sys<em." [(Ref. 5: p. 1-3]

Fire direction is the employmsn= cof actillery fi-epowe:

cn *lLe ba*tlefield. I+ involves *h2 2pplication, con%*zcl 2and

ccordinaticn of artillery fire support.
28
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The objectives of fire dizzc4ion are to provide ccern=i-
ruous, accurate and rcsspensivs f£ire support unds- all
conditions, *o maintain Zlexibilizy to 2ngacde all *ypes of
targets over wide froi:tages, t5> mass +he fires of all
available uni+s quickly, and %3 =9rngage a rumbsr and
variety of targets simul:taneously _Ref., S: p. 2-1].

Fire direction consists of iw2 Aistinct subelements;
tactical fire direction and +technrnical Zire direction. FMFM
7-4 and the U.Ss. Aray Fie13d Manual (FM) 6-40, Fi=113
Aztiilecy Gurpnery, botn define £ic2 direction and its

subelements in essen<tially the samz mannzr, F¥ 5-40 (p. 2-1)

defirnes *he two as follows:

Tactical fire direction 4is ths commarnd of one or mora
units Iin the selection 2f *arge=s ts a<*ack, “he choice of
the uri< or units to fizz, arnd th: =zl ocatisn of *+he mos:
sui*ables ammuni*ion for =2ach missisn,

Pechnical fir direction is =he =onversicn of <calls for
fire from +the observer in+ firas commands t2 +he cannon
sectiors.

Since *his thesis is zoncerned wits =2valuating computer

svstems which will <erhanc2 technizal fire dirsction a* %he

battery Zeval, understanding <he diffzrsance between +actical

and techrical fize direc%ion is grisizal. Ths main 4differ-
ence is, "that tactical £fire dirac+~?on involves command,

whereas *a2chnical fire 3izecticn I3 concern=d only with
exacu*tion". ([Ref. 7: p. 59 ] Technical Zice dirzc+ior is %=he
coaputa=ional prccess whizh determinss €iring 4data.

Tactical fire direction is =execcised by FDC's a= all
echelors cf command. I* is *hz only “ype cf fire diczc+ion

exarcised by the ar+illery regiment's FDC. Technical £fire

29
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direcricn is exercised by those FDC's which dir=2ctly cor=col

firing units; +hat Is, battalion arnd battery FDCs. (Ref. 1:

The con:rol of firs direc*iosn may be cz=rn4tralized or
dezer<raliz=i, Curcenz 31sc*rine 2mphasizes “LhL2 centraliza-
*ion o©Zf *actical fire direction a:t the ba=+t2licn FDC in

orier *o previde a rapid means for nassing fires, and *he

decen<traliza*ion of technical fire 3Jirecticrn t> “he baz*ery

(3]

FDTs. te ¢ Talization/decentcaliza“ion of 2eschnical fire

10

i

direc*icrt has been a va2ry controvsrsial Issue among Marins
aztillezyaern,

Theze was a large inconsistency resgazding <he
cen*ralizaticn/d=scer+raliza+ticn of +=2chnical f£fire dirsction
be*weer rMFM 7-4 ard FM 5-40 which £fuelsd ths cont-oversy.
Th2 curren* PYFM T7-& (dat=3d 1981) =limina*ed a large par: of
=h2 Inconsisterncy. Both manuals s=aphasize that the decen-
wraliza*ion of <echnical fizs dirsstion is *he preferred

metrcd.

)

MPM 7-4 sta*tes tha+,

~he commaud-“_ officer iezignates *the echelon which will
axercise primacy *echnical £fice direction respeonsibili+y.

Ir this regard, decentralized <=schnical £irs dicecticn a%
the battery level iIs praferced bagause it is DIz zsspod-
sive. (Emphasis added is mine.)

The control o¢f +=z2chnizal £irzsz direc<iorn  (czntral-

iz24d/decentralized) has a lazge impact on <+he Jesiga

requirements for a fire direc<ion conputer, Although curzen-

30
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dec4rire emphasizes dszcentralizatiorn of <“echnical Zfirs
directior, it gives +hs commander th=2 opticn 2of centralized
“echnical fire direction at ths battalion FDC, if the situa-
tion dictates. Accordingy to doctrine, a battery FDC is
responsible for exercising dec=zntralizad <+<=chnical firs
direction. The battery must have thz capability *o de<ermirnz
firing da*a for its *cwitzer sections. A ba=%sry FDC isg no*
responsible for the ccncap*t 55 centralized <+==schnical firs
direc*icr. The reaspornsibili+y for zc3a%raliized ta2chnical fira

di

(3]

ection clearly lies with <he ba*=alion FDC. The dasign
requirzements £for a nsw ba*tery firs direc-iorn compu=er
should he based on currant doc4rins, The fizring Dbat+=2cy
neads a fire direction compuzsr which computes Ziring da=z
for i%s rewi<zer sections, A firs direc*ion computer which
has *he additional capability of zsntralized tschnical £fice
direc+*ion is in reality a ba%*%*ilion fire direction compu*s&r
This chapter has providsd a genecal overviaw of
Marine ar+~illery. I+ has discussed *he mission and organi-
zaticn of Marine ar+«illecy, <he funizamentals of gurtes-y 2nd
fire direction. The nex% chapter *races =he developmen* of

£ire direction systens.
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IIT. DEVELOPMENT JF FLRE DIREC!ION SYSIEMS

A. INTECDUCTION

In Chapter Two, +technical fire iirscticn was de’ined as
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t+he ccnversion of Calls-For-fFir
€iring data which is trarnsmi<=ed to *ha howiitzer s£esct.oas.
Currentl a Ma-ine artillery Dbatc
methods for computing firing data:

Artillery Digi+al

Automa*ic Compu<sr (FADAC) and

Programmable Hard-Held Caiculator (PXiC). Ajddizicnally,
since 1667 the Marine Corps has bszen involved in +he Adevel-
cpment ¢f the Marine Integra+*ed Firs 3ad Air Suppozt Svitanm
(MIFASS) . MIFASS is desigizd for battalicns and aighe:s Li:ad-
quar+ers. I~ will perform tac<ical and =-ecknical Zire d.rcec-
*ion for ar+illery units.

In 1980 =he Uni+*ed S=ates
Fire Direc*ion System (TACFIRE). This systzm was =z21lso
designed for ba+*alions and higher hszadguact+ers, Due +«¢ *“h2
orn-going development o0f AIFASS, <hs Marirne Coros dié no=
procure TACFIRE.

The Army and the Maria2 Corps racognized “he requircement

for a rew ‘tattery level f£ire dizeztion computar zTc replace
FADAC. They Jointly pursa=d the dsvalopmen=t ¢f “he Ba+=ary
Compu+ter Sys=em (BCS). Ia 1979 +h2 ¥arine Corps decided ac-
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to procure *he 2{S. Th2 Mazire Corps Initiated 3 seacch for
its own ba<=-ery level firs Ggdireczion comput*er. The AcCmy

will begin <fielding *he BCS Ln =h2 second quar*sr of FY
1983, The Merine Corps has schejuled an operational +es+

for +“he Artillary Compu*er System (ACS) for January 1983,

This chapter will ravizw -1e 13zvalopment of fire direc-
tion systems. I* provides the Listorical perspective for =hs

probiem tha* *he *hesis 3iiresssess.

B, MANUAL FIRE DIRECTION S¥SIEM

. .

The manual fize diraeciion sys:em has evolved £from *“hsz
systems used in World Waz- II, XKorei 3ind Vietnam. The Manual

System uses graphical =giigmznt > determine firng da<+a.

]

Although <this equipment haws hHeen Iimproved over *he pas=

fer+y years, it s%ill ra+iincs nuch of izs original form. The

graphicel <equipmen*t conszig*s c¢f a firing char=z, ranga2
deflec*icn pro-cacter (rDP) , +Jrapnical firing tables (GFTs,

basically a slides rule) ani <zbular £iring *ablez (TFTe).

A brief discussion ¢f ths marnual procedures used in 2
bat*ery FDC is provided. Jher z Cali-For-Fire is received by
ths FDC, +*he target locazion Is manually plotied on grided
firing char<s by *he horizon*al «control operator (HCO) ani

tha vertical con*rol oparator (VCO). The battery fire direc-

“ior officer (FDO) analyzzs the csquast for firs and issues
( A fire order <to the FDC. Ths HCO dztsrmines a chaz< Cang2
: (distance <Zfrom *=he Dba=zzry %o thz tarcge*) and a2 chaz-
( 23




Aliat-atedem . ae PR B e S e S i B W N T —— I ————— ..1

5 deflection (direction from th2 battery to *he target). Tha
VC) datermines chart data as a fichezk" on the HCO. The VCO

“*han determines the vertical iIn+terval (VI, difference in

aiti+ude between *he battary and the *“arget). The compu*er

places the range on the apprcpriate GFT and determines *h=

w

elevaticon. The computer appliss total deflection corcec-

~ion tc the char+t deflection %o dz“=2rmire +he deflectiocn to

fire, Tte compu*er uses “he VI <wc Jz%z2rmine sizz (a8 correc-
#ian fac*or for VI). Th2 si*e is apvlied %o the elevatrion
arl *he quadran* evelation *o firz is determined. As the

firi~rg da%a is being determinei, “h2 compu=er transmits fira

o ccarands to the howitzer sections. The entire process is
: supsrvised by the Dba*ttery operatioas chief 2nd thz FDO.
3 (Ref. S: pp. 2.1-2.22]

E' Tn 1676, fcllowing =he waz in +he Middls East, tha

Uni-sd@ S*a*es Army Field Artillsry School (USAFAS) Dbsagan +9o
enprasize *he need for responsivenass. Manual FDC prcceduces
were streamlined %o improva system rasponse =ims. This was
accomplicshed by <he in+*zoduction of an iaproved
Call-rfor-Firze forma*, £fire order/fire command starndards,
average sit2 maps and ballistics fan (an RDP wi+h ballisiic

-~
S

sca’es). These changes ware succsssfully incorpcratad i

th2 Marual System and are in use =oday.

The rumber c¢f personn2l assignsl <o +he battalion/bat-

o

(=]

(B}

DC is estaltlished by the appropria*e T/0. The curren:

&

Y

54

2

"

re Corps T/Cs are based on +h2 2umber of 9vperscraal

rejuired for manuali mission processiag.

34
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C. TFIELD ARTILLERY DIGITAL AUTOMATIC COMPUTER (FADAC)

In *ke mid 1950 's the United S-a‘tes Army realiz:® =*a=
artillery fire suppor* could be significarn*ly improvsi, 1%
th2 time consuming and repetitive manual fire dizzc-ichn
procedures could be automated., FADAC (M18 Gun Dirc=zc-ion
Compu*er), developed by Magnravex 2and fielded in th= il
1960's, was <he firs+t atzz2mp*t to au*oma“e *he compu=a<=icr of

f£iring da*a. Sys*em design was based on lats 1950's compu==T

technclogy. FADAC was 3Jesignsd as 3 battalion/battery “i:zz
direction compu+er. It =zan only p=srform <echnical £ficz

direction. FADAC has ths capability +o mass the £fizzs of
five firing ba‘teries. I+ can support +he concspé of
centralized or decentralizad technical fire dicecticr. FaDAC
rejuires a large amount of manual Intsractiorn and by =cday's

standards has a very slow compi+ta<iosazl speed.

PADAC is a <transitorized, stozed-progranm, gensral
Dur pose, digi+tal compu+2r designzi primarily to computz

fizing da*a for a vaziety of artillery weaporns. In addi<ior
0 the canron artillery application, programs have tzan
developed for survey operations, sound and £flash, and =h=
lance missils., ([Ref. 8: p. 1-2]

FADAC consis+*s of fiva basic elzments: an inpu* unis,
storage uri<, arithmetic uni%, outpu+- unit and contzol uni+,

Thz FADAC weighs 230 pounis and is iszsued with a3 me+al £fiell

2
()]
n
»w

“able which weighs 58 pounds. The £Zeld tabls provi

level suppoc-t for FADAC and s=rcves as A powao dis+<cibu+ion

35
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terminal for FATAC and Its¢ s=zlz=2d <gulsment. FADAC is
powered by a three KW, 120,283 volz, &00-ZZ. <=hree pkzse,
four wire genera:or. TWG geneca=scs  are authorized +o
support each FADAC.

FADAC programs (punch23 *ape) must be 1~zdel by a Signal
Data Reproducer (SDR, AN/GSQ-54)., In +he Harine Corps <%he
SDR was usually Ioca*ed &a* =-he Rzgimen+=al Headquacisrs.
FADAC's ron vola+%ile memory retaias *“hz oregrcaa ornce It is
loaded. FADAC has built-in sgelf-<zst <cirzuiss., As pac+ of
+ha M"prepare for actiona" «<¢equence *“he coperzator perfeorms
program tests tc¢ ensure that FADAC conxzains +“he prope:
program, that the program Ig working correctly 224 *tha+ *h2

nixie *ube £fllaments cperite properly.

«

In tke fire control application, +ts compucer facili-
<g*es ballis=ic <rajectory ccmpuzatisz>n by stmulaztior of =iz

flight o¢f a projectils freom +th2  *ube “hkrough a known

IS

nonstandard a*mosphere to impace. FAaTAC solves *he

ballistic frajec*ory by a precsess >7 numerical integra*ion.
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I+ uses *he modified point anazss

(¥

input da*a consisting of muzzlis vzle
propeliar* *emperature 2and ms=scrologiczl Information =92
account for the 2ffscts of drag, 3ravi<y and rota=ion in
de-erming the firing daza solution. [Ref. 9: p. *-9] This
solution is then display23d for “he opera*or in *he nixia

display =ubes.
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TADAT Tepresented a significznz tszchnological milas=ons
fer the Zieid arzillery. Howevsr, th2 ac*ual assimila=icn of
FADAC in=o +he artillery provsd “o be very difficul=-. In

-

retrtospect *h2 implementati

ot

<ructureql. In heth +he AT

+-2mendcus amoun= cf resiste

Manual Sys*=2m o FADAC. The

tance *o change was not full
ccamunizy,

Mary commanders  in +ae
tre use cf TADAC., They wers

p-ocedures and simply 4iid

or plan £or FADAT was ©poorly
my ard 9varine Cerps thers was a
nce to 1nake the change from +the

t-:
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Y anticipated by *hz developmen*

[R2f. 107 A3 2 z=su.* marny FDCs used hoth the FADAC 2rd =hz
]

M2nual Systam. 'The puroblem is thit we have tried zo work

wizh *wc computaiional syste
FADAC was iin=zoduced." [Ref
was used =72 "chesck" (varify) *h2
artillezy ccmmunizy =rizd to

ms (manual and FADAZ) ever since

61] The danual Systen

FADAC =solution. The

solution agree witha *he graphical solutiorn. They failed <o

uniezs<and <ha“% TADLC coull accoun:t f£or more of the nonstan-

dari cerdizions (Projectiiz Weigh=,

Me-eorolcagical TDaza,
[Ref. 12: p. 62]

The war in Vie*trnam also

Propellant Tempera+ure,

Valoecity, and Ro%ta+tion).

zance 0of FADAC ty +the artillsary communi-y. A% <ha+« “imz

“hare was a shor<age c¢f =rained FADAC opezators, supervisors

e e e A N N N e S Ay s Za A

37




anl mairten

conditicns
unan+ticipat

dif ficul+ty

ccamanders

Pespi+e
zivarncement
g apoply advan
Sys~em.
fire direct

By the
= development
£3

<ion of

2 in crder *

. ~alize on
oczurred 3du
~ed

. wan-= an

+ac+ical arn

Dir=scticn §

LD ard it Attt
(el
m
Q
'Jc
Qe
]
[N
ot
f=

L

r‘-

suppcrt and repair

h battiefield.

The Arny

T e e W

ance personnel. Addit

(high humidi<y and +“=sampera*ure) crea*=d many
ed ma interance problems. The logistical base had
in meeting +ths very high demand for wmainteranc=

parts. As a rezsult of *hess factors many
telied on *he proven Manuzl Sys<ten.

ail “*hase problems, FADAC was 2 sigrifican=®

. PADAC dszmons*za=ed tha* i+ was

ced computer tachn

is rurner 5%

is the fere
ion systems.
1960's

mid the £:2

compuni<y hid beconme
re direction procedures was
O provide rCesponsivsa

p
These forward-lcoking =<hirksrs wanted

<9 capi-
“he quantum 1l1=2&p iIn zZompu%es *2chnclogy <+has
ring *he 1960's., The Army and *he darine Cozps
ar+illery compu*er systam that <¢ould op=srform

q technical firs dizsction.
began the 1evelopmesn: 0f <*he Tac+ical Firsz
ystem (TACFIRE) as th2 Z>llcw=-on rCeplacemsn% for

Corps clcsely monizored the dzvelcpmern+t

13: P. 3-187] Howsver,

2= what was r=2ally rne2d=zd was 2 svs+tzm which
£is suppor= coordiracion as well as fizs
38
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directicr. The Marine Corps wanted an au-cogma=sd svg--a IoT
cocczdinating and ccntrolling air, az+illezv, macrozTi: ni
naval gurfire, In 1966 *he Marins Integrawed “irvz znd Alr
Support System (MIFASS) was cencep*ually d=7ined by ~he

Starford Research Instituts, (Ref. 14: p. 937 Th= aznv =22d
the Marire Corps began To rprcceed down <we 3iifferent pe-=is.
FADAC haé provided *he common star<ing poin“ for =hazgs naJd

systems.

D. FADAC MANUAL INTEGRATION

Cver the past twenty y novups)

W

ars FADAC scoftwars (proa:r

W

has beer ccntinually revisad as n

[{)}

# weapons and ammun.-icrn

enteced +the inventory. Throughou*t *he 1972*'s FADAC was,
according to doc*rine, the primacy method used =<2 compu*e

firing de*a. In Teality field ac4illsry uniss con-inmned <o
use the Manual System as the primary methed, Units ci=ad

main+enarce prcblems with the FADAC jsnera<ctsz, ©Dcor -szzir
par*s suppecr:, lack of trained operators, a high rolzsz lavel
ir the FIDC, and mistrust of the FADAC sol.-ion as T22&0ncC
Zcr now usirng TATLAC. ([Ref. 10]

The lessons learned <from <th2 1973 Azzb Israel.l Wa:c
reverberated *thrcugnout the field artiller commurnizy. If
artillery suppor*: was ¢o5 be effective on “he battlefield i+
had +o be cfespcnsive. The Fiali Actillery School was

directed “o evalua=ze f£irz dirzsc+ion 2nd de<eraine ways %2
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In 1977 the concept of £fully in<egra*ing FADAC arnd

manual procedures was dsvslovtei. Ii12 idea was to capi=zalizs

(=
0n

Fh
v

on the strengt o oth systems 11 order *o minimize indi-
vidual weaknesses, FADAC's mair s:trz2ng*ths wers csmpuzational
acsuracy ané capability <o aquickly dz<ermine correc+tions for
adjusting =zounds. FADAC's =woe 1ajor weakness were slow
compu+ta*ional soveed for iIni<ial =©oandéd da=a (approxima=elv
2/3 Time of Plighk*) and ex=ensive ranuzl interaz+ior. Time
0f Fligh* 4is based@ cn th2 rarasz =2 *he targs+, “ype of
“rajectcry and the charge firel.

The Manual System could usu=lly 3=z+te-mine data €or the
ini+ial rourd fas=2r +har FADAC. This was especially =rus 2+«
cx~endeé¢ <Tanges. The Manual 3Sys*za's rTesponse =ime Wwas
mpreved with the introluctism of *<hs ballistic far and
other =s+treamlined FDC procedurss. These werz previously

discusseé. (S¢e Section 3 ) I =h2 FAaDAC-Manual Integra<sd

B

d
-

Jan
1]

FDZ, maruwal precedurses would proviiz firing data feo

2z da<a €for “he subsequen*

th
)
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n
t
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rounds. Sucess of -he FADAZ-Manual Tategra+ion depends on an
iri+ial chart verification as part 9f the presparaticrn for
action steps and <he us2 o5f FADAC 2erived GFT s=%tirngs.

In 1977 therze was a marked changes in philossophy. Th=2

ar-illery ccmmunity recognized the computa*iornal accuracy of

FADAC. The current F4 6-40 (p. U-2Z7) states, "in =211 cases

[}
1)
(5]

FADAC i1s more accura+%e", Ar+il yasn =ow looked a% how +hev

'_‘

u+io 2e wWwi+h FADAC. Manual

w

could meke *-he graphical so 3

uo




backup “echnigques were 3=zveloped <or periods wher FaDAC

ame nonoperational. Th:sse technigues allow the *rarnsfar

-

m

cf a2 f£ir= mission to manual procedurss without 3 sigrificant
loss in sopeed or accuracy.

The use of FADAC-Manual Integraz-ed procedurass Is known

as -he "Pas*est Me+thcd", The Fastzs+- Metheod is based on

[ED

dezenzralized +echnical £irs  dirzc*icrn. I« “cok *he
artillery ccmmunity over fiftsen yzars to <fully in<egraze

FADAC into *he fire dirsction systan.

Thus, w#hile the Army has mads soms progress in integ-a*ing
PADAC In=0o 1%s technical fire dirzc*ion operations sinc:
=he mid 1970's, “he Marine Corps has drifted inzo a situa-
tion whe*e some units use TFADAC with one sof*war2 progran
(Revision 4), some use i+ with another (Revision 5 or 53),
1nd s:211 o>thers don't use It a* all- ei*her because FADAC
ig =cc muca trcuble to mairtain or because they feel mors
cemfoT=abls with the marual solutiosn [Ref. 11: p. 61].
In *this au+*hor's opinica, *+hs madority of Merinz
zr=illary ba-+eries have 10* achizv2d, nor will =hay sver

achleve, *he full pecten<ial o0f “h=2 intesgrated FADAC-Manual
SYSTEn. This opinicr is based con asz+ual experience, inzerz-

visws and research feor <hs thesis. It i1s interssting %*c ro+*e

=ha+ scne dattalions/barterics :11 <regard <*he Meanual

ui

"I

Svs=am 25 the primacy source of firiang da=za.

E. PROGRAMMABLZ HAND-HELD CLACULATOR (PRHC), TII-59

The emphasis on responsivenaes spurred +he ar<illerv

reseacch and development communit =2 2valua+<s the possihle

zdap*ior of a commercially availabls Przcgrammable Hand-Held

n
w
"
ll
Iy
\D
(]
o+
.‘
O
)

Calculatecr (PHHC) as a £32 sompu“er.
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Extensive evaluations of the hand-held calculator's vozszn~
tial with magretic card ©programs were conducted by -hz
United States Army Fielil Artillery School (USAFAS) and =iuL=
United States Army Field Ar:zillery Board irn 1977,

T
results were encouraging, but ths fragile nature cf ks
magnetic cards and the unpredica*able reliability of +he
card reader limited +hz HHC's f£i=213 application. At “he
same time, however, th2 compu:er Industry had in<troduced
programmable mcdules with sufficizn% memory capaci+y for
comprehensive applications without <rceliance on magne+ic

carcds. [Ref. 15: p.8]
Prepregrammed memory moiules were <+“hks key +*==chkneclogical
advancement in the adaption o0of a ccommercially availabls
calcula“cr.

The development of a PHHC received additional impetu

)

when the U.S. Army Armament Material Rsadiness Commarnd Inii-
cated, "+ha*t the capability tc lcgistically support FADAC o
the 1980's would be doubtful". (R2f. 15: p.8]

The development of TACFIRE was b2hind scheduls. Sircsz

w
ot

E i34 no*t extend down *c thz bat=er

&)
e =
(@]
o]
i
2]

lev2l, *he Arny

~

hal deciéed to develep a Bai**ery Computer system (BCS). ECS
was beinrqg develored as an ex“2nsion of <he TACFIRE system.

Th

W

development of BCS was also bshin scha2dule due <=c¢
sericus scf*ware problems. If FADAC logistics support failed
before the fielding of TACFIRE and BCS, Army £izld ac-+illa

bat+*alions/batteries woull thave ¢5 rsly s=rictly orn marnual

n

£ire direction procedurss. To praclude this possibility an
acceliera*ed Adevelopment/procur2mers program fcr “he PHHC was

iritia*ed.

"
0
3

The PHHC was never i1atended *> b2 a Teplacenen=

42
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It supplements the existing FADAC-%anual fics direc*ica
system, by simplifying gunnezy compu*ational wnoocejures.
During periods of FADAC nonavzilability/inoperzbility
(movement, lorne gun oparatisns, hip shocts the calcu-
lator can provide *he primary sourcs cof f;r:u
also expedites and simplifies HE/MPI
dures and concurrent /subseaquant
[ Ref. 16: p. 1-1]

3!1

Ths PHHC we&s in*ended to be an "PFDC tool"™ f:r increasing
ovarall responsiveness, It does nont have *he capztili<ies of
FADAC (mass fire, noanvolatile wm2nory, -—aTCsT <£%0rags
capacity, shell fuze flexibility, 3433 mil accuzacy).

The PHHC Is a commercially available Tsxas Ins-rcumen*
Model 59 (TI-59), militarily adapted for caancn cunnery
epplication by incorporating preprogrammed nmemory mcdules.
I+ is powerted L'y an intarnpal <c2charqgeable battery pack.
Chargers 2ard adarpters for 2xternal powsr scurcas (ANPRC 77

radic ba*t*ery (BAU386) 2a2nd 12 wvolt vehicle bLavtery) arcs

a*iors <ime. The PHHC's keyboard allows £or da*a entry,
controi of <calcula*or function, 311 proviias  for rumeric

disvlay of <en digits. 7Two programnz3 modulss {(chips) are

reyuired to accomplish all fielid zar-illerv guniaexy applica-

+ions, A unigue weapon system chip provides Ziring da<a., Th2
spacial situa+tion <c¢lip is «commen t> all ar=illercy weapen
systems. I+ contains Metsdrological mathematics, Terrairn Gun
Pesi+tior Corrections ani Special Correc*ions, Joiat
Munitions Zffec*s Manuai/Surface tc Surface estima=es,
Linear <iIn%erpolation, 14 .5 gunnary =z2nd Rockest Assisted

Projectile (RAP) gunrnery Sor 411422/71109aA1.
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Tae gurnory solustioan compuied by +*he PHHC is a <abular
firirg fabla (IFT) ztandari zo1ii=ion sdlution, Th=

Ballig*ics Ressazch Laboratory, Abeserden Pr-cving G-ounds,

Marylard prcduced -~ue zsuzve fit 23ua*<ions usin seconi
dergee polynomials, > £i+ TPT data by *he 1least squares

method. The cuzve £i= solution i{s an approxima+tion which

n

ncrmally agrees with <he IPT sclutisn but may VvaIy IS much
as 3 mils in elevaxicl, 1 pil 3z-if+ and 0.1 s=zcond fuze
setting. Th2sz accuracty rcequiremsnts are met cnly within
certain range in<*envals for each propelling chargs, cailedi
curve fit irntervals. in the datermination of site, the PHHEC
oniy apciies angle ¢f si+z, [Ref. 16: p. 7-1]

Although the calculator's solution is not as %echnically

corract @2s the Dbeallistic solutisn proviied by FADAC,

TACFIRZ ¢z BCS, is more accurate +*han the marual sclu-

it
tion. Unliikxsz FADAC, :zh= PHHC cannd>* au%tcmatically ccmpen-
sate Zcr nons=anda-d condi+ions. TRef. 15: p. 11]

W

Registretion Cerzec*ticns can be detzrmined and stored irn =h

The PHHC was Zield=2d by +he Aray in 1980. The Marine
Corps rurchased 338 PHHZ s2%ts [Ref. 11: p. 61]. Because of

1

+ha? PHHC's limi*ed capabili+iss, i+t <could not ssrvz 3s

(]
|
»W

(0]

replacemant for FADAC, bHut 14 does zco2ntribute substan<iallv

ot
¢l

1)

to the effectiveness and versatility of <+he battery £i:

direc*ior center., The PHACZ 's grea+t2s< application is a* ths

bat+ery level., "The calcula%“cr neatly complements =h=2 weak-

resses oZ manual and FADAZ systems, but has weaknesses c“

i<s own +hat are well <coversed by the «current <sys=em."

au
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(Ref. 17: p. 28] I*s major limitations are the Zpabili-v %o
mass fires, limited s*orzge and memd>ry capacity, ani vola-
+..le memory.

The acquisi+ion of <%<he PHHC 4did damors*ra+e *ha+ an

off-the-shelf i*em could be quickly =2dapted for military

applicaticn in resporse %3 ar urg

o

nt requiremert.The PHHC is

H

& low cost al*ernative m2¢hcd of coapu+a+ion with "accsp-

table accuracy degradation®"., Ths FY1982 cos* >f +he PHHC

[{}]

cemputer sSet was $310.70 and +thz cos+* of <h:z iIrdividual
menory modules was 3$46.00. [Ref. 18: Pe 21] The PHHC :is

being utilized by Macine artillery uni<s.

F. MARINE INTEGRATED FIRZ AND AIRP SUPPORT SYSTEM (MIFASS)

MIFASS will censist of s+«aff osryariza*icn and s*=andard
dpera*ing procedures 3assist2d by 2 real-time Aisplay and
irformation oprocessing sys=sm tha*t is designed *c mors
efficiertly earloy supper<ting a-ms 2% <he division, =rTegi-
mern+t and ba**alion echelons 2f =hz Marine Ai- Ground Task
Force (MAGTF) [Ref. 19: p. 1].

Simply stated MIFASS automates <he vprocessing of all
f£ire support requests (mecc*ars, ar+illscy, naval gunfire ani
air). I+ is an au*omaz==d systen which incorporcates +the
lates®t *echrological advances in information prcczssiag 2ad
display equipment for ¢coordinating and con*rcclling
suppcr*irg acas' fires.

MIFASS Integrates <+h2 <+asks ard functiens of +hs Firces

Supporz Cocciina*ion Cen=zz (FSCCQ), “he Diract Air Suproct
Center (DASQ) andi scme Zanctions Sf <h2 c«illecyts Tic=
us
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Direction Center (FDC). MIFASS 1is =xpected <7 faclili=a=:z

decisicer making at battalion and higher theadriar=ira, ThL:

ultimate qoal of MIFASS i3 *o improve +*the misszicn Tzspenss
+*:me of all €fire suppor: systems. An Ini=izi Operea+tinag

Capability (IOC) for MIPASS is currently projsc=ed <€or CI
1987 [Ref. 4: p. vi].

MIFASS originated in 1966 whan i+t was «concep=ually
defined@ by the Stanford Research Instiztute 12 =k fical

report on *he Marine Tactical <Comaand and Contrzecl S+wudv

(MTACCS). The MTACCS corncept evolvadl from studiss conducte?’
in 1965-66 =0 determine th2 feasibili+y and practicali*y 2%

applying new technology zo command ard control of Mezins

comba* forc2s. [Ref. 18: p. 9]

The ccncert envisioned a family of <unctionzllv crisn=as
systems, bourd togethsr by commoniliiy of equipment, sp=r-
atioral vprocedures, and data bases, and opera*+ing is
necesse-y ~“hrough a common communica+ions systsm [Ref. 20:

Pp. 1].
The General Operaticn Requirszmsnt (GIR) CC-9 dated July 1957
established *+he overall raquirement £or MTACCS. MIFPAs3 is
on2 cf the Zundamental subsystem of MTACCS.

A cri*ical management Issus at that +“ime was whe*her =hse
Aray's TACFIRE could bs ussd Lo satisfy Marine Ccrps
requirements for YIFASS. The Macine Corps decided <+hat
TACFIRE could nct satisfy +he requiremen<s, TACFIRE was

designed solely <“o improvs the employmant of ar+illery. I-

o
1]

was nc< able +0o intagra anl cocor-dinate all of <ha

suppcr=ing arms. Additionally, i+ 213 no* mee+* <he size 2nd

u6




weilght ccns*raints impose? by acrphlblous cgperations. A nmodi-

fication of TACPIRE o satisfy Mari;: CoIDS

¢
[ 4
r
a
£
..l
(B ]
[411
j=)
M
N
(0]}
E 5
o
(V1]

axamined but ¢ was not re*azinsd a2 a viable al=arna*tive

strategy.

The difference in <th2 *do syst=smps w2re of such nagniztuds
“hat “ne effort *to modify +*he TAIPIRE *to sa+isfy Marine
Corps requirements woull clcsely apcroximate the cost and
evelopacent effort ¢f =h2 MIFAS: TR=f. 20: p. 11].

In order to incorposate ths 123331 “=chnology in=c a2

i
]

.vivr-rﬁ' T I'I. MR

L .y . . s - .

. system *he Marine Corps decidsd ap~a :he concept ¢f =2volu-
(f iorary design based on "=est pel? Zfziinition", The ¥TACCS
T@ test Dbeé was established Irn 197) :s an activity of *<ha

= Marine Ccrps Development aanad Ziucation Cen*er (MCDEC) wikh

+echnical assiszance provided by “Fughes Aizcraf+< cCompany

urier cor+ract *o Naval Zl=zcirenics Commend (NAVELEX). The
t2st Dbsd provides an opsraticonal Luadoratory for modeling

systens so *hat imprcvemen- s, which result frcom anzoma*ing

selec*ted command and contrcol furnciinns, <can be evalua+eq.

S

1 The Advance Develcpmernt Opjzc=<ivz (ADO) was cublished in
3 April 1973. The ADO spacified =<hs: :s=zqu IOC daze for
3 MIFASS as CY 1980.  #hen ~-:he MIPASS Kequired Operazicnal

X Capabili+y (ROC) was published in Augusz 1975 <h2 I0C hail

y - slipped *0 CY 1982. (Ref. 21: p. 1]

In September 1978 Hughes Aic-cz2£+ Ceompeny ané  Yerdan
Sys*ems (a3 division of IJni+zd Techanlogies) wersz awaried

paralliel cne year ccentracts to izfin=s 3an approach =0 +the

lan sl RELalLann it SIS A0 os o A0 e RO M A4
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2ctual developmest of MIFASS. A revised ROC was published in

July 197¢, "In Sept

ember 1979, <+=h2 VNorden proposal was

retained ard +he¢ ccmpany was awardsd an approximately 330

millilon conztract <to
{Ref. 22: p. 433]

The {Harire Corps
program In <he early
r2sult c¢f concermns
Tequiremer=z, iumpact
ovarruns. T

complets

fof)

ir Ap:z-il 1
group ard =Tszcomuends

June 1987 a fecizion

ot
fizd in *ne Acquisi
resulted frepm this 22

[R2f. 23: p. 1]
This *“*esis assu
IFASS) is *he long

$ : 3 :
nCii LlTe iirection

iz currerntly in progr
March 1984. ([Ref. 24

MIFASS and TACFIR
of Understanding nas

nsure &r. appropriate

(3
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development."

conducted a major review of the MIFASS

part of 1982, Thsz prcaram review was 2

on mobility, 224 cost and scheduls

982 oresen*s the findings of <+he work

four possibls courses of actiorn. 1Ia

was r2achad %2 zsontinue *hz developmen:

the MIFASS Enainesring Develcpment Model (EDM) as speci-

torn Decision M=morandum (ADM) which

Cecemaber 1981 In Progress Review (IPR).

mes tha< MIPASS (ct a deriva<ive of
rangy2 solution €for —rtacticzl and tech-
at “he artillzry rcegiment and ba4<a-
stiny and svalua*tion sf ths MIFASS EDM
ass, OT II £5r MIFASS is scaeduled fo-
]
E will bbe ZIntsroperable. A Hdemorandum
besn enterzd in%o with +“hs Azmy +>

MITASS/TACFIRE interface.

u8
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As oT
t0 meet
ters. Fe

bat+er zs

autonomcus battery operations. During the development of

TACFIRE +
ciancy.

communi+y

1

llow

[+Y]

realiza~i

System (B

The i

termira. a* “he arzillery bet=sry lava2l, The MIFASS requiras-
ments called or A s3a2il hanrd-held calculator (Firs
Direc*icn/Suzvey Calculz*or, FD/SC ) at +*+he battery levzl,
Ths Marirs Corps realizsd that the original MIFASS FD/SC i:iAd

enharnced

level, *

G. BATTZ

The A

FADAC (at

Uni+ (BDT). The TACFIRE 3DU has no zomputational capakbili=y

cT

e7icusly dlscusssi, MIFASS and TACFIRE arse dzsigned
he requiremsertys of battalions and higher hezdquar-
th systems gan provide firing data f£or +he firing
of a ta*=alicn. Howevar, +hey do no+ zllcw €or
ais was reccguizad as a sarious operational defi-
The Army £ieli ar+*illery rszsearch and developmen*®
reaiized —hat an extansion of TACFIRE which weuli

autoncmous battar cperations was needed. This
on l2d <o “*ie davelopment 5f the Bat:tery Compu%er

Cs).

lJ-

a t

®

IFASS dces rot provid re direction computer or

<he computationel requirzments of +he £firing
. Since MIFLSS did not provide for a separata
computatioral capabilitty a*t <+h2 £firinag bat*tery

he Marine Ccocrpe par+icipa==zd in *+he dzvelopment of

RY COMPUTER SYSTEM (BCS)

rmy regards the 325 as *hs ra2placement £or beo+th +he

t+h2 ba*tery lavz1l) and “h=2 TACFIRE Battery Dispilay

P T IR 1Y TN I PP P P S PN Y S S SR S L P 4 h.i
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of its own. 1I* can receiv2 ard display fire commands deter-

mined by the TACFIRE computer located a%* *he bat:talion FDC.
The gunnery solution iz2termined by the TACFIRE compu=er

is a bat*ery center to targe* cen*2r solution. This solu*tion

do2s no* take into account individual weapon locations or

individual aim peoin%ts. Thsz TACFIRE BDU is a throwback tc ths

cld doctrine arnd au*tomati:z data procsssin (ADP) +*hinkin
taat was in effect when TACFIRE hai i+s genesis. [ Ref. 25:
p.23]

Operational testing ¢ TACFIRE, th=2 Ar%ilisry 7% S*+uidy,
th2 Battle King Study and the series of H=lba~ tes<s Cecog-
rized and established the requirem=nt for an enhanced compu-
tational c2pability at the bat<sry 1level. It was also
reccgrized +*hat the TACFIRE solution would have %o be
r2fired to consider indiviiual wezpda lccations and indivi-
dual aim peints. Individual weapch corrections allow for
crzater wsapon dispersion which Incrsases survivabili:y and
provide Lhetter targe* covarage. To co-rec* *these cpera%ional
deficiercies, BCS development was initiated in “he @mid
1970°'s.

The BECS is an automated l1ata processing system which
pravides/the firing battery with high speed “wo-way digi«al
communica<ions ard interface with TACFIRE. BCS is composed
of +three major units: a Bat+ery Computer Unit (BCU), a Power
Dis<ribu*ion Uni< (PDU) 2nd Gun Display Uni%*ts (GDUs). The

0ld wireline in*ecccms ba2twesn tha Dbattery FDC arnd <+he

50
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cannon sections are replaced by ths GDUs. The G030 3 2

for iring data to be displayed at the caanor szztinn.
Digital da*a are transmitted via wire or 7“4 radic. A

ccmplete *echnical description of ths BCS iz providzd i-
Chapter Five.

Delays In the devalopmept of MIPFASS ari +he urgens
requirement %o increase *h2 responsivaness of arciillery f£fice
suppcer+ caused the Marins Corps ia 1976 +o0 ccnsider +he
acyuisiticn of a "near *t2rm" replacesmernt for TADAC. The
Marine Corps desired a rsplacement which could be used a-

th2 regiment, ba*talicern and battery losvals.

In reccgnition of <the nsed to raplace FADAC, =& pocoposed
Marine Corps FOC for an actillery compu*er systsm was
published in April 1976. A work dirzctive was promulga=ad
in September 1976, directing MCDEC <o expiors variotus
sources for providing a follow-on iavice. [R2f. 26: p. 2]

At =he same *ime, +*th2 Ar-my was in the procsss c¢f inizi-
ting the BCS program. Th2 Army approved *he ROC for 3=CS in
October 1976 ard made a conscious decision to 2pply exisving
ccmputer *echnology to solve the problem. The Aray's deci-
sion tc use +he existing computer tzchnology permi=-ed “hs
immediate initiation cf full scale 2ngineering
Necrden Systems was awarded “he con*rac* fer tha fabrica*ion
of *he FDMs.

The Marine Corps deciied that *-he BCS program offerad

the mos* cost-effective apprcach %o 0

w

2ting i¢s "near “erm"

requiremensts. The Marin2 Ccrps planned +0 use “*he <same
51




software as the Army for t"he batisr
to develcp a modificatior ©f +his zo7iware £or uss at +the
battalior and regimerntal lavels. Ta March 1977 <Zh=z Army
program manager approvel an ¥Enginzz2rirg Change Proposal
(ECP) wtich incerporetsd the Marzine Csrps sofidare require-

ments in<tc +*he basic BCS =sn<raci. 'R

I}

f. 26: p. 2]

The BCS was rushed into> opsratiznzl testing and svalua-
+ion. THe BCS comple*ed the Army UT II in May 1979. 07 IT
had to be tesmporarily suspended pecause cf scftwarse prcbleas
ard additional %*esting scheduled %¢ znsure the fielding of
ar. acceptable produc*t., Ovar 500 s:zftwvare deficiencies wers

-

op:ratisnal taszing.
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Mcs* o0f +hese deficiencizs werz Kknpown pr..or <o the ac*tual
ccmmencement c¢f op=sratisnal sesrnisc (OT II). The Arav
decided *o adhere =o its s21f impossi urnding conszraint and

proceeded =o OT IT withou* «cozvec*.ng ~he Jeficizneciszs.

These softwarce prcblems were

3
-
o]

~l1e basic bat%ery level

appiica*icn. The unicuz Marins Corrs sofiware md>difications

had rot been fully deveinp=24,

The ini+ial operational tes=s conduc=2d on BCS in 1979 had
very negative results. They shewsl +ha= BCS did noz me2=
many of *“he opera=ional requi:ements' =uch as accuracy,
interoperability, reliabili=y and naintainabili:y, ard di3
no* prcvide an improved capability over existing equip-
ment. [Ref., 28: - . 2]

In early 1979 MCDEC con=ract2d with Pomomac ©&esearch

Incorpora<ed «¢ conduct 2 s=udy of alterna%ivs ceplacement

52
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Systems g Meeiing Marine C2rps Requiremsznts 2
Replacsment for the M18 Field Aztillsry Digital AuZo

Compu*er (FADAC) dated 21 June 1979 considered eight a

rative svs=ams. It recomms=nded that:

1. ThLe “arine Corps procure 2 system based on =h
Megrnavox Fice Suppor* Teanm Digital Message Devic
(7TST DMD), Oor squivalent, as thes FADAC raplacemernt

2. The Marine Ccrps oprocure *=hs PHHC ard appropria<s
peripharals.

3. The Mz2rine Corps razgquirements ard in%er+ions Dbe made
krcwr <o the Army prior to th2 development acceptance
IPE scheduled for Aagust 1973.

4. Tre Marine Corps review and revise as necessary ROC NO
TPA-'06 <for an Actillery Compuzsr Systam (ACS) o
accura+tely reflect curcen* Marins Coprs rfegquiremsrn<s,

Recemnendazlions 2,3 and 4 were followad 2nd appropriatz

acticn +tav=a.

"7te Yatine Corps formally withdraw fr-om “he BCS p:=

irn Augus= 1979 because of jissatisfaction wizh BCS's abi

cgran
ility

ost."

=0 centrellze ba<+talion fire direction and is=s high ¢
(Ref. 11z bp. 62] rhz Repor: 2f the Zammiizse on

o

Apprepriaticns provides four specifisz reasons f£or *he

Arawal. The decision <Zor withdrawal was based on =he
procuremen= costs for a Marins Corps-unigue battalicn
program *ape, ccncern ovsr sofiware deficienciass ard 13
oomen%s in *echnology whizh could provide a smaller,
costly, and more adaptabls systen.

The p-oblems that BZS experienzsd during 0T II

sclvable. Irn April 1980 Norden Systans was awzarded

W

high
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year, mulitiyear contract for 637 systems. Full scales pzcduc-

tior and Jdeployment was aoproved by :tha A-my or 21 May 1982.

begin duc-iag <h=
TACFIRZ f*cld*ng.

Deploymen* o USAREUR is schedul=1 <=

ith
hair 1a2i+<iz2l igsus
f

second quarc+er of FY 83 concurrcsn:t w
CONUS uni+s will comm=nce receiving
iuring +the third quarter of FY 83. [

Norden Systems is currentily producing =he BCS =zs specified

[
o
n
w
<
21}
1+
[
]

by *he multiyear:- corn*ract. The Macin2 Corps s+il
able an op*ion *c¢ buy 330 BCSs ia FY 83. The option expirss
on 30 April 1983. TlLe final <con“rac* op%*ion da+e for addi-
+ioral BCS procurement is 30 April 1384, Howsvar, the Army
program manager was ro« sure If any BCSs would be availabls
“0 *he Marine Corzps from the FY 8% €£iral op*ion. [Ref. 4:

p. 7-1-B-6]

. ARTILLERY COMPUTER SYST EM (ACS)

»

As a <hz dzcision *o wi<hdraw f-om <he BCS

rh

sult o

"
]

program, +*he HQMC Spors>rc (DC/S PPEO) 2ané the Dizec*tor,

Development Center (C3 Division) began a comprehensiv

1))

survey of =he fire diraction compu*er al*eraatives <ha*
could meet the Marine Corps requirzmen<s for an ar=<illsry
computer system @ACS) [Ref. 30: p. 1]. A Preoposed Ravisicon
of Regquired Opera%ional Capability (ROC) NO sSPA  1.06,
Artillery Computer Systzm dated 12 #dac-ch 1979 was d-af=ed.

I+ outiined the urgent ne2d fcr an artillery compu<ec sys*en

n
o
}-
(=]
[
D
H
‘<
' 1]
!
e
[1}]
prs
[+
4 "
1]
’
o]
H‘
[]

*o rfepleace FADAC and proviie Marins 2

k3 -art computzr proceszing cf technical £ire Jdic-ec=icn. Th2
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Marire Corps had made a da2cision to ¢r~cure znais~ol--he-ar+

(1)

technology instead of existing “zchnology. >zcgCanm
Initiation at Milestone I (Demons:ri“ion-Valica~ion was

approved on 3 August 1981,

According to the ADMN, the ACS must be 3 ligh-weigh*
(under 25 pounds) system which provides bailiszic ~>mpu<a-
tiors ard applicaticn of nconstandzc? ballis=zics d2:ma  for
injdividuel weapons a* the ar+*iilery Dba“ttery lsvsl. The ACS
mnust use <the command, cortrol ard <scocmmunicaticrs syszens
(wire/radio) inherent a+® the ar<illasry battscy ‘Lzvsl., It
must allew for +he transmission of f£iring da*a viz wire or
radio from the FDC “o the gqun display units (6DUs} locz-ed
at the irdividual weapons.

The acquisition stri%23y envision=z3i buildiagc un-n: o*ier

service cevelopments to *h2 maximum 2x=2n% feasible 1n orisr

1]

0 minimize program risks, costs and 3daveleopment “ias, Based
on this strategy the Magrnavex FIST D%D, which vas being
develcoped for +the Army, was the md>s: promising candidats
system. The Potcmac Research S+udy ~3d strengly reccemmended
this system. The development of thz ACS 1s catzgorizzd as 2
less-thar-major program for managesmsi“ pPUTCPOSes.

The MIFASS Review (April 1982) =:ffec=ed “he develcpmen:
of the ACS. This study dezerminei that the fire contool
problem was greatest a%t the batitery level and i+ needed ¢o

be resolved as scon as possiblsz. It rscommendad:

e -
that, as a matter of priority, HQMC expedi-z developmen<«
_ and/oz preocur<ment of anmn aztillary firs direc+tion
¥ 55




T
o
«

Lam 4
.

A il _Bmaedants i AR Jai i AU o e —

Toro- Pinal Sl - Nt e e 4 ™ v

computer. 12 ttis &nd, -he artillery computer system (ACS)
progran rkcuLh he accszlrrated; its capabll- igs tested as
scon ag pcssible; ari procurement of ACS or the Ba*tzs=oy
Compurey Sys*er (BCS) rL25in during FY 83. (Ref. 4: p. ix]

The davelopment

te accomplished segpara+«zly from

effort. Th+= ACS ROC requiires an

Cerps plers on acgquiriry 381 ACSs

FY 86). [Ref. 31 p. 17

the artillery regiments {aztivs ani

tc be based on the FY 87 vrojected force structuce. T=

suppcrt *he "3 x 8" structure

L d

N

rtillery bha*tallons. A b: sry in

lion will have “wo compu=szr

Additional systenms
*raining, prepositicned

£1bat and war -eserve stos

of a -2placement

IdC of 1985.

The ACS will be procur=gd

be nrecurra24

system for FADAC is to

“*h2 MIFASS development
The Marins
and 223 in

(161 in FY 85

rassrve), Prdocuceunen* is
will
>f the

Cirect Support

a direct

uni+<s, on2 for each platcon FDC.

for formal schoel

spares for a mainzenance

In July 1982 +he Arty exprssssd &n Ir+esrest ian <+hs
Marine Coros ACS as & nossible substitu=ze £for +*he BCS in i*s
Light Infan<ry Divisions. lhe BCS do not meet the mecbility
requiremer-s of +*hese divisicns. [R2f. 32]

The Marcine <Corps has wused +ths =z2xisting Acmy FIST DMD
contract wi*h Magnavox =o initiats 3a2valopment 5f <h=2 ACS.
Oor 30 August 1982, Magnavox submitted an unsolici<ed
proposal for *he Unitad States Marine Corps ACS zo +“he
Ccmmander, United Sta*es arcamy Communica%ions and ZTlzctronics
Command (CECOM), Fort Monmduth, New Ja2rsey. This ccmmand is

managing “he acquisi+ion
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proposed *o perform Phase I developam=znt of *he ACS in accoz-

pJ)

{

ance with the Marine Corps Stateasnt of Work, éated 27
Lugust 1982. The estimat=zd cost of Phase I develcpmernt was
3566,U462. Magnravox's offer to perform was mads or a firm
fixed price basis.

Magnavox is required +o provids four Ar+illery Computer
Units (ACUs) to +the Marins Corps f£oar *esting in FY 1983. The

total cost of the four ACJs was 3340,466. Gun Zorntrol Urits

=

{3CUs) were not 3included in *“he Phas2 I raquiremaznt. The GCU

is composed of a Sectior Chief Assembly ard =<wo Gun
assemblies. Magnavox is providing :th2 Marine Corps wi<h GCUs
so that *he ACS can be tested as a complete system. A tech-
rn.cal description of thes Magnavox ACS Is provided in Chap+*er
Tive.

OT II for the ACS is scheduled f>r January 1983. An IPR
0f ACS Is tentitively planned for aApril 1983. This IPR will
w2view +“he results of 0T II znd rscommend a dscision
v23ardirg full scalie development and deploymen+,

This chapter has provided a historical overview of %he

-
L
1]
Q
o
Ha

d:velopment of artillery fire §i on sys*ems. I-
adiressed the +transition from manual fire dic=action proce-

édures %o auiomated fire direction. The nex= chapte

H
g
la)
w
m
D
=}
ot
n

the cur-ent sta*us of fire dicectisn in Marinz ar=zillery

units.
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IV. CURREN

SIATUS OF FIRE DIRECTION

- ——

"If we could firs*t know where w2 are and whithe-s we ar2
tending, we cculd better judge wha* to do ard ‘heow =o 33
it.m
Abrakzm Lirccla
A. INTRODUCTION
The factual determination of thz sta*us qudo is 2 basic

requiremen* of any analysis. A oroblem sta*ement caanct hHe2

cl urderstanding of <+hs

w
W
]

properly formulated without

i

status guo. This chaptsr 2stablishss the current s*azus of

fire direc*ion iIn Marinz artillary uni-<s. The currcan-

0

s“atus wes determined bas2d on data provided by ar<illery

k2gimen=al, Battalion and Ba*%*sry Conmanders. Quss+<icnnaices

ani Interviews wece used to gathar rcelevant data. Inpnuss

from the artillery commani=rs regariing “he charac=eris<ics
of a new Dbattery level fire directison computer sys<zn wsr?
also c¢ollected. The data wers =abulated and =&aralyzzsi
according *+o the level of command. This chapter presanis

separately *he responses of +the diffsrent levels of :zcrmani

regarding the current status of fice irectior.
Addi+ioreally, “he chaptsr summarizzs the inpu: from 211

levels cf command in order to present a general view of +ha
status guo. Having estabiished ths status quo, <*“he chapter

dz2fires *he problem <his “hesis addrcessses.
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B« DATA COLLECTION

In July 1982, this au-hor op=ain2d “he permissiorn cf <he
four artillery Fegimental Comaanders “o conduct a survey
regardirg the current s*a2tus of Zirz dirsction. A set of
quasticnnaires was develop=2i “o gather =<he required informa-
tion. The questionnaires were spacriically designed <=o
parailel *he three levels 2f command. The ques=ionnai-es 2ani
th2 tabulated responses arz providsd in aipvendices C, D, E.

The questiornaires Wwere mailad ~=cC +he Regimental

Commanders on 30 August 1982. Qusstiornrzizes for <he 1st
Battalion, 12th Marines were mailad dirsctly %o <he
Bat*alion Commander to =ave mail tiwre delays. Prior +»o

mailing, +the questionnaires were 3sszraraved in%o s*andari
battalicn packages. Thz2 Battalion guestiopnaires were

labeled with a randomly s=slec*e

[o Ny
Fl
[{}]
N
or
®
B
(a1
(7]
n
-
[Ve]
s ]
It
4
O
[ ]
[ ]

Ba<=ery
ques*tionnaires were label2d with ths Ba<=talion letter desig-

rator ard a number r 2xample XK-2, sei the ast page of
a ke (fo le X-2 th las+ £

This labeling alloweil d4a+a +o b2 sgg:egat2d by ba+tz-
lion, In order +o prssa2zve anotynizy, “he Regimen+#al

Ccmmanders randcmly distributed +h2 lazt+alion packages

of

within their regiment. Battalion comaanders randomly distri-
buted <the Battary gquestionnaires within their bat+alion.
Coanmanders were asked to complets tha questionnairze wi+hin

cn2 week of receip*. A s21f addrzsssd@ return envelcpe was

provided with each gques+isnnaire. a1l quesziornaices wers
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ralled dirtec=ly *o *his author's Nzval Pos*graduate 5chool
eddress. A deadline return da<e of 20 Novembesr was estab-

lished ir »o>rder o allow sufficiznt <ime to tabula+e and

Y

Questionaiaires wsre s:znt +t0 all Marine ar*illery comman-
dsrs in +*hz curvwent forcs s:iructur2 (ac*ive and reszrve).
The curran= foIce structure has 2a zo*al of eighty-one
actililery cemmnr ders, Table I pressants a breakdecwn of <h=
number ¢Z aquestionnaires returned by the eos*ablished dead-

iine darte.

TABLE I

Qiestionnaire Rasponse

Zchelern c¢f Number of Numbar of zrcern+age
Commard Ccmmazders Respanses Rezurrned
fegiment 4 4 1005
Bat+allioern 17 16 9u4.1%
Jatiery 69 13 71.2%
Total 81 53 77.8%

v

fican

[ED

At *he time this survey was conducted a sig

.

o

number ¢f Marine ar+*illery units w3re deploy=3i acourd *h

W

world +c¢ support wvarious commi:tmen<s and participa=e in
multinational exercises. This auzhor =ceceived cezuc-ns from

uri<s deployed tc¢ Yorthern Burope and Knrea. A 77.8 perc=nz
p F
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is exceller=z. This

return Zate for a veluntary gquestionnal

k]
®

high rezurn rate is indicitive of ths ar<illery commzndzcs!

Appendices C, D, and E presant the *abulatsd responses

for the set of questionnaires. The individual -esponses havs

been maintainred. Requests £for a coamplete breakdown of %hs

. da%ta shculd be fcrwarded t> “he autihcr. An analysis of =h=
, “hs following four sactions of

1‘ responses is presented in
p

C. THE FREGIMENT AL COMMANDERS' VIZW

Appzndix C provides the <2bulated r2asults »f +he

Regimen~al Commander's gJuestionnaire. The Regimern+al
. Conmardisss suppor- <he dacentralizaticn of technicel fica

Girec+ion. The primary ma2thed of i2termining firing da<a
varies from Zegimen* to zZ=gimsnt. The 10:th Marirnss is <h2

orivy -r=gimen* which uses FADAC as -“he vorimary me*hod of

o detsrzmining firing data a= the battery level Two regiments
E} emphasice the use cf FADAC at <*hes ba*talion lavel. I+ is
- gignificant %o note *hat over fif*y percent of Marine
:f ar=ilZery units use the Manual Systsm as <*he primary means

of determining firing.

The Zevel of training of FADAC op=zrators was iden+tified

as the problem area associatzd with FADAC which caused *he

grzates« difficulty for the =regimsan+. The regimen=s have

SRR A A

experienced 3ifficulty in ob+aining =<=pai- pazts for FADAC.
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Ciccui* boards and memory disks wzre icden*ified 23 +=hs2
primary repair parts deficilerncies.

All of the Regimental Commanders irdicated that “hzy had
adequate resources tc traln <he FDC perswnnel in the opera-
tisn of +he PHHC, TI-%9. dowever, all recommerndad +tha% For+

:ours to “ha PHHC.

(3]
[«
Q
gt
'J
[6]
fe )
m
[

Sill, shkould allocate morz iasz
The PHHC is definitely bhein used py “he rthree ac*ive
regimen=cs.

A majority of the Regimertal Conmandz:ts s:ated thnat

ot

h

[{4]

actual compuzatia of firing data produced +h: largest *ime
delay ir mission processing. This answ2r Is rot surprising,

based on *ha fact that ovart £ifty parcent of ¢!

5
{1
=
3
. ]
‘_'.
0
n
ot
. r]
[
f-.l

use the Manual System as the primary me=hod

(9]
(2]
fol)
(1))
ot
(U]
(o]
a
§4-
=]
D
8
Vel

firing-da+a.

]

The Regimerntal Commanders éid =>% as

ign a very Ligh
rating to *he impor+ance of fielding a new Dba%ttery level
fire direction systenm. Specific wrizter ccmments stated
tha+ I+ should no* be fiz2lded un<il 3 sufficiant rumber of
oparators and maintenancs pe-sonrns! Lave beern pToperly
*ained on +*he new systen. The Regimnentil Commanders
renember +*he numerous prcblems associated with the ip<rcduc-
“ion of FADAC. They want to =nsure tha<t ths problems associ-
a*2d withk +he introduction cf any new compu*er sys=am ars
minimized. They indicatel +hat +h2 naw system should b=

capable o¢f operating £com battery and generator pewer.

Additicrally, +tey indicated :tha+< +h2 capability <o operate
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from standard ga-riscn powsr was a highly desireable charzc-
teristic for a new computsr system. Comments indicatzd +hz:-
this feature wculd greatly facilitats FDC training anAd

reduce cperating costs.

All c¢f the Regimental <Commandars iden+ifiej reliability
as *he mcst impcertart characteristic Zin the seslection of =

new bat+*ery cocmputer systam. They want a syst2m that works.
Wri+t+er ccnments 3indicatel +*hat =“hz new sys+em should be

easily maintairable at th2 user levszl. A majority cesponded

that *he new system =should include the automation of th

"

Yy

transmission of Fire Cormands to the juns. Although all ta

Regimental Commanders emphasized *he dscen*ralization of

techknical fire direc*ion, a majority indica*ed that a nsu
[ ]

battery compu:ter systesm shoula have +the capabili+y =2

’.l.

perform cen*ralized *echnical fire direc+icr for all firing

batteries in a battalion.

D. THEZ EATTALICN CCMMANDERS' VIEW

Appendix D provides the “abulated =zesul=s ~sf *he
Battalicn Commander's questionnaire. The Battalion Ccmmander:
is responsible fer decildiny how <“2chnical fire iirec=icn is
exarcised in his battalion. The Bat-alion Ccmmanders urani-
rously supported the decantraliza+tion of +echnical £ire

directior. The primary m2thod of dstermining firing dacz

v}
(WS
3

[1})
(a}
§te
o ]
[}

*+he Ba%=talicn FDCs is the Manual Sys*em. All ¥

az*illery battalions hava a FADAC capabili+y. T he

K]
W
n
1]
H
]
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hat+aliorns do «act use FADAC. All five reserva bat-aliomns
responded that *he Mamal Systszm was the primary me%*hod £for
determining fizirng data in the battalion FDC. This =ernds to
bias *he overall results. Howsver, without th2 resec-ves no
system <smergas 2s “he prinary method. The active bat*talions
wer2 evenly spli+ between the thr2e 3ifferent systems. The
same sizua*ion prevails in *the Batt=sry FDCs. The majority of
bat*alions have a curr=snt Battalisn Gunnery SOP. Th2
primary method of determining firiny data ir *the al«srnat:
bat+alicr FDC iIs the Manual Systen.

The questionnaires indicated +“hat *he operationzl readi-

hst

s

ss of TFANAC is 59 percen=z, The Potomac Ra2search S+tudy
found +ha*t *he operational of <r=2aliress of FADAC was 57
percent Ia January 1979, Th2 PFADAC cperational readinsss
bassd on inrforma+ion obtained from HIMC was 79.7 percsnt as
of 15 Oc*cber 1932, The 4QMC was zxtracted from the Marins
n-~erga=ed vYaintenance danagement System (MIMMS) <recoris.
Th2 reserves have no* been incorporated iInto *he MIMMS. Th=
HCMC data de no+* reflect the FADAZ assignad t> the r~eserve
urits. {Ref. 33] In this auchor's ospinion, <hz survay data

for FADAC provii

k)

a be=t=sr estimat2 of FADAC opera*-ional
readiness aad ccrrectly iientify th2 majer problem areas.
The average FADAC downtim2 s greater than six*y davs. 1In
this author's opinion, <*hisg is %0%ally u
Bat<alicn Ccamanders' writ<sn comments agree Wwith <*hose of

th2 Regimen+al Commandercs, tha< the lack of <czplacemen*
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circui% boards and memory disks :is “h=z prigmazv Cezsorn for

the long maintenance Jownti mes. FACAC RXepairmarn (¥CS 2685)
are all assigned +*o0 the Regimentzi Feadguartsrs Ia=tery.
With the execption of ths reserves, ar-illerv uni*s are
using <*he integrated FADAC/Manual Sys*sm, ©IPze baz4alion
FDC's proficiency with FADAC was ra-:z3 as average. Ba%+=alion
Commanders agreed with *h2 Regimszntal Commandazs *<hat +h2
level of +training of FADAC operatoars Is th2 g@os sarious
problem area associated with FADAC.

All ba*:talions are 3authorized *h=z 2HHC, TI-55. The
reserve bat+talions are not using +thz PHYHC. Thiz s zviden*
from *hei- -esponses to spacific quasticns per-z2ining %o =hs
PHHC. Appendix D indicates those quss+ions which have a bias
intrcduced by the negativa rtesponses cf *he reserve uni*s.
Ths ac*tive artillery ba=talions ar: using <=hs PHHT. Ths
survey Zourd that +the z2liabili=y of <%he 2HYC w2s arcvs
average. Tts operational -z2adiness was 30 percent. Specific
written ccmments addressad the 3dsgrzia+ion of 4hs  PHEHC's
perfcrmance caused by harsh clima*ic «conditicns. The
Battalior Commanders statad <hat “hz PHHC's vsrforuance is
defirnitzly degraded by dust and cold weather.

The majori+*y of =he 33*+alior Coamanders indicated =ha+
+hey had “he resources to adequat2ly *rain FDC persornnel in

+he operation of +he PHHC. They also indicat=sd tha+* For+

j2e

cnal hours +*0 %hs

.l.

nst

ct

Si11 sheculd alicca*e addi-=innal

[

uc

PHHC. The ac*ive bat=alion FDC's proficiency u

tn
' [l
(9]
Vel
ot
]
®
W
5]
fo o]
(@]
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was rated as average. Th2 proficizrcy of the reserve ba<=:2-
lions was rated as below iveraye -0 unsatisfactory.

The Bat+*aliorn Commandars indica<=zd tha* +he largest -im2

.'_r‘vv ‘r l‘-d-v' At

delay ir mission processiny occurrel in “*he actual compuz=a-

F! tion o©f f£iring data 3ar? *hz voizcz <ransmission of Firs
' Commands “o the quns, Thare was an 2vsa spli- bstween thesa
?? tw> areas., The overall sta<2 of *raininrg of =he baz*telion
;‘ FDC was ratsed as averags. No ressrvs bias was dasteczed in
3

} the respcnses to these guastiens,

§ The Bat*alior <Ccmmaniars assignz3 2 higher pricrisy %o
;i *he €fielding of a new battery compun%er system than *hsz
&

é; Regimental Commanders. They indicat=2d +that =hs new sysism
-~

E should be <capable of operating from battery and gensra%or
ﬁ. power. They ra*ed <hs 1importance 92f +the <capabilizy +t»o
.

cperate froa standard qarrison powar sligh+ly lower than <h2

Regimental Commanders. Th2y da2fini<zly suppor: “he automa-

tion of the “ranamission o2f Fire Commands <o =<he gurs.

[oa}

The majorix (65 parc2nt) o©f thes Ba+*alion Commanders
stated tkha+t <reliability wis <the most ZImvor+-ant charac-=ar-
istic tha*t should ba corsidzred irn thes selection o9f 2 new

battery compu*e:r systanm. A rump2r 9of  written commen<s

[}

cla2early expressed the impdortance of syszem zeliabili<y. Th2
written commen*s of *he Battalion Conmanders also emphasizel

+hat <+he systeda shouldi be weasily main+ainable a= *he

: Oparator/0rganizational lavels =of mair+eranca. Thess
i‘ comments agree wih +“hose 0f *%ae Fzgimsntal Comnanders.
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techrical
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MIFASS, *he Ba+t+ Wwonl
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directicn capability.
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capabilities. The bat+alis F

rely orn FADAC and *he PHAC T
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thair resporses in Teogaris <o
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3ATTEZRY COMMANDERS!

b

Apperdix = proviées

Coamander's questionrai

favored =he

Three questiosns (numbers 2,

degree cf decen<*ralization,

decen+raliza+tion of *echaiz-al

| 23

o

real

his au-hor was surprised

of the £iring ba*teries 35 no=+

The majerity of *he units thas

S0P curcent
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Fif<y-+hree percent of =the Bat=ery Commzri=zs ‘=l
cemplated +he Field Artillery Offic=srs Advarcs Cluzse &3
residenrt students, BEight y-eight psrcant of <the 3a*term
Commanders had completsd a care=r lavel schuol =ither 2
residence or by corresponisnce,

Tre Maaual System is the primary method < dszecminizy

[
[o 7]
ry
w
5]
O
t
o
2
t
h
m
ot

firing data in +*he bat:tery FIDCs. I- shou

fourteer of +*he fifteen reserve batteries rszsvonding used

o+

k2 Manuel System. The activs ors-e s*ructuc: wWas evenly

n

plit be*ween FALAC, PHHC, and ths Manual Systzam. Ba=zeries

+he 10%*h Marines used the FADAC mcre *har Dba*ter-ies o

..l-
»
.

“h2 other regiments. Batt2ries in ths 11th Marcines relied on
the‘PHHC as *he primary source of £iring da%*a. Ba%teziazs ia
ths 11th and Wth Marines were not aa*horized a2 FADAC. Four
reserve ba*teries indicat2d tha*t +they wersz authorizsd =
FADAC. Based on +he data cb+ained <£frcm <ha 3at-asv

Ccmmanders *he operational readiness of ba*ttzry owned FADAClS

is 53 percen=. The averagye FADAC Jown<time 1s zreatar <han

or
14
o1
(&3

3
o
joal
1]

six+y days. This is ccnsistent with the data provide
Batrtalicn Ccmmandecs. A majority of +he ba-“ariss sxperi-
enced significant diffizul+y in oSb=taining FfFADAC repairc

pacts. The writ<%en comments 3indicat2d that ciccuit boarids,

memory disks ard keyboaris ars the jyrzatest problem arceas.

Thase <rcesul*s agres wizh <he Rezyimental and Baz<alion
Commanders' assesmen<. 4Ai%th =he =zxzzp=ion of the Zesecves,
zh2 madjcrizy of ar+illery ba=s2rizs au<horized 2 TFaDAC acsz
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using +he integrated FADAC/Manaul Systsm. The battery FDC's
proficiency with FADAC was rated 2as average. The Ba*+ary
Coamanders indicated that +the maintznance of FADAC was *he
most serious prcblem area for their units, The 1level of
training of FADAC opera%t>rs was ranked as +he second major
probiem &rea.

The majority of +the rsserve batteries are no*t using th

(1]

PHHC. This is evident from th2ir rssponses to the questions
pertainirg *o the PHHC. Apperdix E indicates tnrose ques-
tiors which bave a bias intrcduced by the large number of
nejative cesponses from the <reservs ba“teries. The results
0of +*he survey shcw that “ha active uni+s, primarily “he 11%h

Marines, are using the PHHZ. Based on the da*a obtained the

(o7

oparatioral readiness of the PHHC is 94 percent. Th2 reli-

abili+y cf +the PHHC was rated as abovs averags.

(]

n cspecific writtsan commen<s a number of Ba*t*tary
Cemnanders indicated +hat the performance of the PHHC was
degraded in a deser+ environmert. Additiorally, The LED
(Light Zmi*ting Diode) jisplay is difficult +o read in
briaght sunligh*. The small size of the display degrades =he
2ffective supervision of operator inpu+s.

The Battery Commanders were =2v2nly split over theirx
ability to adequately <train FDC personnel in <the opera*ion
of *he PHHC. The ma jority of +the ressrvs batteries respondszdi
that <hey lacked suffician~ resources *+o conduct precper

“rainring on *he operation of ths DPHHC. An overwhelmin
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majority of Battery (Commande
should increase +the instruc*icnal hoz2z¢ devoted +0o =<he PHHC.
The active battery FDC's preficizncy wusing the PHHC was
rated as above average. R2serve batteries ra<ed theirz FDC's
proficiency with the PHHC 2as unsazisfac+tory.

The Battery Commandecs respondedl that “he largest “ime
delays in mission prccessing occurreid In the actual ccmputa-
+ion of firing data. TI'hz final rssults were influenced by

+hs reserve responses. This may bz 2 reflection of +thei:

[ED

m

state of +4raining. The madjority o “Lhe active Dbatteriss
irdica*ed that +*he voice transmission of Firs C
ths guns caused the great2st delays. The overzall state of
training of +he battery FDC was rated as abovs average %o
average. The reserve batteries gepsrally rz%ed there overall
s<ate of *training as average.

The Bat+ery Commandars assigred a higher priori=zy %o *he

fi21ding of a new comput2r system *han *he Regimental or

ot

Battalicr Commanders. However, *=he ifference in h

[{)

average ratings (.3) bezwa2en the Batitsry Commanders and *ths
Battalicn Commanders was not significant. The Ba+*<%ery
Commanders responded tha= 2 new svster should be capable of
opera*inrg from bcth battery and g=2n2rator power. They cated
ths importance of the capability %> operate from szandazid
garrison power higher +<han the Ba**aliorn Coamanders bu=
lower *than *he ©Fegimental Commanders. The majorit of +he
Bat“ery Commanders favor the au*tomation of the transmission

0of Fire Ceramands.
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Sixty percent of <th> Battery Commanders stated -=a*
reliability was +the most important characteristic *ha+
should be considered in the selsction of a new Dbazvsty
ccaputer system, Specific written comments reinfcrced the
importance of system reliability. The Ba%ttery Commarlars
want a sys*em that works.

Although the cverwhelming majori<ty of Ba*tesry Comazrniscs
currently employ and prefsr the dscentralization of *ech-
nical fire direction, +thay 1indicated that a new ba+i=ary

computer svsiem should have the capabilix t0 perionm
centralized technical fire dicsction for all firina
batteries in a battalion. This is based on the responses *=c
questions 1, 9 and 42. No reserve bias was detected In thess

quas+iors.

F. SUMMARY

The questionnaires fac+ually documen* <the curren* sta*tus

of Marine artillery. Th2 da*a from the questionnaires and
numSrous interviews cl2arly =stablishes that Marin»
artillery units still hesavily cely on “he Mdaraual Sys<em as
the primary means 0¢ detsraining £firing la+a. The-e is ar

obvious lack of standariiza+*ion b=tw22n +he -egimen+ts. Each
of the *hree active regiments genarally emphasize ard employ
different methods for 31atermining ficiag data. Marins
actille-ymen are required %c¢ maintain oroficiancy ia thres

differen+ fir
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lack of s+andardization of a primary metheod for determinina
firirg da*a is only ascer*ained when the number cf irn<er-re-
gimerntal transfers is consid:sred. Durirg thsir cacreers

Marires routinely rotate through <he different regiments. An

Oparaticns Chief whe only used +he Marual Systsm during his

early years qenerally has a very difficult <time mastering

#nsz cther sys=ems. Marinp2s “rained pc-imarily on one parti-
cular systsm are promozz2d, transfarred and requirsd o
supervise arother systenm. Th2 Reserves rely sclely on th=2

:

Manual System, The PHHC is not r=3lly beiag uszd by ceservs

The da*a from the questiornnairss indicate that:
1. Technical fire direction is decenctralized.
2. Ba**eries do rot hava current sunnecy SOPs.

3. A majozity of artiller Battery Commanders have
ccepleted a career lavel school.

4., The irntegrated FADAC/Marual Sys“em is being usad *o 2
iimit~d d2gree.

5. FADAC maintenarnce sapoor: is inadzsquate.

5. The PHHC is being us2d by “hz active units and iis
reliability is rated as abecve average.

7. ©PHHC Ianstruction at Fort Sill should be expanded for
Marinss.

8. A n2w Dbat*ery computer systen should be capable of
being operated <£from ba*taery and generator power. I=
shkould irclude +he 2u*omation of the <*ransmissiorn of
Fire Commands to th2 gquns.

D

9. Reliability is +the most impor+*ant charactsristic :c b
censidered in +he selection 25f a new ba<tery £i
direc*ion compu“ser system. The Ccmmandsrs wan=
system that works.

[N
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10. The "3 X 8" conc2pt reguirss +twoc f£ully equipped
Platocn FDCs.

117. Although Ccmmanders employ and prefer =wne decen<cz21l-
ized concept, a s;gnlf;:an- m2jority rasponied +that 2
new battery computer system include *hz cazability +o
perferm centraliz=d techniczl fire dirzculcn  for all
the firing ba+*tsriss in a bat*alior

The FADAC maintenancz support probler <35  =2specially

criticai. The state-of-the-ar+ for FADAC h:zz Lbeer passeid

L‘ many years ago. In 1978 “he U.S. Army Azmarsn- Rezdinsss
Ff Ccamand (ARRCOM) reduced the procurzmen= of pajicvr lorng lead

time spare and repair parts to pr:vant excess stocks and

urnscessary expenditures. This dscision was mais in antici-
pation cf “he 1980 fielding of the BZS. The sliigvage 2f %h2
BCS IOC +o FY 1983 impaczs on ARRCOM's abiiizy =0 prcperly

support TADAC. (Ref. 34: p. 12]

. The most recurrting problsm associa=ed wi+h FADAC suppor:-
3 ability iz a 4dwindling souzce of manufactu:inq eXrertiss
- #w21ling and able *c proiuce sparz 3nd -epalr pacts. Many

of he repail parts have not bzen manufacticed Zor 2

P
number of years, and th2 currzsr*t T=cknical Da%z Packages

) are ou* 5f Jat=. Repesa*ed zffcr+s o :bfa'q up +o
date TDP's sui*able for procuremesn® hzve ws< Wi~ ilure.
The Memory Disk Assembly Is *he mdos=< crucial item in *ths
FADAC sys*en, Efforts to procu:z <his item nave failed

juring <the past few years. Thz 90 snare i=ncry Disk
. Assemblies (currently availabla) arze =1l from *he
-, Letterkenny Arnmy Depot (L EAD) rzbnild program. There are
- no rew PADAC Memory Disk Assembliss remzining in the Acmv
s inven-ory. ALL Memory Disk Assemblizs must bz repa;red by
’i cannitalization of othsr Memory Disks, Tesul<ing In a
& dwirdiing supply. Attrition rate f£5r Memory Disks has been
) about +*en units per year. Thiz ra*e is expec*ed <o

increase. ([Ref. 34: p. 4]

deaqraied by <+hes shortage oI

n

Cpera*ional readinsss i

spare and rapair par“s. Data from ARRCOM Teveal <=ha=z i+
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takes from <three to four weeks for CONUS units +o cbtain

"normal" replacemert parts, "Ths Memory Disk usually
rejuires six mon*hs *o a year for replacement." [Ref. 34:
p. 7]

ARRCOM plans to suppd>rt +<he FADAC sys<em thrcugh 1989.
Th2 cor=inued support o£f ths FADAC system will be based on
cannibaliza*tion of existing assets for the major items and
additional procurement 9f miscezllanesus minor i:ems (such as
resistors, capacitcers, transisters, ztc.). ARRCOM is consii-
ering es%<ablishirg a maintenance £1loa* at Letterkenny Aray
Depot to support the Army Reserve and Marine Corps FADACs.

The float assets will consist of FADACs turned in by active

f The MIFASS Prcgram Raview, April 1982

idsnrtified the inadequacy of +h2 curren+ fire direc-ion
systems., The data from the juestisnnaires reinforces *+h2
findings c¢f the MIFASS Working Group, <regarding *he curren=
sta*us cf fire dJdirection. In this au+hor's opinicn, <*he
curren= Marine ar<illery f£ire diraction systems are irnade-
gquate tc meet the demands >f today's battlefield. 1In arn ags
of sigrnificant *echnologizal z2dvancas in compu=ation anid
autcmatic data processing systems, <he Marinz Corps s%ill

utilizes a manual svstem consisting of paper firing charts,

plot*ing pins and GFTs. FADAC is n>%* being uszd4 and canno=
be relieé upon. FADAC wa2s huillt %o meet +he field perfor-
mance requirements needed +twsnty yzarzs ago. I+ ret <+he
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requiremenzs at that =ine, but new £field per

craznce=

requirements fon +cday': ba*tlefield scenarios have mads
FADAC an ou-moded svst2w. Th2 supportabili+y of FADAC has
beccme Increasingly difficul-, MIFASS is at leas* fivs
years over *he horizor. The most optimistic IOC for MIFASS
is FY 1987.

MIFASS will provide =he ar+illary ba+talion FDC with 2
s*ate-of-the-art fire support/firs direction computer

system., However, MIFASS, as presently cenfigured, dces no*

ext2rd “o *he ba*tery leval. MIFASS will rot =cesulve the
fire direc+ion problem 2t the battery level. The ar=ziller

bat+ery reeds an automated computational capability %>
suppert autonomonus ba%*tary operations, The fire dirzection
problem is especially critical at +“he ba**ery level and
neads to ke sxpaditocusly -2solved.

Artillery is the MAGTPF Ccamandec's primary all-wea%her

fire suppor=t asset. The lack of 3 mcdern artillery bat<a-
licon/ba<=*%2: five direc*tioson <compumsr sys*em degrades +hs

Marine Ccrps overall combat 2ffectivsasss. As a C=sult, *“he
Marire Corps faces a cri*ical window of wulnerabili+y, until
MIFASS or a deriva*tive of MIFASS is fielded. The curran*

situaticn requires immediate attention.

The problem defirni+ion for this 4hesis Is that <he
current bat«ery level firz direction systems are inadequacte

to mee= <+he demands of -oday's bat+lz2field. This <thesis

(B8

adiresses the selecticn >f a Marins a-<illery bat<ery €ir

D
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directicr computer system which can significanily =znhnics
the bat*ery's fire direction capabilities. Systsza effac-ive-
ness car be Improved through the us2 of automz<si assistanc:

fer the compu*ation of £firin da*a and <“-z2ngaizsion  of
g

Callis-For-Fire and Fire Commands. Ths tecrnnolozy =xists =2
suppcrt the automation of these functions.

= This chapter has established th2 current s=zz2*us of <irs
:! directiorn based on data provided by the questionnaiczss ant
interviews, and Jefined the problea *the =<+hesis address=zs.

- ctillecy Cemmandess' irputs reqgarding <+he charac=meris+*ics

of a new battery level fire direction compu%er sys%zm w=re
alsc presen+ed. The next chapter discusses fcur fire dir=c-

+ion ccocmputer systems which can enhance battery fire dir=e-

=
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! V. DESCRIPTLON QF ALTERNATIVE

The current status of fire direction in Marine ar=<illar

<

units has been establisha2d, The =2xisting fire 4:

1)
3]
D
Q
ot
1
o
o]

sys*ems are considered inadequate for “he bat+tlzfield of the
1920¢'s. This chapter provides a dascription of four bat+ery
level fire direc*ion computer systems which carn

significantly enhance the battery's tzachnical fire direc<ion

capabilities. In alphabatical ordzr +he four alternativsa

Systems are:
S, 1. Artillery Compu*er Systeam (ACS)
éi 2. battery Compu*er System (BCS)

3. Erhanca2d Fire Direction/Survey Calculator (FD/SC)

o8 ¥
L

0
Tt

L., Fire Con*rcl Compu%zr (FCC)

)
f

‘

»

T+ should te roted <+<hat othsr alzermatives exis=.

s
3

erican and foreign companies zarz macke*irg a number of
baztery Iev=l fire Jdicection comput2r systems. It was beyoni

th2 scope of this thesis “9 considsr 211 +he available fire

(o)

irectior computer systz2ms. This +*“hesis evaluates the four

alterna+ives (listed abovsz) which 13122 curcently considereqd

- .ot

b oA RSt ot ot e ot

20 be prime candida*tes for replacing PFADAC.

T

The BCS 1is currently in produc+ion and its <“echnical

charac<eristics are firmly established. The other <+hre2

e e

.
-t

r various s%tages =:cf developmen*. Some of

'l-

alterna+tives are

) '__:;' ‘l._l‘ Fr
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thelir technical <charmcteristics »ay change as develcpren®
proceeds. This awthor has recently visited <each 2% <hs=
manufacturers and diiscuss=2d *=he zschnical charac=eristics
with the respec*ive projszc+ 2nginszrs. The +t=2chnical data

pra2sented in this chaptar were proviizd ty *the marnufac=urers

cf *he systems. Additionally, cost lata were iiscuss=d w:oth

o

represer*atives of +“he coapanies, Cost data presented 1

this *hesis do no* reprasent an o¢ffsr to produce a< <h

W

estimated cost. The actual ccst can only be es<zblishe]

through con*ract negotiation. Each 2f +the alzernziiveg is

s )

discussed separa*ely and then *he major characteris-ics of

all the al*ernatives arz summarizzd in Table XVIII.

A. ALTERNATIVE 1, ARTILLERY. COXPUTTPE SYSTEM (ACS)

The Magravox ACS is a3 staze~of--he-ar+ automatz2d fics
directicn sys*en. I+ combines Improvemen*s in the compu-za-
tion of £firing data and communica<ions to ernhance overall
systen's ¢ffectiveness. The ACS usss <*lL2 command, cor:rol

and cemmunications syst

&

m inherert to +the tactical employ-

ment of & Marinpe ar+illis-

<

hattary. The ACS consists of an

Units (GCUs).

FJ

Ac=iilery Computer Uni+t (ACU) and 3ur Con*co

The ACU 1is *he hear* of the system. I* vprcvides the
computa=ional capability and +“he communications irnterfacsas.
Ths ACU is a lightweigh:, ba%**ary powered, handcarriead
battery Zevel fire direction <computer which provides fcur

separats communicaticns networks Zor digital cor vcice
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recepticn/transmission. The ACJ 3igitally passes TI[iz=
Commands directly 2o ea2ch howitzer via wire or radic. The
ACU alsc provides for th2 storage ani display of informa=icn
pertaining +o weapon anid ammunition status, +arg=t =and
observer locations, meteorological infcrma*ion, and cther
essential FDC da*a.

The GCU corsists of four piszces of -equipmen~ ©p=r
howitzer; the Gur Control In*erfacz (5CI), ths S=2ction Chizf
Assembiy (SCA) anrd two idantical Gun Assemblies (GAs). Ths
GCI provides the interfaca betwesn ths ACU and <the SCA and
GAs. The SCA is connected to the 3CI by a powsr cable, Ths
two GAs are connected 5 the GCI by standard fieii wirs
(4D-1) . The howitzer section chisf uses the SCA. The SCA
has a display for fire commands and a con*rol keyboard. The
GAs provide deflaction for the gunner and quadrant alisvazion
for the assistant gunnez. Tha GAs will be mountad cr zh=
howitzer.

Physical Characteristizs: Tabls II provides *he gerzral

u?

physcial charac*eristics of *he ACS. The total weigh*t of
+ths ACS Is based on *he *ha eguipment required tc suppor* an
eigh* gur battery; *that is, +%wo ACUs and eight GCUs. Th=
weight of *he ©power cabies and +the Government Furnished
Zquipmen*t (GFE) printer that *he ACS ROC requires is no%

included.
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TABLE II

ACS Physical Charactsristics

Ov2-2ll Dimepsions (in.) ACU 7.6 (L), 11 (W), 7 (D

Volume (cu. £t.) ACUO .34

Weight (Ibs.) ACU 19, GCI 10, SCA 4, GA 1

Total Weigh= (1bs.) 158

Memcry Capaci=zy 256K, 16=-bit words

Display ACU, Plasma, 256 Charactars
approximately 1/4 inch in
hzight

Display Dim=nsions (in.) ACU, 7 (W), 3.5 (H)

£oWer Eeguirements: The ACU can be pcwered by internal

oTr ex*ertzl power sourcas. Internal power is orovided by cns
non-rechargeaple Lithium (BASS557/U) ba+tery or- sne recharge-
abie Nickzl-Cadmium (BB557/0) bat:tz2ry. Ex*ernal power is
provided by: <ex*ernal twanty-z2igh* volt (28 vol+), dircect
curcent (28 VDC) batteries, standard Macine Corps mebils

elzctric npower generating sources (MEPGS) and s=andzari

Q:
=
9
b
L_‘_
Fe
P,...

garTisor pcwar (60 cycle, 120 veclzs). The ex*srnal baz=eries

- -
-

-4

ude: non-rechargeabls Lithium (BAS590), rechac-geabls

\aaza O Py
C 'u'v'i B »

s AL,

[ Nickel-Cedmium (BBS590) and s=zandard vehicular bat*erias.
i% The ACU tas bull+-in connsctions for the external ba<teries
E“ ani MEESGS, A small convarter is rzquized <Zor “he ACU o
¢ opera*e from s+andard garcison power, The rcecharg=salla

i

RN e

B 89
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batteries will recharge when ths ATl g conrecied =c  an
ex-ernal power source.

The operating time providzdi by izrernal,/ex<ecnal
batteries is a function of system usijye, TLe expected oper-
azing times of “hese batzaries will b2 des2zrninzd as part of
developmen+al 2nd operatisnal *esting, Magnzv:x Las found
~hat the Li*hium ba*teries gernsrzzlly 1las*t ¢ive times longer

than the Nickel-Cadmium batteriss, Tha DML ard FIST DMD uss

{2

+h2 same *ypes of ba+terizs as +h= ACS.

o

The GCI is pcwered by either intzrnal or exterral pcwer
sources. Internal power is providsd by orne non-r-echargeablz
ithium (BASS557/0) bat=sry cr ons2 rs=chzTgsabl2 (BBS57/0)
battery. External powsr can be proviied by rthe vehicular
elactrical system of s21f prop2112d weapons. The GCI

pcovides “he power supply for the SCA 2nd the wo Gas.

Communications Capabiiities: Th2 ACY provides communi-

2]

cation ne+t switching control fer

(]
O
=]
(3]
(4]
P
g
e
1
i
or
®
Q
(e
g
=2
=
]
}
(9]
P
]

tisrs networks. Integral connec=2rs £for four aets, ei*her
wire or radio, are providad. <-hz AZU czn receive z2nd tran-

smi*t digi+al communications or veiz2 viz vize o7 radio. The

1

ACU has z local +*erminal nods wi=h 33 In*arnal por+t ia<c *he
four ne< communica*ion swi:ch. Tins -ags for messages origi-
rated a+* “he ACU are provided. Th=2 ACS thas ths capability
for time synchronization with net usz2c-s. The communica*ion
ret subscriber =able allows *h2 ACZU %> control the communi-

cations cf subscribers <n %h2 ne*s a-*tached <5 “he sys*en.
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The modes of opera*ticn <for *his conrntrol include a Jirsc=
addressing mode, an automi:ed mode ard a manual review mocle.
The ACU provides a net sersing capabili+ to reduce ne*
usage corflicts by multiple users. The ACU c=n haadle 64
subscribters. Enccyption compatibilities includs +he KY-8,
28, 38, and 57 systems. The KG-31 and 84 compatibility is

achieved wi*h an aprropriate modem cazqd.

Programming

(3
o1

Ballistics: Th2 ACU does not requirs

2 Z

“ape loading of programs. The ACU'? firmware corntains the
programming for all +the required ws2apon systems and *h=
appropriate projectiles, fuzes andi propellan+ts. In 1578-79
Magnavex improved the Modifieid Point Mass Baillistic Model

for the T.S. Army's Ballistic Research Laboratory. Th=2 ACO's

U

programming uses this Improved Modifiz2d Point Mass Ballis+i

(@]

Mciel., Pallistics are providel <£or +he feollowing calibars:
105mm, 155mm, 8 irch, and 14.5mm “rainer. The ACS can
compute £izing da=a for 2111 curren<t Marine Corps artillery
weaporn systems irncluding the M198. ACS can compu<s indivi-

dual firing data for sixtzesn w2apons.

Storag=2 Capabilitiss: Table III <corn*ains *“he curren=

da~a base s+orage capabiiities £or *he ACS. The ACU can
determire fizing da*a, s=ore weapon and ammunition infcrma-
+ion, s*tore =z2nd apply R=2gistration Correc+ions ani s*or2
mask daza for sixteen howitzers. Thz ACU autonates ammuni-

tion accoun*inag. 1I* can ra2%ain thrzz fice plans as par+ of
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i+*s target storage. Provisions have beer made to 2llcw *h

1]

ACU +*c =xchange <*he Firsz Corn*rol Dirzctory and Data Base via

digital cemmunications with arother ACU 2% a higher head-

gquarters or an adjacent unit utiiizing ore of its four

communica*ions nets or -hz gerial Ja*a por+.

TABLE IIZ

ACS Storage Capabilities

Targets 63
Krown Points 60
FO Leccaticns 10
NO Fire Areas 10
Alrsvace Coordina+ion Areas 1
“e-eoro-oglcal Piles 3
Irdividual deapon Locztions 16
Fira Unit (weapon and ammo) status 16.
Ccncurrzen~ Missicas 3 + 1 FPF

Fire missions can be input+ed digi-
+aily oz manually. The ACS canr procsss “hrszs concurrent firs

missions plus orn2 Final P2rotective Pire (FPF). Table IV

types of missions <+ha*t *he ACU is programmed

The ACU will pzrccess 31l thr2e 12%2hods of targe+ loca-

tion: grid, polar and shift f-om a known pecint. Using laser

generated *arget or projzctile point of impact informa=zion

(slant range, ver+*ical angle and 4direcztion), “hs ACU
computes firing data for stavionary and mecving *argats.
83
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TABLE IV

ACS Mission Processing

Area, Low and High Angls
Registration / Des%truction
Illumination / Cooriinated
Air Observer

Time on Targe+

laser

Frecisicn Guided Munizions
Nuclear

Mcving <arget behavicr is predicted using linear Zian<zrpoia-

+tisn technigues. Based on the moving ztarget bzhavioz, <«is

ACU develops *arget :iIntsrc2pt points, <*ime %o targst inpzsr-
cept, time weaporns are to fire, the commands =0 fize znd ‘a2
FO commands for "sho+" and "splash". The ACU providas arppoo-

priate aler+s for Time on Targa% missions. A

adjustment i1s provided for Air Observar

processirg a nuclear fire mission,

+echnical firing data for the nuclzar projec+ila,

Auxiliary Functions: The ACU performs 2 rumouezr o7 zuxi-
liary fire direc*ion functions. On=z <cf “he madicr auxiliazy
functiors is the determination of Rzgistra*icn Jorrec-icns.

I+ can provide GFT set+ings €or manuazl back-up. The ACU can

determize data for replot. The ACJ can de*ermine Muzzls
Velocity Variaticns (MVVs). Thz M9) Va2locimeter readings are

manually correc<ed for projecztil w2ight and oprcpellan*
34
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*emperature and entered in the ACU. The ACU compares +*he
entered value with a stanjard valu2 to de*ermine +the MVV,
Using a set of MVVs, 2a sat cf Compara=ive Veloci:zy Errors
(VEs) can be determined. Comparative VEs are needed *o
trarsfer GFT set*ings to non Cegist=rirg batteries. The ACU
alsc compuzes <zone-to-zone transfsrmatiomns. The mcving
“arce* 2rd "shct" and "splasii" functions have alr=ady bheen
discusssai. The four ACJs being built for OJT II are no*
programmed for standard survey operations., However, Magnavox
has indicated that <*his czpabili*y cculd be added prior %o

producticn , if it Is required.

Maintenance: The ACJ cortains 3 buil+-in self-<est fo-
all firmware. The operator performs this test as par:t of *hs

przparation for action s=2quence. It takes zpproximatel

~

sevesn seconds *c¢ rur thz seli-test. Mean Time <*c Re

'Q
Y

"

-

(MTTR) for Organiza*ional level <=-=spaircs (opsera%*nr repalrs)

Ih

is currently estimated as less than ten minu‘es. Repair o

s accomplished by the' in*srchange of replaceabls

’.l-

+he ACU
modules at zhe appropriate maintanance 1level. Mean Tinme
Eetween Failures (MTBF) is estimated at fifteen hundced
hours, The contractor's =2stimates 2f MTTR and MTBF will be

evaluated as par+ of OT II.

(]

£ Operation: The ACU's programming uses

1]

as

i
o]

layering of menus *o praesan%t inforna*ion te¢ the osperator.

The cperetor calls *he system mode =m2nu which causes <he

85
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n

choices cf system opsration %o te displayed. When he
on2 of *he cholcaes, that s2lection will bring to *the display
panel +he next m<nu which contains the additional decisions
that the operator must make.

Prompting techrniques avre uszd to lead rthe operator
through the sequence of operazions he must perform. The
display presented tc the opsratos zalls a=<entior =0 +*hs
informa<ion which +*he program czquiras +he operator *o
suppiy. Default selectioas are provided in *he presentazion
of scme menus, <so that the opera*or is nc* reguir=d tc makse
an entry unrless his entcy is diffzrsnt from “he defanl:
(normal standard entry).

If the operator should reguest the sys+*em tc dJdo some-

thing that violates a przavioasly established "ecpera+ional

rule"; (for exampla, incorrect projsctile / fuze combina-
tion, firing in*o an estiblished no fire area, e+c.,) <%h2
system will outﬁut a warning message to the cperator %elling
him of the conflic: and will rnot honor his request until %he
conflict is resolved utilizi: g proper procedures.

This au*hor was abls 0 execu“z 2 complets £ize missiorn
on the ACS after a ten mirute ovarview brisfing or ths
system. The key *o cperation of th: sys*em is the effectivz:
layering c¢f information. The presentation of informa*ion was
logical and easy o follow. The layer-ing proceeds from 2
broad overview down to spscifics. Ths presentation of cace-

fully scrted data enhances the operaticn of the system. The
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display is clear and very =2asy +to r=2ad. The characi=Is 213

evanly distributed and th2 alignment is excellent. Comaocn
artillery abbreviations have been used wherevar possible.
Th: operator is not required to m2morize a list 2f new
mremonics. System promp=s are us=3i zffectively *“o quiifs =h=
operator. The system can b2 classifiz2d as "user frierdily",
Magravox's attertion to human engineerirng is clezcly
evident. The size of tha display characters (2pproxima+ely

1/4 inck), effective lay=aring ¢f informaticn and *ze use of

system prompts con*ribu+2 to the s2ase of operaticr. Th=
display parsl c¢an easily be read by the FDO. Visnal and

auiio alerts are proviled fer the opsrator. The sys-en iz
defiritely easier to operate than FADAC.

The ACU has a directory featurz which allows the cper-
a=or *c¢ search information In his 3ata base in response %o
quasticns concerning targsts, mission sza*tus, forward cbssr-
vers, weapons, etc., This £2azurs permits qusstioring %h=z

system Zcc information wizhou* +h2 raquirement of the cpecz-

&

t3T- as3king for each pia:z of information that he

L o
A1l

H}

th

separatelyY. 3BSssentially +th2 directory featurs allcws <

>
-

n
b
t e
g

cu

5]
r
M
1

oparator to know what is planned, and wha+ 3%

o
th
W
£
N
=
H
W

happening, iIn his area of in<erzst. The Jdiresctory

uses layerirqg and sorted 3a+a to provide *he information.

Commcnalizy: Approxina<zsly nins*y percent of *he ACU's

“ de

hardware is commcn *o0 othar systems TRef. 36]. The ACS will

be produced on “he same produc%ion line *“ha* was established

a7
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fer the Azmy's L[HMD (AN PSG-2) and FIST DMD. Magnavex's
Ceonmurnicetion Message Device (CMD) becomes ar ACU with ths
icadirg of programs *o accomplish thz ACS systsm tasks. The
programs are ccntained on two Electrically Programma Reai
Orly ¥Feuwory (EPROM) cardis and on2 Ar-ithmeziz ©Procassing
Memory (APM) card. Th2 ACU will use *he actual FIST DMD
bex .

Althcugh the ACS would be a unigus Mazirs Corps systen,
<n2 majority of its compon2n*s are usced in a rnumber of Armv

sys*ems. The Marine Corps maintenznc2 2ffort should berefis

tHh

rom the high degree of coamonali*y >f basic cocmponarn=*
Magravox hes produced 2000 DMDs and curran+ly a +0o%al of
7000 are *c¢ be fieided. Approximat2ly 1200 FIST DMDs ars +o

be flzlcded.

lD

3

kD ot tn iy

Zeveloument Test and Experim2n+taion Testing of +hs
1D was conducted at Fert Sili by the U.S. A-mv Field
'y Boazd during July and August of <this vear.
2Ty firniings bassd cn emerging *es- resul%s iadi-
FIST CMD performance to bz favorable. [R2f. 37:

Lo I g RN
ot

QO
.

commonality shculd significarn*ly -educe logis-

3
5
W
2y
fw
1
fu
=
"
[B]
o
«Q

Additionally, the Marinz Corps should be abls to

cl
o
(¢]
n
Q
[#)
{n
ct
1]
[ ]

of Magravox's produc*tion l=zarning cucve. Ths

ot
W
=
1]
[4Y)
Qs
<
m
9
ol
3]
Q
1]

"
3,
ot
I

al oroduc*tion line problems associa*ed with any new
sys-em start-up have already been rasolved. Th=2 Marine Corps
381 ACUs represert only a small £rac%ion of the items *c be
produced cr *his produc*ion line. N5 major modificatiorns of

tha prcduction line are ra3juired £or +he ACS.
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required prior t¢ message being entzr2d4 in+to msmory) inter-

face with *he Meteorolcgiczl Datz Sys=em (MDS) and =
Digital Communications Ta2rmipal (DCT). ACS will also
compatitle with and ircorporz=sz ik 2u*oue~=( interface with
MIFASS whern MIFASS is fielied. ([Ref. 38: p. 6]

MDS is an Army program to dsv=zlcp ur improved field
artillecy meteorclogical sys*em. I+ will hzve “h: capability
of providing an automated assist2d digi<zl mereorolcgical
data inpu* direc<ly to an ar+iilery fire 3irection ccmpuzar,

It is eing developed by Berdix and i+s preie ~2d TOC for

<he Marcin Corps is FY 19384, Ths DCT Is a Macine Ccrps
]
developed, small, hand-held marnually opers=s device for

sending and receiving digital, fixz24 Forma* 2ard free-=ex*

[0

nessages over wire and voice radis n=a%s., The ICT is being
develovsd by Li+ton. Tha projectsd 0O(T I0C :Is FY 1985,
MIFASS was Jdiscussed in Chap=er Thres=, Tr= MIFASS EDMs are
being buil+t by Wecrden Systanms. Thz projected MIFASS I0C :is
FY 1987. All of these systems (ACS, MDS, DCT, MIFASS) are
s=211 in vartious s*ages cf developmzn+* and are being buils
by different ccntractors, Intarop=arabili«y will be 2
prcblem, bu= i+ is solvabla,

The ACS must be able to us:z ZZnput from <he 499
Velocime=er and +he AN/TPQ-36 2adaz. The 490 was fielded in

FY 1981. I* provides accura%z and “imaly decarmina+<ion of
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weapon muzzle velocities. These muzzle velocities carn b2
manually en*ered into ths ACU. Ths M90 dces ro% have or
require an automated interface.

The AN/TPQ-36 hostile weapon 1locating radar has <hs
capabili*y for a digital data link with a fire direction
computer. The ANMTPQ-36 is currently being €fielded by *“he
Marine Ccrps.,. The ACS automatically Interoperates wi+th <h2
AW/TPQ-36.

Magravox is working towards d=vasloping *hs interfaces
for MDS ard tae [CT. Thessz iInterfaces would be included in
+he production version of the ACS. Since the final version
of MIFASS has nc* been decided, Mdagnavox has recommended
that the MIFASS interfacz be a preplarned product imprcve-
ment for *+he ACS. Sufficient memory has been alloca*ed for

zhe required interfaces. The FIST DMD interopera*es with

o

BCS/TACFIRE., Sinrce ACS is in reall a derivative of +*hs
n+a

7
FIST DMD, <*+he communications intarface between ACS ari

BC5/TACFIRE is not a major problenm.

ost: Procurement cost is based on a FY
1984 procurement of <+h2 AZS, Tabla2 V presents the current
estimate o€ +he ACS procucement :59st :or an eight gqun
bat“~ery. All cos*s in Tabls V are inp FY 19848 4doliars.

The ACU's high degrae of commonali*y has z2llowed
Magravex to establish a gocd es+imate of “he ACU's cost.
Thare is scme urncertain*y concerning “he cos: of <+<he GDU

(composeé¢ of the GCI, SCA and 2 3As). Magnavox previded 2
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TABLE V

ACS Bs+imata2d Procursazsnt Cost

P43 Cost Rer Itzn Number Rsgquirsd Total Cest
ACT $35,00¢C 2 $70,000
GDU 24,000 8 332,000

2102,000

range of from 33,000 to %5,000 per GDU [Ref. 361]. Table IV
uses the average of *the low and high estima*es. TIf zhe low
and high 2stima*zs are us=2d, the total cost per bat<2ry may

be as low as 394,000 and 2s high as $110,000.

B. ALTRENATIVE 2, BATTERY COMPUTER SYSTEM (BCS)

The BCS is a ligatweight, self contained, <twenty-eight-

volt (28-volt) direct <current powzrad central compu=ing

subsys*em which performs :the procsssiag, display and control
functions for artillery battery £irs direction [Ref. U: p.
1, Zrcl 71 BCS is arn automat=2d da<a procassing syster
which prevides =he firing battery with high speed =wo way
diyi+al communicazions and interface wi<h TACFIRE, D“D,
Ground S+a“ions of Remo+teliy Pilo+=214 Vehicles (RPVs),
AN/TPQ-36 Radar and MDS. The BCS is :the battery lavel ex%en-

sion of TACFIRE. It refinres +he TACPFIRE soliu%tior ani

provides individual piscz corrections. I%ts =mplecymarnt and
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D Ta

capabilit ar> optimized for artillsry Bat*ery u2te in
pecforming survey +*asks and technical fire dicectisnwu., I=
erhances responsiveness and mininizes FLC +=ransifssion
errors by digitaliy sending Fire Commarnds from =g FDC <o
each howli+zer,

The BCS replaces the M18 FADAC and “hes TalFIRZ 200 in
all Army f£ield artillery batteries to Includz csoae euervs

ani Naticnal Guard urits. Tha BCS 2

n
(@]
4]

battery cpera<ions. Thsz BCS normally wil
M577 Command Pos+ Carrier (a tracked vshicle) 2 +he M561
Gamma Geoa+t (&2 wheel=a2d vehicle). Th= BCS can aiso be =abla
mcurted for ground <cperations. It i3 Dbeing produced bv
Nerder Sys*ems and initiszl fieldiny commenczs during <h=
second gquarter FY 1983. The BCS cosis%s of three az2jor
units: & Battery Computar Unit (BCU), a Power Dis*rihition
Unit (PDU) and Gun Display Urnits (GDUs).

The ECU corntains all zhe controls, displays, and inilica-
tors required £or <he ipizia%«ion 2nd Iaplemen<taiion 2¢ fira
missions and associated ac*ivi+ies, The BCY perfeorns all
calcula+ions and interfacss with sxisting zTadios, ccmmiaica-
tions security (COMSEC) dsvices and the GDUs. The BCT has 2
twan+y-£fcur 1line piasma display panel, ar =za2iphzrumeric,
special function keyboard, <“hree zommunications por+s (two
exterrnal and one <Irn%*ernal), ard a program load uniz. The

communications networks allow for <h2 reception / <-ansmis-

LR ]
V)

s

sion of digital communicaticrns or voice via wire or

(3]
9]
[eT)
l da

0.
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The PDU receives primiry system pcwer from either vehi-

cular ba*tery power or from a DC g=snzra*o-. The PDU 3dis*ri-
tutes incoming ©power to the BCU, COMSEC equipm=ar+, and
radios. The PDU is equipped with a trickle charger “o main-
tain the BCU's internal 2mergency batteries in a constan*
state cf charge,

The GDU receives piescs data and Fire Commaads frzom th=

r sec*ion. It also *ran-

[1)]

BCO and déisplays *hem at Zhe howitz
smits <+he weapcn status +o the FDC as a fire aission
progresses., The GDU consists of a Case Assemly, Sec*ion
Chief Assembly (SCA) and two identical Gun Assemblices (GAs).
Th2 Case Assembly provides the intarface be+weer the BCU ani

ths SCA &nd GAs. It also serves as +he power distributicn

(B3
§ o

n
o
{

u.

source £¢cr *he SCA and GAs. Zach sesztion chief receive
rowitzez's Fire Commands on *he SCA #hile “he deflzsctiorn ari
gquadranrt elevation ars2 simultarzously displayed on <=he
guarner and assis+*ant qunnar GA's rssoectively. The GA's will

be mounted on the howitzer.

Physical Charac*eristics: Table VI providss <=he

general physical charac*aristics of +<hz BCS. The total
weight of <he BCS is basad o5n “L® eguipment required o
support an =igh+ gun battery; that 1is, <+wo 3CUs ard eigh+
GDUs. The weigh* of th2 -cequired p>we:- cables and <he GFE

prirter Is not included.

} Power Reguiremenis: PThe BCU is pcwered by either vehi-
4 cular batteries (28 VDC ) or a DC g=znera%or (1.5KW). To
- 93
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Volume {cu. s
J

RCO
205
Tzb 1l
Cage
SCa
GA

Weiaght (lbs.)

Total weigh= (lbhs.) 634

Memcry N 125K

Display 3CU,

chat

charactars,

inch

Pisplay Dimensions (in.)

BCU,

*

prao=ec* the mem2ry ceontents In

power less,

consistira of “We

bat<eriss (B3590/0) .
BCU memory for up to *w2> hours,

and retucn cf primacy powsr wit

PDU trickle charcer main=iins :h

s-ate of charge.
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26 (Ly, 17 (W), 18 (H)
20 (LY, 1¢ (W), 5.5 (¥)
20.3 (L), 12.8 (W), 14 (H)
9.4 (L), .4 (W), 2.2 (H)
6.2 (L), 4.8 (W), 1.8 (H)
4
1
91
30
e 73
25.2
2.3
1.5
¢ 24-bit words
plasma, 24 linss with 72
actars pe- line, 1728 <%c-al

in h=2igh*

19 (%), 5 (H)

dmiun internal

These batteriss provide pcower

+hus allowing for

hou+t to*al memory

€esz ba**e2ries in

el o m o m m e oml oml -

approxinazely 1/8

€meIgency
~h=
~he rcepair
The

icss.

a constan*
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Caary

The GDU Case Assembly serves as ths power soarcs 7T ks
SCA and two GAs. The powzar options include intsrral h“i+*=zry
power (BA5%590 Lithium), vehicular bat+ery power =znd& 5T

generator power. [Ref. 39: p. 1-19]

Communications Capabilities: The BCS uses s*andar?
cennunica+ions equipment (wire ard radio) tc commurnicate by
digi+al and voice *ransmission. Thz BCU has “hr=e comaunica-
tions chanrnels. Two ex=srnal chann2ls provida highk svezi

digital communications or voize wi:h *he elenznts 7% +“hs

£i21d ac*illery systen. Channel 1 is normally <the 3at:

M

oY
Fire Direc*ion ret. It serves 2s the vprimary iizk wish
TACFIRE. Channel 2 would hanrdle any other nets the bat-ezcy
neads tc utilize. The PDC uses +he channel 2 radio <o swi%ch
to the apprcpriate frequenzy prior o> communica*ing with znv
charnel 2 subscriber. The 4internal channel is wused +4»
suppor: *he GDUs. The intarnal chanaal can communica=<e cvsr
wire or radio. The FDO can ccmmunica*e on any channel b
turning ris handset channal selector %o :the desirad channel
and morltorira/speaking on that <channel +hrough +he 790
handse:*. The BCU allcws for the conocsiziion aad =diting of
mes sages.

The PDU permits on line teletype with *he GCX-74,.
EncTyption compatibilitizs include only +he newer COMSEC
devices, KY-57 and XG-31 and 384. Th=2re are cucrsntlv no
plars “c require secure communications for the AN/PRC-68 on

+“ha GDU re+ due *0 i+s limi+ed rangs.

32
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Progzamminpg ard Ballistics: The BCU resquizss th

(1)

loadin o2f a magnetic ¢

5
o
o

prior t> operation. The BCS
Cannon Applica=icn Program consists of an operating syst=zm,
diagros*ic module and a w=2apon dependent program wi-h data
base. Tre program loai unit lccated beneath the BCU loads
the sof+tware program in l2ss than 5102 minute. The software

program con*ains six*een differsnt caliber and model cecmbi-

nations for the 105mm, 155mm, 8 inch anrd 1W.5mm “rainer.
Evary a-tillary cannon uni%t has th2 same tape. The cpera%or
initializes the ECU for tha2 specific weapen system desired.

Th2 sof+ware program contains all the authorized projec-
+iles, fuzes and prorpellants for =ach weapon systemn.

Ballistics da*a are based or *he older Modified Poin=

rh

tass Model., The BCS can compute firing dr.:a for all curren*

r

9]

Marine

crps ar*illery weapon systsms including +he M198,
3CS can compute indivijdual firing 3243 for “*wa2lv

e Wweapons.
BCS wilil determine firing da*ta wusing individual pisce loca-

[9]
e}

s, individual piece muzzle velocity variations, irdivi-

(o7
413

uval vlece aimpcints and by flying irdividual ballistic

tTa jectories.

Stcrage Capabilities: Table VII contains the data bass=s
s*orage capabili+ties f£for “he BCS. The BCU czn de%ermine

firing data, and s%tore wezpon and amaurition information for
twelve hcwitzers, However, tha BCU zarn only store and apply
eight differen*t mask inpats. Bight sets of Regis*ration

Corrections car be stored. The appropriate se* >f
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Registration Corrections is applied *c¢ a

(R 1}

a missicn. The BCU can s*“ore —hree

"
I

<

data base. Fire planning la*a can b=

from arother BCU, TACFIRE >r D¥D.

TABLE VII

“isn: grid, polar and shift from a known point.

1

plans as pac*

us2 laser generated “acgst Informa+<ion *o
data for a sta*icnary or aoving *argst. ah
Gzound laser Locator Designa=or (GLLD), =
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[9]

n

automatically Zapu+tted

BCS Storage Capabilities
Targets &0
Kr.own Points 60
FO Locaticns 10
No Fire Areas 10
Airspace Coordina+ion Areas 0
Meteorological Filiss 3
Irdividual Weapon Locations 12
Fire Unit (weapon/ammo) status 12
Concurzent Missions 3, + 1 FrF,
1 CP Msn
Mission Processing: Fire missioas cz:. be .nput=ed digi-
tally or manually. The BCS can procsss :haTsee cchcur-ent fire
missions plus one Final Prctec=ivs Fir2 (FPP) aard on=2
Copperhead Priori*y mission (CP Msn). Takl.e VIII Zdenzifies
+ths types of missions tha* <h= BCU is nzcgrammed “o process.
The BCU will process all <hze2 nsthods of targe+ lcca-

The BCU can

PP
-1lring

de<ermine

en ased wi<h *h

Ww

he BCU has <+hs




TABLE VIIY

BCS Mission Processing

Area, Low and High Angle

Registration / Deszruction

Illumina*ion / Coordinated Illumination
Air Observer

Time on Target

Laser

Precision Guided Munitions (Copperhead)
Targets in a Fire Plan

Nuclear

capability to assist in observer s21f loca*ion by =rilatera-
tion or <resecticn or «> a+*tack irrszgularly shaped *argsts
<hrcugh a draw rcutine.

The BCU provides apbropriate alsrts for Time on Target
missions and the execution cf fire plans. A visual coun*down
clock keeps +*he BCU opsrator abrzas* of fire plarn *“iming.
whan th2 BCS operates with TACFIRE, <*actical fire direc*ion
is providad by TACFIRE. TACFIRE s2lsc%s the unit(s) %c fire,
“ha shell/fuze <combiratiosn, and dztermines “he number of
volleys required *o def=at *he +ar3ys* while conforming with
+h2 commander's quidance. In autonomdus employmen*, *ac+ical
fire direction decisions are made by the FDO and manually
inser+ed by the BCU operator. Default selections can b2
es-ablished by +he operator baseid on *he FDC's Fire

Ordier/?ire Command standards.
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Auxi.iary Furciicns: The BCU psrforms a number of a2uxi-

liary fire direction functions. On=s >f its primary auxiliary

(.}
=
=
(9]
t
| 5
o
e
7]
[Bd
n
[a)
[
®
»

2+*teraination of Rzgistration Corrections.

The BCU provides GFT settings for manual back-up. The BCU
can determine da*a for replot. The BCU uses inpu* from “hs

- M9) Velccimster *o determine MVVs. The M90 muzzle velocity

czadings must first Dbe manually corrected for projectils

LALAn ap 4 ot

weight ard propellant tamperaturs This corracted muzzlz

velocity is entered into the BCU. The BCS compares =he

ey

v

B

- entered muzzle velocity with the standard ruzzzle veloci+y
F" .
rg for the specified prcjectile/propellan* lo*/charge *o de%er-~

& mine the MVV, The BCS sof tware was designed to allow ths

~

< transfer ¢f M4VVs <o o:her charges in the same projectile

propellant group, bu* no restriction for diffsrent lo=s was
imposed. 1I%t thus rcemains the FDO's r2sponsibility o marnage
th2 lcts of ammurnizicn. Jsing a set of relatzd MVVs, a se=
of Comparative VEs can b2 marually istermined. Comparcativs
VEs are needad te =ransfer GFT settings. The BCS can perform
zcne-to-zons transformatiosns. I+ alsc provides “sho%" and

"splash" 4o “he cbservers.

Mairiepaace: The BCS was dszsigned <*“o concen*rate

mainterarce activity at the Operator 1level so as %o avoid

costly evaluation dcwntime [Ref. 40]. The ospera+ter can

,‘“T T r

correct ninety percent of all system faults Ir field

replacezble items within “hirty minutes.

 rean e de aan)
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The BCS contains a self diagnostic progzam which zssists
the operator ir isolating problems. The <cperator's manial
(TM 11-7440-283~-12-1) provides a list 0of <roublachooting
% procedures. As tpart of these procedurss the coerator may be
i- directed *0 a specific diagnestic routire. The BCS has six
‘ diagnestic *es* routines:

1. Display,

2. Keyboarg,

nt

1]

T

3. Pr ’
4. Communications Channa2ls,

5. GDU Channel, and

6. Pront Panel.

5{ The BSU displays all necessary ins=ructiszs Z»r *+he
P opera*or and provides the results of szach test. WHhern a *as*
f_ is failed, the BCU *eslls +he operazor which BCU modul:z
? (there are zleven *o*al) to replacs. Organizatiosnal mainze-
i. nance is limited %o +he r2placement >f *hese mciulas.

- The BCS's MTTR is *thir+*y minutes and MTBF s *“welve

hundred rours. These es-imates are based on =hz 3datz avai-

lable from develcpmental 2n4d operatisnal “es*ing.

ration: The BCS programming automa=es as

Ease 2f

o
lni

8
[
Q
=2
o
(o))
o
(=2
®
rh

ire direction process as possible whils still
cetaining the allovance for TDO intarvention. The BCU has an
alphanumeric, special func*ion k2yb>a-d. The opera*nar uses
£ % alphanumeric keys with a 1list of operator op+ions

presented on the £f-ort pan2l1 display. The special func=ion
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keys allcw special tasks to be initia+ted by +the cpera=zor;
that is, gqun command kays, display operation keys and
execute key. The basic kzybecard is similiar *+o the s+ardard
computer terminal keyboarid. The kaeyboard £folds up to cover
the display area/front parsl duringy movement,

The display area on ths BCU front panel is a2 plasma “ype
display on which 24 lirss o¢f 72 charcacters <each can bs
displayed. The display is dividsd into thrss functicnal
arsas:

1. Upper display. Corn*iins mission sta*us cf curren+ €fice
missions., It has 5 lines cf 3display.

2. Midéle area. Contains gun status, date time, and dzta
file status. It has U lines of dispiay.

3. Lower display. Used for displaying incoming messages,
error warning messages, £iring da*a, and messages
stored in gqueues, composing and sditing msssages, and
displaying editing =2stablishsd files. It has 14 lines
of displavy.

An cperator-gprompt capability prssents a* the botzom of
the display the range of lzgal values for *he £ield in which
th2 cursor 1is currently located. dpzra=ion of “he BCS is
based orn “he use of standard messag:z formats and the exten-
sive use of mnemonics. Th2 rough 3iraf+ of TC 6-1-2, 3attery
Computer Sysiem lists 36 stardacd m2essage forma*s. The

Glossary %o *his TC proviies 3 dictionary of 276 mnemcrnics

in addi<ion to those used for projec+ile and fuze iden+tifi-

2
@D
'-"
[*Y]
=]
1
=
"
Y
Lo}

cation. It takes “*ime for an opsrator <o beco
with the basic mremonics. Initially opera*o-s rely heavily

or. the pubiished lis* of mnemonics.
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In this author's opinion, <the BCS is more complica*ed

+han FADAC. It appears =5 be morz2 difficul® to learn how ¢

o

operate +the BCS than FADACZ, The BCS requires a grezt deal

of memorization. Data iInput rejuires a large amount of

typing. Using FADAC as 2 baselins, *here Is 2 sigrnificant
ircrease in the amount >f <yping. Tha BCS opera%=or is

"
m
Yo}
=
(B
H

ed *o ~ype in text, mneanonics and numbers.

USAFAS is currently planzing to allocate 120 hours of
instruction on BCS *o *h=2 0fficer Basic Course s*udents. BCS
requires a degree of fi=214 artiller system unders=zandin
beyord <he simple genesration of +echnical firing da*a.

USAFAS has recommernded that dus to th=s ircr=2asing complexi+y
!

and respcnsibility of ths uties of <=he FDO, +he senior
- lisuterarn*t iIn <the ficing battery should be <+he FDO.
[Ref. 4O0]

Officers attending -h2 Field Artillery Officers Advaace

Course ard VNorn-Commissinn2d Qfficars (NCOs) “tending <hs

Field A-*illery Cannon Advanced Cours=2 will receive approxi-

mat=ly 40 houirs of ZIastruction on ths BCS. This instruc=ion

a8 will Inrclude familiariza<ion with th2 BCS's characteris=ics

ani capabilitiss, cons=ruc+ing data bases and processing of

L TACFIRE cr autoncmous firz missions. The organiza=ion of a
[ )
an BCS opera“or's cou-se is currertly undsr considera%ion. I+

- has beer estimated +that apprcximatzly 80 hours <c¢f Iastruc-

'.l.

+ion wculd be required for a basic operazar's course.

[Ref. 1] Regardless o2f£ <+the amount of formal +trairiag
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provided *o operators, proficiency is only z°

13
.
ct

maintained through wunit trainirg. USAFAS fg s%udying *he

fel)

pessibili*y of ottaining training simulators whican could he

programmed to dispiay specific messagss in supnort of

n
!
1B}
[
Q

i

“ured training exercises., A BCS inssr+able, £ix=24d

Itn
{0
s
1=
[}

"-'

tape, whkich would simulat2 *he TACFIRE and DMD in<erface is

(a1
1

izlding 2124 sa2rvs az =

b beirg pursued *o support ini%ial BCS

!' ten

training simulatcrs.

orary expedient vprior to fi2lding of +*he prcogrammablsz

g

i
TR
Y A

St ol o ot
AL -
x"

v I1s selected +“he Yarins

.l.

Commcnality: 1If this alternat

fae i

Corps and *he Army would have th2 same bat*tery 1lsvszi

iy

directicn cemputer. The Marins Corps would be able o *ak:

full advan*age of commcn logistics and *raining suppectt.
Trainirq and maintenance publicatizns have already b=en

develeoped. Sof+ware maintenance would be performed bv =%

(1]

Acny (USAFAS, Gunnery Depvartmsnt) in the sam2 mannsr tha~
FADAC tapes were updated.

The BCS serves as tha extension ¢f +he Army's TACFIRR,
BCS capabiiities are optimized when i+ is linked to TACTIRI.
The Army's training will be structured +o suppcz+ <hs
BC3S/TACFIRE interface. Th2 Merins CTorps +*raining will havsz

to be modified to emphasizz BCS au+onomous opera*ions.

Inzezoperability: Th2 BCS interoperates with arc+«her

w
(@)
[72]
-
)
o
(@}
v
)
o
e
[\]
=]
Qe
% 4
=24
®
(=
<
o
O
(2}

FIST DMD. Nor-den Systems is <the

developer and groducer of BCS 223 Is currsntly urde:
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con*ract for the MIFASS EDMs. MIFASS inpterface probleas
wouldl be minimized, sincs *he samz company has wcr-ked on
both systems. Only one of <the systams (MIFASS) is still
under development,

Addi+ionally, the BZS will interface with the 490
Velocime+tar, AN/T2Q-36 and *he MDS. The Marirne Corps would
nct have “o0 tes* +hese interfaces since all “h-ee p-ograms
were designed and isvalopsd to support the Army's
BCS/TACFIRE conrcept of employment.

An irterface for the B8TS ani DCT will have to be devel-
cp2dé. Trhe Marine Corps will have £o *est +*his interface.
Norden Systems is no* currantly working on a BCS/DCT irnter-
face. Since the BCS is 1in produc+tion, a ra*ional approach
would be to modify the DCT +o meet the BCS requirepents for

irter face.

. 2rocuresme Cosx: Procurement costs are based on a FY

Irr

1984 procurement of *he BCS. Table IX presents the curren+
- estimate o0f +he BCS procuremernt =5ost for an eight gqun
tat+tery. The Army has decided to provide two complete BCUs
for its eigh* gun ba+*eriss, All costs in Table IX are in FY

1984 dollars.

ﬁ These costs are based on a Marine Corps buy wunder the
i existing firm f£ixed price con:ract [Ref. 4: p. 7-A-B-6]. I
. *+he Marire Corps is not able <o procure the BTCS under +he
3 existing contract optin “-*e .0 April 1983 and 30 April

1984) , a new contract will hava %> ke <rCe-nego=ia+ed with
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BCS Procursment Tost
Iten Cost Ber Itsn Numbsr Pzquired Iota: Cos:
BCU/PDU $120,122 2 $240,244
GDU £ 12,452 3 $ 99,616

Nerden Systems. A <Te-regotiation of <he contact will mos=
probably result in higher «cos<s than *hoss 1den<ified ia

Table IX.

C. ALTERNATIVE 3, ENHANCED FIRE DIKEZCTION/SURVEY CALCULATOR

(" 7SC)

The Enhanced FD/SC has =2volvsi Z“rom the stand-alone

FD/SC =required in +he criginpal MIFASS program specifica-

P>

. s : .
- tions. The MIPASS requiremsn*s callsi for a small, hand-held
{4 calculater at the artilisry bat<ery lzvsi, This calculator

% ¢

was suppcsed to support aiutonomous ba<+z2ry operations. The

original requirements <closely parallal the capabilities of

ot ek 2t e gn ae of
Py il

:

- ths PHHC, TI-59.

F@

o In the late 1970's *he Marine Ccrps development ccmmu-
3

o nity realized hat the FD/SC would 1ot meet th: opera+ticnal
hC -

;; requirements of an artillsry bat=zery on “he ba*tlefield of
f? th2 1980's and beyond. This was one of the reasons *ha<
b

=
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prompted the Marine Corps to par<icipate in *he dsvelcpauen=
of BCS. Chap*er Three discussed thz reasons f£or the Matina:
Corps withdrawal from the BCS progras.

After the Marine Corps withdrew from *he BCS progran,
Norden Systems submi*ted 2 "no cos:t to “he govsrnment" engi-
neering change proposal (ECP) to enhincz the FD/SC. As par-=

of the MIFASS <contract, Norden was required to precvid=

ot

he

(€3]

C

‘g

eleven FD/SC EDMs tc the Marine Corps. Howevzsr,

reduced the number of FD/SC EDMs to =wo. Norden is currern+l:

-5

urder con*ract *o deliver +wo Enhancei FD/SC EDMs <o <hsz
Marine Ccrps in March 1983. ([Ref. 28]

Norder Is in the process c¢f submit*ing a proposal *»o
further enhance *he FD/SC, sc that 1+ meets or exceads =hs
capabilities specified in the Marins Corps ACS ROC. Norden's
proposal is to produce and field the Enhanced FD/SC as
curren+ly specified in the FD/SC Program Performancs
Specifica*ion 2157-5-0110 and ECP 02021. Addi*icnally, Norisn
plans tc include a digital GDU communica*tions channel tha*
is no%t acdressed in these specifications. ([Ref. 42]

If a production decision is mads In July 1983. VNorijen
projec*s that initial d=2liveries of “he Enhanced FD/SC cculd
be made In <he third quac=2r FY 1984. ([Ref. 43: p. 62]

Further enharcement of +hs FD/SC would be based on *he
concept cf preplarned produc+t improvsment (P3I). The 231
would no+= require any hariware changes. 1I* is based solely

on addi+lonc %0 existing softwace. Sof+“ware addi+ions are

106

PRSI SCW, VLI U G S A S S W S - e P .

N T — - _f-‘.‘._—‘—vj




e A Ty AT T Y WO T TNUW U WUwWL, TR T FTATR T Y REST T o LYY T T AT AT e e T * v o ® - - - - - - -7 -

R : ; N D R

reguired to provide full digital communications and graphics
capabili+-ies, Norzden envisions the P3I being accomplished in
+wo separate phases. The first phase would provide -he soft-

ware additicns necessary to support <+“he full digital commu-

o3

icaticns capabili+y. The second phase would provide %ho

sof+ware additicns necessary for a graphics si<ua+ior

display complete wi<h firs2 suppor% ccordina“ion measures.

Alternative 3 is the Enhanced FD/SC in its finral form;
22+ is, coaplets with communica*ions and craphics capabili-

tiss. The technical dsscription will iderntify curcens

2nhancedé FD/SC czpabilitizs and +he additional capabili+ias

~hat car be provided by Norden's proposed P3I.

ﬁi The FTnhanced FD/SC is a state-of-the-art au=oma<tz2d firs
- ‘ directicn system. The Enhanced FD/SC in ZIts final fora
- combines dimprovemen=s in the computation of firing 3Jeta,
ii communica+tions and graphics to senhance overall system's

effactiveness. The Enhancszd FD/SC usss *the comaand, control

DAt e

arid ccemmunications systams inhe-ent <“o the tactical 2mploy-

}

2n* of a Marine ar*illery battary. The complete ba*tery
eval t

5 2f “he Enhanced FD/SC

andi the GOUs.

The Znhanced FD/SC is 2 self-con*ained, command, con=col

X RTINSV TSNy

-1

ani communications terminal, It provides for in*egra+ed or

s-and-alone *actical and ta2chrnical program control, inferma-

e
NDENDAE

-

tion storage, precessing, comou+a<ion, fixed and

A

: Ty

)

I
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programmable key en*ry, and display «¢£ fize dizscticn oo
survey data. The Enhanced FD/SC is a1 lightweigh*“, Dbettery
pcwered, handcarried firs dizsction compu“er. The Entanced
FD/SC functionally consists of a cantrzl precesscrt, communi-
cations preocsessor, modems, memory, fixed wsy=, display,
inrteractive device, asynchronous s2rilal in%2riiczs and power
source., The Ernhanced FD/SC prograas and da*za are re-ezined
and autcmatically res*cr=23d during powsr cycliny, <liminating
+he need for 2 rrogram loading dsvicse, The ®nherced FD/SC
hardware will have four dual purposs communications cheannels

and one GDU chantnel., The dual purpose charnrels will provids

1]

for digital or voice ra2ception/transmissior via wir or
raiio. The GDU channel will proviiz for +he 3digizal %rapn-
smissior of firing da*a from <he #£D/SC to the 53DUs via wirs
or radio. The digi*+al GDU chanral will be incliluded in *he
Erhanced FD/SC EDMs. The sof+wars *2 suppoc= the fcur dual
purpose communications channels will be part of the P3..

The GDU which was devalopzd by ¥Wo-ilern Zoz  th: BCS will
be used In *his system. Th2 GDU consists cf a Case Assambly,
SCA and two GAs. The Cas2 Assembtly pceviiags ths interface
between *he FD/SC and the SCA and =-w> 35A=s. I* also serves as
thz power source for the SCA and GAs. Tach sec*~ion chisf
receives his howitzer's ~fire Zommanis on the SCA while <he
deflection and guadrant slevatisn are simul*aneously
display=dé on *he gurner and assistan“ gunner GA's TCsspec-

+ively. The GAs will be mounted on th2 howitzer.

108

- . LW " PP W el AT - . M
< it i PN S G S W S S 1 S U A N e




Physical Characteristics: Tabls X provides the gereral

t 4

physical characteristics of the Enhancad FD/SC. The <c*al
weigh* of the system is based on “hs equipment required +«o
sypport an éight gun bat+ary; tha*t is two FD/SCs and eigh+
GDUs. The weight ©f th2 reguirsd power cables and GFE

printer is not ircluded.

TABLE X

Erhancad FD/SC Physical Characteris+ics

Overall Dimensions (in.) FD/SC 18.8(L), 12.5(W), 6.6 (H)
Zase 20.3(L), 12.8(W), 14 (W)
SCA 9.4(Ly, 4d.u(wW, 2.2(d)
3A 6.2(LY, 4.8(W), 1.8(H)

Yclume (cu. Ft.) FD/SC .89

Weight (I1bs.) FD/SC 35
lase 25.2
SCA 2.3
:;A 1.5

Total Weight (bs.) 302

Mamory 720K, 24-bi= wocds

Display FD/SC, plasma overlayed wi+h

an intsractive device,

lef* half, 25 lines with 36
charactars per line, 900 to=al
charactars, approximazely

1/8 inch in heignt®

Display Dimensions (ir.) FD/SC 9.72 (W), 4.75 ()
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The =rhanced FD/SC's memcry can be expanded o 816K
Bvtes wizh *he additier of an iInternal plug-in aemory
mcdule. The Eshanced FD/SC's mendry c¢ould be fur+her
expanded %o 2000K Bytss based or projected techaoclogical
advances irn the size r2duction of msmory modulss or the
incorpecration of a periph=zral add-o>n mass memory. Norien
believes *hat a 2000K B8yte memory based or smallec sized
memory modules could be irstall=zd inside *the <current
Enhanced FD/SC hardware. [ Ref. 42]

The Inhanced FD/SC will use only <he lef:t half of %he
+otal display area. This allows for the presentation of
+wenty-five lines with <thirty-six characters per line (%o*z2l
nine hundred characters). The left half of the display will

be used for displaying *%ex* and prog-ammable switches o

implemern* the fire direc+<ion and survay functions. The 1ef+

l.l-

half of *he disrclay is 4.86 rchss wide and 4.75 <ZiInches
high. The <cigh* half of *he display <is reserved <£or the
graphics capability, When *he graphics capability is added
th2 display will allow Z5r +he nprasanta*ion >f eigh<een
hundred charactecs.

The plasma display is overlay=d wi<h an 1interactive
device. This device pzovides the <capabilizy to hook or
designate a specific location c¢n thi2 dispiay surface for
programmabli = item selection. A fingzr or s+tylus can be used
to activa*e the interactiva device. Actual touching of +he

display surface is 1n0%* rsquired. Fiagsr %travel withirn .45
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inch of +the disrplay surface will ac+ivate <+the Zr-evic- ws
device. The Enharced FD/SC is the only alterrzative whizl thas

an interactive display.

Power Requiremenis: he Enhanc2d FD/SC can ke powsreld

by interrai or external power sourcses. Iz+=zrnzl power is
provided by three non-rechargeabl2 Lithium «-ick (3356000

battecies or ten rechargeable sealad lead aci? D-cell (3R

bat+eries. External powar is providsd by: =zhe ex<ernal

MIFASS Bat+eary Box (2157-s5-0019), 28 VvDC vehiculaxn

oY
L

batteries, and standard X EPGS. The addi*iorn of a2 =small
*’ converter alillows *he us2 of standard gacc-ison powar (672
cyzle, 120 volts). The rachargeabls interral bat4eries will

recharge when the Erhanced FD/SC is cornnected <5 an s&x-ernal

) pcwer scurce.

: The Enhanced FD/SC has a powsr conservation £2arurce,

3

o Whan pcwer is on and ths FEnhanced FD/SC is no activaly

ot

3

performirng one of its specified functions, i+ wi

R
—

1 save l+s

Lbst Y

' . AR
P e Lt A
PR . o o

currert s+atus and go in*s> a power conserving idle mcde. In

R A
1

© o0
e

this mode, “he Erhanced FD/SC will blank the 4display, retain

all Information iIn memory, keep th2 power irndiza*sr orn, and

- be capable of re+urning <o *he activz mode aftzr r=ceip=t of

an incoeming message or a fixed key dapression without <+he

TY TS

loss or modificatior of any data. Af<er returning +to¢ th2

[

. active mcde the Enhanc2d FD/SC will con“irue normal opera-

+ion frem i-s last period of active operation.
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Based on the cperatioral scenario presented in <h2
MIFASS specifica+ions, Norden has 2s*imated the expected
opera+irng life of the intarnal bat-eries. The expected oper-
ating life is currently 2stimated at twenty-two hours for
thes Lizhium batteries and four-and-a-half hours for <he
rechargeable sealed lead acid D-cslls. The operating +ime
provided ty these batteries Is a function of system usage.
Tha expected operating time of thase batteries would be
evaluatsd during develcpmsntal and operaticnal testing.

The GDU Case Assembly servas as the power source for the
SCA and GAs. The power op<tions iaclude :iIn%*2rnal battery

pcwer and DC generator pow=arT.

Communications: The Enhanced FD/SC currently does no<
have a communica“ions capability. The Enhanced FD/SC hard-
ware is designed to proviiz four dual purpecse coammunications
chanrels and ocne GDOU channel. WNordsr plans %2 include the
sci+ware regquired +o suppor+t a digital GDU communications
channel Zn <he Enhanced FD/SC 2ZDMs scheduled fcr delivery to
“he Marine Corps in March 1983, Ths existing Enhanced FD/SC
spscifications do not require this capability. The softwars
Tequired *o0 operate <the four dual purpose communica*ions
charnels is +he first phas2 of Norisn's P31 proposal.

The final version 2f +the Enharncsd FD/SC provides for
digital or voice communicaticns via wize or radio over the
four dual purpose channels, The GDU net will provide for

+he digi*tal transmission of fizing Ja<a €from *“he Enhancei
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FD/SC tc *he GDUs via wirs cr radic. The GDU ne* doss no*
provide for voice ccmmunica-<iocns.

The dual purpose <channels «ill support the DCT ani
AN/TPQ 36 interface. Th2 Erhanced FD/SC will provide a ne+
sensing capability “o reduce nat usajya conflicts by multipls
use2rs. The Znhanced FD/SC will be atls +“o hardle six*y-four

subscriters. Encryp+<ion compatibilitiss include +the KY 57,

Programming and Bailistics: The Erhanced FD/SC does rnot
rejuire +ape 1lcading of progranms. The Enharnced FD/SC

programs and da*a are =r=tainsd and autzomatically restored

during oower «cycling, eliminating “he need for a progran
loading device. The initializa+ion func*ion provides *“he

displays and menu selsctions necassary +o initialize <the
permanent data files.

The Zrhanced T©D/SC programming us2s the Modified Poin:
Mass Ballistic Model. VNorder has proposed that the Improved
Modified Point Mass Ballistic ¥odel be Zncorporated into the
Enharced FD/SC's sof*ware as pac-t of *he P3I. Ballistics ar=
provided for the follewiny calibers: 105mm, 155mm, 8 irnch,
and 81mm. Nine different weapon system models are included
in *he software. The Enhanced FD/SC can comput2 firing da*a
for all <curren* Marine Corps a2artillery weapon sys+ems
facludirg *he M198., All w2apons and ammuniticn data used in
ballistic computaticns is stored in plug-in Read Only Memory
(ROM). The FD/SC can compu*e individual <£iring da<a Zor

eight weapons.
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Storage Capabiliiies: Table XI contains the currex- ani

proposed data base storags capabilitias for the Erharnced

PD/SC. The Enhanced PD/ST can detaraine firing data, stcre
basic weapon and ammunition information, and APDLY
Registration Corrections for eight weapons.
TABLE XI
Enhanced FD/SC Storage Capabilities

Eile carrent Pzopcsed
Targets 50 109
Known Points S0 120
FO Locations 30 30
Pire Support Ccordina*ion Measucres 0 10
Meteorological 2 3
Inrdividual Weaporn Locations 8 38
Inrdividual Weapon MVs 8 8
Concurrent Missions 2 3, + 1 FPF

The software additions would previde ammunitiorn
accounting, increased =irget and kaown point files, <£irs
support coordira+ion measures, incrzased concurcen* mission

capability and storage for fire plans.

on Processing: Currently firs missions can only be

e

Miss
manually inputted. When ths firing da*a is de*ermined I+ can
be trarsmit+*ed digitally from the FDC “c the guns via wirs
or radio. The first phasz of the P3I proposal provides <%hs2

full digi*al communications capabilities for “hes systam. 1In
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ivs presen= corfiguration +the Enharced FD/SC <can only
compute *wo concurrent firs missions. Table XII identifies

tk2 types of missions that the Enhanced FD/SC is prcgrammad

H]

)

QCessE,

¢

o p

TABLE XII

Enhenced FD/SC Mission Processing

Area, Low and High Angle

Pegis-ration / Desziruction

Illamination / Coorlirated Illumination
Air Observer

Nuclear

The trhanced ©°FD/SC will procass 21l three metheds of
tarage+t lcca=ion: grid, polar and shift from a kncwn point.
A gun-+arge* line adjus+m2nt is provided for Ai: Observer
missiorns. In processing a nuclear fire mission, *he Enhanced
FD/SC ccmpu*es only the %achnical firing data.

Sof<-warz mission processing adii+ions would iInclude:

Fire Pian execution, Llaser (stationary or moving target) and

Pracisiorn Guided Munitions (Ccpperhead).
Auxiliary Functions: The ZEnhanced FD/ST perfcrms 2
number of a2uxiliary fire dirac%on functions. One ¢f <the

major sauxiliary functiosons 1is the de*ermina+ion of
Regis+tration Corrections. It zan <curren=ly store and apply

four different sets of Ragistra+ion Cecrrections. Softwars
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additiones will increase this to six ssts. The Znhanced FD/SC
provides GFT settings for manual backup. I* carn detzermins
data for replot. The ®ahanced FD/SC s<oras and applies
weapon muzzle velocities. M990 Velocimesier ri:aiings must b2
manually corrected for projec+tile weignht =~2rd propellant
tempera*ture to determrine “he w2apon nuzzie vsion:ity. MVV and
Ccmparative VEs must be manually dsts=rmirned.

The Enhanced FD/SC s prcogramaed <+o verfcrm all <+hs
standac-d survey operations. It alsd> computss zZONns =-<0-zZOL2

transformations. Its survay capabilitiszs are wxcellen=.

fenarnge: The Enhancad FD/SC contains a built-in
self-tes* which moni+ors parformance and can be ussd at th=2

Organiza“ional and Intermsdiate levels of maintanarce. The

|Jn
' e

e 4
(1]

a«ed by the cperator via a menu

e

buil+-in selif-test is nit
selec*icr. The cperator pa2rforms <th2 built-in self-*est as

rce. The +as= veri-

1)}

part of tha preparation £for action s=qu
fies *he proper cperation of all prinary nemcrizs, xeybozrg,
display, alarm, battery charging ard power Zunc*iors. T
proper operation of all <c¢entral processor Lnstructions,
memory addrassing, buffering and inpuz/ou<put functions will
also be verified. Addi+tionally, *h=2 capabili*y and proper
oparaticr of communica“ions procssssrs, spar2 memory and

The buil%-in

(3}
[+
Q
m
'J.
n
<
w
a}
' e
m
.J.
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fo 7]
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asynchrerous serial inter
self-*es+t is able to da2tec:t ninety-five percen=t oI +he
faults in the Enharnced FD/SC. An alarm is provided =o *+h2

0 indicaze failure of <th2 “2st. The Fail Irdicatsr

. operator
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2lluminates when the Enhanced PD/SC has failed ei*ker a
per formanrce monitoring or the built-in self-test and 3is no
longer operational.

The Znhanced FD/SC is <constructed to provide ease of
maintenance, accessibility and rsplaczment of all modules
and prirnted circui+t Dboards by main*tenance personnel.

Organiza*ional level maintenance is psrformed by the ov=ar-

ator using the built-in sslf-%est ani/o:lgo/no—ga diagnostic

[ "
W
ct

firmware to identify a failed unit. No support or s
equipment is required. The Enhancz3d FD/SC is designed so
that the operator can r2place some m>dules. Operator mainte-
nance should be a function of the replacement aodules
stocked by the using unit. MTTR at the O-ganizational level
is based on the time required for an operator t> dete-mine a
uni+ is Jdefective and rapalce it with a good module from
Organizez+ioral stocks. The original F¥D/SC spacifications

required +hat *he Organiza*ional MTITR be less ¢than fif*ecen

minutes.

However, the maintenance conczp* formulated Zcr <he
original FD/SC was based on *he raplacement 3f modules a*
the In+termediate maintenance level. Dsfec*ive uni+s were %o
be <repaired at +*he Intarmediate 1l2vel wutilizing 1lowes*
replaceable items (LRIs) stocked by +the ac*ivity. MTTR a<
*ha Intermediate lavel 1is currently 2stimated at less +han
thir+y minutas. MTBF is es+imat2d +o be greater <harn “wo

thousand hours. The contrac=ocr's =2s-imates of MITR anf MTBF
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would have =0 be evaluzted during dzvelopmental 2and opzra-

tional *esting.

Ease of Operaticn: TLe Enkanced FD/SC's prog-amming

g of menus *o presen+ information to the oper-

at>r on the left side of the display panel. After set-up and
ini+ialization, t*the operator is prasented with a @menu of
system func*tions. When h2 selects o2ne c¢f +he system func-
+ismns, <he Enhacnced FD/SC 1leads him through properly
sequenc=d steps to allow input of all data necessacy for the

computazion. The operator ss2lects a choice from the meru by

(8T}

touching *he area of the interactive 3isplay pzanel.

=
n
w
[eN)

Prcmpting +echniques are t5 1ead the opzra%or
through the sequencs of actions he must perform <o exzacute a
system function. The opsrator is ablz <o review and edi* his
irput. The operator dic-2sc+%s 2he EBnhanced FD/SC  t0 execute
th2 function. If all +h=s input daza 1s correc*, “he Fnhanced
FD/SC performs *he compu:ation; o*herwise the opera=zor is
alerted %o an inpu* error. When *he compu<tation is comple“e,
the2 Enhanced FD/SC alarts “he opera*or and displays *hs
output Ea*a. The Pnhanced FD/SC does no+t desiroy inpu+ daza.
It allcws the operater %9 ra2view input daza as well as
output de*a a* *he complation of co>mputation. Manual and
automatic deleting of data are provid=d *o purge unwanted
data frcm +he data basz. The Erhanced FD/SC prcvides +he
operator wi+«h an 1index ani allcws f5r the recall of s<tored

data.
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The iInteractive display and a fixzd keyboard pocvils
cperator input. The intsractive display preocvides program-
mable keys (switches, menu items and alterra%te entry seliec-
tions). The operator is required to make a s2leczicrn €rom
the dispZay. Input default selections are provided in “hs

presenta*ion of some menus, so *that *he crerator is wo=

from the default (normal standarcd =rntvy).

The fixed keyboard is divid=3d into <two major areas:
special function and num2ric. Tha f£ixed keyboard ccr:ains
thirty-two total keys. Th2 keys are pressure activazed and
provide a positive feedback *c th2 spera<or whan activz=ed.

Thzre ace twenty special fanc<ien k2ys. Six of the special

th

unctior keys are currently spares and will be programmed %o
suppor= the P31 sof*wars 3idi“+ions. Thare are twelve numezic
keys (digits, decimal ard plus/minas sign). Additinnally,
the keyboard area ccntains *“hree trcuble Iindica“or iigrts:
Built=-in self-test, Low Battery and Power.

Currentl all data mus* be amanually ZiInputted Dy <*he
opara*tor via the <£fixed ksys or in%tsractivs menu szlection.
Tha first phase of +he P3I proposal will enable procesziag
tc be Iritiated by the raceipt of messages £frcm ex+errnal
scurces over the communizations chanaels. A Call-For-Fire
trapsmitted via the DCr from a Forward Observer will
iniziate the prcper staps to comaeace processing <the fize

missior.

119

P P R B L T, UL I W I T O Rl S LAPLY W S T S S G S P T PURD I S . o




i
Cd

Ef
E
C:
-
i

N B - - A A A R St St il il R e T

A hcok capabili+y and graphic cursor are included in <hsz
jraphics 231 software adiitioms. The Enrhanced FD/SC will
provide the capaltility to hook a symbol, =hereby iden=ifying
it as *he point to be effa2cted by subsequen+t switch ac<iorns.
Th2 hook symbol 3is a square designzd to enclose the sa2lected
gzaphics symbol. The graphics cursor is a displayed position
defined by the operator's finger. The graphics cursor
follows +thre opera-or's finjger until hz is satisfied with izs
position. When the opera%*or removss his finger, the graphics
cursor will disagpear. Whan the center of the cursor inter-
sects any part of a symbol or <ouchzs a line poin%t, +hza+
synbtel or line will b2 hookzd 2ani the hook symboli will
ernciose I1t., Wearing gloves may require the use of a s%vlus.

Wher this author visited Nordean Systems orn 10.September
1982, +he Enhanced FD/SC hardware and sof+ware had no* been
ma=ed. The actual display of information, layering of menus
and system opera=ion coull not be fully evaluatsd. In early
Octcber 1982 sof*ware fo- the =Enhanced FD/SC EDMs was box=d
in *+he actuwal herdware. Norden Sys*sms should be abiz %o
deliver the two Enhanced FD/SC EDMs “2 the Marine CoIps on

schedule in March 1983.

commcrality: The Enharcad FD/SC would be a urique

Marirne Corps sys+*em. Nori

W

n's GDUs, 3Ja2veloped for the BCS,
would provide the only c=zal commoaality. The +technclogy
employed in the developmsnt of <he Enhkanced FD/SC's basic

componernts has supassed the *schnology used in <he BCS. Thz

12)
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very low degree of commonality <crza“+es cer*zin disadvan-

w

tages. The Enhanced FD/SC w#would b= a Macine Corps unique low

density i+em, The Marin2 Corps would have #5> marnage thz
entire maintenance effort. An aieguate supply of repair-

par*s would have <+o bs procurzd to support the Enharnced
FD/SC <throughout its 1if2 cycls, The lack of ha-dwara
commorality would mos* lik2ly result in increzsed lcgiszics
costs. Additionally, th= M¥arine Coros would have +o provids
for sof+~ware mairtenancs.

Norden would have %o 2s%ablich a produc<ion lire for +ths
Enhanced FD/SC. Initial production line probliems associated
with any new system wculd havs <c b2 resolved.

Norder has indica*ed tha% the Enhanced FD/SC has suffi-
ciart gZcowth potential tc =2volve in%c 2 multipurpose light-
Weigh* combat temminal. This 2vola=ior could be based sole
cn sof:ware modifica+tions. T£f ths Enhaaced FD/SC's sofzwar-
is modified for other Marins (Corps applicatioas, and *h=

same basic hardware is a1sed, *a3n i1<em density would b2

Intezcperabilizy: Precurement of <he Enhanced FD/SC

minimizes *he madority of ir<sropsribility problems Zcor <h

Ww

battery 1level fire diractiorn computar sys*em. VYoriern 31

n

developing *he Enhanced PD/SC so tha= 1+ will be able %>

'J.

ntercopera+s with MIFASS, DCT, M90 Velocimeter, AY/TPQ-36
ard MDS. The MIFASS int2rface is nc rzal poroblem, since

Norden is buildiing <he-MIFAS3 EDMs. Addi+ionally, Yo:-den :s
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currently under con*ract o> develop +he fire suppcir= -nnli-
cation software for the Litton DCT. This should «cre=-ly
simplify *he development of +hs DCT-Enhanced FO/SC
interface.

Norden developed th2 BCS interface for thse M9)
Velocimeter, AN/TPQ-36 2nd MDS. These interfaces will b2
incorpnrated in*c <the Enhanced FD/SC. The H4DS iz e+ill
under develcpmen+t bu%t no ma jor inter>perability problams ars
anticipated. All of *he interfaces will have o b2 =zesisd as
part of the dJevelopment2l and cpzraz+ional tasting. Th2
ninimization of the majority of <he interoperabili*y prob-

lems is a defini“e advan<age of the Zahanced FD/SC.

o

Iccurement Cost: Procurement costs ars bas<d cn 2
FY1984 procurement of the Enhanced FD/SC. On 18 ticvember
1982, Norden provided a Rough Order Magnitude Estima+tz of
‘550,000 per Enhanced FD/SC to this author (Ref. 42]. This
estimate was in current dollars (FY 1983) . The cost estimatsz
was corverted *o FY 1984 jollars wusing +he s=zardari
Departmert of Defense t=n percznt inflation factor. 7The 7V
1984 production cost £for +he BCS 3DU was used for +*h2
Erhanced FD/SC GDU. Table XIII prasent Norden's curren-=
estimate of <the Enhann=d FD/SC's procuremen* cos% for an
eight gun battery. All 2sosts in Table XIII ar=s 3in FY 1984
dollars. Norden es*imatel that *he 3a2velcpment zos: for ihe
additioral software *o support +h=z P3I wculd be approxi-

matz2ly “vwo milliecn dollars [Ref. 82]. Tha2 dsvelopmen* cos“
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is net included in Table XIII. The large amount of sof+wars
developnent/pregranming ragquired for the Ernhanced FD/3C ia-

*roduces a larce degree of uncartainty concerning i4s ac*ual
cest., In  <his author's opirnion, the to*tal cost <shcwn in

Table XIII is sof:.

TABLE XIZII

¥D/SC Procurement Cost

Itzm Cost Ber IZen Numpber R2gquired Total Cost

FD/SC $55, 000 2 £110,000

GDU 512,452 8 3 99,616
$209,616

D. ALTERNATIVE 4, FIRE CONTROL COMPUTER (FCCQC)

Lit+on Data Systems' FCC providss £full au*oma+ted compu-
<a*tion, ccmmunications and display ca2pabilitieszs for mor*ars
and artillery. I# is a hard-helg, ligh+*weight, ba*<ecvy
powzared flire directior compu*sr, capable cf rc-apidly
computirg ballis+tic trajectories for <+he ccmple*e inven*ory
of mortars, actillery and ammunition <“ypes curTen*ly

fiszlded. T+ combires improvemernts in “he <compu=a<ion of

e

firing data and communicza*ions <> enhance the overall

systen's efiectiveness.
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The FCC has evolved from -hs
Calculatcr (MFCC) develop23 by Liz*33 2
Ths firs+ feasiltility mddel of =z=n= A
1973. TLe MFCC was subsa2qusntliy modil

ballis*ics for artillery w=2apcons. The
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Mortay PFilre Corntrol
aring *h2 nid 1970*s.
FCC wezs produced in

€iei +9 include +h

D

FCC was devreloped fo

(b ]

ard field tested by +he United Stz<zs Artmy. The Army decided

not to procure the FCC.
Littor Is currently marke<in “h
conplete ba+tery 1level fire dicsc:i

Lit+on's system consists of a FCC, Zom

2 FCC as part of a

Unit (CIU) 2nd GDUs. The FZC and CIU would ke locateéd a%t =h2

battery FDC. The GDUs would Dbe 1ocat

weapon loca*ions. Litton *has dsveld

I
"

limited demonstration artillery weaoprns

e}

ed a*~ <%he individual

cdwar and

ed <+k=2 h

11

1}

preg-aaming for *+hs

FCT. CIU demonstration hardwarz has be2en Jsvelcoped *»
suppctt a six gun battery. The GDU has only been concep*tu-
ally defined. For macke*ing dJdzmnors*ra<=iors Lit*on is

curcently using the DCT as a GDU,. L:

*torn has not decided

whe+her to design and producs i*s o>wn GDU or attempt +¢9

accquirs an existing GDO., LiI+<>n has gi

ven serious consider-

aticn *0o using the Nordsn BCS GDU. T Ref. 451

The FCC is +*he hear* 9f <the Li%ton ba%*tery 1level firs

direction systiem. I+ provides the com

.h

0

puta2+ional capabilizy

and basic communication interfaces. The FCC has two communi-

cation irn*erfaces: a standard serial

purpose communication channel. Ths

irterfac2 and a dual

w

FCC serial interfac

w
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providas for dieital racaption/transmission.

conjunc+ion with +tie DCT,

h

When u

n

-~

=X

-

the FCC will receive inccming

messaqges, display eacha on command and perform the required

compu+atiocns. The dual purpose charnna2l provides for digi:al

or voice recepticn/transmissicn via wirs or T

adio. The FCC

was rot criginally design2d *o communica*e with GDUs. Th=

CIU was added to allow th2 FCC to0 communicate
The CIU is a séerazate anit which provides

voice *“ransmission of msssages via wire or

with GDUs.
for digital or

radio o <th=

GDUs. The CIU is in ess2nce a wirz2 line adap:t:r. A radio

must be connected tc the CIU to complate +he radio communi-

cations link b=24ween the FCC and +hs GDUs.

The CIU also

provides a small display which indicates weapon sta*us by

target rumb=sr.

Lit*on =2nvisions *that “he 3DU #will consisz o5f =wo pisces

of equipmen* et how.t2zer: a SCA 2and a GA.

The SCA will

display TFire Commards and providz for acknowledgemen<,

ready, shot and end ¢ mission reports. The GA will have two

displays, cne €or the qunrar with deflac*icn ard orne Zor +*hs

Se
n

ass:

positicnel nn ths

\Q

round closs to ths weapon

+he weapcn.

PhysZcal Characteristics: Table  XIV

<ant qunner with quairant elava+ion. The GA could be

cr moun+ted on

provides +he

general physical charac*aristics of the FCC. The ac*ual

weigh+ ¢f *“he CIU and GDU has rnot been de

welght of <“hese two i+ems has been szsiima:x
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determine an agproxima<s total wsizat fou the Cownlen2
system. The *o*al weight of the FCT systexs is based o -2
equipment rsquired to suppdr* an eigh% gun ba%=<scy; <ha+ is,

two FCCs, %two CIUs and eight 5DUs. Ths weigh: 2¢ ~he¢ zcwer
cables and +the GFE printer Is not included.
TABLE XIV

FCC Physical Charactzris+ics

Ovarall Dimemsions (in.)
Volume (cu. £+.)

Weight (1lbs.)

Tetal Weigh= (lbs.)
Memory Capaci=

Display

Display Dimensions (in.)

Littcn estimates that

orior
memory cculd be expandz2d to 288K
pro jec-ed :techno logical

memecry mcdules, ([Ref. U46]

ALY G Y W G Y]

aivarces in

CC BLE(L), 5.1 (W), 1.5 (H)
FCC .049

FCC 3.3, CI7 5.0

sCA 4.0, GA 2.0

63.3

144K, 8-bi+ words

FCC, LED Display, 16 Aipha-
numaric characrers, a>grox-
imat2ly 3/8 inch in heiaht,
4 prassure sersizive men-

brane swiz=ches,

FCC 3 (W)Y, .5 (H)
t> production *he FCC's
By<es. This is based on

the size treduc-ion of
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The display keybocard is 3.375 3inches wide and 7.125
irches high. I+ has forty-eight touch sensitive swi<ches.

k

=

w

size of *he actual display area is showr iIn Table XIII.

TL

w

display allcws for 2 maximum o>f£ sixteen alphanumeric
ctaracters. Four ©pressure sensitive membrane switches
ovarlay +he Light ©P®Pmitting Diode (LED) display. Thesa

switches become effectiva following the ac=ivation of an

iritialization, fire mission cr output switch.

Power Requirements: The FCC is pcwered by one intecral

noen-Cechargeable Li*hium stick (BAS5600/U) ©battery. The FCC

l)

=7 D‘
-

could be mod ifie to use schargeable bat<eries.
Aciiticrnally, a power adaptor allows *he use of standard 28
VOZ vehicular ba*teries. The alaptor converts ths 28VDC %o 8
VvDC and =acts as a filter for power fluctua*ions. Ancther
pcWwer acdaptor allows the use of standard garrison pow=r (60
cvcle, 120 vol=<s). ¥No adaptor is availablie for MEPGSs.
(Ref. 46]

The FCC has 2a power conservation fszature. Whsn it is ac-
actually performing one 2% i*s specified functions, 1% will
auzoma*ically gc into 2 power conserving idle mode.
Ac=ivaticn of any +touch s=ansitive swi“ch causes *the FCC o
return *c¢c i%s normal mode.

Lit<“cn estimates that <+he Lithium stick will provide
fifty-thrzee hours of operaticr wundsr 1)0 percen: con=-iruous
opac cr conditions. "This 53 thcurs of cons“ant opsra+ion

is Dbet*er nnderstood as 30 days 2f combat opera*ions.™

A o o e S L. P e e BsmssismnuBssmrsmdiommeliocsadmmosisntrks
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[Ref. 87: p. 25] This esztimat> was based on normal op=ra*+ion
of the FPCC given a temparature of 25 Cantigrade. The oper-
ating 1life of a lithium stick varies with temperzture. The
expected operating time of *he Lithium stick batiery wouli
be evaluated during developmerntal ani operational testirng.
The GDUs weuld be pow2red by internal bat:eries or +he
vehiculaz el2ctrical systsm cf s21f ocrcpelled weapors. The
type of Internal bat*eries will depend on the final confiau-

ration of the GDUs.

mupicaticns Capabilities: The FCC provides for 1a
complete digital fire dirzc%ion system. The FCC has <+wo
communication in*erfaces: a standard serial interfacz and a
dual purpos2 communicaticns channzl. Tke serial intzsrface

rovides for digital rscaptior/transmission via wire or
P

H

radio, The FCC will =r=ceive incomiag digital nmessages,
display cach on command, and rerform “he required compu+a-

tior. A message indicator l:ight illuminates when a digi=al

ta1y

message is received. Ths CC <¢zn ze2*tain <*hree digital

messages in the tuffer awai+ing reviaw by the operator. Ths

message indica*or displays +*h number of messages in +4he

[1}]

buffer. The digital messages can b2 formatted or fres +ext.
Whgn me ssages are received digitally, they may be reviewved
cne 1ine at a *ime by touching th2 Message switch, *hen
touching *he Saequence switch as rszjuired un+til! all 1lines
have been viewed. The Back switch =allcws previously

displaysd lines *o be reviewed. The serial ir+<erface can
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also serve as & channel for peripheral units (for <xarplz:, 2
prirter or the link to MDS) .

The dual purpose coamunicatiosns channel precvidiszs for
digital and voice reception/transmission via wire cr rzdio,
Integral s*andard connectdyrs are provided for *the Twc commu-
ricatior interfaces. Encryption compatibilities irnclude KY
38, ¥Y 57, KG 31 and KG 84 COMSEC sys:=nms. The *CC was no-
originally designed +o coamunicate with GDUs. During th=
late 1970's consideration was givan <o loca*ing an FCC a%
each weapon where it coull serve as both a calcula%or and
fire display unit. The CIU was 2adi=qd to =2llow <he FCC %2
communicate with and drive *he GDUs. The CIU is ccrnnec*+el

t0 the FCC by wire and sec-ves as a wirs line adap-=2r Zcr *h
]

1]

GDU wire lines., It proviles for digital or voice transmis-
sion of messages via wizz2 or radio tc the GDUs. A rails
must be conrected to *he CIU t¢ complete the radic communi-

cazions Zirk between the FCC and zha GDUs. The CIU alzo

n

provides a small dispiay which 3indica*es weapon s*ztus by

target number,

Programming and Ballistics: The FCC does no* T=quir?

+h

[{Y

tape loading of programs. Th2 FCC's firmwar will

1))

contain the programming for all the required weapon systenms
and the appropriate projec*iles. The ballistic data is
contained in *he EPROM mddules. The current feasibility
mcdel of the FCC contains ballistics for +he 155mm 4109A1,

M116A2 ard M198 £izing thz HE family of projectiles.
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The FCC does not use the Modifi=d Point Mass Balliszti
Model. The FCC uses Lit*on developz1 ballistic computaztion
algorithms. Lit<ton's approéch uses trzjectory interpola+ion
alyorithms, as well as nsw techriquess for representing the
trajectories, tc¢ achia2ve minimum s*torage and ccmputa<=ion
«. The fire con*trol rszquircement for this model are met
wizh +*he low cost singlz microprocsssor which is the heart
of Litrcrnt's PCC. Litton claims tha* i<s approach mee*s all
+h2 s*a-ed accuracy requirsaments.

The FCC firmware woull have <> bz programmed *o provides
baliistics £for all current Marin2 Corps artillery weapon
sys<enms, The FCC can conpuze individual firing da=a for
€ijhtecn wespon locations. Howsver, i+ was designed based on
a six gqurn pattery. It displays only six individual fi-ing
positicr solutiors in sequence. The FCC's programming would
hzve %c bte significantly modified to properly support the "3

X 8" ccrcep*.

Siorag zies: Table XV contains the curreat

o

{0
ln

"4.

apakbil
data base storage capabili+ies for the FCC. The FCC can
de*z2rmire fizing data, store weapon and ammunition iZnforaa-
tion, wstors and apply Regis<ra<ion Zorrec*ions, s%ore firs
suppert coordination measures and apply ar+illecy safety
data for the firing position. The FCZ has the capabili+y *o
exchange data bases wi+h another FCC. The FCC s+*orag=:
capacity does not preovide for ammuni«isn accounting, <=Te*en-

+ion of Zire plaming informa+ion, 2anl “he application cé£
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mask data. Targets and Xnown voin*s azvre z+orad in <he sanms
file. Sixteen locations in this file car bz specifically

usad to s*tore Registration Pcinc:s.

TABLE XV

FCC Storage Capabilizias

Targets/Known Poin<s
FO Locations

No Fire Areas

No Fire Lines
Meteorological Files
Irdividual Weapon Locations
BTRY or PIT center Locations
Concurran* Missicens
Final Protective Fires (

-8 U

-
WWwWON 2O

~—

4 l’

FFs)

digitally or manually. The rCC has an au*oma=ic compu*-a-
tioral cepability. The Fire J=-dar stznizrds sstablished by
the FDO are entered into =he FCC as i2fault values. When 2
fire mission is received wvia digi<al <rinsmission from 12
forward observer, +he FIC can 3utomsiizcally compu<e +h2
firing data. No cperator ac<+icn is raguired. The firing da<z2

i{s determined based on tha =s+tablished default values ani

n

displayed for +the operator. Howsvars, operator ac+icn i

lJo
[1)]

required to “ransmi% +he Pire Commanés %o the weaporns. Th

FCZ alsc allcws <“he operi-or <o manu2lly s+tep *hrough 2 Zize
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The FCC can process thrsze concurrent fire aissiorns.
Table XVI identifies %<he types of missions *hat the FCC can
be programmed +*c¢ process. The FCC will process all *hres

methods of targe* 1lccation: grid, polar and shift fronm

1]

known point. The FCC can also pracess a laser generated
target cr projec*ile point ¢f impact (burst pecint) informa-
tion (Slant range, vertical angle anri directiorn) +*o computa
firirg d¢data for stationary targs<*s. A special key is
provided for laser burst ad just ments.

The feasibility modsl of <the FCC only process £fira
missiors which pertain to the HE family of projectiles. Th=
abiliity to process o+ther families of projectiles/fuzes will

te added prior +*o production in ordsar to meet the require-

ments of Marine Corps artillery. In processicg a nucleac

fire mission the FCC woull only compu*s the technical firing

CEREI AN S0 4
fel it

[{H]

data fcr <he nuclear projac*il

TABLE XVI

FCC Mission Procsassing

- Azea, Low and High Angls

g{ Registration / Destruction

E‘ Illumipration / Cooriinated Illumina*ion
b~ Aiz Observer

» Laser

- Precision Guided munitions (Copperhezd)
. Nuclear

4

-
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uxiliary Puzctions: The FCC parforms a number of auxi-

iiary furctions. One of the primary auxiliary func“iors is
*ha determination of Registration Corrections. The 7CC carn
provide GPFT sSet%ings for manual back-up. It can de<-ermine
data for revlot. Correct2d MI0 Valocimeter muzzle velocity
readings caax be wmanuelly irput=ad. The FCC s+ores 221
applies irdividual weapon muzzle va2ldocities. Comparzftive VEs
must be manually Jdstermin=d. The Compara=ive VEs are necded
*n =ransfer GPT settings.

The FCC alects *he operator wh:n storel fire suppor+
coordine+icrn measures are violated. 1In addi*ion <he FCC has
a f=ature which provides for the input of artillery safezv
diagram iInformatior (2zimuth, minimum and maximum -arnges,
ané charges *o bz firad). This <capability provides for
safe+ty corntzol in firing 1a+*a terms (Deflec%isn, Quadran-=

firs

(1

Zlavaticr ard Charces). The opsrator is aler=ed if +h
missicn violates the safsty diagram input parameters. This
fea+ure enhances nermal p2ace timz safety procedures and can
serve as an addi+=icnal check for comba* opera*ions.
The FTCC 1s programmed +o perform basic survey opera-
pakilities include: Traverse, In%tersection and
Resectior. Additionally, the FCC has +he <capability %>
locate 2 new location bas2d on an azimu¢h and distance fronm

any knowr poin* in the daza base.
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Mairn+tenance: The FCZ corn*tains 2 buil+-in sell-==2s% ior
all firmware. The operator performs this test z2s par® of <he
"preparation for action" s=quence. Depressingy “Le rey for
tha test switch activates menus for *he self-tes:t cf:

1. ROM,
2. RAHN,

3. Irs*ruc+ion,

4. Display,

5. Modems, and

6. @all switches on the conmputer.

Operator maintenance is normally limized <tz: <chranrnging

ot
Ww

primary battery, keeping the urni% clean ard rurning =h2

f-test routines. When the operator runs the s=lf-iest and

n
F »
1Y

e

determires that *here is a2 faul: in the hacdwars, *he FCC is

(Ed

evacuateé =0 <*tle Gens:ra Suppor* main*snancs 2activi-y.
itton ervisions that spare FCCls would be mairtairsd 121 2
pcol 2% *he General Support Maintenances level. A anit woald
tucn in a faulty FCC and immsdiately be issuzd z- opera-

tional FCC from the poo2l asseis.

Ga
1]
e
1]
3]
"

)1+

{n
[
L8]
'O
G
L]
L
=)
[V
2
3
o
(M
i

nance 1s based on the conczpt of moduizz -eplac=ament.

Mairn+enance rtersonnsl disassemblz *he FCC, —zmove *he

faulty circuit ‘toard, solder 3in a replacement bcazd and

reassemble “he FCC. The uani+ is cst2sted with the self-test

H
(]

routines and returned to> the operatisnal inventory. MTTR for
General Suvport level r2pairs is astimated as less 60

minutes. MTBF is es*imat2d at 8800 hours. [Ref. 457 The
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contractcr's estimates of MTTR and MTBF would have =c be

evaluated as part of developmental 2313 operational tes+*tirg.

Circuit boards can be repairszd by General Snuppor:

main+tenarce perscnnel. & prog-ammabl: *ester is connec*ed to

test poin*s or the faultvy circuilt board. Then a directed
probe is used *o isclate the faulty compenert. Ths maints-
nance technician remcves -he faulty zomponen* and scidzrs in
a2 replacemen=,

Ease 0of Operation: The £front panel and swi%ch
processirqg arrargemernt of <“hs FCC have Dbeen designed o

simplify opera%zion. The £or+ty-sight touch sensitive switches

are used %o execute actions. Ssveral switches l2ad ths oper-

.

)
"
o
2

ator through the required entries pting sequences ars

indica*ed or *he display for 211 applications. The progran

prasents information In nsnu format =o “he operatcr. The

display presented <*o the attanticn *0 +the

n

sp2cific da*a which raguires *hs

ct
=
(1]
o
La)
(o]
Vo]
[p]
21
=]

opsrator to

irput. Some menus allow input of jefaul: values, so tha+ }
during subsequent® operatiuns *the opara*or is not cequized *2 |
make ar erntry unrless his entzy is ifferent <£rom <hs {
default. The fron*t panel Is divid=23 into five mijcr zceas: !

2. LED Display,

\
3. Execu*ior Swi*ches (including Alphanumerics),
4. Fire Missicn, and

5. Ou<pu<.
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For a singlse ster or 3 series of steps, *“hs display is

S

activated by “ouching 2217y of +h switches In “h=

Ww

T,

vl—n""' ..‘.’ g

Iri+ialization, Fize Missiorn ané Jdu-put areas of the fron-
panel. The execution switzhes (including *he alphanumerics)
ard the four switches which overlay <+he display, becom=

effective f~1llowing <*he as+ivation of switches in thes o+her

three areas. An  az<<sapt *as bszen madsz *o minimize =iz
nunber of switch positinons, Lit%on's basic design plhilo-

sophy emphasized *ha+* every labelzd switch shoulé have onlv

on2 functior.

:2-. -
e

The seguence switch includes 31 multidiode indica%or

which, when 1%, informs *ie operatsr *ha* *here is a mul+i-

line bicck o0of 3data for display 2ard selsction. When
. sejuencing through *hese i1ires of data, the indica=-or ex%in-

quishes uporn 3display of =hz last lins of selectable da=xa.
The fcur variable switchkes averlaying the displzy have

associa*ed indicator dinde=s which, whszn 1li*, irdica+e selec-

table 1+*ems from the displiy. Convarssly, 3if the indica+*or

-

isplay sslec-ion allowable.

23

re is no

D

: .
is not 11+, *h

The message switch conrtains indicazor diodzs which show

i -‘vz"~ s Iy":r~'*.. 0 ','~".'?—rva",.v NN
. ' . o . . '< : ‘ i :

r the

+he opera+or =he number o2f digital msssages storad
;7 ircomirg buffer. A low battery indica%or is also provided.

- The FCC provides an audio ani visual 2isrt when 2
message 1s recelved. Aiii+ionally, <he FCC providass *h=2

opzratcr wi<h visual erzor massages and warnings, when he

-

enters an improper input o©r any 31spec* ©€ nissiorn daia

B Z0n A Raon Jen B R g £
Vo
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violates the established criteria. Currenzly no aud.: ~laz=

is provided when an errcor message d2r warning iz dizcl=zvad.
This capability could b= programmzd 3into *hs predaction
model.

This au*hor was ablz to executs 31 complet: fires pission

on. the FCC after a €£if

r

ean minute overview briefing orn *+hz
system. The opera+ional sequenc2 wis logical =znd =sgasy 2
follow. Th2 display is cl2ar and 2asy tc read. Ths sizz of
the display characters (approxima+*=2ly 3/8 in.}) and *he us=
of system prompts contributes t¢ +the 22se ¢f opzration. The
opara*or car adius* +hs brightness of <%he dil=zplay. Taz
adiitior of *he brightness control and Improvsmsznts In “h»

display membrare cover havas enhanced “he FCC's displa

(o]
3]
Y

Heoj
v

[

H
1]
§ar
14
(i
b
L

bility. Brigh*t sunlight no longer siynificantly ieg

]
[
[<)
[oh)
(1]
I
&

cli

rl-

LED display. The FCC's field <carcying cass
protec+ive "shade" for “h=z dispiay pan2l. [Ref. u45]

The FCC uses some mnemonics. Common ar+illsry abbrevia-
tions have been used wheraver possibla, The oparator Is no-
regquired to memo:zize a large 1list of naw mnemcnics. 3ys+am
prompts are used effectivaly to gquiie %*he or=:ra<cr %hrcugh
thes missior, The syst=zm@ can bz classifizd as Taser
frisrdly". Operation is based on thrz2 primary rules:

1. When headings and underlin=23 blank spaces are
displayed, wus2 *“h2 numsric kzyboard +5 fill in the

blarks.

2. When items are disolay=d from which selection may bs
nade, the dispiay will show up =o four selec=zbl=z
items with 2associatad displzy switch indicator-s lis.
I <theze are addi:zional i<21s £or selsction, <ha
Saquence indicator will be 1li<,
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3. Wher data i+*tems are callad up €for correc*ion or
review, *he display swi+tch indica*ors light up feo:
those items which can be selected for correc=icn.

comm

10

nality: The FCZ would be 2 to*ally unique Marine
Corps systenm. The PFCC, CIU and GD0Us would all be Marine
Corpgs unique low density items. The Marine Corps would have
+0 manage *he en*ire maintanance 2ffor«. An adsguate supply
of repair parts would hav2 to be pcocured *o suppertt 2ali +hs
itams throughout their 1lifs cycle. The DCT is very similiac
o the FCC in hardware dssign. Approxima*ely “hirty-five
percent of <+the DCT's componen% parts would be used :in <%he
FCZ [Ref. 45]. The use of commdn compcnents provides a

ited &=2qree of commonality. In this author's cpinion,

=]

-
-

[

t
.
[$/]

low 1level of hardware commonality wculd defini%ely

al
D
n

wlt In ircreased 1logistics costs. Addi*ionally, *h=
Marire Corps would have to provids for all of the scfiwars

m2in+enance.

Hn

Lit*con would have to 2s+*ablish 2 production 1li ¢r *h

o]

2

1]

a

FCC., The :Zinitial produc-ion line problems associa*ted with
any new sys=em would have to b2 resolvsd. Litton irdicated

that the FCC could be produced on “hz same produc+iorn line

as “he DCT. This would reduce soms of +the Ini+ial productio

o

line prcblems. Cer+tain adjustments would have %> be made for

the differences in case sizes and conponents.

Interoperability: Th2 FCC mininizas some oI the In%er-
operabili+y prcblems. I« will be abls %0 interopera+s with

“hs Lit*cn DCT. The DCT is requizzd %o in*eropera%te wit!
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Norden is developing *he DIT's fir

tion scfiware and the comole-e MIFASS E[DMs. As a result, *hs
FCC-MIFASS interface probliams should bz mirimized. The PCC
will alsc be able *o iIn-=zroperate wi*h <+he Army's TACFIRE,
BCS, DMD, ard FIST DMD.

The FCC can use th2 corrected mazzle velocity readings
obtained from *he M90 V2locime+*=r. Tnterfaces £or the
AN/TPQ-36 and MDS will have to bz 3Jzveloped. The MDS is

still under development,

lens are an+ticipated.

All of the interfaces will havs *o2 be =ested as var* of
the developmental a2nd opsraticnal +3stirg. Ths minimizeztion
of intercperabilit problams is anr advantage of <he FCC.
However, The FCOC's limiz2d communications capability is 2

5 drawback %o overall intersperabilizwy.

.

=

- Procurement Cost: Procurement cost is  based on a FY
!! 1984 prccuresment of the FCC. Table XVTI presents Litton's
-

- .

- current estimate of the procurzmen+t cost of a FCC battery
-

E; level fire Adirection conmputsr systzm for an eigh%t gqun
tﬁ battery. All cecsts ip Tabls XVII 2ar-2 in TFY 1984 dollars.
-

= The cos: of the FCC inclules *he CIU. Since Lit*on has no+
o

;i decided whe*her +to produce I1+ts own GDU or accquire arn
> - . [} . .

- existing GDU, and accuratz estimatz2 for the cost of =he GDU
) -

- was r.ot available, Howsvar, Lit%oa indicated “ha* the cos*
{i of tLe GDU probakly would not <excszeil “he cos*t 3f the Ncrtden
L~

- BCS GDU. Li=ton is ccrnsidaring purchasing this 3DU for use

- 1

4 3

}-;—_

2

P_',

= ‘i

TRy e e
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support aoplica-

bu+t rno major Iz<ercperability vrcb-
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with its systems. The cost of the 3DU in Table XVII Is taus=zi

or the BCS GDU FY 1984 contract option.

TABLE XVII

'-"-'-‘

FCC Procurement CTost

Izzn Cost Per Iiem Number Ra2guired Total cos:
FCS $20, 000 2 £40,000
GDU $12, 452 8 $99,616
g $139,616

Litton propos2s %*0 usz2 a large por+ion »f “he exis*ing

TACFIRE ballistics scftwarz in the FCC. The TACFIRE softwars

would have =0 be sigrnificantly modifizd to meet Marine Corps
rTequirements and applications. Litton =stimated that approx-
‘ imately five hundrzd thousanéd dollars would be required £c:c
software development/modifica<ion [R2f. 45]. This cost :is

rot includ24 in Table XVII. The softwars development/modi-

(@]

faction and subsequent programming required for the FC
introduces a large degr=e of uncsc*ain“y concerning i*s
actual ccst. The GDU cost is in r22lity a "best guess". In
this author's opiniorn, “h2 total cost shown in Table XVII is
very sof+, Addi*ionally, +the best =2stimate of IOC €for <¢he
FCC is FY 1986. This is based on th2 curzent status of the
DCT and the fac% *hat Littor is considering using <«he DCT

pzoduction line for +he FCC.
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ticral Izxformation: In Novamber 1982, Li+*ocrn real-

ized that *he FCC could not reet thz operational r=guire-

‘s*e¢d in the Draft ACS ROC. Oon 23 November 1982,

=]
D
[l
!
n
[ g
G

Li=%*cn's Pzogram Marager f£or Advanc23 Marine Corps Pregraams,
indicatsd ztha=- an unsolicited proposal for a ba%=ery level
ire direction computer system consi rg of 3 Ligh:tweigh=
Diyi+al Cemmand Terminal (LDCT), 2 FCC ard 6DUs was in *hsz
process of teirg submitzed +o the Mazine Cocps. [Ref. 45)]

Th3 LDCT i= 3 rew name for <he Lit*on FIriefcase Terminal

K/}

(BCT). Tre LDCT is in reality a largsr version of +he DCT.
Lit=cn envisions tha2 LDCT as ‘:he primary ccmpuzz+ion
yni+ fco a "3 ¥ g1 rattery. The LDCT would be located ir th
plazoon FNC which was dasigna=ed as “he "primary FDC". Th2
FCCZ wculd be used £¢ support the ech=2lon displacsmert cf ths

irirg pla=nonz. Additionally, <ths FCC would serve as a

-'ll

up for <he LDCT. A CIU is needed for the LDZT and FCC.
Thiz gsys<=m wae dzmdastrated fo- +his author on 23
Ncvemder 1982 2= the Lit=on Van VYuys productior facility.

DCTs were programmeé tO S3cve as “h2 3DUs,

This new alterne+iva was proposzd *oo late *c¢c bz fully
researched, J3documen«ed and evaluaz2d in +his <thesis. The

reader shkould be aware of this al=zrna%ive. Lit*on's unscli-

20

£
)

cited proposal should cnn*ain 3ezail=zd information regar

Q

+*+ha LDCT's “echnical charac+teristizcs. A brief outline of “ha

LDCT is provided for +he r2ader.
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The LDCT 1is a portable, comou*~a*tion and display

+erminal. The LICT has an alpharumecic and grachic display.

simul+an

w

Up *o three peripheral devices may o=

de

ously to “he LDCTI. These include = Typewriter

keyboard, printer, and 2 mass Th2 LDCT

currenlty has a 128K, 16 Bi% word nsmory cavaci*y. Li%t%on

estimates that the memory size cas bz 2xpanded to 512%. I+

has an LED display cverlayed with ma=mbzane =swiwches. The

LDCT has over 400 programmable ard fixed functior swi+ches.

Six separate radio and wirz comaunications channels are

provided. The LDCT 1is powered by +*hree Li<aium

(BA5600,/U) Dbat=eries. A power convar=sy allows

28VDC vehicular ba*teri2s, WMEPGS ard =stardard garrison
power. The  operation 2f the LDCT s very siniliar <o %he
FCC. Trhe LDCT is interoparable wi<h BCS 2ani TACFIRE. The

~n
~

estimated procur=men* cost of the L is

sand dollar-s {Ref. 45].

COMPARISON OF ALTERNAIIVES

E.

Tablie XVIII rresents 1 comparis>s of *he majcr charac-

teristics of the €four al==2rnatives. The charac:zeris<ices of

*he Enhanced FD/SC represant its €£inal form upon comple+ion

of Norder's P3I proposal. memory expansions ars

estimates based on plug-in memory md>3ules ard technological

advances. The MTTR and MI3F are bassd on corntrac*or es+i-
matres, The cos+= da+a for +*h2 four alternativas 1listed in
142
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Table XVIII, with the execption of the BCS, are the cor“rac-
tors!' best 2s-imtes of *he procur2ment cos+t for a sys<en
designed to support an eight gun battary.

The <chapter has praserted a tzchnical description of
four fire direction computer systams which <can <nhance
battery fire direction capabilities. The manufacturers of
+he sys*tems provided thaz basic <2czhnical data +ha* wera
pr2sented. Addi+ionally, the chaptzsr provided the manufac-
turers' curcen* es-imate of the procurement cost. The BCS
procuremen* cost was *th2 FY 1984 coatrac* cop*ion cos=. All
cost da+*a wer2 expressed 3in FY 1984 Adollars. The nex=
chapter prcvides a cost 2f fectiveness analysis o5f +he four
alterna+*ives., The aralysis uses the da*a presented iz *his
chapter and previous chapters toc 32asure systam effective-

ness per dollar c¢f cos*t for each of “he alterrnatives.

o
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Chazacterisiic

Ccaputer Unit
Weight (1bs.)

Computer Uni+

Volume (cu. £%.)

Total System
Weight (ibs.)

Memory

Possible Memory
Expansion T»

Display

Display
r2a (sqg. in.)

Primary
Power Scurce

Genera+or
Power

Standard
Garctison Power

Dual Purpose
Comm-charnnels

Programming
Ballistics
Graphics

MTTR (mir.)
MTBF (hrs.)

Tctal Ccst
Per Battery

ST TR T TN T R TN TRTENT AT STY TN R R R TSI

Hn

TABLE XVIII

Comparisoan of Altarnatives

158

256K

304K

Plasma

24.5

INT=-BAT

YES

SCx% *

IMPM#

NO

See notes next

o]
e}
w

Yo
o

VEH-BAT

YES

NO

TAPE

NpHE#
NO
30

1200

14y

pajs.

)
=
™~
in
]

—-—h
[0 ]
.

[e0)

.89

302

720K

2000K

Inter-Act*

U, 17%x*

INT-BAT

Uxx
sC

IMPU %%
YES **

29

At b da s

(5]
N
e}

w
.
w

- Ou{)

h3.3

Tuux

288K
LED
1.5

INT-BAT

NO

SC
LITTON
NO
60

8800

$132.616

dAa. &l a s s o

SRRy




Notes:

* Plasma overlayed with an Interactive Devics
** Based on the P3I proposal

*** Self Ccntaired in memory

* Improved Modified Poin+ Mass

¥ Modified Point Mass
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h : A. DEFINITION OF THE PROBLEM

The Marine Corps curren* battary level
< systems ars inadequatsz to msst the demand

I‘ battlefield.

B. OEJECTIVE OF ANALYSIS

ﬁi

o

e objectiv

n

bazte 2l fire directiorn <compu*sr syst

H

y 1le

<

[ 23

Ccrps shculd procure.

Calculator (FD/SQ)

146
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of this apalysis is <tc de*t=2rmine

em “he Marins

: C. DESCRIPTION OF ALTERNATIVES

!- This analysis evaluates four alternatives which ars
é?? currently considered to be thz prime candide+t2s for
é? replacing t+he existing battery fic-z jicec*ticn sys+tems. 1In
E! alphabetical order the four alternativss arae:

E 1. Alterrative 1, Ar=illery Computar System (ACS)

:ﬁf 2. Altarnative 2, Battary Computer System (BCS)

-! 3. Al+ernative 3, Enharced Fire Dirscticn/Survey

4. Alternative 4, Fire Control Compu*er (FCJ)

wkich




A complete technical dsscription of +*he four al:ternz+ives
was presented in Chapter Pive. A naaber of other alterna-

tives in various stages »>f dssign/d=zvelopmen* are currently

th

beirg marke*ed by American and orzign companies. I+ was
beyond the scope of this thesis %5 consider z2ll +he avai-
lable fire direc+*ion ccaputer systeams. Preliminary analysis
was used to nartow the alterna+ivzs to +*he four listed

above, <so that a complet2 analysis 2f “he mos* prcmising

al-ernatives could be coniuc=el.

D. CRITERION

A benrnefit-cost approach was selzcted as +the criterion

for comparing alternativas. The four al*ernatives have
urzqual benefits and unzqual costs. A combat effectiveness

+he benefi+ of each aliernative.

{

index i1s used “o measur

Thz combat 2ffectivereds irdex i3 based on a subjective

assessment of 2ach alizrnativa's contribution <o an

ma+ted

§-2e
[

artillery battery's <comba+ effectivaness. The es<

e e

N Ll ok 2 A

y e

poodcurement cost for cach alternativs is used as the m2asur=

of coszt. The procurement cost iz b»ased on the eguipmern*

3

Pt §
¢
¢

Ty

reyuired to support an zigh* gqun battery. A bensfi<-cost

ratioc for an artillery bat+ery is daveloped. The ra*io of

b4
{

*he comba* effec+iveness index to the estima“z23 procuremen<«

UL

ccst is used to dJetermin2 *hs optimal ba%tery 1level Zica

directior ccmputer systam.

D o s AELALAN SR AL AN g
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. ASSUMPTIONS

FY 1984 produc*ion.

pre2sented in Chapter Fivse.

Cons*tan* dollars: The alternatives are analyzed I
terms of FY 1984 dolliars. Procursmsnt costs are based on an

: Accurats Cosx Estimat=zs: The BCS cos*t da*ta are baged on
Ef the existing Army ccn*tra The FY 1984 ceontract c¢p-ion
costs are used in *he analysis. Thz cost es+imaz“es for- th=
ACS, Zrhanced FL/SC and FCC were provided by the marnuiac-
turers. The alternatives are analyz2i based orn %“he ccs+t da%2

“urers have provided accura+te estimiies of +tha procuremen-
cost.
Accurates Technical Data: The al“«esrnatives are anazlyzed

- - based cr the technical datz2 prazsentzl in Chap%sr Five. I* is
;: assumed tha~ *the *echnical da*a is corra2ct. I* is recognized
li tta* cer*ain system £23aftures may <change as developnan*
Eg‘ praogresse
53 BEcercmic Life: All al“ernativas are assumed to have <hs
Fi same economic life,
E Inzzoduction of the "3 X 8" Cancsp=: The al%erna“t.vss
f ars analyzed in terms of <he planned eorganization of
E! Marire artilleryand <t.: ZiImplemantaticn of +the "3 X gn
.
;; concep* in the Direct Suppor* ac+illery bat+alicns.
Ei Additiorally, i+t is planned that 2an zigh+% gun ba+*tery will
Eﬂ have twc platoon FDCs, =ach equipp=zd wi<h a compu%er uni+,
=
3
e
i—ﬁi-ﬁiiHi-h-h-;ﬁ------rA PO a e — el ‘4_.44
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F. EFFECTIVENESS

1. Effectiveness Modz1l

3

op level acquisiticn decisicrns are complzax and
multi-objec+ive. This imolies difficulcies in

accounting for all relevant factors %o selszct =-he bes=
alternative. Mul=i-Attribute Utility Theocy (MAUT) s 13
techrnique which allows the decision-maker %o evaluate =zwc or
more alternatives whose u*ili+ty varias alcng several dimen-
sions of value. MAUT is 2ssentially 2 descriptive Zechriqus
+tha* prccesses information according =5 specific rules. Da<a
processin is accomplish2l within a2 logical but £flexibl-=
framewozrk foundad upon quantizative combinations of
evidence, Fvidencs is brough% to bear on *he alterna®ives *to
be evalua=<d by lccating *hkem on various dimensions of

value, The I1ocatzi measur=2s are th

m

n aggrega*ed accordirg to
a cempira*icn rule which weighs +ths r=slative importance of
each 4dimernzion. I€f +he mydel is suzcessful, i+ wiil iden-
+ify the al*erna+ive that respresents *“he greatsst wor+h %o
*ne decision-maker, [R2f. 48: p. 66] Decisions With

Mul-iple Cbhbiectives, [Ref. 89] prz=s=nts 2 complste descrip-

—

+ion of MAUT.

An application of MAUT is uszd o determine a combat

effectiveness index for an artillscy bat*ery. This index
represents *he measure o0f sffectivzness for 2ach alterna-

“ive, as a function cf th2 auwthor's opinions. The following

149
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seven steps were used to detersineg the combat effectivenass
injex for each alternativs,

a. TrLe major attributes of firs 3irsc=ion corputer sys-
tems which contribute <o ths erhancemer: of an
ar+illery ka*ttery's combat zffac+iveness were Zdenti-
fied.

b. These at*ributes wer2 subjectivsly rTa2nk:i in order of
impor*ance based on their iIndividual «ccuntribution o
ar ar<illery ba*ttery's comba< zffac+ivenars,

C. The four alterrnativas werz2 ratzd £fcr 2a7h attrihute.
Ratings of Below Avsrage, Avsrags, ard abova Average
were subjectively assianzd t2 zach al<ewrativa,

i. The a%*+ributes were weighted. Walghts wars assigned
based on subjective judgsmen=. tc%al 2L two hundred
weigh+s was alloca+szd ameong ¢hz a<iribu=zs.

2. The descriptive altzrnative ratings ware replaced by 2
rumerical value. The assign2] value =cepresenis *ha
reiative pcsitiocning of Below Average, Aver:ge, and
Abcve Average ratinys cn a scals of cre to *en. A
value of three respr2sents B2low Average, a vilue of
five represents Average, and a value ¢ sevarn repre-
ser.ts Above Average.

f. The attribute weight was muli:iplied by -h2 respective
numerical value for 2ach altearnasiva.

J. The alternative's combat 2ffactivenceses index i3 *the
summation c¢f +the iniiviiual 2%tribute w:iiglt multi-
plied by the respsc:ive numerical valus for all 4h2

2. Letsrmination of Effsctivan

with

pravi

identified a%+ribuzss.

Data from the questionrnaic-zs and numercus interviaws
ar*iller commandsrs, combinsd@ wi+*+h +this au+thkor's

ous ar=iliery experisznce, assistzd in i3a2ntifyirng *he

attributes of a €fire dirsc*ion computer system which can

significan=ly enhance an arctillsry bat=ery's ccmba<
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effectiveness. Ten major at<ributes were selected based on
this author's uderstanding of artillery fire dirzsc=ion
procedur-es. These ten at«ribuzes are listed and discussed ia
alphabetical order.

Communicaticrs Capability: This attribu*e addcesses

ths system's exterral and In“z2-nal communica*iosns capeabili-
tiss, The Gunnery T=zanm is 1linked by ccmmunicaticns.
Improvements in +he voiz or digi+tal +rarnsmissicn of
Calls-For-Fire and Fire Commards will 3increase systen
response *inme.

Ease of Operation: The computer should be "user
friendly". System prompts should be uszd %o assist “k2 oper-
ator. Alerts should be provided whesn erronous data are

entered Into the computer. A comput2r system which is rela-

v
or
L
[} ]
N
"
W
'J
T
'l
o
Q

tively easy %o operate ainimizes th= cper
requirements. A "user Sriasndly" system all
to gair confidarce in his abili“y <*o use <=hs syst=am. A
system which is relatively simple ¢5 coperaz= is essential
under +he s*ress imposed by comba* sps-a*iorns.

Growth Poteptial: This 2¢ttribute addresses +*he

system's po*en+ial for a243i+ional rowsh. A £ire direc%ion

computer system must have sufficisrt memory and compu*a-

+ioral power *o provide fer =he Iirncerpcra%isn of futurs
improvements 3in the field arcillary sys*em. The <sys=en

h
P
n

should be capable of evolving over its ) pan %5 mee*x new

3]

demarn ds.
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Gup Display: The visual display of Fire Comma:n

th2 section chief, gunnsr and assistant gunner will 2

5]

c

)
o
W
n
[11]

Intsropermbility: This attribute is concern=d4 with

thz system's capability +to intaroperate with existing
systemns and systems currently under develcpmant. A battery
level Zire direc+tion <computer must bz capable of receiving
anrd utilizing input from the DCT, 4DS, AN/TPQ-36 and MIFASS.
Interoverability requirzments for th2 system shouli be basel
OL an automated assistej interface.

Maintainability: I+ is impor%ant here to distin-
guish between maintainability and main<enarce.
Maintairability is d&firsil as a characteristic 5f desigrn and

installation which is oxpressed as

o
= o
m

e

robability ~ha*% an
i*2m will be retaired in, or rsswtorzl %o, a specified corii-
“ion wizhin a2 period of ime wher maiinterance is perfornmed
ia ;Ecc:dance wi*h prescribed procsdurss. Maintsrnance is ths

set of ac+ions necessary €for ratalaing an i%em in, or

restorirg i+ te, a specifiad condition., Thus maintainability

is a sys*tem design parametar while mair*enance z2c*ions are 2

a0

resul+* of <*“he system's d=sign. Th: purpose of main+ain-

-~
[

ability Is to provide the r=2quir=2d availabili*y and depend-

ability by maximizing =2as2 of maintznance in 3 marnnar that

4

T TS

R0} PR

is consistent with other system rzquir2ments and by ainim-

R
Ty

izing support resources ra2quira4d.

- T -
[
. P
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Mission Processinq/Programming: This ar.c-ibuxs
addresses “he system's abili+ty to process +<he varicus <vues

of artiliery fire missions arnd th2 programmin

L3
L]
N

guiczszd +o
support *he execution 5f these missions. Pregraaniing must
provide for <the responsive aprd accurate <conputatiorn »f

firing data. The effectivaness of ar+illevy fire

m

uppecrt is
sigrificantly increased by the +timely and z2ccurate conmpu*a-
tion of individual weapon *o aimpoint ballistic sclu*ions

which accoun* for all norn-standard conditions.

)

20oWar Source: The capability cf a firs dirsc=io
computer system to operate frem various types ¢f opowar

soucces provides a degrse of flaxibili+y <o %he users.

Peliability: Th2 probability <ha* an iten il
perform I*¢s intended functiocr for a2 specified iacerval unds:

stated ccnditions. The r2liability of a system depsnds on

‘D

i+s design. Add:itiorally, *“he manufacturer's gualit

n
4

u-

a

b.<

rance program becomes a key Zac*or iIn assuring thz- *"ae

reliability irherent in +th2 final dssign is nct coapremised

in *ke manufacturing procass. A highly reliabls fire 3ircc-
tio>n computer system will require far less support and will
provide the means for rsaching vital l2vels of comba* zffzc-

tiveness while holding the2 lire on life cycle cos%. A sys=en

that consis<ently performs will be us2d by the operators.

Ith

iz2 and Weight: Transportability, installaticn and

system operation are effacted by +he systam's physical

[Rad

characteristics, This at+tribute aidresses the size anl
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- weight of “he system's components, to+al system weigh+ ani

:u vol ume.

o .

N a. Ranking of Attributes

-

- The +en mjor attributss were subjectively

= ranked In order of importance based on their irdividual
contributior to an ar+illsry Lattery's combat sffeciiveness.

Table XIX presen+*s the ranking of th2 a<tribuzes.

TABLE XIX

Ranking of Attribu+zs

Reliabili+y
. Ease of Operation
Maintainabili<ty
Communications Capability
Gun Display
In+teroperabili+y
Mission Processiny/Programming
Growth Poctential
Power Sourc:
Size and Weigh=®

Reliability was ranked as *he most impor*ant
con<ribu*tor *o <combat effactivensss. The responses <+c +he
E] quastionraires clearly emphasized the importance of reli-
- ability. If a system is no* working i= cannot zontribute =5
effectiveness.

Ease of Operation was ranked as =he secon? nos=

[E8
w

mportant attribute. Tha2 €full potzn+tial of any compu*er
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system can only b= a%=tainsd when =hz operator is coniiden<
of his ability to use th2 system. The best computer ir +he
world will not erharce comba* =ffactiveness if the opera%or
has difficulty performing the cequirad system actions. Th=
fire direction ccmpuzer systsm mast be desigrned to be "user
frierndly", since the ocpszrator will have to use the systen
during ccmba* operations. Simpie proczdures provide the bes*
results.

The questicnnaires indicated “hat the systen

rganiza*<ional lesvel. When *+he

Q

should be maintainable at “he

is, maintenancs actions shculd be able +o gquickly

(B8

ystem fa

177}

"

asto

H

e *he syst=m tc normal opera%isn. System down+<ime mus*
be minimized.

The Communicaticns Capabili+y was ranked higher

<kan Gurn Display and In=srzopszradili+y. These lat=er two

n

attributes depernd on *“hs vst2n'zs overall commurica*+ions

o
j.

v

)

capabili+y. The best Gun Display Units ars ineffect
withou* z proper comaurications channel. Ccmmunicatons link
tha widely separated elsmznts of thz Gunnery Team.

Intermperability at *th=2 bat%ery lsvel cen= on

{4

n<

[{}]

tha system's atkilizy > rface with +hke DCT, iDS,
AN/TPQ-36, and MIFASS. Firing battzries are concernsd with
*hs executicn of fire missions. The Impecr*ance of interoper-
ability iIncreases a* highar echelons of commarnd.

dission Processing/Progranmin provides a

gr2ater coniribution to comba*t 2ffzc-iveness than growth
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potential., A battery firs diraction system should hzve =oanz
growth poten=ial. This 3allows £or flexibility ari Zfuzura
applications. However, programming is required =zo =ranstorm
poten+tial into reality. Tremendous jrowth po=ential wi<hout*
proper programming does not immedia<zly contribute to compa=
effectiveness.

The ability to operate frem various povwert
scuzces Is more importan* than tha size and wsight of “h2

system. Ba<tery power frses the unit freom relying cn genez-

ator power in fast moving situations. Genera%ors car prcvids
pewer *c sustain continuous operaticns in a rTela*ively

e+a*ic ervironment.

E. Rating ¢of Al*2rna+ives

The four altarna<ives w2-e subjectively ra<ed
fer each attribu+e. Ratings of Below Average (BA), Averags

(A) , and Above Average (AA) were assigned. Ths ratings wers

[o )

etarmined based on the data prasznted in Chap*2r Five.
Table XX provides the ratings =hat wsre assigned.

The zeliabilizy =rating considers more “han %hs
contrac*cr's estimate of MTBF. Ths reliability c¢f <he BCS
and ACS was rated above avarage. Th2 BCS ra+ing was based on
tha final operational tast results and comments of ar+<illery
officers stationed at Port S$ill. Thz ACS ra+ting was based on

th

w

iimitesd developmental “est resul“s of the FIST D¥D and

Magnavox's well-defined gJuali+ty assurance progranm. This

-
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TABLE XX

Rating 5f Alternatives

Aztzibute ACS BZS ED/SC FcC
Reliabiili-y AA AA a A
Ease of Cpecation Aa BA a A
Maintainability A AA A 3
Commo Capabili‘y Ald BA A BA
Gun Display A Ad AA BA
Interoperabili+y A AA Ad Ba
Msn Prc/Programming AA A A BA
Growth Pctantial A BA AA BA
Pcwer Scurce AA A A BA
Size aréd Weight AA BA A AA

author was impressed by the quality assurance prograa tha=
Magynavex has established for the DMD and FIST DMD produc+ion
line. 7Tre ACS is a derivative of *i2se systems an’ 1+ will

be manufactured on the same produc*ion line. The H¥TBF for

-3
e 4
1]

zh2 BCS and ACS are consider=sd *o b2 good =2=stimates.

foh)

®nhanced FD/SC reliability has nc*= r=2ally been demonstra<:z
Th2 system was only boxad in i+s hardware in early Oc+*cb=er.
The FCC demonstration modals have na2ver achieved the s=2=ed
MTBPF. The reliability »>f +he FCC al<ecna<ive was =cated

avarage because <+*he =2ntire syst2a has not really bzen
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finalized. The high MTBF for tha Znhanced FD/SC and FCC has
nct beer clearly establish=d.

The ACS was rated z2povs average for ease of
operation., THe system prompts and lay=sring << menus provided
a logical s%ep by step process., Thz ACS is a "user frienpdly"

system. The BCS was ra*23 below average, because of <ths

requirement to learn an excassive amount 5f n=w mnemcnics. A
BCS opera*tor needs at leas* eighty heurs of ins=fuczion *o

be able *o operate +he system with limited proficiencv. Th2
Erhanced PD/SC and FCC war2 rzted avsrage. The menu layering
in *he FCC Is not as efficzient as th=> layering in <he ACS.

The ECS was rated abovz average for main*ain-
ability. This rating was based on the excellent buil=-in
self-+es% rcutines, MTTR, ard easz2 >£f meinterance. The ACS
anl Znharced FD/SC were rated averags. Theiz MTTR s=s“imates
have no* been valida“ed by actual £iz13 testing. The FCC was
rated below average, bacause all mraintenance mus%t be
performed a< the General Supper+*t l=zvzl.

The ACS has superior comaurnicz=ions capability.
The Enharced FD/SC communizations c2oability is based on the
completion of “he P3I. Th2 Enhanc=2d FD/SC Z¥Ds which will be
delivered to the Marins Corps in March 1983 will have only
on2 communicationrs chann2l. This channel will provide for
+ths GDU communicatioans 1link. The BCS ard FCZ have limi%el

communica“ions capabilitiss,
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The Norden GDJ for ths BCTS and Enhanced FD/SC

was rated above average, bacause i% is +the only fielded GDU.
Th2 Norder GDU has been extensively tested by the U.S. Army.
The problems identified during operational testing have been
corrected. The Magnavox GDU is smaller ard 1lighzer but i=
has not been *ested during actual firsing. The FCC GDU has
orly beer concep+ually dsfired. 1If Lit%ton uses the Norden
GDU, in-erface problems will still have o be resolved. The

FCZ GDU capabili<y was rated beslcw average.

ot

N
<2 =
W

Interoperability was ratzd above average for

[1)]

Erhanced FD/SC and BCS. Since Nordan 1is developing
MIFASS EDMs and +he s>ftware £{irs supper: applica*ion
programs fer <=he DCT, interoperability problams would be
minimized. The interoperability capabilities of “he Erhancei
FD/SC wilil <xceed -“hose of the BCS. Thes ACS intesroperability
was rated average, The PCC interopsrability was rated below
avarage. Its 1limi+ed :zommunicatisns capability affacts
intercperability.

The Mission Processing and Programming of <*hs
ACS was rated abcve averajye. The ACS has mission processing
capabilities which are similar to BCS. The ACS incorpora“ss
th2 Improved Modified Point Mass Ballis+ic Model. I+ can
compu*e £iring data for six<+een individual weapon loca%ions;
whareas, the BCS car comoate £iring da“a €for twelve indivi-
dual weapcn locations. The BCS is *he cnly tape loadin:

alternative. The BCS and 2Znhanced FD/SC were ra*ed averags
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based or. +he mission procassing capabilities and programming
presentsd in Chapter Five. Th2 FCC was rated balow avsrage
The FCC uses the Litton iaveloped ballisti model., I* was

. designed *o suppcrt a six gun battery. Modifying the FCC to

handle eigh+t guns would r=juirs major software changes.
The FD/SC has excsllent growth pdoterntial. Ths
the Enhanzed FD/SC is besed u

total grcwth potential for o]

]
‘0
b}

completion of *he 231 proposal. Thz2 Enhanced FD/SC has +he
poten*ial to evclve into a3 mulripurpose lightw2ight ccmba+
terminzl. I+« curren*tly has a very impressive memory cana-
bility., The <Enbanced *D/SC will provide a graphics capa-
bili+y. The growth potenzial of <th2 ACS was rated average
Ths BCS and FCC were rat2i1 belcow average. Thz BCS memcry

3 3 - . ’ 13 . . 3 3 N
size Is fixed and would ra2quire a significant investaen: o

= expand this capaltility “hrough ar unplanned product iamprove-
ﬁ“ ment. The FCC Is in realizy a very powsrful calculactcr. It
il do2s no= have the capability tc evolvz in*c 2 multipurposs

ccabat terminal.

! The 3S and 2nharced FD/SC can oparate €from 2

large varie-y of powsr soarces. This provides the coamander
with a large degree of Zlexibili:iy. The ACS uses fewer
internel bazteries +han =he Enhanca2d FD/SC. The ACS was

rated altcve average 2nd +hs Enhanced FD/ST was rated

average. The BCS cannot operate froma intsrnal bat+eries and

.- rejuires a powe: disrtibution ani<., The BCS GDUs incluéde zn

i} ' internal ba**ery power option. Th2 B8CS was =c2ted avacage.
+'it 169
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The FCC power sources are limited. The inapility of -hs FCC
+*o0 operate directly froa MEPGS is a3 major disadvzirage.
Therefore, it was rated bzlow averags.

The size ard weight of +he ACS 2nd FCC wer=

rated abcve average. Wh2n 21l componzn*s are coasiderad, thas
Erharced FD/SC is twice as heavy as *h=2 ATS 2nd <the 5CS is
four *imes heavier than *h2 ACS. Th2 3CS is largz ard bulky.

It is primarily suited for installation in 1 vszhicla. Ths

BCS was ra*=2d below averags.

C. Weighting of At tribu+es

Tables XXI pres2n*s +=he wzicghts “ha<s were sulbjec-
tively assigned +o each attribute. Weight assigrmszr- was
based con information gain2d from “he cverall resea-ch effor-

for this +*hesis and *his 2author's pravious ariillsry experi-

rn
W

ence. Ary number of diffasrent weigh*ing scales could have
1

Q
[
j=n

been used. The weighting scales shou

(1}]
m
«t
prs
H
|+
o
=
ct
[{}]
n
[ ]
-
7
..-l-
1,
I
o
M
/1
' e
"
-
n
[{]
n
It

spread between the varcion
“wo hundred poin* weigh%*ing scale. A =o*al 05I :<wo hundred
weigkting points was allscated among “he varicus aitribu%es.
Assignmen* proceeded from the lowss% cankin attolibute to
tha highest rarking attribute. This type of weigh“ing sys*%2m
permits *ies between attributes. Howaver, in th2 assignmen:
of weigh*s no *ies occurrsgd. All w=ights were expressed as

whole numbers.
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TABLZ XXI

Weighting of Attributes

Atiributes d22gazt
Reliabili+y 35
Fase of Operation 30
Maintainabiliity 28
Commc Capability 25
Gun Display 22
Interoperability 20
Msn Iro/Programming 15
Grow+h Po*tential 12
Power Source 8
Size and Weight 5

Total Weights 200

d. Assignment of Numerical Values

The descriptive gltarnazive ra=irgs wers
replaced by numerical valaes. Any scale which provides 2
cons:s+ent spread between the <thrz2e 3escrip“ivs ratings can
be used. A scale of sn2 to ter was used <o transform “he
descrip*ive ratirg into a numerical value. A value of three
represerts below averags, a value of five represents
average, and a value of savern C2pra2sants above average. The
avarage valus (5) is *h2 numerical average 2f +<he values
assigned *“o below averag2 and abeve average. Table XXIT

162

P W AT U S L T S Sy D Py PP Sy . -‘;.-...LLAJ




-

r

depicts the r=placement 2I descriptive ra*tings wi+th numsar-

-

ical wvalues. Additionally, rhe wzight assigned “c each

attribute is inrdica+*ed.

TABLE XXII

+*0 Al*ernatives

[+}]
t—
(o
WD
1]

Assignmen* of Numerical ¥

At:xribute Weighz ACS BCS ED/ZSC F2C
Reliabili+y 35 7 7 5 5
Ease ¢f Coeration 30 7 3 5 5
Main*ainabili+y 28 5 7 5 3
Ccmmo Capabili+y 25 7 3 5 3
Gun Display 22 5 7 7 3
Interoperabilis 20 5 7 7 3
Msn Pro/Proarammning 15 7 5 5 3
Growth Pc=entail 12 5 3 7 3
Power Source 8 7 5 5 3
Size and Welgh= 5 7 3 5 7

€. Measure of Effactivsnsss

etermiration of <+h

[N

Table XXIII oresznts thsz

1))

combat* effectiveness inds=x for =ach alzsrna+ive, The at*+ri-
bute weight was muli*iplied by *he c2spective numerical value

for each al“=2rna+ive, The a3l*arna-ivz's comba+ 2ffectivenass
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TABLE XXIII

Combat Effectivensss Index

tizibute ACS BCS FD/5C FCC
Reliability 249 245 172 175
Ease of Operation 210 3) 159 159
Maintainability 140 196 140 34
Commo Czpability 175 75 125 75
Gun Display 110 154 154 66
Interoperabilisy 110 140 140 6)
Msn Pro/Programming 105 75 75 45
Towth Pctential 60 36 84 36
Power Source 56 40 40 24
Size and Weight 3s 15 25 35
Total, Ccmba*

Effectiveness Index 124 6 1066 1108 759

index iz *the summation of the values shown in each cclumr of

Table XXIII. This combat 2ff2sctivanzss Zndex i3 +he measuze
of effectivaness which rapresents *he relative hanafi- of
each al*ernazive.
G. COST MODEL

All of the alterna-ives have sigrnificantly d:ifferen=

ccsts, In a cost effec-iveness analysis, +%hkz cCcost model
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should be based on the lifa cycle cos+t for each alternazive,
However, *he BCS is *h2 2nly alterna*ive fc¢r which an accu-
rate es*imace of life cycle cost =2xists., 1I* was beyond the
capabilities of *his author +to develop accurate estimates of
life c¢ycle cost for the other *hrzs alternatives in <he

short <ime span available for the completicn of this <hesis.

Thz-efore, *he estipated procurement <cost of zach al%srna-
+ive based on an FY 1984 productioson was selzcted as the
measure c¢f cost. Table XXIV pres=nts the procuremen* cos:t

vper artillery battery for e2ach altzrnative. Th2 procuremen+
cost is based on the equipmer~ regquirsd *o suppor%* an eigh=
gur artillery battery. This incluiss *wo computer uni=s and

eight GDUs. All costs in Table XXIV a-e ir FY 1984 dcllarcs.

TABLE XXIV

Procurement Cost Per Artillery Battsery

Systen ACS BCS FD/SC FCC
Cost 3102, 000 $339,860 $209,616 3139,616

In zhis authecr's opinion the praocurement costs for *he
Enrhanced FD/SC and “he FCZ are sofz. These systems -squire
adiitional research and isvelopment fuands for scf+ware. A
discussicn of addi*ioral requirsman%s was presern=ed in

Chapter Five. Norden's cost z2stimat2 of *he P31 prcposal
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must be viewed as a '"b2st guess". Snf+ware cost and

development schedules hzava been zralitionally understatad.
Ths majority of any computar system's to*al cost is based on
*he sof+tware cost. The actual hardware only r=epresents =z
small fraction of the total ccs*,

Software is *he most unsife, the l2ast understood, and the
most expensive component of to+*al ccmputer sSysisem CCSTtS.
Software developmen: costs are now zlmost 90 percen+ of
total computer system ci>sts. This parcerntage will probably
increase along with the absolute costs of software, sincs
software design, development and +tssting (2re) +he mos*
highly labor-intensive component (s) »f computer systenm
products. The <cost of softwarz has =cisen continucusly.
Overrurs of 100 percent irn both <cost and the %*ime <o
develop software have not bsen unusual occurrences, In
fact, +*here have been cases of to*2l failure to develop
systems due +to software cost and schedule overruns.
{ Ref. 50: p. 19)

The U.S. Army currenily plans ¢5 maintain the BCS well
into the 1990's [Ref. U41]. Szlectisn oI the ACS, ZEZnhanced

FD/SC or FCC establishes =2 tc*aliy unique Marire Cecrps

n

bat+tery level fire dirsctior compu“2r system. The Marine

th
Q

Corps wculd be completa2ly respcasibls r *hs life cycle

mainterance and *raining cos*s of thsz AC3, Erhanced FD/SC
and FCC. It should be no%*2d that th2s2 *“hres unigue alterna-

tives significan%ly impact on l1ifz ~y<-la support costs.
In *hkis author's opirnionr sof4twarz maintenance of these

+hree alternatives will b2 a very sigrnificant cos+. 1I* i

n

o

impossible <0 accurately =stimate ths sof*ware main“2nanc
cos*s cf sys+ems which have no%t =ven been operationally
tes+ted. The estimates of any requir=2 softwars main*erance

maje af+ter cpera+ional testirg is complete will most likely
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be very soi*. However ast experisnce in +the developmart of
[}

th

S

[0

computer 5ystems can proviie a rough approximation o ft -~
ware mairntenance cos*s. "The cost of maintaining softwars
is estimated to account for 75 p2rcent of all softwars
costs." [Ref. 50: p. 19]

In this auther's opinion, +hs 1ifes cycle training cos:
for +he ACS, Erhanced PD/SC and FCC would be roughly egquiva-
lan+., However, a significant diffesrsnce betweer =hese three
alterna=ives and BCS emergss. Ths Marire Corps would havs
0 procure a sufficient number of syst=ms to provide £or any
formal school training. A completely unigue “raining progranm
would have %0 be developei.

The high procurement cos* 0f =-hs BCS may cffse+ aay lifs
cycle cos* savings in maintenance ani <r-aining. I+t is recog-
nizzsd tha+* +there are most 1likely differences in <+he *o0%al
life cycle cos*s of the four alternatives, ife cycle cos=
data would provide the bast measursz ~f system cost Sor =z
cos+ effectiveness analysis. Since +hese da*a were neither
available nor could *hey be azcura%tzly estimat=d, procure-

men+ cost was used as a proxy to m2asurz system cost.

d. BENEFIT-COST

ves

1. BRanking cf Alzerpat

" ‘e

The ranking of alterra+ivas is preserntad in Tabl2

(2]
2
1}

XXv. ranking is based on <th2 de%*ermina*tion cf
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equi pmenz

required *o5 suppor= an

eight qur artillsry battery. The b2nefit Zs =zxpressed in
terms of *he conbat effectiveness index (CEI). This index
was developed 1in Table XXIIXI. Th2 cost is the es%imated
System procucement cost per artillary battery in FY 1984

dcllars. This cost has been oxpra2ssed
dollars. The ratic c¢f *hzs combat sffac4ivenass

estimateé procursment cost is

battery level fire <cirsction compu*3r sys<=n.

provides the greatest ben2fi: per dollar of cost.

T'ABLE XXV

Ranking of Alternatives

Aliernpa*r-ve CEL Cas: (3000)
ACS 1245 $102.000
Jeied 750 $139.616
Erhanced FD/SC 11938 $209.616
BCS 1066 $339.860

The

-4 2. gSepsitivity Apalysis

[ﬂ.

-

- The analysis in this thesis assumes unejual
.

ti and unequal costs for th2z altsrnativzs,
j

5 subjectively determined anil *he cos+ts
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alterna+ives were based on manufacrurars' estinazes of
procurement cos*., Based >1 equal bznefi+s and the =sxisting

.

estimated procurement costs, tha ACS still providas =he

i

largest benefit-cost ratio.

Since effec*ivensss was dztsrmined subijectively,
different artillerymen would most likaly de-ermine differaent
totals for the combat effzctiveress index., IZ <his au*thor's
determina%ion of +he combat effectivaress indsx is assumed
to be reasonable correct and the system cost is changed,
“her +he sensitivity of “he altsrnatives «can be Zurther
examined. The BCS procur2men: cost is fixed by the *Y 1384
con=rac*t option. The other costs will most probably Increase
as system developmen% progressss. A 100 percert incraass in
ths estimated procurement cost of ths ACS provides a 6.11
benefir-cost ratio. Tha-zfore, if thz ACS procur=swent cost
is assumed to iIncreass by 100 p2rzzn* and the es+timaced

procurement cos*s of ail +*hs oth:r alternatives remain

1]
4]
o
o]
n
N
i)}
)
o
D
[» 1
rJ
]
-
o]
[a]
'—l
(%}

unchanged, <+the ranking 5f alternativ
XXV wilill rno* change.

Table XIXVI vpresants the =roanking of =21i%srnhatives
based on a 100 percent increase In %“i procursment sost of
=t2 ACS, a 50 rpercent increase in ths procurcsment cos+ of
+he Enhanced FD/SC and FCC, ard an unchanged BCS procusement*
cos=. The ranking of the alterna“ivss remains unchangsd. 1In
this author's opinion a 100 percen* increase in *he procure-

ment cost of *the ACS is highly unliksly. The ranking of +he
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alterna*ives was not affacted by sizzable percentaqge changes
in the system prccuremen*t cost whilsz holding “he destermined
effectiveness constant. The ACS consisterntly produces the

largest benefit-cos* ratio.

TABLE XXVI

o Ranking Based cn Increases in Procurement Cost

.

: Alterpative CEI Cast ($200) Razin

] ACS 1246 $204.000 6.11
FCC 750 3209.424 3.58
Enhanced FD/SC 1108 5374.424 3.52
BCS 1065 £339.860 3.14

This chapter has present2d a cost <cffectiveness
analysis of the four alterna*tives discussed in Chapter Five.
The finaZ chapter providzs +*he conclusions ani recommernda-

tions cf “his +hesis.,
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A. CONCLUSIONS

Artillery is the MAGTF Commander's primary all-weather
fire supporz asset., Today's ba=tlzfield scenarios demarnd
that artillery fire suppoct nust bs rssporsive, accura%te ani
effective. The ma jority of Marins Corps artillery nunics

currtently compute fizing 3a+a using an*iquated manual proce-

|4

dures. In an age of significan* tezhnological advances in
computation and au+tcmacti: data processing systenms, “he
Marire Ccrps s+t:ill utilizas a manual system consistirng of
paper firing charts, plotiing pins and GFTs. FADAC, £fielded
during +he mid 1960's, is also outmoded and beyond i*s
expected sezvice life., FADAC is rnot being used and canno* be
relied upon. The PHHC has only limi*ted capabilities, 1I=*
cannot suvpor*t extended combea* operations. Simply s*%a+tad,
th2 current Marine artillery fire dJirec=ion systems are
inadequate to mest the demands of +5day's ba:tlefi=ld. The

lack of a modern artiller firze dirasction computer sys=tenm

1]

degrades the Marine Coprs >verall comba*t effec*iveness.

Sirce the la*e 1960's the Marins Corps ard the Army have
besn mcving toward th: 2stablishmen* of +wo unigue £ire

suppcr=/fire direction systems, MIFASS ard TACFIRE. Many

Marines have not realizei this, bzcause TACFIRE has only
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recently been fielded and MIFASS is s*211 under devslilcpment.
MIFASS <Is being designedi to complsment <*he Marire Carps
concept of operations. The two systesms support <he unigue
requirements of each service, It is impertart -> urndasrs*zrni
that in *he near future “wo comple+tely differen=, bu= in*ec--
oparabie, systems will exist.

The f£ield derloyment of MIFASS is at leas* Zive y=ars in
thz future. MIFASS will orovide <he artillery bat%talicr FDC
with a state-of-*he-art fire supporit/fire direcrion compuzer
system. However, MIFASS, as presently configured, does rno=
extend +*c *he battery leval. MIFASS will nct resolve ¢he
fire direction problem at the battery level. The ar+illazy
battery needs an automated computational «capability ==
support autonomous battery operatiosnas. The fire dirac=ior

problem is especially c-itical at “hea Dba%*e

a1

vy i1evel =z2nd
needs to be expeditously ra2sclved. Ths Marine Corps fzcee a
critical window o5f wvulnarability until <+he completz fizs
direction problem is solv=23.

kesponses *o the questionnairss clearly establish <hz=
=ke ar+illery zegiments 2mphasiza different ue<hcis for
computing £iring data. Marire artillery does 1no% have a
"standaré" primary method fcr de*2raining firing data. Ths
active artillery units are using *hs PHHC. Apprcxima<ely 36
percent of *he ar+ill:ry batteries in <he active force
structure us2 “he PHHC as the primary means for determinin

firing da*ta. The ressrvas are no* using =he PHHC. FADAC
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mainterarnce suprort is inadequa*e. Based o5r the data

provided by the questionnaires, th2 average FADAC dowz+ime
exceeds sixty days. FADAC maintenancs suppor* protlems will
con=inue to increase.

ndicates tha* *he Zimpact of

(2D

Research for this thz2sis

(V]

the "3 X 8" concept has not been fully addrazssed by the
Marine Ccrps. The Marins Ccrps Deva2lcpment and Educa*ion
Comrand's Doctrine Depac-tment, Firszpower Division and th»
Command Control and Communications Divisien (C3) could not
provide definitive informatiorn regariing *+he organiza=ion of
the fire direction systeam, number >f persornnel required %o
suppo=z* anr FDC equipped with 2 new battery computer systenm,
23l *ne concept of employment. Thes 3 X 8 corncept in*roduces
a myriad of additional problems for ¥arinpe artillery. These
probl.ems can be resolved. Data from the questionnaires inpdi-
ca<es that two pla*toon FDCs each sjuipped with a computer
uni® are required *o adequately supp2>-*t the employmen+t cf an
eighkt gun ba+ttery.

Since i*s <ircep+tion, the ACS program has bheer poorly
managed. This is not msant to be an indictment of any indi-
vidual or group of indivijuals. Th2 acquisition strategy
has clearly violated a rumber of *hs Departmen% of Defens=z
acyuisi+icn prirnciples. The docua=zrntaticn £or <+h=2 ACS
program Is incomplete and disorganizzd. The ACS is currentl
approaching OT II wi*hout <the publica*ion of an approved

ROC. Tre develcpment of the ACS his been degraded by +¢he
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parochial interests
activities and agencies. Thess activities
placed +heir parechial

Marirne Corps.

of a2 number 27 different

and agenciscs have

the needs of <+he

In September 198C an 2rticls in *thez Marine Corps Gazetise

claarly Ideontified <he orgarnizaztional

*his s*1il1l continues to

day,
"namely the lack of focus,
Th2 auther of
ccamands
tactizs, tachniquas an

ard grewing. Without dzfinitive diczc=i

single Ttead, tthe intzo2sts

parochial

Marire ar+illery

to replace FADAC a% *he battalion znl batt

replacement is needed now, no% la-=zr. MIF!

+
feind

provide +he ar+iilery

suppor=/ficre direction capabili+y. AZS ‘s

4

,l.
|D

T

1]

(B

battery Zavel f
careful examination of ths Proposad

that the design rarameters address a1 syste

tioning a* the battery ani battalion levels

example o¢f acquiring 1a sys*em <zthat Is

desired under an "acceptel name".
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or singls head".

and agencies in +thke Marins Co

T2 years late- *h

nesds a Zirz direc+ion computer

bi+t*alion with an

czicn computsr sys+

RJOC for +hs ACS

A a moaalal 2 R

weaknass which, 0

Marine artillery,
(Ref. 7: p. 65]
the commurniz of
Tps involved with
d devslopment as 2
& "Hydra" is alivs
on provided by a

cf the individual

and agencies will continuz t> dominataz,

automated fire
supposed to be a
am. Hcwever, 2
reveals
m capable of func-
It is a classic

really nesded and

e AT
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If “he ACS is fielded in FY 1985 as a battery lev=1l il==

direction system and ths MIFASS IOC continues to slip, <han

1Y)

'_.I

an intolerable situation will r=2sult. The T=ili=zy

-

lal}
"

bat+eries will have a firs direction capability that Is

[1H}

supericr to the battalion FDC's esxis<ing «capability. Th

W

battalicn FDC will have o cortinue t5> rely on FADAC 2nd =h

5+
G

PHHC. The artillery battalion FDC ganprnot be cut out of =

[

v

fire direction lcop. Artillery ba“talions, not bat+eries,

.,.J

provide “he effactive masssd fire supprrt “hat is essen+ia

g for success in ccmba+.

Ei The cost effectivensss analysis presen*ed in Chap*=er 3:ix
-~ determined <+hat “he Magnavox ACS is <+he optimal ba+=z:t

| 5 I Y
- level fire direction compuiar systam. I+ provides =h=
ﬁ' . graatest benefi+ vper -dollar of cost. The canking of <“he
.

=

alternavives was not affected by siz2able percentage changes

b g3
)
i

in +the system Dprocuram=n* cos=. The ACS <consisten=ly

[0
[

v

produced “he larges+* benefit-cost ratis. The ACS can prcvida

.i'4

?} a significant enhancement irn 212 artillary Dbattery's comba-=

ot

E} effectiveness.

b=~ The total procurement cost £>r the ACS Is relatively

==

? inexpersive when one consijers the barz2fi<s 2nd compares i+

;. to the cost of cther rew systems. If 200 comple%. sets of

tg ACS equipment were purchas=d at a cost of $102,000 per set,
the total procurement cos= is 20.% aillion dollacs (FY 1984

: dollars). Compare <+his cost to ths flyaway cost of an F-18

4; or AV-8B aircraft. The flyaway cost of a single F-18 is

7 175
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currentl astimited to Dbe approximately 22.775 milliom
dollars (FY 1982 dollars). The flyaway ccst of a single

AV-8R is «currenlty estimated to be approximately 21.58
million dollars (FY 1982 Jollars). Th= aircraft flyazway cos*
figures wers extracted from the 30 Sap~ember 1982 Departmen*

cf Defense Selected Acquisition Report (SAR). [Ref. 517 The

ACS will provide a significantly greater increase in overall
Marine Ccrps combat effsctivensss than any single fixed wing
airframe. Artillsry remains the primzary fire suppor* asset:
for the MAGTF. Vlarine artillerymen mus: be given a computa=-

“ional capability tc ensurz tha* firs suppor*t is responsive

accurate and effective,

3. RECCMMENDATICNS

r
t
)
8}
]

The cbjective of this reseiarch zffsrt has bsen to de

mine which  Dbattery iev2l £ire dirsc%ion system <he Marins
Corps shculd procure. While moriva+tsd by personal =xperi-

er.ces in previous artillacy assidgnments, irndividual Dbias
was, rLopefully, nct a significant fac*ocr in thes d=<2rmina-
tinn of éirecticn or outcome of the znalysis. Based orn <*his
research affort a numbsr of specifiz recommesndations have
beer compilad. These recommendations shouald no*+ be
coerstru~sd as rapresenting the toxality of actions nezded *o
sclve the artillery fire 1Jirsction brcblem. Inste=ad, <“hey
az2 simply representativa o€ <he <“ypes of acticon which
should assist in *he resclua*ion of th2 artillzsry fire dirzc-
tion prctlenm
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.

Thaet the Marine Corps adopt an® publish = ROC f£or the
Ar+illery Computer System ({iACS).
That *he Marine Corps review, correct 230d update *the

complete ACS acquisition documsn*ation,

Tha* +he Marine Corps adop<% zh2 ACS, proviiled thst the
ini+ial operational test schzdulzi for Sanmcery 1983 is

satisfactory.

That the Marine Corps 2dapt +he ACS Ifor us2 as 2
bat*alion level firs direc=ion compu*er =ystem cn an

irterim basis uatil the in+roduction of MIFass.

Tha*t *he Marine Corps rsvaluvats *he Letier oi Aadoption

ard Procuremen*t for the ACS.

Trha* <he Marins Corps assign a professiosralily compe-
“er* artilleryman t¢ Magnavex, as an ia-plan%t epra-

senta+ive, to assis* in the d=vslnopment of tlie ACS.

Tha*, once a final acquisition decisicn is made, +h2

tem in+rcductiorn

i

n

SY

-
-

._‘
w

Marine Corps dev=21lop a comp
plan for the ACS. This plan anz=< be carefully 2devel-
cped %“o0 ensure *=hat organiza=icnal =z=2sis*ance %o

ctangz is minimized.

Tra* <*“he MYarine Corps es*%ablish a formal <“:airing
course for ACS op2ra*ors a* <+he [.S. Acmy Field

Ar=illery Schocl :znd =~hat sufficien< ass

W
cl
n

—
O
O
3
o
=

[}

t2rs, qun display univts and ins+-uctors) be providszd.

yoov
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10.

11.

12.

13.

14,

15'

16.

Tha*t *“he Marire Corps plan to contract for *he ACS

l:fe cycle sof“ware support.

That the Marine Corps adopt the ACS as the "primary
me=hod" fcr det2rmining firing data 2and <that +the
MCCRES standards for actillsry units be based on *h2

ACS's capabilitiss.

Tha+*t *he Marine (Ccrps emphasiz2 +he use 9f FADAC in
+he battalion/alternate battalisn FDCs un+il ACS is
fZeld=d. Thses FDCs can makes =2xcellent use of FADAC

capabilities for data update.

Thet *he Marine Corps =mphasiz:z the use of the PHHC in

the battery FDCs until ACS is €ielded.

Tha* the Marine Zorps closely monitor FADAC support-
abili+y, TFADAC ass=2ts should be redistribu+ed, is
required, to maintain.a halanced capzbility in *he
different artillery regiments.

Tha* *he Marine Corps address +th2 total impact of the

"3 X 8" concept.

That *he Marine <Zorps zxpand <+“he ©PHHC opera“or
ias%ruction at ths 7. S. Army Field Azzillery School

un%il “he ACS is fislde<d.

That *he Marine Corps <consider an organizational

w

change to crea*e a singls heai for Mariae ar<iilarcy
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who «can

formulat 2,

system acquisition

7]

technigues,

The +im=z has ccme for

14

s concerva*ive,

chinge arnd systen

a:a
- -

T.cw. Ar ar+illery fice

today, rot “omorrow. Th=

nation demand i+, Efff=ac-i
artillery fire suppor* 433
the Ar+illezy Ccmpu*er 3vs

Ccrps comta= effec-iven=zss,

o

v
t
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a .

B

b
5
b
b
b
P

review and evaluate artillsry
‘ doztrine, tactics, and
Marine artillery +*o break cu= of

s*ald approach toward changse.
Improvan2nt i
ec+ion

nesed

ve

ats

tenm
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The +ime for

n artillery fize direc=-iorn is

computer system Is needed
Marine Zoprs 2ad +he
of

and =€ficient utiliza-ion

i*+. The adop-=ion of

overall Marins
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G ARPENDIX A

p LIST OF ABBREVIATIONS

- ACsS Artiliery Computer Systam
ACU Artillery Computer Uni*
ADAN Area Denial Artillery Munition
ADM Acquisi+ion Dszcision Memdsrandum
ADD Advance Development Ordar

g ADP Automatic Data Processiag

f_ APM Art ihme*ic Processing Mamory

:§ ARRCOM Armamen+ Readiness Command

%: BCS Battery Computer Systam

{ ) BCT Briefcase Tarminal

ff BCU Battery Computer Unit

: BDU Bat*ery Display Uniz

3: CECOM Commun ications and Elsctronics Commang

Zi CEI Combat Effectiveress Indax

ﬁ CFF Call ror Firs
CIUu Communications Interfacs Uni+
CMD Communications Messags Devics

?; COMSEC Commun ications Security

i cp Command Poszt

% C>® MSN Copperhead Priority Missicn

‘; C3 Command Con<tzsl and Comnuricaticrs
DASC Direct Air Sappor: Cen*sarT

' DC Direct Current
‘ 180
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DCT
DMD
DPICH

DS

EDM
E2ROM
FADAC
FASCAM
FCC
FD/scC
FDC .
FDO
FIST DMD
FHu
FMEM
Fo

FPF
FsCC
GA

GCI
GCU
GDU

GFE

GFT

PUPAE WA S W

Digital Communications Terminal

Digital Message Devica

Dual Purpose Improved Conventioral Muni-iorn
Direct Support

Engineering Change Proposal

Engineering Da2velopment Model

Electrically Programmables Read Only Memory
Field Artillary Automatic Digital Compu*er
Family cf Scatterable Mines

Pire Control Compucter

Fire Direction / Survay Calculator

Fire Direction Center

Fire Direction Officer

Fire Suppor= Team Digital Message Device
Field Manual

FPleet Marine FPorcs Manual

Forward Observer

Final Protective Pirs

Fire Support Coordination Center

Gun Assembly

Gun Control Interface

Gun Control uUni+

Gun Display Uni«

Government Furnished Equipment

Graphical Firing Table

G-ound Loca=or Laser D2signaters

General Support
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HB

HCO
HQMC
IcH
IMpH
I0C
IPR
LDCT
LEAD
LED
MAGTF
MAUT
MCCRES
MCDEC
MDS
MEPGS
MET
MPCC
MIPASS
MOs
MPI
MPM
ATACCS
MTBF
MTTR
MV

qve

P RN S s s Sl St A dann S0 Bean Ban v et b en b o Ll

High Burst

Horizen+al Control Opsra=or

Headquarters Marine Corps

Improved Cornventional Muni+ion

Improved Modified Point Mass

Ini+ial Opzratioral Capabilit

In Progress R:view

Lightweight Digital Commard Terminal

Let *erkenny Army Depot

Light Emitting Dinde

Marine Air Ground Task Force

Multi-A+ttzibure Uzility Thsory

Marine Corps Combat Rsalipsss Evaluation Sys=em
Marine Corps Develcpment and Ecucaticn Camman
Meteorolcgical Data Syst=anm

Mobile Flectric Power Gsnerating Source

Meteorolcgicail

Marine Intsgra*tsd Ficsz and Air Support Systenm
Military Occapa*ional Sp=aciality

Mean Poin*t of Impac*

Modified Poin% Mass

Marine Tactical Command 2rd Con“rol Sys%=zms
Mean Time Between Failure

Mear Time To Revair

Muzzle Velocity

Muzzle Veloci:y Variation
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NAVELEX
PDU
PHHEC
P31
RAAM
RAP

RDP

ROC

RPV

S0)
T/3

TACFIET

USAFAS
Ve

VE

Vi

ﬁrTq-Tv.w.--,-fA“_riﬁ,g

. R :

T e ST QI

S TS ] g
.

Navy Zlectronics Command

Power Distribution Unit
Programmable Hand-Held Talculater
Preplanned Product Improvemen=
Remotely Activated Anti-Tank Mire
Rocket Assista2d Projectile

Range Deflection Protractor
Required Operational Capability
Remotely Pilot ed Vehicle

Selected Acquisitiorn Rspoco+

Sac*icn ChizZ Assembly

-

3
(9]
[¢]
'.
l s
Q
V]
I,
1£5]
l *
'
W
o
. ]
B ]
()]
(9]
)]
ot
[
=]

izn Sy
Technical Daza Packags
Tabular Firing Table

Time Of Flight

United Statss Army Fi2ld Aztillery Scheol

Vertical Control OPeratdor
Velccity Error

Ver+~ical In<arval
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CURRENT FQORCE STRUCIURE

This Appendix presents the currsn%t £orce structure of

+*
-

Ww

active and reserve Marine Ar+illsry Regimsn*s. The M198

»>

-

i+=zer 3is curren*ly being fieliel in <+he 10th Marires.

X
[

he
Fijure E.2 dzpicts +he <changes 1in s=ruc*ure waich will
result from *he in%troductior of ths M198,. The *arzget dats
fcr completion of +he changes in thz struc=ure of +he 10th
Macines Is September 1983. Th=2 FY 1987 Prcjec*ed Force

S«<cucture was presen+ed in Chapter Twd in Pigurs 2.1.

N I
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11th MARINES

L il e e sandh Shndh il umndl Sl i i

- 1t
©
i il L1
@ () 2
Ha 75t 2nd 3rd —— 4th
l | ]
(<) o ()
« HQ 105 (1) 155 (T)
] ! i ! ]
o) o ] e =3
Ist BM (CAMP PEHDLETON)  2nd ON (CAMP PCHDLETON)  3rd DM (CAMP PZNDLETCM)  4th B (29 PALKIS)
H Ha Ha - HQ
A 105 () Dos () G 105 (T) st 155 (5P)
B 105 (T) E105(T) 1 105 (T) 4th 155 (SP)
€ 105 (1) F 105 () 1105 (T) Ist 8"
K 152 (T) 4 155 () M 155 (T) 2nd 8~
3rd 175
*G/3/12 165 (V)
* ATTACHED
Figure B.2 11th Marines
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12th MARINES -

- W e r—— PR AR R N A SRR

st BN [HAWAI)
HQ
A 105 (T)
B 105 (T)
c1o5 (1)
K 155 (T)

PP AP L

- 2nd BN (OKINAW/A)
KQ
D 105 (T)
€105 (1)
Fl05 (T
L1155 (T) .

Figure B.3

11
® )
1 1
[+
° 1st 2nd 3rd
Ha
L | | |
[+ ] S @
HQ 155 (T)
108 (1)

3rd BN (OXINAWA)
HQ
* (G 105 (T) )
R 105(T)
i 1105 (T)
M 155 (T)
* % Ist PLT 8"

% Attached to 4th BN, 11th MAR
% & Attached from 1st 8’ BTRY, 1st G/S BN, 11th -AAR

12th Marines
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( ARRENDIX ¢
> REGIMENTAL COMMANDER'S QUISTIONNAIRE

Trhis Appendix presents +he quzstionnaire which was
forwarded to all four ar=illery Rzgimzntal Comaanders. The
quasticnraizs cons:ists 2f multiple <choice gquestions anl
gquestiors which requirs 31 short wo-iiten response. Thz

ticrraire was design=d so tha%t no gquestion splits a

fe}
=
W
n

typed page. The areas *ha* weo-z >riginally provided for

wri<ten ccmmen+ts have bzen delated *5 save spacs. Specific

wri+ttern comments are adiressed in *he discussion cf +hs

Regimen+al Commanders' View in Chaptzr Four. Ques=icns 1
through 11, ar.d gquestions 19 ard 20 address +“he cur-an*
gta%us of firs Jdirection. Ques*ions 12 +hrough 18, and

,.\:-'\—vW"vT.r.A.A.. -

quastiors 21 and 22 addc-2ss *he selzc+icn of a new bat=arv

lavel fire direc+*ion computer system. The recsponses of %hs
Regimern*al Commanders wers *“zbulatzi and <ent=2red on <+hz

dashed Iine preceding =he appropriate <choice <£for each

quastion.

g
L
Fa
A
s
1
b
k
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[17]

GIMENTAL COMMANDER'S QUESTIONNAIRE

Fire dirsction is th=2 employmsn* of ar*illerv firepower
on ths ba=+lefield. I= consists 92f bozh 4tzctical and
techniczl fire direc=ion. Tactical fire direction involves
commend, whereas technical fire dirzction is concerns? cnly
with ex=cu=ion. F¥ C-4) dsfines “=chnical fire dicec+iorn as
~he conversion of calls for fire fron *he obssrvzr into fire
commanés to the canncn sections, This gquestionnaire is

concerneé Wwith fechnical f£ize direction.

1. Ther: has beern a cortinuing debat2 over whether “echiaiczl

fire direction 3rould b2 zcentr2liza2d or decertralizsd. How

§ te

should <=z=chrical tirs 3

11

rzc=ion

iy

o3 Direc* Suppor*

Battalinr be exercised?

2. Hdow should zechnical £ire dirsction in a Gensral Suppor:

Battalicn be exercised?

o
[+ o
D
m
»
o
ot
3L
. 4
'l
Q
I
Hy
o
]

1__Cen*ralized ac

r
o

_3__Decertralized a he Ba%*:tscy FDCs

9

3. If ycur answers *o quastions 1 and 2 diffzred, plesas=
. comment cn *he reasons for +the diffzrarnce.

b COMMENTS: ___
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4. Wha* is the most common method us2d <o det:zromine Iizi:

data in the Baftery FDCs of your Regiment?

_1__FADAC
_1__PHHC, TI-59

_2__MANUAL SYSTEM (Ch art and GFT)

5. What is “he most common method uszd *o

(o))
o

data ir the Bat%+alior FDCs of your R=gimen=<?

_2__FADAC
_PHHC, TI-59

_2__MANUAL SYSTEM (Char% and GFT)

6. Has your Regiment -experisncei 31ifficul%ty Iin ob+z2irning

repalilr pearts for FADAC?

Piease comment on the genreral type of cepalr opar:is

that have pra2s=2nted tha g-ea*test probhlans.
COMMENTS: _ e e o e —r
191
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7. The following five problem areas have been assccia<ed
with FADAC. Rank order thszs2 problem areas from 1 t¢ 5. Let
1 represen* *hat ©problem area which has caused *he pnmos*

difficulty for ycur Regimsnt.

_1__Level c¢f *raininjy of FADAC operators

5 _Lavel of trainign ¢f Ar+tillsry Operations Chisfs
_3__Availabili=y of trained FADAC Repairmszn
_U4__Repalir parts suopor: for FADAC

_2__Maintemnance of ?1DAC gen=srators

o
W

Programmable Hand Hell Calculastors were procur=d by ¢t

Marine Corps *o improve ovzrall FDC operations by augmenting

o

)

"
v

=h2 FADAC anrd manual char% capabilitias, Currzntly *he
Conirolman (MOS 0844) course at th: OUnited States Army Fiesld
Artillery School, Fort Sill, allscztes 4.2 hours of Gunnery

Ins<ruction “o0 +*he TI-59. Tha instruction is designed %2

fﬁ introduce the szudernt *c the TI-59. The Fire Con*zclman
s% learns hcw to determine basic £firiag data using the %“hres
{é methods cf “arget location. The Opsra*ions Chief (MCS 08u8)
if course also allccates 4.2 hours of Gunnerty Instruczion *2
-

;i +hs TI-59, In addi+ion to> *h2 detvarmiration ¢f basic £iring
Eé data the Opsrations Chia2f leacns how %20 determine ani apply
{f Registration Correctiocns. Unit traininag is critical <o
iﬁ irncreasing proficiency with *h2 TI-53,

4

-

g
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8. Do you have *“he rssouzcsas +> adequately train FDC

personnel in the operation of ths 1'I-59?

4 Yes Ne

9. Should Fort S$ill zllocate adédi=isnal +ime for *~he TI=-S597

10. Which course (if any) should 3ivas 2 higher pricrity %o

ths TI-597?

—___Fire Centrolman (M0S G3auy
_2__Operations Chiel (MOS 0845)
_2__Bo*h

Nei+her

r2 3oes <he largest *ime

(tH

11. In processing a firs nission wh

delay cccur?

1 Transmission 2f Call for Fire

5 _3__Ac*ual computa*ion of PFiriag Data
—__Voice Transwmission of Fira Commands £rom FDC io

+he guns.

Questions 12 %o 19 o=2r+aln «#> “he selection of a new

battery computer svys=en.
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12, Rate the importance of £fieldiny a new battery c-uw_.ui=:ac
system. ( Scale One to Five, with Five reprsssn*. ¢ -ie

grza*test importance.)

The number of responsss Is printzd or *“he dashed lin=.

Avarage urgency ra*ing is 2.5

rh
[o]
R}
o
1]
<

13. Which *ype of power sources would you prefer

bat tery computer system?

_Internal Battary Powsr

i
(b}
[
[)]
o ]
[1)]
1
]

——__S*tardard Marinz Corps Mobilz Electric Pocw
a+ing Source (MEPGS)
_4__Ability to operate from both battery and genera<or

power

14, Rate the impor+tarcs >f including “he ability +o ~perat:
from standard garriscn powar (50 cycle, 120 volis) 2n a2 naw
battery computsr system. (Scale On2 =0 Five, with Fivs

representing the greatest importance
One 1__Two Thre2 _1__Four _2__Tiva

The number cf responsess is print2d orn *he dashed iine.

Average rating is 4.0
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15. Should a new battary comput2r system 3include <hs

autcma*ion 2f£ the transmission of Fir2 Commands %o “he gurns?

N

Ncte: Firing da*a wecull bs comput2d and visually displayed
in =te FDC. Ths operatcr would pr=ss a bu*ton which wcul?d
transmit <he ire Comminds via radio or wire ¢ an

irdividuel Jun display urnit.

-
[o3]
.
[
3
n
o
'_J
113
Q
o
§ 1
]

(Ve
+1}
e
m
E
o
a
o+
o+
W
3]

~

O
O
8

o
=
w
[ ]
4]

~
n
ok
ID
=)
=
=

[EB
O
=
o
t
l-'-
=2
]

Size and weigk+ of the syst=n
Type 0€ power source

zase of operation

Yaintainability at the organiza+ioral/in*ermediata

17. Given: a "3 X 8" Ba%talion struc*ure, how shculd +he

bat+ery fire direction system be organized?

_1__ 1 Bat*ery FDC =2quipped with <he new battery con-
puter system. Firirng dazta #>5uld be “ransmi+=ed via
radic ¢r wire *o +*he firiny platoorns.

_3__ 2 Pla=oon FDCs 2ach equipped wi*h the new ba*=ery
compu+er systam, On: cf tha2 Platoon FDCs wculd be

designated as “h=2 "Primary Ba*tery FDC",

O-her ( 2lease Zommea* )




- 18. Should <+the new bat+2:y compu=zr gys*

systems Improvements can be mads =2 dincrezse

can be fielded?

or

h

[{U
(g]
=
"
(b}
1]
o

f
h
ok
o]

S
[
n

20. How would ycu describe

-~

£ire direction in your regiment

21, Discuss the impact >f “ks "3 X 8" corcep*

directiorn systen.

22. What ar2 your rescoamamerda+ions fer <+hs

acyuisi+ion of a new battsry compu<2ar systam?

196

capabili+y o perform centralized tzchnicezl £

for 211 firing batteries in *h2 battalion?
_3__Yes _1__Ne

19. Given “he present fira direc=tion =quinpment

=]
= o
m
<
(1Ml
r
o
ID

3]
D
[= 7]
. da
]
W
Q
+
..l
[e]
o]

what *ype of

the overall

effectiveness of fire dirsc+icn un%il 3 new compu%er sysienm

of “echrical

on the fire

Jesigr arni
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This Appendix ©presents +%he guas*iornaire which was

forwarded to 211 sevente2n ar+illsry Bat*alion Ccmmanders.

o
»

The questionnaire ccnsists of multipe choice questiorns a
ques+*ions which require a short written <Tssporse. The
quastiorrnaire was designsd s> <¢ha® rc question spli+ts a
+yped page. The areas *+hat were originally provided for
wri++en comments have been Adelzted ¢o save space. Specific
ritten comments are adiressed in *he discussion 0of <=he
Bat*alicr Commanders' Visw In Chaptar Four. Questions 1
through 29, and question 37 a2ddrass *+*he curren* stazus of
fire direc*iorn. Questiosrs 30 through 36 address *ha
selection of a new ba+tz2ry level <£ire direction ccmputer
system. The responses >5f <the Battalion Commanders wer2
tabulated and en*tered on +*he dash=2d 1line preceding the
appropriate choicz for each question.

The final =rsesul%s provide a snapshot o0f the s*ta*us 0%
<ke overall Zforce structur2. The fiv:z ceserve ba=*alicns use
the Manual System as +the primary me2ans of dete;mininq firing
data. Reserve responses biased the rzsults of some ques*icns

nal resul=s for

relating o FADAC anrd +*he PHHC, TI-53. The £
qusstions 2, 3, 9, ard 15 were biased due %o *+he res=srva

bat*alicrs exclusive use 5f +haz manu2l sys*em. The fac- =ha+
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the use ¢f FADAC
th2 Ceader. In
speci fic

datz.

[

“ha reserva and active

and ¢

Cases

conmen%s are

LA et e BN St Bea Shie e

1lions have not

hs

14 note +hat 2

czally commenced %o us

£inzl rasults for gqusstions 19, 20, 21,

th

significant diff=

ba**alions rega
PAHC, Bias has been ijentific

whare a particular bias was n
providad +*o =xplazin ths =abu
| ]
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BATTALION QUESTIONNAIRE

Fire diraction is the employmen*t cf artillery fircpower

on +he ba:tlefield. It consists of bo<th =tac=ical ani

technical fire direczion. This gquss+*icnraire is cconcerned
with teckrical fire direction, FM 6-40 Gefinss *echrical

fire di-ection as the corversion 9f calls for fize fream ths
observer in*o fire commands to =he carnon sections. For
gquestiors 1 20 4 assume +*hat your Bat+alion is cerduc=ing a

twerles

i

W

-

w

FIREX. Headquarters Battzry and all the firirng b

in *he field for this exercise.

1. How is *echnical firs directior =xa2r-cised?

__Centralized a* *he Battalion FDC

_16_Decentraiized at the Battery FDCs

N
.
a3
[ o
V]
+
[
n
cF
<2
D

imary msthod of iz%=2rmining ficing 4ata ia

_4__PADAC
_3__PHHC, TI-59

_9__MANUAL SYSTEM (Chazt aad GFT)

ALL five reserve bat%alions use the marual systen, All
Marine ar*illery ba**alions have a FADAC capabili: (se=2

qussticrn 10).
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3. Waat is the primary n2thod of d=2*terming £firinpg da+z in

+ha Battery FDCs?
_u__TFADAC
_4__DPHAC, TI-59
N _8__MANUAL SYSTEM (Chart and GFT)
f? The "Manual System" was +he response of all five reservs
ﬁ. bat+aliorns. No+t all artillery bat%eries are authorized a
" FADAC.

4, If the Battalion FDC raceives a Rainforcing mission from
the Regimen*al FDC in which an adjus*=2d4 gri and al=i=ude

ar2 provided, where is “hs firing 4ata determinzd?

_3__Battalion FDC _13_Ba*tery FDls

5. what *ype of artillery mission would normally be assigned

to yeur Bat+alion?

_12_Direct Support _4__General Suppor*

€. Does *he Battalion hava a publishzd Gunnery SOP?

_18 _Yes 1__VNo

7. How 0ld is *he Battalion Gurnzry SOP ( date of la=es<

revisior ) ?

_5__less than 1 year old

4__1*0 2 years oli

4__2 *0 3 ye -~ 21

3__more than 3 years o0li
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8., Does *“he Ba*+*alion Gunner SOP address *he s<ruc+=ure of

an alterra+e Bat+*alion FDC?
_1R_Yes 2 No

9. Wha* is *the crrimary msthod of d2termining firing data in

ths alterna*e Battalion FDCZ?

_2__FADAC
_4__PHAC, TI-59
_10_MANUAL SYSTEM (Char% and GFT)
The "Manual System" was +hz response of all five rTeserve

battalicmns.
10. Is vour Ba*talicn auzhorizsd FAJAC?

_1€_Yes No
If ycur answer *o question 10 was "No", skip <=¢ gquss=iosn

18.

11. Irdica“e the number 5f FPADACs tha+* your Bat=alion is
au*thorized. Additicnally indicats how many of these zre on

hand and how many are operatioral.

_55_Number Au*+horizsi
_S4_Number On Hand

_32_Number Operational

Based on this da*ta th2 overational readiress of FADAC is

59 percernt.
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12, If any of your FADACs ar currently nen-opers-ionil,
what is the average leng*h of time tha*t “hey havz been “cwn?
_3__less than 30 3days
_3__30 o 60 days
_1__60 to <0 days
_6__more than 90 Jdays
Thi-teen Bat*aions respond:z1i that “hsy hal
ron-opec-a+ional FADACs. Their responszs show “he averags

dcewn*ime of <the non-operzticnal FADACs.
FADACS tha= have been non-operational in excsss of ninasvy

davs belcng to Teserve units.

13. Hdas your Battalion =2xperienced d4ifficul“y in obzeaining

repalr parts far FADAC?

_11_Tes 5__No

Please commen~ on the genceral type of r=palr pzrts
tha* have presented & he greaz+ast problemn.

CONMMENTS:

14, Indicate +he number of FADAC Rspairman ( MOS 2885 %

auzhorizei ard +ke number o>n harnd.

This was not a vz21id questisn fer the ba<talion

qu2s*iornaire, <since the curcent I/J)s assign all the FADAC

Repalrmer *o the Regimental Headgquar“sc-s Bat<tary.

_U__Number Authoriz=3 _J__Number On Hand
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15. Dees your Battaliosn FDC =2mploy +he in+egrz=eid

FADAC/Marnual concept to datermire firing da*ta?

3 Yes 7 ¥No

The Zive reserve battalions responded "No".

16. How would you ra*e your Ba“*alion FDC's proficiency with

FADAC?

——__Excellent

_4__Above Average

5__Avsrage

-

3__Below Average

_3__Unsatisfactory
There was a slight bias in+gdduced in Questior 16
because <+he reserve bat<talions ratzd +their BN FDC's
proficisncy with FADAC b2low <he avarage rssponse of =ha

active ca*talions, All three unsatisfacory casponsss canme

from the ceserve bat+talions.

17. The following <£ivs problem arsas have besn asscclated

with FADAC. Rank order thase problsm areas €from 1 *o 5. L=2=%

-~
LY
D
g
3]
N
n
D
3

F

ok

ha+ problem ar=a which has caused “hz mos<

difficul+ty for your BRattalien.

_1__Level cf training of FADAC opara%ors

_S__LlLevel of training cf Ar+illsry Operations Chiefs
_3__Availability of trained FADAC Rzpairman
2__PRepair par*s suppors for FADAC

_4__Mainterance of FADAC gensri“ocs
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Renking was based on to*al  valae assigned each

2

alterna+tive by all questionnaires. Thz aizernative wizh *he

smallest *o0o*al was rankad aumbat on=a.

18. Is your Ba*talion authorized thz PHHC, TI-59?

_16_Yes Ne

—

If ycur answer *c question 18 was "No", skip “o ques=ion
28.

Ques+ions 19, 20, 21, 22, 2rd 27 warce biased by *the £fac+
“hat the reserve battalions have not cerlly star%ed to use

+hs PHHC, TI-59. How=varc, *h

to
D
‘h
™
o
3]
]
®
0
=
’__‘
ot
n
(o)
(]
[e]
<
} *
(o7
1]
o
1]

accurate revresentation of +the Totil €fcrce structure.

19, 1Indica%te how many TI-3>9s are assigned %o %

h
FDC sec*ion and how many >f “hszse a-s speraztioral?

_87_Number assigned 2o <hs 32%%a3lion FDC
_79_Number operational

Based on *he da*a +the operationzl rez2dinsss of tiae PHHC

is 90 percent. All non-d>peratioral ?HHCs belong *o0 ac+ive
uni<s.
20. Has your ©Pat%talisn FDC ever ased ~he TI=-59 as <hs

rimary method of de*ermining firing da<a?

9__Yes 7__%o

Tour reserve bat*alions respondei "NO",

204

PO P WP SO SO SRS, S s T P T W G W ULy P R T S A S S L R . o a PN S SN SO




= M A A 2 e A i B R i St e Jeaih R et DA - e b Ao 2t W — T -
- Ll R S I R I R R A T SR et et s R — o St |

21. Has your Ba<talion FDC datermined Registrazicn
Correc-ions froma Precision Registration or High Burs-

Regyistretion with +the TI=-59?

8 VYes 8 _No

Four reserve bat<alions rssponded "No'.

22. Has your Bat+*alion FDC worked a Ccncurrert or Subsequent®

Met wi<h *he TI-597?

7 Y=s 9 Ne

All Five reserve bat*alions responded "Nc'.

23. Rellability is defin=23 as the prcbabili+y that arn i%tem

will perform i+ts ZIntendzd function for a specified =i

}4
=2
WO

W

irterval under =sta*ted coniiticns. How would you raze =h

reliability of the TI-59?

_6__Excellent
_8__Above Average
_1__Average

1__Below Average

—__Unsatisfac*ory

(I

R AL

(]
«
LRI R AR

No bias was detacted. However ths reservs responsss arcs

v ew

gi based or very limited use of the PHHZ.

i; Curzently the Pire Controlman (M3S 08u44) course at *hsz
g' United Sta“es Army Fieil Artillsry School, For+ S§iil,
4 - .

— allocates 4.2 hours of Surnery Instouction %o the TI-59. The
'q 205
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instruction I1s desigred to introduce *he
7I-S9, The ©Pire Con%tra2laan learns how *o

i2arns hew +*o da2tarmine and
Uni+ <reining is cri+ical to increasing
TI-Sg [ ]

2“.

rsrsonnel in =he operation of

25.

A ZE e AR AR apulh A St R Al

Chis £ (MOS 08u3)

Inztzuction to *ha TI-S59.

datz2

Do you have <he rszsources <o

TI-59

the

_1C_Yes

Mo BRias was desected.

Should Fort Sill allozate

16 _Yes No

4hich course (if any) should givs

TI-S5¢%?
_1__Fize Ccntrolman (MOS 08uu)
——__Opera+tions Chief (MOS 0843)
_15_Bc*h
Nei<her
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proficizncy wi=<h

?

a

nsirg +he thrse methods >f target loca*iorn.

In

adequa+tely “rain

h

<h=

s*tuden= =o

determinz basic

The

course also allocates 4.2 houcs

addition +“o0 the

Chief

2pply Regis*tratiorn CTorrecticns.

*ha

13ddi~isnz2l +ime for the TI-S59?

ighsr priocity %o
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27. How would vou ra*e your Bat+«alion FDC's proficisncy with

tha2 TI-59?

_Excellent

_U4__Above Average
_S5__Average
3__Below Average

_4__Unsa*isfactory

Three of the four unsatisfactory c-ssponses came Irom =he

reserve bat*allons.

28. In processing a firs mission whecs dozs th=s largest +i

‘4
B
W

delay occur?

_2__Transmission of Call for Firs

_7__Actual computation of Firiag Da*a

tH
LA
Q
=]
Y
be)
)
ot
o

7__Voice Transmission of Fices Commands

the quns.

29. How would you ra*e “h2 overall sta*e of tzaining »f your

Bat+*alicn FDC?

——__Excellen=
_6__Above Average
8__Average

_1__Below Average

_1__Unsa*isfactory
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Questions 30 to 37 partain to the selection of a new

TITITTATYY YOO )

~v ¥

battery computer system.

[}

"
L
P
i

LT
Mt

30. Rate th2 importance >f fieldingy a new battery computer
systemn. ( Scale One to Five, with Five represznting %he

g-2atest importance.)

_2__0Ore 2__Two _1__Thras _5__Four _6__Five

The number of responsa2s is print2d on the dashed line,

The averaqge rating is 3.7.

31. Which type of powar source woull you prefer for a new
battery computer sys+tem?
2__Inr*ernal Battery Powsr

]
. Standard Marine Corps Mobile Electiric Power Gerner-

a-ing Source (MEPGS)
_14_Ability o cperate from both batiery and generz+or

power

32. Rate the importancs »>f ircluding “he ability to operat=2
from s*andard garriscn pewar (50 cycle, 120 volts) in a new
battery computer system. (Scale Or2 =0 Five, wi:th Five

represer%ing “he greatest importance)

3__0ne 2__Two _2__Thre2 _5__Four U__TFive

The number of responsas is printa2d on <+he dashed line.

The average ra*ing is 3.3.
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33. Skculd

automation »f

Note: PFiring
In +*he FDC.
transmit the

individual qun

_14_Y=s

34, In select

fcllowirg char

ry s

_1__S8Szze
& : __Twre
h _4__Ease

_Jain

leve

35. Given a

battery fire 4

_11_Reliabi

O SR A ST SIS

T W

A neéewvw tats incluide =h=

3 ry comput3r systen

issicr of Fir2 Commanrds to th= guns?
data woul? bz comput2d and visually displaved

The operatcr would press a bu+*on which wculi

Pire Commands via rajio or wirs <*c an
display uni=.

2__No
ing a new b2t+vzry computar system which of <h=

ac*eristics sheculd be the mos:t impsrtani?

and weight 2f <he sys-am

of power scurce

o0 f operatiosn

ilivy

“ainability 2% =he orgarizaticnal/intermedia*s
1
"3 ¥ 3" Battalior struc+ture, how should <he

irection system be organized?

_4__ 1 3at<ery FDC 2quipped with “he new ba<tery coa-
puter system. Ficing da%3 wduld te “ransmitsed via
radio or wire %5 +he firiny platoons.

_12_ 2 Pla*oon FDCs 2ach equipp2d wi+*h the new bat=ery
computer system. On2 of ths Platoon FDCs would be
dasignated as “h=2 "Primary Ba<=ery FDC%,

-—__0*her ( Please Zommen<z ) ___ ____ _ __ _ ___ ________

. ma o]
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36. Shculd +he rnew battesry compu*er sys+tsm kxve <hs
capabili<y *o perform centralizsd t=2chnical <fire Jirzcticn

for all firinqg bat*eries in th2 battalion?

_13_Yes 3__No

37. Given the presernt fir2 direczion squipment what “ype of
systems improvements can be made %> increase =he cvarall
effectiveness of fire dirsction until a new computer sys=en

can be f£ialded?

ADDITIONAL COMMENTS

A. Status of current technical fire jirection

n
<
[7)]
o
[y
=]

B. Reccmmenda+tions for a navw battery compu“er svstem

DESIGYATOR_
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This Apperdix presenrts the gquastionnaire which was

forwardeé +tc 2l sixty ar*ililery Ba**ery Ccmmarders. The

ii guastionraire ccnsists o0f multiple choice questions 2nd
. quzstiors which require a shor+t wriz*en response. Th=

quastionrraire was desigr2l s> =hat no question splitis 1

typ=d page. The areas tha~ were originally providsd for
writ+en ccmments have baen deleted to save space. Specific
writ+ter ccmments are aidrassed in thz Bat“ery Ccammzanders!
Vizw In Chapter Four. Qusstions 1 through 35, and ques+ion

43 address the current status of fira direc*isn. Questions

ct

36 threouch 42 address the selisction of a2 new Dba*-=2ry

»

conputer systenm. The ra2sponses of ke Battery Commandars
were *abula+2d and en+terel on +he dashed lines preceding “a=

appropriete choice for sach quastion.

1))

The f£inal resul+s provide an sxczllent senta=icn of

1

epr

ths stazus cf the overall force s“ructure. The vast majority

w
n

of “he ZIif*“eer reserve biatteries which <responded use <the

Manual System as *he primary means o£ determining firing

th

data. Reserve responses biased the rzsults of some questions
relating o FADAC and the PHHC, TI-S53. The final resul<s fo:r
questiorns 12, 13, and 17 per%*2ining *o FADAC rzflect a bias

ve saeliance on *h2

'l-

caused by *+he reserve ba-teries =exclus




manual sys*em, The fact =ha=*

really commenced to use th2 PHHC

21, 22, 23, 24, 25, 26, 27, 2

ar2 biased by the overwhslming

Teserves. The r=ader shcul

dif fererce =xists between the

()]

in cegards “o *he use oI FADAC

id2ntified for the reader. In

was rno+ed, speciiic coma2nis

+*abulated data.
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BATTERY QUESTIONNAIRE

Firs directicn is the employmen* cf artillery firepouwer

orr the Dba<tlisfieid. It corsists »of bo<h *+tac<ical za=zi
d

technical fire direction. This quzs+ticnnaircs is concerned
with technical fire directien. FM 6-40 defines <echrniczl

ire direction as the convarsion cf <calls for fire from *hs
observe- in*o fire commaads to *hs carnnon sections. For
quastiors 1 to 4 assum2 tha* your Ba**ery iIs participa=ing

in a Bat*alion FIREX. All £iring batteries cf the Ba+tizllion

..lo

ars 2n +he field for +his sxerc

£32.

1. How is +echnical fire 3irection exercised?

_2__Cen*ralized a+ =he Battali:za P?DC

_41_Decerntralized at the Battsry FDCs

n
W
2]
' [
[ ]
1]
]
e ]
[o]
1
[}
(2]
rh
h
D
Q
3]
=
("
n
n
' 17
0
3

2. If =ke Bat*alion FDC recelve

o]
rog
.J-
ln)
)]
]
o]
Q
(& ]
]
t
rh
rh
1
Q
¥
=
. e
ct
|5
4
»

and +he Ba<+alicn FDO decides =<

dat-alion, where is *he firing Jda=a 3etermined?

_S__Battalion FDC 38_8actery FDC
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3. I¥ =he Battalion FDC rzceives an Adjus% Fire missior from
orne of ycur Forward Observars and +hs Battalion FDO 4ecides
o adjust witk youar unit ard Firz-For-Effect wizh +*he

data de*remined? (Assume good

Battalion, wheres is *he firing

communica=ions exist betwazn your Battery FDC and the FO.)
4__Ba=tz2lion FDC _39_3a*tery FDC

4., If ycur Batt=2:zy is a non-adjustingy bat“ervy in a Baz=zlion

Mass missior, whzre is thz firing dzta determinszd?

7__Battal:ion FDC _36_Battery FDC
Ques~ions 2, 3, ard 4 were usel as a check orn Qu=stion
1. If ar irdividual rsspandeld "Bzt:alion FDC™, ~hksn sons
deycee c¢f cesntralized +2chnical fires direction was beinag

exe-ciseéd by the Bat*alion FDC.
5. Dces “<he Ba“taliox havs a publishs=d Gunnery SOP?
3€ _Yes 8__No

6. Hdow ¢c2d Is *he Battalion Gunrery 30P ( da*e of la*+zst -

vision } 7

_S__i»nss +han 1 ysar o014
_10_1 *o0 2 y=2acs 211
8__2 to 3 years o213

_12_mcre *han 3 y=zars olj

Generally +he Reserva Bat+alisn Gunner SOP's wer=
clder, Fif+y percent of 2he <cCesponszs from rcesservs unizs

1
m
o

<
1]
)]
(3]
n
(0]
|+
£
]

sti+<ed *hat “he SO0Ps wers nors <han th
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7. Does your Battery have a publishz? Gunne:y

Ll
o
el

N

_13_Y=s _30_VNo
Severtean active ba:teries 15 nct have =a publiished

BatteTy Gunnery SOP. Reserve units 313 no= Lizs -hz resul+s,

€< re-

8. How cld is ycur Bat*ery Guarery 30?7 ( da*s 37 la+*

1)

5__less than 1 year old
5__1 %o 2 years oli
1.2 to 3 years olil

_2__more than 3 years cli

3

8, Giver *he present methods of ds+zraining Zizing da<z, how

would you like %c sae techaical fire Jirecticn =zxercised?

1__Ceniralized a+ the Bat+talioa FDC

_42_Decentralized a: the Ba“%=sry FDC

10. Indica-e which of ¢thz following Forma2l Schools ycu havs
compoleted., Addi=ionally, indica*z if you wers =2 residen=

student or completed ths coursa by correspendence.

39_Fisld Artillery JDfficer 3asic Courss

_27_Fleld Artillery Jfficer Advarced Courss

_23_Resijen+* 4__Correspondence

_11_Amphibious Warfare School




11. Iderntify which weapon system currsntly applies *c¢ your

urit.

_21_M101A1 _7__M116a2 _6__M198

_6__M109A2 /A3 3__M11041/32  ____4107

12. Wha= is the primary m2%hod of dszt2rmining firing dz*a in

your Ba**ery?

_9__FADAC
_10_PHHC, TI-59
_2U_MANUAL SYSTEM (Char= and GFT)
Four+een 0f €£ift=2n ra2servs batteries caspording
answered "Manual System".lhe respons2s show %“ha< FADAC is

not beinrg used at the ba<tazy level.

13. Is yocur Ba*tery authorized a FaDaAC?

- _1%_Yes _24_VNo

Ten cf “he "No" responses were £rom rTeserve uni<s.

> If your answvwer cto question 13 waz "No", skip “o gueszion
L 20.
7

14, If your Bat*ery is aathorized a FADAC, dc¢ you cucrently

have a FADAC on hand?

o

) _1% _Ya=s _4__No

ij 15. (a) Is your FADAC cucrsn<ly ops-atioral?
-4

»

g _10_Yes _9__Yo

4 215
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Based ¢on =ris data *tha opera:ional readiness o
ir +*he firirng battawies iz 53 percant.
(b)If vour FADAC is not c¢perational, how long

been down?

2__less than 30 days

30 =5 €0 days

3__60 to 90 days

U__more than 90 dzys * (Twd >f the fcur belo

£f FAD
has

T %o

u»
@]
n

i«

16. Have vou experienc2d difficulty irn ob=aining =cepair
par<s for FTaADAC?
_12_Yes _7__Nc
DPlease commen* on r2pair parts “hat have presenzed :the
grea+test probiems. Iien<ify ths i1+em by par% nanme.
COMMENTS: . e - —
The mos= commen answecs were circuit boa-ds, memories,

ard keybcarcis.

17. Does your Ba<tery 7DC 2mploy +*h2 in*egra*=zd FADAC/Marual

cencept 2o determine firing daza?

Cnly one reserve uni“« responded "YES"
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18. How would you ra%*e ycur FDC's proficiency with Faiad?
_1__Excellent
_4__Above Average
_8__Average (No bias was evident ip -he
_U4__Below Average resSponszs.)
_2__Ursatisfactory

19. Wbich one of the following problem z-s2as rormallvy

assccia“*ed with FADAC has caused ths most difficul<y for

your uni<?

_U__Level cf “raininy of FADAC opera*tors

2 Level ¢

rh
' Se

Trainingy of Artillecy Ope Chiz*f

1
1]
ot
’l
0
e}
n

_10_Maintarance of FADAC
_3__Maintenarnce of FADAC gensrators

Three of the four units which answe-ed level o0f =rainirg

of FADAC cperators were Srom reserve urnits,

20. Is your Ba*+ery authorized +h=2 PiHC, TI-59?

_41_Yes _2__Yo (T¥> rzserve uni=s)
If your answer tc question 20 was "No", skip “o Juas+lon
34,
Questions 21, 22, 23, 24, 25, 26, 27, 28, and 33 wer2

biased by *he fact <hat the reservs bat<eries have no+*
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21. Indicats how many TI-5>9's you have on hand ard =ow Tany

ar2 operational.

_133_Yumber On Hand _125_Nuanbez Operatiosral

ss cf +he

' e
i
[

Pased on this data “he operational read
TI-59 s 94 percent. All of =<he non-operationzal PHHC wszre

from aczive units, Ths re 2 po* really using tha

n

€

s

v

o

€ 2

"

PHHC, =herefore <+he results are iLliasszi.

22. Hes your Ba*tery FDC 2ver used “he TI~-59 as *he primary

ns*hod cf determining fizing 3a+a?

_23_Yes _13_No

Eleven of +he "No" c-2sponses were from resarve uni+s.

23. Has your Ba*tery PDC conduct=2l 1 Precision Regis=cation

using *he TI-59?

_27_Tes _14_Yo
- Ter c¢f the "No" responses were £from reserve uri<s.
-
L
b, - . .
- 24, Fas your Ba*+ery FDC cornduc“ed a High Burst Regis~razion
o using “he TI-59?
-
- _22_Yes _19_¥o

'-l
ct
n
.

Ten ¢f “he "No" responses ware from reserve uni

. rrv—-r.v v-rvTvv-
[ ‘o .
A .. L
s RN BERY "
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25. Has your Batisry FDC 3detz2rmined Rregis*ra=ion

Correcticns froma Pracision Registration or High FERurs:

Registration with the TI-597?

_25_Yes 16 _Y¥o

Ten cf *he "No" responses were fro2m reserve unirs.

on Correctiors <o

[Bad

26. Has your Battery FDC applied Rzjyistra=

ths TI-59?

_24_Yes _17_Ne

Ten of the "No" r-esponses werzs f-om reserve units.

=]

27. Has your Baitery FDC workad a Concurrent >r Subsequent

Me* with +he TI-59?

_18_%Y=s 23 _Yo

Twelve of “he "No" cesponsas wa-:z fron reserve uni*s.

28. Has your Battery FDZ cée+erninzd Terrain Gun Position

Correcticns with the TI-597

Thirteen of <he "No" -3sponses wsre from reserve unis.

Currently *he Fire Contreclman (MJS 08u44) course a+ +h=
Urni+ed S*a*es Army Field Artillary Scheol, For+ s:i11,
allocates 4.2 hours of Gurnery Instruction %o *ha2 TI-S59. Th=

instruczion is desigred *o introduce +the studern+t %o <*hs
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ﬁ% TI-59. The Pire Controliman learns how to determirs Lz=I%
.

firing data using the thr22 methods >f targe: losca*ior. Tis
b
o Operatiors Chief (MOS 0848) course also alloca*es 4.2 rours
&

of Gunnery 1Ins*truction <o <+he TI-59, In addi+«ion +¢ *%he

s
'3

.-

eteremiration of basic £firing data <+he Operations Chiaf

[e7}

learns how to determine and apply Kagistration Correc:icrs.
Uni< training is cri+tical to increasing proficizncy wi<h “ha

TI-59.

29. Do you have <+*he rasouzces t> adequa+ely train FDC

personnel ir *he operation of the TI-597?

_21_Y=s _23_¥o
30. Should For= Sill allocate additisnal +ime fo9r the TI-59?

_36_Y=s _5__Yo

31. #hich course (if any) should give a higher prioczity =0

the TI-59?

# _4__Fire Ccntrolman (MCS 08uu)
;? _8__Operations Chisf (MOS 08u8)
E%E _29_Both

ii ———__Neither
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32. Bellabili-y is defin23 as the probebilisy that ar i<ep

th

w.ll perform its ZIn*tend2l function for a specified *ipe

interval urder stated condi+ions. How weuld you <ra<e th

1]

reliabliivy of +he TI-59?

15_Above Avarage

_V3_AveTage

2__Below Avaerage

1__Ursaziefactory

33, How wou:d vyou rate your FDC's proficisncy wi=k +hs

10 _ADove Avarage

&__Average

7__B2low Average

9__Un

n

z+isfacecry * (A1l 2ia2 were fronm

(o]
th
Y]

34, Based on vour exverisnce, wherz in *he ptocessing

h

: .
*Te L

nh

sion coes the largest =ime d2lay occuz?

rsg

-7__Transmissicn of the Call for Fire
~21_Actual computation cf Piriag Data
_15_Voice *ransmission of Firs commards fcom 7DC *o

the guns
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Eleven

computation of firing data was

occurs., This is mos* probably a =c=zsul+ of
+rairirg. The resul*s shown abovs ars “hex

th2 reserve responses.

or
o°
w
o
<
®
(3]
Y
o
[
n
T
W
ot
()]
0
+

35. How wculd vou ra*e

FDC?

_7__Excellen=
_1u_Above Average
_18_Avesrage
U__Below Average

Ursatisfactory

There was a slight bias in<roduc=4 beca
Bat<eries rtended 0o Ta*e thelr
*he average respcase cf tha active batteriaes
to U3

Questions 36 par=ain %> thz <cel

bat-ery computer system.

36. Ra*e the impor+ancs 5% fieldingy z new

systenm. ( Scale One to Five, with ®ive

g-22test impor*ance,)

2__0Ore 1__Two

M _Three _8__Fo

The rumber of responsas is printed on

The average ra*ing is 4.0,

reserve uni:s respeni=Aa “h:

PO

ectlon <f a new

batery ccmpu*tsT

T:zprasenting tha
ur _21_Five

+hke dashed 1ine.
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37. Which “ype of power source would you prefsr fcT =z rew

battery ccmputer system?

_16_Interﬁal Battery Power
——__S*andard Marine Corps Mobile Electric Power Gener-
ating Source (MEPGS)

_27_Ability *o operate from both battery and gencrator

power

38. Ra*te “he importance of including *he ability %c operats
from standard garrison powzr (60 cycle, 120 velzs) in a new
bat+ery computer systen. ( Scale 2Jnsz *o0 Five, wi<h Fiys

represerting the greates+ importance.)

_4__0Ore _7__Two _5__Thres _6__Fouc _21_Five

The rumber of responsas is printed on +the dashed l:ine.

The Average ratirg is 3.9.

39. Should =a new bat%sry computsr sys<em include <+he
automation of *he traznsmissior of Firz Commands =o “he guns?
Note: Firing data would b2 compu*=2d and visually displayed
in *ke FDC. The operator would prsss a button which woulid
trarsmi+t the Fire Commands via radio or wire +¢ an

irdividuel gun display unis.

; _31_Yes _12_ Yo

24
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40. In celeczing a new battary computer system whick cf the

fcllowirg characeristics should be “h2 most importan<?

1__Size and weight of the systenm

Tvpe of pcwer source

_10_Ease of speration

- .

- _26_Reliability
-

b

level

41. Given a "3 X 8" Battalion structure, how

battery fire direction system be organized?

1 Bat<+ery FDC 2juipped with tLe new ba*tery
puter systenm. FPizing da*a would bes <rans

via radio cr wire2 %o the firing pla=cons

computsr syst2m. On2 of the Piatcen FDCs wo
designated as +hz "pPripary Ba<ttery FDCI".

3__O*her ( Pliease Comment )

should

C

mit

uld

6__Maintairability a+* +he orgaznizational/intermediate

“he

om-

~ed

_31_ 2 pla*toon 7DCs 2ach equipp23 with *th2s new bazt:zry

he

42, Sheuld *he new bat+tery compuzer system hav
capabili+y <o

for all firing batteries in +hs Bat*alion?

_38_Yes 5__No
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43. Given *he presern*t fire diraction equirment wha* =.z= of
systems improvements c¢an be @made t> Iircrease the oviT=il

effectiveness of fire dirac+ion until a rew compu*er sys-em

can be fleldad?

ADDITIJNAL COMMENTS

A. Status of current +*echnical firs diraction

n
o
o
ot
D
=]

B. Reccmmendations for a2 naw battery ccmputer systen
DESIGHNAT?E
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