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+ I NTROD UCT I ON

-( The final report suninari zes the results of the ARETS Study program con-

ducted by Sperry Suj port Services under Contract N61 339-76-D- 0022 , Task

(~ 6837A as revised ii the January 5 work statement modification .

The study recommendations are presented along with system cost data and

f 
a cost effectivene s analysis to define the MIS concept recommended .

Appendices rel atin) to frangibl e a~ino and berm construction , ma i ntenance and

f Impl ementation are included in this report.

The MIS is divided into thre~ subsystems ; the mov ing tar get carr ier ,

target and auxiliary equipment. The moving target carrier constitutes the

(. system prime move r and its associate d protective scheme. The target element

Is made up of 3-D target and hit sensors while the auxiliary equipment

t 
~~ comprises the guidance and communicati on , hostile fire simulators and visual

hi t simulat r subsystems.

- 
-
~~ The report covers the three IITC confi gurations , guldam e,  communication, +

(t

~~ 

hostile fire simul ation, visual hit simulation and target materials, testing

and selection.

+ 

+

+

( 
Three concept~. for target carriers were investigated; no a rmo r , a l igh t

armor and a hea vy armor concept. In addition to the three concepts for

(~ ca rri ers , an add itiona l category, that of a carrier especially dexigned to

meet ARETS requi rements, is presented . The report disc usses the vari ous target

C
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carriers selected fob each category in some detail and provides Informati on 
— +

on the other carrier suppliers contacted. ~. 
)

The various guidance, communication, hostile fi re simulation and visual ‘

hit simulation schemes reviewed are presented along with the selection made +

by Sperry for incorporati on Into the MIS. The guidance and communication 
-

system selected Is Incorporated into a single element that would be speci fical ly

developed for ARETS.
j

Target materials that were investi gated are discussed along with the )
selection of such materi al s considered most promising for three dimensional

(3-D) target constructi on. Also , a hit sensing system provided by NTEC was 
- •

tes ted under actual live firing tests and the results are described. +

2 ~~~~~~~~~~~~~~~~~~~~~ 
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SECTION I

I; 
MOVING TARGET CARRIER

1.1 INTRODUCTION

+ This study task evaluates the use of a remotely controlled vehicle as a

• 3—dimensional target carrier. Three di fferent concepts (heavy armor, light

a rmor, and no armor) were investigated and are ind ividually di scussed in this

report. Also , this report makes a comparison of the carrier in the concept

developed by the Naval Training Equ ipment Center in design approach number

-~ 1! 7002, dated 20 December 1976, to the no annor concept.

The purpose of this study is to determine the technical feasibility of
4.’

developing a cost effective remotely controlled three dimensional movi ng

target carrier (MTC).

The study is directed towards the necessary analysis and evaluation to
I -

- arrive at cost-effective desi gns for three different carrier concepts . The

~ : 4, study has the following speci fic objecti ve:

o To determine the technical feasibility of a remotely controlled
+ 

3-0 target carrier.

- Due to the high cost and t ime involved in developing a ca rrier , Sperry

initially concentrated on existing military and commercial carriers . However ,as

+ 
. additional information was gathe red, it became apparent that there were no such

carri ers in existence. Accordingly, emphasis was shi fted to gathering informa-

tion on those carriers which coul d conceivably be modified to meet our applica-

tion or to a custom built carrier.

Only carriers whi ch were deemed technically capable of meeting the

requi rements cal led out in the ARETS specificati on and determi ned cost-

effective are included In this report.

3



H
1.2 RESULTS AND DISCUSSION )

a. General

This section incl udes a technical discussion of the three ca rrier

concepts. They are the heavy armor, l ight  armo r , and no armor. By defini tion , 
I

the heavy armor carrier can wi thstand repeated hits from 90 mm, 105 mm, and ‘ 
+

152 mm Inert service anmiunition and tank TOW and DRAGON missi les . The light ) 
+

armor carrier can wi thstand repeated hits from .50 cal rounds, and the no

armor carrier, as the name impl ies , offers  no protection. - +

Al so Included in thi s section is the comparison of the NTEC design
concept 7002 carrier to the no a rmor carrier.

b. Heavy Armor Concept

An extensive survey was made of vehicl es currently In the Army
inventory and those on the civilian market which coul d be used as a heavy

armor carrier. •No known existing vehicl e could be found that woul d carry

sufficient armor plate (20-25 ,000 lbs.) for protecti on, achieve the requi red - )
mobility , and fit wi thin the requi red envelope (small enough that Wars aw Pact -

+ 

tanks and a rmor personnel carrier targets would completel y encl ose carrier).

Tabl e 1 is a composite list of companies contacted and thei r coninents on
building a heavy armor carrier. Table 2 lists those military vehicl es

evaluated for a heavy armor carrier.

The heavy a rmor concept offers realism in that it al lows

free moving capability. This concept al lows the carrier to use the natural

terrain to appear, disappear , and reappear. However , the possibility of )
fielding a heavy a rmor carrier is not economically feasible. The kinetic

energy, see Figure 1, generated by the inert trainIng rounds woul d completely

+ 
4
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I destroy the car rier after is few d irect hits . Ah1o , the pene trdtion by the

I train ing round , pa rt h :ularly the 105 uun TPDS-TM 124 E.l , would cause extensi ve

damage to the ~xterna I ar~~ r arid intern~il onboard electronic systems .

I
The 105 nun IPOS - M724 El i~~~ a high ve ’l ‘c i ty training round , and with

Its aluminum head , the projectile approximates the bal listics of the cartrIdge

105 n~n APDS to about 2000 meters. The 105 “in Ti’DS-TM724 El penetration Is

approximate ly one- third or the tact ical round . It wi l l easily penetrate 3

inches of homogenous armor plate at 2000 meters, and at zero obliqulty at 500

meters -, 5 Inc hes ut a rmor plate would be required for complete protection.

- - High obliqu ities , more then 45” , were studied as a way to protect the

carrier. But even with ~ 
450 fabrication , any ti l t of the vehicle, plunging ,

or rising fi re would redu e the impact obliquity . For an offensi ve tank this

would be adequate, but fo a target carrier required to survive repeated hits

and continue to operate this would be uneconomical . 
+
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table 1. Heavy A rmor Carrier -? 
+ 

+

Companies Contacted
I’,

Company Comments
1~

AIR LEC INDUSTRIES , INC. NOT INTERESTED
ALLIS CHAU4ERS NOTHING TO MEET SPECIFICATION . )
CADILLAC GAGE COMPANY NOT INTERESTED
CASE TRACTORS N OTHING TO MEET SPECIFICATION )
CATERPILLAR NOTH ING TO MEET SPECIFICAT ION
CLARK EQUIPMENT COMPANY COULD NOT HANDLE ARMOR WEIGHT
CRAN E CARRIER COMPANY NOT INTERESTED — NEED DEVELOPMENT MONE Y
DODGE TRUCK CAN NOT HANDLE ARMOR WEIGHT
FMC RE QUIRE DEVELOPMENT MONEY / -

+

FORD NOT INTERESTED - NEED DEVELOPMENT MONEY

FWD NOT INTERESTED
GENERAL MOTORS (GMC DIVISION) REQUIRE DEVELOPMENT MONEY

HEND ICKSON MFG. COMPAN Y RE QUIRE DEVELOPMEN T MONEY - )
HYSTER NOT INTERESTED + -

INTERN AT IONAL HARVESTER NOT INTE RESTED )
JOHN BLUE CO., INC. TOO BUSY
JOHN DEERE N OTHING TO MEET SPECIFICATION )
KENWORT H TIWCK, INC. NOThING TO MEET SPECIFICATION

LULL ENGINEERING WITHDREW - TOO BUSY
MASSEY—FERGUSON, INC. NOTHING TO MEET SPECIFICATION
METZ ENGINEERING RE QUIRE DEVELOPMENT MONEY

+ 

OTTAWA TRUCK DIVISION (GULF NOT INTERESTED - ) +

AND WESTERN )
PETERBILT TRUCK CO. NOTHING TO MEET SPECIFICATION 

+

ROLL I GON CORPORATION REQUIRE DEVELOPMENT MONEY +

WALTER MOTOR TRUCK CO. REQUIRE DEVELOPMENT MONEY

- 6
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Table 2. Heavy Armor Candidate Military Vehicles Eval uated -

~-~ -

C

P1-60 TAN K

C- - P1-47 TANK

- 
P1-48 TANK

P1-103 TANK CHASSIS

M-1l4 COMMAND AND RECONNAISSANCE
ARMORED CARRIER

+ TRUCK 5 TON f455*

TRUCK 8 TON P1520*

TRUCK 10 TON M_125*

*Al l series of these vehicles evaluated 

~~~ — -+~~~- -~~~~~~~~~ - -— - --- -   ~~~~ - + + “- -~~~~+.
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Other armor techniques, such as space and bar a rmor, were investigated

I as a means to protect th~ carrier. These techniques will prevent penetration

of not only the training rounds but, with sufficient areal density, even the

tactical rounds, one time. They will not sustain two hits in the same spot.

As we sta ted earlier , no bnown vehicl e can carry 5 inches of a rmor +

plate required for protection, achieve the requi red mobility, and fit wi thin
‘-‘p

the required envelope. Only the tank could qualify as a multi—hit target +

and only If it was equipped with additional armor plate. Even with the

additional armor, the tank could only withstand repeated hits from TOW and +

DRAGON missi les. (See Figure 1. for the kinetic energy for TOW and DRAGON.) +

(T Currently , two prpj ec ts are under way by the U. S. A rmy utilizing

tanks as moving targets, Both projects involve mak i ng use of surplus tan ks,
- the P1—47 tanks and the P1—103 tank chassis,

(
~ The following data was provided to Sperry by USATARADCOM, Code DRATA- +

U REA on the M—47 project.

(1) P1—47 Project data

• All P1.47 tanks located in the U. S. have been assigned (44 to

White Sands , 22 to OTA). However, the tank command is trying to

obtain additional tanks from the MAP countries. This effort

has been underway for approximately one year, and they have

not received any additional tanks. 
+

Surplus GFE was utilized to remote the vehicles. This

surplus eql4lpment Is limited and will require purchasing on

the civilian market If a large number of M47’s are converted. +

C
‘ C 9
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• The age and condition of the vehicles are such that no effort
+ will be made to perform any scheduled maintenance. The

vehicles will be refurbished to- the point where they will

run only. S

• Once the vehicle becomes Inoperative on a range, the 
-

salvageable hardware will be removed and the vehicle left

on the range as a fixed target. 
+- 

-

• The vehicle will defeat small ann fire such as the 20 mm and c3

50 cal and most of the inert practice rounds from low velocity +

weapons. However , sys tems that fi re high KE rounds are

expected to penetrate this target.

• Spare parts for the M-47 are limited as these vehicles have

served their purpose and parts are no longer being produced.

ApproxImately 170 power packs are available from the -

Anniston Army Depot.

. The tank coimnand expects to recover two moving vehicles for

every three returned , util izin g the thi rd vehicle for spare

parts.

(2) P1—47 Project Cost 
+

• The shipping cost to return the M-47 to the United States will
Eli!

be about $6,000 per vehicle.

• The refurbishment of each vehi cle Including the remoted j
capability (using surplus GFE) is $6,000. This cost will

increase If the remoting equipment is purchased from the civ ilian ) ‘

+ 
-+

r 
market. 

+

• Total cost for the return shippi ng, refurbishment, and remoting -

of the two M—4Ps that have been modi fied if $24,000. -

10
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( 3 )  P1-47 Project Testing

• Testing was conducted at Warren Michigan only to ensure the

vehicle was operative and would perform at 25mph. This cost

is reflected in the cost to refurbish.

• The vehicles were shipped to Hunter—L.igget , and 50 TOW rounds

were fi red at the two tanks. One tank was damaged and

can only travel in a straight line direction.

The cost for the Hun~er-Ligget test is estimated to be around

(S

. 
$15,000. This Includes shipping , labor , spare parts and a l l

1~ 
other cost.

• The tanks are expected to be shipped to Fort Carson for

further testing.

(4) P1-47 Operating Cost

• The cost to operate the P1—47 tank for this appl ication was

estimated to be $11.94 per mile. This is the current cost

to operate the M-60A3.

4
- -

The second on-going Army project is th~ Manned Evas ive Target Tank

4 (MElT). See Figure 2. for MElT configuration .

(1) METT Da ta

The MElT project utilizes surplus M-103A2 tank chassis

heavily armo red by the addition of approximately 40,000 +

(: pounds of steel plate. The original turret and tube ha ve

been removed and replaced by this steel plate. The plate +

used , varies In thickness from 1/2 inch to 2 1/2 inches.

However , the weight has only been increased by 2,000 pounds . S

The GVW is now 129,000 pounds.

C 11
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• The vehicles have not been developed as remoted vehicles.

t They must be manually operated~ however , the vehicl e could be

remotely controlled.

i:;. • The tank command does not recommend the firing of small arms

4 such as the 50 cal or 20 mm at these manned vehicles
4 + 5 ,  

because of the perhcopes in the turret; however, th is would +

not present a problem if the vehicle was remotely controlled.

• Three vehicles are currently under modification . One is +

-(Se approximately 95 percent complete and the other two are a t

various stages. A total of five vehicles were schedul ed for +

conversion, but funds are only availabl e for the three.

One completed new turret has been shipped to Aberdeen for

ballistics testing.

• The vehicles remain vul nerable in the engine area.

• The modified vehicle remains compatible wi th the M-60 tank in

all areas except the suspension system and track. The track is +

f similar to the track used on the M—88 tank carrier.
-‘ p

~~~~. 
(2) MElT Program Cost - (The following cost has been incurred by

the program.)

• The MElT program was allocated an appropriate 2.491 million 3

dollars . As of this time, most of these dollars ha ve been

spent anc1 it is estimated that the first of the vehicl es

U 
del i vered will have utilized 1.4 million of the total dollars.

• The cost for the steel plate required for each vehicle is

$40 ,000 to $50,000. Any salvage after the cutting and fitting

+ is not returned t~ the program.

13



+ +

- 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

• Presently, the average cost per completed vehicle without )
additional appropriations will be $830,333.

• The estimated cost for hardware which includes the hanging

and mounting of the steel is estimated to average $600,000 per 
- 

--

vehicle, This Includes all labor.

(3) METT Vehicle Maintenance Cost ~.._
) I

• Arrangements have been made for the vehicles to be maintained )
in accordance with current regulations. All maintenance 

+

access areas have becn covered with steel plates that can be J +

removed with special tools. The side skirts raise wi th the - 

S 

-

help of a crane to allow servicing of the track and suspension

system. Routine maintenance cost Is not expected to exceed 
- )

the current cost for maintaining the P1-60 tank family, $13.38

per mile. - )

(4) METT Vehicle Operational Cost ) -
-

• The cost to operate the METT vehicle will be the same as 
- 

+

currently expended to operate the P1-60 tanks , $11.94 per mile, - 
)

(5) MElT Vehicle Testing Cost )

• One vehicle will be tested to verify the manned target concept 
- -

only. Cost for this testing is expected to be about $30,000. 
- 

-

(6) METT Vehicle Availability _S. )

H . Anniston Army Depot currently has 181 M-l03-A2 chassise s on H

hand. The number of these that could be assigned and made -•- -

-
+ serviceable is unknown.

14
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An additiona l study was performed by Sperry to determine the

cost to fiel d a P1-103 chassis with additiona l armor for use as a remoted moving

target. The carrier could wi thstand repeated hits from TOW and DRAGON

missiles only. Best estimates for this carrier is as follows:

I~ 
Cost for prototype - $ 700,000

Cos t for production - $300,000

C. Ljqht Armor Concept

The carrier selected for the light armor concept Is Thlokol s 1400

IMP series. 7hlokol Corporation is one of the leading producers of a unique

line of specialized off-highway tracked vehicles that are extensively usec

for transporting personnel , equipment , and machinery in rough, muddy, swan py,

and snowy terrain. To date Thioko l has manufactured and sold approximate ly

1 ,000 of the 1400 IMP series vehicles .

With minor modlflcat on and the addition of armor plate , the IMP

can withstand repeat hits by 50 caliber rounds and can meet the ARETS specifi-

cation except as follows :
i-fr

ç.s 
• Unable to achieve 24 mph in reverse

~~ 
• Unable to meet 15 second transition time from full reverse to

-i ; full forward

Since the IMP uses standard off-the-shelf components , development

cost would be minima l , and the technical risk would be minimized . The general

character istics of the modified IMP are as follows :

Overall leng th 114 In.

Overal l wid th 64 in.

t 15
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Overal l height 42 in.

Ground clearance 8 in.

Weight (w/o a rmor) 2100 lbs
— Payload capacity 3400 lbs

Turning radius 10 ft

Maximum speed 25 MPH -

The proposed modified IMP vehicle -is shown In Figure 3, and the

Ihiokol Model 1404 Military all-terrain vehicle is shown In Figure 4. ~- - ~ ~

Some rather basic , but important , design and operational features -

of the 1400 Series vehicle are as follows :

• The design provides a low profile and low center of gravity,

making safe operation possible. - 
‘

• The vehicle has excellent control , power, and a low center of )

gravity for climbing and traversing extremely steep slopes .

• The vehicle has a low ground bearing pressure. Wi th such a low -

ground beari ng pressure, mobility Is excellent under the toughest )

and softest conditions. S - •

• Standard components are used throughout the vehicle. Most basic

components are high production items readily available at standard ) -
parts supply houses.

• The track system was specifically designed with environmental

protection features and has been successfully used wi th extended )

life. The tire guides are designed to provide good track retention 
+ +

and eliminate the tire side-wal l wear co~mion in abrasive terrain +

conditions.

16
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• Transmission , steering differential , and final drive axles are

i: all totally lubricated by an oil bath , requiring no daily mainte-

nance other than periodic changes of lubricant.

‘ The vehicle has an excellent power-to-weight ratio , enabling it

to perform adequately on highwa~~or cross-country type operation

~ and still have sufficient power for tough going In mud or swamp

areas. / 

I

4, • The power train from the engIn~ to the final drive sprockets is

designed for high ~eliability and endurance.

(1) Carrier Descriptipn

(a) Engine and PClwer Train

The carrier uses an industrial Ford V-4 , 104 CID gasol ine

engine capable of operation on 91 octane gasoline. The power train and engine

(5

+5. have been proven 1n hundreds of applications in the United States and throughout

the world. The engine is coupled to a Ford C-4 automatic transmi ssion . A

drive shaft will connect the automatic to a 4-speed Clark transaxle.

4 
. The carrier is designed to provide operation on slopes

exceeding 100 percent. The engine is therefore equipped wi th an oil

1 sump and pickup which will provide lubrication to the engine for unlimited

periods . The engine is liquid cooled and is shipped with a 50/50 water , ethylene

glycol mixture . The cooling system consists of a fin tube radiator with ?ositive

air flow through the radiator at idle from a shrouded fan.

-C (b) Suspension and Track System

The carrier is supported on eight wheels and pneumatic tires

C (filled with polyurethane to prevent the possibility of flat) suspended on

S 

semielliptical springs In pairs . The track is 20 Inches wide and Is

19



5 - --- _ _  

_ _

)

manufactured f rom 3 ply polyester reinforced rubber belting with heat treated )

steel cross links. -

-5 5 -)

+ The grousers used on these tracks are hardened steel , and

they were designed specifically to minimi ze terrain damage and provide good

traction. The flat surface, 3/8 inch above the blade tip, reduces penetration

and resultant damage. Those grousers which do not have side plates will have

both ends tapered. )
The tire guides used on the carrier to retain the tracks

are also made of high strength hardened steel. The belts on the tracks are 
+

held together by lacings and a grade 5 bolt. These lac ings will also be - )
made of hardened steel.

(c) Chassis

The IMP chassis Is a lightweight welded structure composed )

of an 11 gage steel skin reinforced with steel angles and tubes. Local

reinforcement is provided in the carrier to acconmodate the armor.

Skid plates will be instal led under the carrier to protect - -

the engine and di fferential .

(d) Electrical System

The electrical system for the carrier is a 12 volt dc negative - +

ground system. A 12-vol t comeercial battery and bel t driven alternator will be

provided to suppl y electrical power for engine starting and operation. A

24 volt power source will provide power to operate the guidance and control )

system.

)

20 )
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C e ) Steering System

The steering system wi l l  be steering handles mounted behind

the transmission operating a master cyl inder which in turn activates steering
p

actuators mounted on the differential. The differential is a planetary steered

f system which changes the relative track speed rather than skid steers.

(f)Armor Scheme
-p

The design philosophy for the li ght armor carrier Is to

4,, protect as much of the carrier as possible with the least amount of armor 
+

against 50 cal AP ammunition. The separate sections are bol ted together

It ~ with backup plates for individual replacement of damage sections or for

clearance to repair or replace the track and suspension system. The light top
‘- ‘5

plate is easily removed for manual vehicl e operation. All armor plates are

fT straight sections flame cut from dual hardness steel for ease of fabri cation.

Backup plates and angles are standard structural steel. High angles of +

obliqu ity of the side, front, and rear top plates (50° to 550 ) ensure a high

occurrence of richochets resulting In less plate surface damage. See Figure

5 for the hIP armor scheme.

The spacing of the dual hardness a rmor f rom the carrier

frame creates a spaced armor protective system. The steel frame and other

sheet metal of the carrier acts as the internal armor to prevent full

penetration from any low obliquity impacts that may resul t from terrain slopes.

Most projectiles will be fragmented by penetration of the dual hardness

ti.’ armor resul ting in littl e damage to the carrier steel .

Armor pla te thickness required for V50 and V5 protection

O 

is illustrated in Fi gure 6. This plot of thickness vs. obliquity shows

the superiori ty of dual hardness steel over the high hardness steel at low
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obliquities. The t~iO curves for areal thickness illustra te that 47,50

obliquity results in the least armor weight for both types of steel .

Since the dual hardness steel Is much superior at low ‘.

obl iquity and approximately 5 to 10 degrees of obliqul ty better at the high

angles, It provides the better protection; however, cost effecti veness will

Involve both material and fabrication cost and the armor life. 5.5-55)

(2) OperatIon and Maintenance +SS~~~)

The IMP was designed to operate under very seve re environmental

conditions ranging from mountainous terrain in deep snow with temperatures down ‘- -

to -30°F to desert conditions wi th ambient temperatures up to 120°F. Routine ) -

maintenance will be similar to a truck with more frequent attention to running 
-

gear, i.e., greasing wheel bearings, etc. )

The IMP is a highly reliable unit , and should have a life expectancy 
+

of 10 years. Based upon past experience the IMP has shown to have a 144SF (mean

mile between failure) of 2,160 mIles .

The estimated operating cost for the IMP is .13$ a mile. This ~ -

includes gas, oil -, and filters. +

The estimated maintenance cost for the IMP is .14~ a mile. This 
+

+
+ includes engine tune-ups, engine overall-, and track repair/replacement. 

l

(3) Light Armor Carrier Cost

The projected cost for the IMP wi th protective armor is as follows :

Prototype carrier $68,700

Production carrier $26,000 

S - 
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- i
j  It is estimated that the cost to replace full armor would be

$10,000 or $1 ,000 per section.
p

The above estimate for the IMP does not include the cost for berms.

d. No Armor Concept

The search for a no armor carrier entailed contact with over 35

companies . General Motors (Chevrolet Division) , Ford Motor , AMC Jeep, etc.,

basic 4-wheel driven vehicles were the firs t to be evalua ted as potential

(. carriers. However, these vehicles were ruled out as they could not meet the
-.

ARETS specification without costly and major modifications. Next, the search

f, was concentrated on the recreational all-terrain vehicles (ATV). The ATV ’s

also could not meet the required specification , due to such thi ngs as limited

payload capacity , speeds (forward and reverse), etc.

Concurrent wi th the search of the ci vilian market several existing

military vehicles were evaluated as candidate carriers . However, none were

found that could meet the required specification . Since no existing carrier +

( could be found on either the commercial market or in the Army inventory, the 
+

search for a no armor carrier progressed to custom builders . After a thorough

-- search, two carriers were found and each would make an excellent no armor

carrier. They are the concepts of Murty, Incorporated and Chamberlain

Manufacturing Corporation and are discussed below.
-.5

(I) Murty Incorporated 
+

The carrier proposed by Murty , Inc., Figure 7, uses proven

components operat inj at low power levels. The engine is the White model Gl600,

which is basically the Army jeep engine except it has a disp lacement of 163

0 
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cubic inches in stead of 141 cubic inches . The production carrier would use

( the jeep engine which has proven to be rel iable , and the necessary documenta-

tion and spares are in the Army system. The maximum horsepower is 66 @ 3600

fm rpm, however , the carrier will be operated at a governed speed of 2800 rpm

f using less than 50 horsepower.
p

The engine Is conenc ted to two hyd raulic pumps (see Figure 8).

These pumps have the capability to operate at 150 horsepower and speed up to

3500 rpm and will dri ve four individual wheel motors.

The carrier will change from 24 mph forward to 24 mph reverse

in 14 seconds. This performance can be attai ned wi th the largest target and

f 1 500-pound payload when operating on flat, packed terrain. If the carrier

accelerates into a 25 mph headwi nd , it will only reach a sustained speed of

20 mph. The carrier , when commanded , can come to complete stops (from 24 mph)

in 5 to 7 seconds. For the carrier to operate 8 hours continuously, aga i ns t

zero headwind , 33 gallons of gasoline woul d be requi red. The fuel consumption

{ was calculated using a payload of 1500 lbs and a target size equi valent to the

M60 tank. However, the carrier fuel tank will hold 50 gallons gi vi ng wel l in

5’ “ excess of 8 hours run time.
# —

~~

1 
The electri ca l system wil l  have both 12 Vdc and 24 Vdc ava i lab le.

F The engine wi l l  have a 24-volt, 30-amperer generator charging two 12-volt

laP 

batteries In series . The engine electri ca l system and starter will use 12 volts .

The carrier has rigid axles and no suspens i on system . It uses

‘l!Ip. low pressure tires to absorb the shock. However, large rocks and holes should

- not be hit at speeds in excess of 6 mph if the carrier is to achieve its usefu l
27
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life of 10 years. The body of the carrier will be enclosed to prevent water

and mud from splashing on the internal components and enclosed payload. The

carrier has provisions to carry targets representing the Warsaw Pact tanks and

armored carriers. The payload compartment is 40 by 20 by 28-inches deep.

~~~ To permi t easy access to controls and carrier components , the entire top of

the body may be opened by removing four covers .

For a complete list of carr ier charac ter i sti cs , see Table 3.

The Murty , Inc . carrier would have to take two exceptions to the

- ARETS specification. The first being tire chains to climb out of an 8 ft deep,

50 ft diameter parabolic crater. Secondly, the use of agressive tire chains

to climb a 300 slope covered with snow or mud would be required.
‘
~~~

-0

The predicted operating and maintenance cost is shown below .

c 

Predicted Operating and Maintenance Cost
- --
p

Assume average speed is 10 mph
50,000 mIles 5000 hours

Fuel - 7 mIle/gal. @ .60/ga). = $.086/mile for gasoline
Oil & hydraulic oil - 1 qt./500 mile (each) = .0032/mile 

—

Fuel and oil - Total $.089/mile

Oil , filter changes every 2000 miles .006/mile

Hydraul ic oil service every 10,000 miles .00l8]mile

Total operating costs = $.0968/mile

E
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Table 3. tiurty Inc. Carrier Characteristics

ANGLE OF APPROACH 70 Deg.
+ ANGLE OF DEPARTURE 70 Deg. )

DIMENSIONS 0/A
HeIght 42 In.
Length 109 in. -

+

W idth ~
+ Wheelbase 72 in.

TREAD 64 1n.
GROUND CLEARANCE 11 in.
Center of Gravity W/O Payload
Above Ground 20 In.
From Vehicle Center 3 in.

PAYLOAD 1500 lb.
PAYLOAD VOLUME 10 cu. ft.
SPEED (Max.) Forward and Reverse 30 mph
ACCELERAT ION TIME —

(Max. load, largest target , no headwind ) to 6 mph .7 sec.
to 12 mph 1.7 sec .
to 18 mph 3.3 sec.
to 24 mph 6.5 sec .

FUEL CAPACITY - Regu1~r gasoline 50 gal .
FUEL CONSUMPTION

(Max. load, largest target -, no headwind) Speed Miles/ Cruising
mph Gal. Range-Miles

7 350
18 7 350
24 6.5 325

ENGINE : Four cyl inder , liquid cooled,
valve-in-head, 67 hp at 3600 RPM,
163 cu. in. Same basic engine as
used in Jeep.

ELECTRICAL SYSTEM 12 and 24 VDC - - 
P

BRAKES
Dynamic Hydrostatic braking
Static automatic parking brake

TIRE SIZE 31 x 15.5—15 4 ply
SUSPENSION Low pressure tire -,

Rigid Axle
STEERING Proportional skid-steer

remote and manual control
TURNING RADIUS 5.5 feet
DRIVE TRAIN Two variable hydraulic

pumps with four wheel motors

30
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S Service - Replace points, plugs , and condenser
- once between each engine overhaul (i.e.,

every 50,000 miles). $30/50 ,000 = $.006/mile

Assume another $30 every 50,000 miles for
- miscellaneous items = .006/mile

f Complete vehicle overhaul every 50 ,000 miles = .0637/mile

Repl ace 10% of structural parts every 50,000 miles = .00401/mile

~~-— Total overhaul & service costs $.0797/mile

( The project cost for the Murty, Inc., no a rmo r concept is as follows:

( Prototype Carrier $60,000

— 
Production Carrier $12,500

S. (2) Chamberlain Manufacturing Corporation (Refer to

“ - -5 Paragraph e.)

(
~ 

e. Special Design Concept for ARETS (Chamberlain Manufacturing Corp.).

(1) General

Because of the rather uni que requirements of the application ,

Chamberlain believes it is more l ogi cal to design a carrier specifically for

the applicati on rather than to attempt to modify an existing vehicle to meet

the required specifications. The carrier described will meet the per-

( formance objectives at minimum cost. See Fi gure 9 for outl i ne of Chamber-
— 

la in no armor concept.

-- 
The carrier is a four-wheel dri ve design , wi th Independent

( .. torsion bar suspension on each wheel. The prime mover is a Diesel engi ne, and

two options are available: one liquid cooled and the other air cooled . A

- - Diesel engine was selected over a gasoline engine primarily because of the

reduced fi re risk w ith Diesel fuel , al though reduced maintenance and operating

costs are also a consideration.

C, 31 
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The drive system consists of a Sundstrand hydrostatic pum p and

an International Fluid Dynamics wheel motor on each wheel. This drive provides

infinitely variable speed control from zero to maximum design speed in either

directIon. Hydros tatic braking is available, so a service brake system is not

required. It also assures di fferential action for all wheels, and with appropriate

flow dividers , it will provide a four-wheel positraction effect.

- The carrier is capable of local or remote control . Provisions
‘p

have also been made to supply electrical and hydraulic power to the target simulator.

4,. The proposed carrier is unarmored, but due to its relatively low profile, it could

f 
be operated behind berms. However, It would be a simple matter to add light armor

1 to the chassis to protect vital components such as the engine, hydraul ic pumps

and reservoir-, fuel tank , etc. The engine and chassis, hydraulic system, control

system, and vehicle specifications are discussed in detail in the following

4 sections. -

See Table 4 for complete Chai~ erlain speci fications .

4, (2-S, Engine and Chassis

C 
In consideration of the carrier’s main function and operational

environment, It was our determination that a power plant using Diesel fuel would

E provide greater safety. Diesel fuel , having a higher ignition point than gasoline ,

will provide less fi re hazard from stray hot particles which may occur from
4),

projectile impacts on the target.

The prima ry reconinendation for a power plant is a Volkswagen

water cooled Diesel . This engine , an in-line four cylinder, will power a

I

-
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I Table 4. ChamberlaIn Manufacturi ng Corporation Carrier Speci fications )

1. Engine Options )
A. Wisconsin 2 Cylinder , 4 Cycle Diesel , 38 hp at 2,600 rpm,

+ 

Air Cooled

B. Volkswagen 4 Cyl inder, 4 Cycle Diesel , 45 hp at 4,000 rpm,
Wa ter Coole d

-
~ 2. Propulsion System 4-Wheel Hydrostatic Drive

-
~ 3. Speed Infinite ly Variable from 0 to Z4 mph In Either ) i

Direction (Local and Remote Controlled) - - +

- - 4. Acceleration 0 to 24 mph in 11 Seconds

5. Deceleration Approximately .5 g —

6 Tractive Force 680 Pounds per Wheel Maximum 
+

7. Fuel Consumption 2.2 Gallons/Hour Maximum
- 

8. Fuel Capacity 25 Gallons - -

9. Weight 3,650 Pounds )
10. Length 202 Inches

H 11. Width 78 Inches 
-

12. Height 40 Inches

13. Wheelbase 118 Inches

14. Wheel Traâk 60 Inches

I 15. Ground Clearance 12 Inches Minimum

16. Suspension Independent “A” Frame with Torsion Bar 
- 

-~

17. Steering Full Power (Remote and Local Controls) -

18. Tires 9.00 x 16-8 Ply Military Tread 
-

19. Service Brakes 4-Wheel HydrostatIc

20. Parking Brakes 2-Wheel Multiple Disk (Failsafe Type)

21. Elec trical System 24 Vdc , 50 Amp )

+ 

)
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Sundstrand Series 22 hydrostatic pump. It will run at 3,200 maxImum rpm with

37 brake horsepower output. The weight of the engine pump package will be

+ approxima tely 424 pounds.

- 
The secondary power pl ant suggestion is a Wisconsin Model

Z-l08, 2 cylinder, air cooled , Diesel. It will power a Sundstrand Series 23

+ ( hydrostatic pump with an output of 38 brake horsepower at 2,600 rpm. The
5~~

weight of this package is approximately 648 pounds .

The Volkswagen was the primary choice considering weight and

cost. Ei ther system should provide reliable performance in this application .
L

The chassis of the carrier will be of welded tubular steel .

The main members of the frame will be two (2by 4 Inch) tubular members running

the top length of the chassis. Addi tional members will be welded on below th~

C 
main frame members for connection of the suspension , motor and pump, fuel and - 

-

- hydraulic reservoirs, and other chassis components. At both ends of the frame - -

a bumper and obstacle skid frame have been added to provide low and high obstacle

protection for suspension and main vehicle frame. Tubular steel used in this

( application provides for good strength to weight ratio and will provide for a

( strong rigid frame of optimum weight.

p

he frame has been designed to concentrate the engine and pump, fuel

and hydraulic reservoirs, batteries, and control package within the main

C 
structure. This placement provides for the best hazard protection and ease

of servicing of all components. The engine and pump assembly will be located

C
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di rectly rear of th~ front suspension with the pump toward the center of the

vehicle. The batteries will be located at the top center of the frame for Ii
ease of servicing. The fuel tank will be located forward of the wheels

with oil cooler and filter below. The radiator for the engine will be

located in the front suspension frame. Control package placement will be In 
)

an open area in center chassis for accessibility. This entire center frame

section will be covered with s+heet metal to protect from the envirorinent and - )
f rom falling target debris. Fenders cover the wheels for added protection,

and prevent mud and dirt from being thrown on the target. See Figure 10

for frame and major components placement. 
S.

The carrier will be equipped with four wheel independent suspension -

using torsion bar springs and shock absorbers for damping. Wheels will be

suspended on dual “A” frames to the side of the main frame. This suspension 
+

Wi l l  provide superior traction fr om all wheels and minimal shock to frame

and components on rough terrain. See Figure 11 for description of

wheel suspension.
— . 5 )

Steering will be achieved at the front suspension and wheel assembly

using a King and Link pin arrangement with roller type bearings. A double

acting hydraulic cylinder mounted on the main chassis will transfer motion - -

to the wheels through a tie rod linkage to steer the wheels. Lubri cation of

steering rod ends and bearings will be achieved through grease fittings.

)
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(3) Hydraulic System

The hydraulic system consists of two basic ci rcui ts. One ci rcuit

provides carrier propulsion and braking and the other provides for power -

steering and target system auxiliary hydraulics . Both hydraulic systen~ are

driven by the Diesel engine prime mover. A schematic of the hydraulic

ci rcuit is shown in Figure 12. -

The propulsion system consists of a Sundstrand Series 22 or Series -

23 (depending upon the engine selection) variable displacement, bidi rectional

pump and four International Fluid Dynamics Series 30 wheel motors wi th a

displacement of 14.5 in. 3, per rev~~ tion . These motors are capab le of -

provi ding 680 pounds tractive force per wheel , which will be sufficient to

drive the carrier over the speci fied terrain and produce the necessary forces +

for acceleration and dedeleeration to meet the requirements for changing -

from full speed forward to full speed backward in 15 seconds. The hydraulic

• system and chassis are completely bi-di rectional; the carrier will operate -

1’ equally well in forward or reverse.

(. Operation of the system is as follows: The Sunds trand pump is a

variable displacement , reversible flow uni t with two pressure outlet ports.

When one port Is supplying pressure, the other port acts as return, and vice 
- 

-

versa. The pump can be controlled to provide infinitely variable flow - 
-

t from zero to maximum output at either outlet port. This is accomplished -
-

~~~ by controlling the angle of the pump swashplate. If the swashplate angle 
-

1. is zero, pump output is zero. It the swashplate is ti l ted in the positive 
-

f 
di rection, the pump will supply a flow rate proportional to the swashplate -

angle that will dri ve the carrier in a forward di rection . If the 
-

swashplate is tiled in the negative di rection, the opposite will +

occur and the carrier will travel in reverse. Carrier speed is di rectly

o H

o 
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proportional to the swashplate angl e, and accel eration is proportional to

the rate of change of thw swashplate angle.

If the pump is set to provide an output In the forward drive line , the

flow enters the first flow divider valve in the flow dlvider/recomblner

block. Here it Is spl it into two streams, one of which drives the front

- - wheels and the other the rear wheels. These streams are each divided

E again to provide a separate input to each wheel motor. This feature provides

a posi traction effect for all four wheel s and will prevent ininobilizing

the carrier if one or more wheels are off the ground. Since the flow dividers

-~~ 
• are also recombiners (they will work in either direction) the same positr-

action effect will be obtained when operating in reverse. Limited differential

action is still retained due to “sl ip ’ in the wheel motors and flow dividers.

Once the flow ex ists, in the flow dividers , it passes through the wheel motors
* rotating them in the desired direction , and returns to the opposite side of

the pump. The cycle is reversed when the opposite di rection is selected.

- The system is protected from excessive pressure with a crossover relief

valve connected across the pump outputs. The hydraul ic fluid is fi l tered 
-

+

- 
with a 10 mjcron filter and is cooled with an oil to air heat exchanger. 

+

t 
- The Sundstrand pump assembly also contains a small charge pump which + 

+

- 

suppl ies pressure to operate the main pump swashplate controller. The +

H swashplate controller Is basically a hydraulic ram that is controlled wi th

H 
~

. a proportional servo valve. This is a closed loop servo system wi th position

feedback to the error amplifier that also accepts vel oci ty/direction coninands.

4 - Al so in the loop is a constant horsepower controller that senses the pump
4—.

power output. It would be possible to appl y coninands to the system that would

41 
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exceed the engine cL+ pacity and cause the engine to stall since the pump

can require more hol sepower at maximum pressure and flow than the engine can —

del iver. The const+nt horsepower controller senses pump power output and

maintains the pump ~-washplate angle so that engine capacity Is not exceeded.

An addi tional t ydraulic pump is mounted on the engine to provide hydraulic 
S.

)

-+ power for steering nd also for auxiliary hydraul ics to the target system

if needed. This pup shares the same reservoir and fl uid as the hydrostatic -

-

drive and will supp ly 3.8 gpin at 900 psi . The power steering 
+

system is controlled in the same manner as the pump swashplate is controlled

except that it does not have the constant horsepower controller in the loop.

In this case it is not needed since this pump only consumes about 2 horsepower.

Since the hydrostatic dri ve supplies horsepower to the carrier at a

+ 
constant rate, it is possible to determine the time required to accelerate +

the vehicle to maximum velocity as follows. We will include the MA forces

and rolling resistance in the calculation. The rolling resistance is given i
b y .  ,.J L

. RR a G V W x R  ( 1) 

:5)

where RR = rolling resistance in pounds

GYW = gross carrier weight —

R = facto r expressing rolling resistance in pounds per -

thousand pounds carrier weight.

For sandy dirt the factor R is 37 pounds, and the gross carrier weight , — - 
-

including the target , is 5,150 pounds. Therefo re )

RR 5,150 x 37 190 pounds )

42 +
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C 
For purposes of our ~:alcu1a t1ons, we will assume the rolling resistance to

be 200 pounds.

(p The horsepower ‘equired to accelerate the carrier is given by

Hp = ~
‘ 1fa

5~0
F!) (2)

where V = carrier velocity in ft/s~ec -

+ f,  Fa = force used to accelerate the carrier

I 
Fr = force used to overcome rolling resistance

But Fa = MA = M and Fr = 200 pounds . There (2) becomes

p

, dvV ~M ~~~~
.+ 200

H P= — 550 
(3)

This can be simplif ied to the form

V d v  - d  4
3.43;’S Hp - 1 .25 V 

-

+ - When this equation is integrated and the constant of integration determined,

the following resul ts:

C t = ?.2 Hp [in ( 

3.4375 H~ ~)] - .8 V (5)

C) With th i s equat ion , one can determine the time required to reach a gi ven

veloci ty with a givun horsepower input. The design velocity is 35.2 ft/sec.

Assuming a 25 hP Inwt , the carrier will reach this velocity in 11.3 seconds. +

A 30 hP input will levelop desi gn velocity in 8.6 seconds. The carrier can

U brake to a stop in ipproximately 3 seconds from maximum velocity since

_  
+ 

-~~~~ - - - A
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max imum wheel force ;an be sustained throughout the braking phase. Therefore,
-‘S-I

with only 25 l~ input, the carrier can change from ful l speed in one direction +

to full speed in the opposite direction wi thin the 15 second l imit. Assuming )
the hydraulic drive system is 75 percent efficient and an average of 4 hP

is required to drive the power steering pump and alternator, a total engine Hp - .9
of 37.3 is required. +

(4) Control Sys tem

Carrier control for both local and remote control will be achieved -

by using an error feedback system. System operation is as follows: For the

steering, suppose a right turn is desired. A positive vol tage is supplied

to point (1), see Figure 13 on the steering error amplifier (note this

vol tage is suppl ied from either the remote or local controls). This positive

vol tage on point (1) will cause the voltage at point (3) to go negative - -

which opens the hydraulic steering spool valve. The spool valve actuates the

steering piston in the desired direction . A potentiometer which is mounted 
- 

+

on the steering piston feeds a vol tage back to the steering error amplifier .

When the voltage at points (1) and (2) are of equal magnitude , the vol tage at

point (3) goes to zero, thus closing the spool valve , and’ the proportional turn

selected is achieved. Reversing the vol tage at poInt (1) will cause the

+ 
carrier to turn in the opposite direction. 

-

Speed and direction are obtained in the same manner except the

hydraulic piston operates the flow control of the hydrostatic pump. Since 
+

both the steering ar+d speed/direction controls are proportional , any speed in

any direction -Is easily and precisely obtained.

The local contro l will be a “T” handle joystick controller, spring

loaded to a neutral position. Rota tion of the “1” handle controls steering;

44
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3
forward and reverse !+-Iotion of the handle controls speed in the desired T)

direction. Emergenc -i engine shutdown is provided on the local control box

with an on/off swi tch. ~
_ )

The carrier engine will be equipped with a load sensing device . Thus, .
~~ ) 

+

~ ien maximum hydraul cs are required, the engine will be at maximum rpm. -

When there are no hy iraulics required, the engine will idle at a present rpm. ._S_J

The engine will be started at a panel located on the side of the carrier;

however, If requirem~nts change the engine could be started remotely.

An interface connection will be provided wi th a compatible target

connector. The interface connections will supply the following functions:

0 Carrier Spead and Direction

o CarrIer Engine Temperature

o Carrier Eng ine rpm -3
o CarrIer Engine Oil Pressure

o Carrier Fuel Indication 
. 

-S._) 

-

o CarrIer Hydraulic Oil Pressure

0 Carrier Hydraulic Oil Temperature

-

~ I The above functions ire provided at the interface for the target control 
+ 

-

system to monitor. If any of the above functions are abnormal, an emergency

engine shutoff is provided to prevent damage to the carrier engine or

hydraulic system. Twenty-four (24) vol ts, 50 amperes dc and hydraulics are - 

+

also provided at the interface for target control sys tem power. S 
+

H 46
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(5) Carrier Cost

The estimated cost for the development and production for the

carrier is as follows:

Prototype Unit Production Unit

L iquid Air Liquid Air
Cool ed Cool ed Cooled Cool ed

tjjp $67,630 $67,813 $10,574 $10,947

4, f. Comparison of Design Approach 7002 Carrier To Murty, Inc. No Armor

(~ Carrier

Since the carrier discussed in NIEC ’s Des ign Approach Nunter 7002

4 and the Murty, Inc., no armor carrier are used in the same basic mode (that
- — Is the target is mounted on top of the carrier and each carrier must traverse

+ 4 behind a protecti ve berm) a compari son was made of the two carriers. The

results of this is shown in a matrix, Figure 14.

The ca rrier in design approach 7002 costs less than the Murty

concept; however, it does not meet most of the requirements called out in

- 
the ARETS specification.

( ,
4’)

E U j
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SECTION II

TARGET SYSTEMS

~
- ‘¼~# 2.1 INTRODUCTION

~ 
Present and future armor training concepts requi re the use and application

of “live” firing of both subcalibe r and main gun anununition at fi xed as well as

t , at moving targets . Unde r optimum conditions, the targets should be realistic,

~~~~

- cost effective, and deployable as simulated enen~’ forces. As effective targets

they should also be capable of scoring mutliple h t s  from any type of weapon and

t ( be adaptable to image intensification and thermal im~~ing systems and training

devices such as Maglad II.

- 

2.2 TARGETS

~ 
Targets can be classifi ed as two dimensional (2-D) wh ich are usually

55+ deployed as stationary targets and three dimensional (3-D) which are usually

- t - deployed on moving vehicles. Figure 15 depicts the types of target designs

- 

~ I that can be manufactured.

View 1 - 20 self supporting target with simple highligh t painting or silk

¶ screening for realism. Target can be cut to form or mol ded to form.

lt r)
Vi ew 2 - 3D target design that has the potential of being very realistic

( 5  
at 500 me te rs or more. Conformation of the design effectiveness, however,

would require deployment un de r typical target range conditions. The

design -is desirable because it minimi zes material and simplifies

logis tics. This type of target can also be fabricated from a wide

variety of materials. Realism can be achieved with highli~~t painting or

silk screening.

- - -.5 -  -5 - 
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View 3

View 4 View 5

FI gure 15. Potential ARETS Target Concepts -
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View 3 — 2-D stationary targt~ that is supported wi th corrugated concrete

reinforcement wi re.

Vi ew 4 and 5 — Typical 3-D target designs that can be molded or

fabri ca ted from various plasti cs .

2.3 TARGET MATERIALS

Target materials can be classifi ed as hard materials which oppose

-
~~ projectile penetration and soft material whi ch offers little if any resistance

to projectile penetration. The nature of hard target material implies weight

and cost . Extra weight would present an excessive burden on the target support

mechanism be it a moving target carrier or a stationary mount. Dissipation of

the projectile impact energy would likewise requi re unusual engineeri ng solutions .

+ 
-
~~~ Soft targets, conversely, considerably reduce and in some cases eliminate the

4 0 impact energy di ss i pat-i on requirements. Th ei r weight as wel l as their cost is

F .~~ imich less than the hard target concept.
‘P

The materials that are applicable to the soft target concept are many and +

vari ed. A list of material references and manufactue rs is noted in Table 5.

(~ A brief descripti on of the most likely soft target materials is noted below:
- 0

Ci o Polyurethane Foam - Sponge like material often used in mattresses.

C It would need support as a 2-D target. It also degrades under ul tra-

violet expos ure. Polyethylene foam is a preferred replacement .

o Polyethylene - Is available in various densi ties, closed cell foams

at various thicknesses , and in a high density form which is moldable -+
into many di fferent containers and forms. The foams with a thickness

of two inches or greater are self supporting and can be used as 2-0

and 3-1) targets. The high density moldable polyethy lene can l i ke-

wise be used for 2-0 and 3-0 targets.

- 
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TABLE 5. Target Material Sources

MATERIAL REFERENCES - 

P

1. General

A. Materials Standard Practice Instructions, Book 1; metallic materials,
aluminum, steel section - Sperry Rand.
Materials Standard Practi ce Instructions, Book II; nonmetallic materials,
plastI cs - Sperry Rand.

B. Machine Design Materials Reference Issue, March 4, 1976, Plasti c Section.

C. Machine Design, Fasteners , Adhesives, Ass eatly Har~vare Issue,
— 

+ 
Novenber 18, 1976.

H 
2. Manufacturers

Wurzburg Brothers - Polypropylene, adhesives , expanded bead
Memphis, TN polystyrene

General Adhesives & Chemicals - Adhesives
Nashville, TN

Markel Products Co. - Polyurethane foam
B ron x, NY

Weber Systems Co. - Laminated corrugated paper
New Hope, AL
Exmet Corp. - Expanded plastic & metal
Bridgeport, CT
Morrison Molded Fiberglass - Structural fiberglass, shapes & sheets
Bristol, VA +

Fablok Industrial Sales Corp. - Nylon fishnet
Murray Hill , NJ

Therodyne International Ltd. - Hi Dens ity polyethylene (Phillips Marte x
Hawthorne, CA or equivalent)

Bainbri dges Sons - Foamcore board (feather weight)
Brooklyn, NY
Sloan Paper Co. - Foamcore board, Gator board
Huntsville, Al.

52
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TABLE 5. TARGET MATERIAL SOURCES (Continued)

2. Manufacturers (Continued)

Plasform Inc. - Plastic forming -

p Huntsville, AL

Mahoney Plasti cs Corp. - Expanded bead polystyrene
4, Decatur, AL

SGL Plastics - Polyethylene sheets; polypropylene sheets
Nazareth, PA - -

Engineered Plastics, Inc. - Molded plas tic sha pes
Huntsville , AL

“P Capi tol Plastics of Ohio - Molded plas ti c shapes

Bowling Green, OH
‘P United Molded Products - Rotational Molding

Port Washington , NY
4, Hexcel Products - Honeycont paper

Michigan Ci ty, IN

Donray Products - Polyester urethan sheets; pôlythylene foam sheets
Clevel and, OH

Packagi ng Corporati on of America - Corrugated cardboard
- - Vincennes, IN

t The Mearl Corporation - MEARLC RE TE (foam concrete)
Rosell? Park, NJ

+ Beri d~e Paper Co. - Laminated cardboard
‘4, Indianapolis , IN

Owens /Corning Co. - Fiberglass wool
I Huntsville , AL
4~

,P

National Adhesives - Adhesives
Bridgewater , NJ

American Ai rfi lter - Fiberglass wool
Loui sv i lle , KY

‘P Modiglas Fiber - Fiberglass wool
Brimmen, OH

-

k 
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o Polystyrene - M expandable bead foam that is manufactured in

various densities in billet form (96 by 48 by 20 inches) which can

be cut to the desired thickness. The material is self supporting

in thickness greater than 1 inch and can be used in both 2—0 and

3-D targets.

o Polyvinyl - Is l imi ted as a target material because the upper

temperature limit Is approximately 140°F.

o Polypropylene and polyethylene - One, two, and three ply blankets.

These materials would be used on 2-D and d-D targets over a

support structure such as a wire frame.

o Wire Frames - Concrete reinforcement wi re with a 6-inch grid is

a cost effective support structure for 2-0 and 3-D targets.

Chicken wire and flyscreen can be used to contain filler material

such as fiber wool and plastic blankets .

o Corrugated Aluminum, Steel, Fibergl ass - Are heavy and expensi ve

and they are not recommende d as target materials.

o Glasswool Filler - Is available In various densities from low

dens i ty air filter to s igh density insulation. The low density

wool can be used as a blanket and be held down with wi re or nylon

netting.

o Hexcel Products - Are bascially a ligh tweight honeycont sandwich

made of various materials. The most applicable , 2-D target, Hexce l

product is made f rom craft paper that is coated to resist en-

+ vi ronmental conditions.

o Papier-mache - Is a labor intensive material that does not weather

well and there fore is not recommended for target material.

54
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H o Concrete F ’ams - Are labor intens i ve , ex pens i ve 1 -an d tend to be

bri ttle without reinforcement.

(~ o Plywood - Is usefu l as a 2-0 target material but has limi ted use
p

+ 

as a 3-0 tc rget because of the required support structure.

Many parameters mus t be taken into account to properly evaluate the

L 
usefulness of any t3rget material. A prioritize d group of target material

parameters would include :

- 

o Survi val of the target subjected to mul tiple hits

— o Support structure requirements

--  
o Logistics of material and labor

o App licabi lity to 2-0 and 3-D targets

o Compatibility with realism requirements.

I
A degree of quanti fication is possible with the top three parameters by

— 1 reformulating them -into life cycle costs.

+5- - 

Table 6 is a tabulation of materials that would be most

practical as targets. Al l the- materials could be used with 2-0 and 3-0

targets. The material costs noted in the table are for produc tion
+ (.. quantities ; labor costs do not inc l ude a learni ng curve.

Since target material survi val under live fire condi ti ons is a funda-

mental eva l uation cri terion , a 2-0 target material test program has been

- prepared and submitted . The program will evaluate under live fire con-

ditions all the materia ls noted In Table 6.

: 1 
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Each test material will be subjected to various types of main gun and

subcaliber an~iunit ion . The amount of target damage and the structural

integrity will be observed and recorded.

The program will also evaluate hit sensor systen~ and thermal image

intensifi ca tion techniques.

2.4 TARGET REALISM

Armor target realism is a highly desirable quality gi ven a total armor

training concept of recogni tion , i denti fication , and first “hit” capability.

A hi gh skill level of armor personnel is possible with targets that resentle

potential enemy forces. However, the degree of target realism that will —

( - 

achieve these training goals has not yet been established . Absol ute target

realism is expensive , therefore it becomes a matter of trade-off studi es to de- 
-

termine what degree of realism will provide effective trai ni ng i n a cos t
effecti ve manner.

Three target realism production techniques are applicable . The s implest

of these requires the appl ication of a single color paint, i.e., black , to

highlight the vehicle features. The highlights could be applied in the field

( by untrained personnel working from an artists sketch. A much more expensive

bu t effective method would be the application of silk screened images to the

targets. These images woul d be in three colors and produce a high degree of

( 

realism. A pictori al view of these methods is shown in Figure 16. Both

methods are usable with all the materials noted in Table 2-2 except the low

density fiber wool . I~ 
-
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BLACK PAINT OUTLINE
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I

SILK SCREEN I MAGE

4.5’ x 12’ SILK SCREEN 2 color $l5
3 color $20

SCREEN SET-UP $1500 -

20 TANK APPROXIMATELY 3 SCREENS $60
+ 3D TANK APPROXIMATELY 8 SCREENS $160

- 

Figure %6. Target Realism Production Techniques . - )
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The third method of achieving realism entails the use of polyethylene

g molded targets. For the 2-D target this can be vacuiin formed and for the 3-D

a rotational mold. Both methods can incorporate a high degree of detail and

t together with simple highlight painting or with silk screen image applicati ons

will provide the ultimate in target realism.

I 
_________2.5 THEI~~4P~L IMAGE ENHANCEMENT
Complete training of armor personnel for present and future contat

situations requires the inclusion of night engagement exercises. Effective

night exercises require the use of presently available and projected night

- - vision devices such as night vision scopes, xenon search lights, passive and
- --p

active night vision systens, and vari ous image intensificati on techniques .

An evaluation study of night vision target enhancement and intensification

techniques was in itiated. No attempt was made to dupl icate actual vehicl e

si gnatures during this test phase due to thei r cl assifi ed nature. -

The most important considerations- in nigh t vision imaging is that of

target background contrast not just target radiation . The total radiance N -

of most surface targets is equal to the self-emission Ne (radiant energy

from a body as a consequence of its temperature only) and the incident radiati on

Mr (ene rgy reflected by a body). Ne for mi l i t a ry

N = Me + Mr

targets usually predominates at night and Mr may be neglected (except when

xenon searchlight is used). Figure 17 shows the wavelengths that were

cons idered during this study. For wavelengths greater than four or fi ve

microns Ne becbmesunimportant except for very hot items , suc h as exhaus t

U -



- 
-

P 5,
-

+ 
g jp..
—4 7/A  ‘.5- --

~~~is -
4)

V

~5~/,~~~, ,_ — 4.’

‘<44 a,
-
~~~~~~~~ 5 - )

I— —~I—. 
0 441

‘7;’, 
—5-

/ ,-/- ~~ 
p-s I

L_
~

..+±
~~~’F~~ 0

!U 
!

- 

.
-
.-

_
_

~~~~~~~~~~~~~ T

60

- -

~

-

~

- - - -  _ _



v- ~~~r~•- ~~‘~~ “ 
- j~~p.~ 

— 
- —

- - - -
~~~~~~~ ~~~~~~~~~~~ - -

- - - -
- - ---p - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --w .4,~~- -’~~~~_p.~~,Jr$ ~

pipes. When wavelengths fall between one to fi ve microns, Me and Nr become

$ important in calculating the total radiation of a surface.

Infrared radiation sources include a wide variety of objects such as:

roads, railroads, airstrips, bridges, factories, vehicles and personnel .

While some surface targets (e.g., the exhaust manifolds of tanks and other

vehicles) can be distingui shed by temperatures which are higher than

ambient, many passive objects near anbient temperature must be recognized by

characteri stics , such as shape, s i ze , posi tion and contract. It is an

important phase of traini ng for tank personnel to recognize the IR/thermal

-
- signature quickly as friend or foe.
1’

- 
There are many di fferent methods by whi ch the JR/thermal simulation can be

S . .
accomplished. These di fferent methods are lis ted in Table 7 along with the

f advantages and disadvantages of each. The main advantage of heater strips

and thermal conductive tape, in the area of image intens i fication, is cost

(- up and the many thermal configurations that can be presented by changing the tape

f position on the target. ~ie such outline is shown in Fi gure 18. The

main object of the tape is to act as a heat sink for the heaters. The tape

(5 temperature should be higher than the surface of the target material giving

a good outline of the target silhouette. The desired temperature of the tape
løh.
1’.. and heaters and thei r configuration will be determined under actual target

i 
range condi tions.

I ~ In the case of moving targets the simul ation of IR sources is some-
‘4 -,

what simpl i fied because of the target constructi on. The target moves and

the motive power requi red generates heat. This heat can then be used to

- 1 ;
61
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simulate an actual vehicle by the use of ducts and radiators . The

fixed targets present another problem, the heat generating devices -

must be part of the target and must be simpl e enough to keep the 3 -

target cost d~~n. in the ci~se of the fixed target
, therefore, either

reflective coatings, simpl e heat generators or target Illumi nation could

be used. 
(•) ~

The target materi al I tsel f will detenni ne the I R materi al to some )

extent. Smooth surfaced devices using polyethylene, expanded bead

polystyrenes or plywood lend themaelves to the application of various L -

conductive coatings. The chickenwire construction techniques seem to

lend thenselves to the use of heaters or direct IR Illumi nation.

+ U 
- 

+

U

L

- H -  
~~~~~~~~~

-

- 

62 )



- -- 
~~~~~~~~~~~~~~~~~~~~~~~~ ~~C~+ 

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~ _____________ -— —

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘QI . 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

I L
di UI 41.0 •00)

5 4 0 V  V V U
4) a, 4.’ 0) 03 03 0
c ~~~~~~ ~fl %. 5 P Q InRe- di a >~ ~ 

.
~~~ 

.r 0 ~
. U~ 0)

i __ 
• ~~ ~~ 0 s ~~ ‘~~~ 0

V 4) _ U 0 0 0 C .0 0
p UI r- 01 • 0.1 V 0 II ~~ UUI 0) .

~~~ C U) 0 £~. r U a, in
.p. . N .0 C ~~ 0 0) •,

~~
0 .~~ 

.
~~~ 

.
~~~ ~~ ~~~ S. •,~~ 

. I— . U)
U ~ 4.’ ..- I. 03 .— r— 4) 4- 0. w 0~ 0. w C’J

• 0.1 0.4)5 ~~~44 44 ~~ E 4-’ W E 0 4 4
1 E r -  w u ø U 0 0 ud 41

-
~~ ‘5- .— U .,- 0. 4.) 4.’ 0. 4.’ • I 9- 4.’

~~~ I~~ ~~~~~~~ In UI 01 )( C 1. UI
0 E ..- (-) 0 O C.) in 0 ~~ 0 9 - 3 0

- .-1 v~ 41 u~ C..) L~ ~~ Z 0 v’ (.3

0 0 0  0 0  0 0 0  0 0 0  0

In
41 C~~~~~ ,~~~~4.’5 ~~~~~~~~~~~~~ .0

41 (.3 4) .p. . 1~~~

4.’ C 0 3 0. L C.) c .
~~~ ~~~ 

,— .
1 0) C •~~~ C~) 0 41 3 0. 0 0 ~r 01 0.1 .0
I .C 41 r- .~~ 0) 0 0 r- 41 03 >-, E ~~ 4-) . 4)

> 0 0 0 U) 4.’ .C r- 41 41 C
— V 0 4~ 0 in . C.J >, In r- C ,— 0

U ~~ 4.) 41 U 0 41 41 In 4- V U .~~
— 

— ~~~~0 ) O C  S 
~~~~~~ .~~~~

1 0) .0 4.’ n C.) 3 4— 0. 01 U 4.’ 01
I 4.’ 14 0 01 In 0 0 1.) p.- ~~ 4.) 41 UI 4- > E

lO tfl 0 41 ‘— 0 U 4) .
~~ C In 0 0) C

4) 
- 

~~~~ C SJ 443 Ii. C.) U) < U) U) ~‘-.0 < i— U I— 0

0 0 0 0 0 0 0 0 0  0 0 0 0
+ 

I
-

I iii 1Ji~ I I
-

~~~~~ (~~
_5+

J 

+

41

I O U’
01 >,.O W 0 ) 5 4 )

O 
~~. 4.) 

~~~ U 4’
- >, •,- U I. I

‘— 
~~~~~~~

(J 
63 

0 

-



— - -- 5-—— 

~~~~~~~~~~~~~~~~~~~~~~ ~-~~----.,-- ,—~~~~~~~ ‘5- ‘•,—~~~~~~~~~ ,._•_.~•,,,_+,_ _~~ ~~~~~~~~~~ ~~~~~~~~~~ 5— 
~

___
~

___ -.•~ ..~----.— — 5+— —, ~~~+ 5+—, 5+— — -—
- - - —~~~~~~~~~~ -~~~~~ _~-_- -~~~*L_~S. .. _~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ - - IL_ ~~~~~~~~~~~~ ’~N’-

3
+ 0-~’ -U -

U) 
EV

E
. ~~

0) • 
4)+ 41 fl~~~

. 41
4.’ 0414 .’ E - Q ~C r-I. 3~~~ d).~~- ; 41 U9- 0 4~~O

~ CC.0 4.’ 41
V 4).,- 41Q r-
44 C

-
+ U)

.r- ~- r- 41
0

.C
.O4~ C 4 )4 1

~~~ 
J

~~~~~~~~~~

0 0

•0

C
.
~~~

I

~~~C ‘.0 4.) ~~~~~ 4)U) I.. .,- 14 0’ ‘4 V UI
0) U

V .
~~~ 0 3 4 144 041 o. 4.’ 0 . C  a L

+ III U) E • ~~ ~4) O C.) 0 , -  *4 0~~~~ 41(.1 0 C.) U) z .j — ~~~

0 0  0 0 0 0 0

%
9-

09-4).,-
1— 14. ...) (JOUI iñ

a 

- - 5 +  5+



- 
~~~~~~~~~~~~~ - —

‘——-- 5---- ——-5-.,- - - 5 5 +—  - --5+- ~~~

I 
_

r‘P \~ 
g

I

65 

1

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -~



‘ “ -
I

2.6 HIT DETECTION AND SCORING SYSTEMS 
)

The search for a cost-effecti ve hit detection and remote scoring system

for deployment In the ARETS application was centered about the following ~. ) I

precepts:

o SurvivabilIty and maintainability of target mounted components.

o SensItivity to near miss projecti les .

o Sensitivi ty to clos e shot debris.

0 Sensitivity to target material characteristics.

o Sensltlvity to disturbances Induced by the moving target carrier.

o UtilIty in the three-dimensional target application .

H
Sensing technology Investigated within the context of this study included

laser, piezoelectric, acoustic, capacitive, shorting, visual , infrared, doppler , -

and intruder detection techniques. While each of the theoretical approaches

considered offers certain advantages and di sadvantages relati ve to a given

application , none completely fulfills the ideal ARETS requirements. Conse- 
)

quently , the systems stamnari.zed in Table 8 were selected for consideration on the

basis of compatibility with the majority of requirements as well as near -

term availability.

System cost estimates are depicted as being comprised of on-target and

base station components, where so stated by the supplier. This affords an

addi tional decision criterion relative to the expense of components that are

potentially vulnerable to hit damage. Certain of these more expensive

components , e.g., signa l conditioning electronics, can be protected by appropriate 
- - 

)

buffering within the target carrier.

In view of the operational and environmental constrains stipulated In the

ARETS speci fication and the variety of target materials to be considered, a

- 
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- tandem continatlon of acoustical and vibration sensing elements is recommended
- 

- 
for test and evaluati on. The simultaneous sensing of impact generated vibrati on

and the shock wave of a supersonic projectile appears to offer an effective

- - solution to the problems of near mi ss and close shot debris sensitivi ty.
~~~‘ To this end, the signal conditioning electronics should incl ude such voting

f logic as to effectively utilize the inherent characteristics of the device,

i.e., acoustic sensors will not score subsonic debri s, and vibration sensors

will not score a near mi ss.

As depicted in Table 8, three such systems are available from Del Mar

+ Avion ics of Irvine, California. Two of the systems are lis ted as being
- availabl e through U.S. Army inventory , and with minor modi fication, can be

f rendered operational for tests.

Though listed as undesirable in the ARETS speci fication , near mi ss scoring ,

‘5- to incl ude miss distance computati on, could provide useful feedback in a given

training situati on. To this end, the Doppler system, soon to be avai lable

through U.S. Army Inventory , appea rs to be the most highly developed and cost-

effecti ve.

- 
- ( Maglad II simulate d fi re detectors, when available , are not expected to

pose an applicati ons problem when deployed with targets considered in this

study. Near miss scoring, a function of laser beam dispersion with range,

can be reduced by propar sensor placement without reducing primary target
- 

— 
- 

- coverage .
lb

All the available off-the-shelf hit sensor systems noted in Table 8

have a minimum cost of $20,000 where the sensing element cost is at least

$300. Mos t of these systems were developed for unique applications such as
+ 

it missile eval uation systems using station:ry targets or smal l infantry targets

S
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3 ;
or air-to-surface target sys tema where area coverage is to be sensed and

recorded.

Because of the wide variety of potential, although undeveloped, hit

sensor devices on the market, the rapid technology changes and advances, - )
and the somewhat unique ARETS target system requirements, it should be feasible

to develop an effective ARETS target hit sensor system that In production -~ 
)

quantities would be delivered for less than $2,000 per system with the hit )
sensor costing less than $100. This improvement in cost effecti veness would

be achieved by using the latest sensing devices and engineering techniques )
and uniquely Integrating them into the ARETS target system.

5+ 

~~~
_ _ _ )

The development for such a system is estimated to be $100,000. 
-~ -
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2.7 TARGET MATERIAL TEST

4 A target material evaluation test program was conducted at Jefferson

Proving Grounds, Madison , Ind iana over a three week period. This test was
conducted as a portion of task 6837A ARETS Study. The objectives of these

-
~~~ tests were to ascertain the effect of live fIrings on -various target

material s and the ability of a pleio electric hit sensor to record ~uits on

these targets.

f The various target materials considered were reduced to five types

of materials: Expanded bead polystryene, polyethylene foam, fiberglass -

+ 
f ’  wool and chickenwire , polypropylene sheeting and chicken wi re, and high

density polyethylene. These materials were selected on a basis of cost,

~~ manufactur ability , durability , and resistance to the norma l environments
I, encountered.

The first four materials were assenbied into target panels approximately 8~
x 161 and reinforced for a height of 6’ wit~ 10 gauge concrete reinforcing

:~ f wire. The high density polyethylene targe ts were made of sections of a rotation-

all y molded vat-or tank.

The targets were to be held , where possibl e in fixture constructed

from angle aluminum , Figure 19 and Fi gure 20.These fixtures were not
considered to be part of the target, but were used to mount the hit sensor
to reduce the possibility of damage to the sensing element and assure a( fi nn mounting surface. In those cases where the fixtures were not used,
due to terrain difficul ties, sections of the holding fixtures were mounted
to the target sections to mainta in this fi rm mounting surface.

The targets were subjected to various types of main gun rounds and
- subcaliber rounds fired at various distances from the targets. The main

(. gun rounds fired were: 90 mm TP-T M353 (AP), 105 mm TP-TM 490 (HEAT),
M467 (HE) and M724 (APDS). and 152 mm TPT M4l1 (HEAT). The subcal iber

- ‘ 

rounds were the .50 caliber and 20 mm. Representative main gun rounds are
shown in Figure 21 for reference only.

71
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Figure20. Sub—Caliber ‘targets in Target Holding Fixtures . 
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105 Millimeter

— - - -  
-

.

1~ Wh ile these rounds are not actual
152 1~llIIlrncter training rounds the configuration s

of the rounds as far as s i lhouettes
are the same.c

C Figure 21 -Round Configurati on
73
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The main gun rounds were fi red at the followin g ranges, 750 meters,

1200 meters and 2000 meters.

The sub—cal iber tests were conducted us i nq 4’ x 8’ targets for all *

the materials exceDt high density polyethy lene. The targets used for ‘

the high density polyethylene were made from the bottoms of the rotational ly
molded tanks and were 4.25 ft. in diameter . All taroets were placed 120
meters from the firing point due to the tendency of the .50 caliber and )
20 mm gun to vibrate on the mount and scatter the projectiles when fired
ful l automatic. With remote control of the gun ,manual correct ion was
not available. Figure 22 illustrates the .50 cal iber machine gun in Its
mount. The same mount was used for the 20 mm gun. J

Duri ng live fi rings on an operational, range el ectroni c components )
will have to be protected against damage. As part of the material testing

face hardened armor plates 3/8 inch and ‘1 /2 inch thick and set at various 
- 
)

obliqui ties were subjected to .50 caliber machine gun fi re at close range 
-

to evaluate the protection afforded by this type of armor. —

A hit sensor , provided by P4TEC, was used to determine the ability

of various material to provide a hit indicati on for target scori ng purposes. )

The report Is divided into a separate section for each type of material

and will cover all ranges and types of projectiles fired at each type of

target.

In addi tion to the required test samples two targets constructed of

a cardboard honeycomb material in 2 inch and 4 inch thickness were tested -

on the 750 meter range using the 90 ?‘14 and 152 MM projectiles. The resul ts — ‘

were similar to the styrofoam tests.
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a. Armor Plate

The purpose of this test was to determine the effects of .50 caliber

ammunition on two thicknesses of face hardened armor plate positioned at

several obliqui ties. Armor piercing .50 caliber ammunition was chosen as

the most severe case to which the armor plate would be subjected. This

ammunition has a muzzle velocity of 2840 ft/sec2 for both the AP and ball

variations. The projectile weights are within .5 grains of each other. The

major difference is in the projectile core. The APM2 projectile has a core

of Tungsten—chrome steel or Manganese - mol ybdenum steel while the bal l M2

projectile is common steel. rn both cases the velocity at 78’ was given as

2810 ft /sec
2
. (Al l ballistic data ta ken from TM 9—1900, dated 1947 and

TM 9—1305—200, dated June 1961).

The two armor plates used in the test were dual hardness steel plate

(MIL—S—46099A), in thicknesses of 1/2 inch and 3/8.inch. These plates were

positioned 156 feet from the muzzle of a fixed machine gun . The pTates were

held in a fixture that could be adjusted to various degrees of obliquity

(figure 23 and 24).
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1. FIGURE 24. SIDE
1 VIEW OF HOLDING FIXTURE

The 3/8 inch plate was mounted and set at 500 obl i qui ty .  The AP
ammun ition was fired and did not penetrate, al though there was minor
scoring of the surface approximately 1/32 inch deep (figure 25). - 
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With the obliquity changed to 450, the same test was attempted again ,

wi th no penetration and similar scoring effects as in the first test using

the same ammunition (figure 26). The test was repeated at 300 (figure 27)

and 28. At this point , penetration of the plate was obtained . Then a
+ round of ball ammunition was fired and no penetration or scoring occurred

(figure 29 ) .

3/8” PLATE
FIGURE 26. 450 ORLIQUITY ANGLE

‘I
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300 OBLIQUITY
BALL AIIIUNFIION

J H
The 1/2 inch plate was placed on the fixture at 300 obl iqulty for

+ 

testing (figure 30). A single AP round was fired and no penetration was - -

achieved, although some cracking and a 1/8 inch identation did occur. A )
second AP round resulted in a 1/16 Inch crater and the flaking-off of

some pieces of armor In the areas adjacent to the first round ’s point of )

impact (figure 31). The 1/2 inch plate was then changed to an obl iqulty

of 200 and the test was repeated again with the AP projectile. Penetration

was achieved at this point (fIgure 32). ) 
5+
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FIGURE 31. 1/2 11 PLATE
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FIGURE 32. 1/2” PLATE
200 OBLIQUITY

The armor plates have a characteristic “hard” and “soft” side. All

tests were made with the hard side of the armor facing the gun. However,

in order to determine If there was a difference ‘in penetratinn from the

H “hard” or “soft” sides, the 3/8 inch plate was reversed and one round of

APM2 was fired at the “soft” side at an obliquity of 30°. Penetration )

was achieved, but the shattering effect seemed to be less (figure 33).

= 5+,
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FIGURE 33. 3/8” PLATE
- 300 OBLIQUITY

AP HIT FROM SOFT SIDE

ti  In conclusion, it appears that both 3/8 inch and 1/2 inch face—

hardened plates will offer protection against .60 cal iber ball amunition

(i when posittoned at an obliquity of at least 300 and located farther than

150 feet from the firing point.
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b. Polysty rene

Two types of targets were made for the test phase. Type I consisted

of four sheets of expanded bead polystyrene, 1.5 lb. denstty, 8’ x 4’ x 4”,

fastened together to form a panel 8’ x016’ x 4~. Concrete reinforcing

wi re was fas tened to the bac k s ide for added . strength. Type II consisted * 1
of a single sheet of expanded bead polystyrene 4’ x 8’ x 4” and was used

for the sub-cal iber tests only. The targets were painted with conmiercial )
latex exterior paint approximately olive drab in color to test paint

adherence end application. )
It was possible to obtain an example of a 90 m and a 152 nm hit . 

,~ 
I

to obtain a relat4ve comparison between the two rounds and the effect

on the target material . (See Figure 40.)

‘.-) Ii
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Figure 34. Polystyrene Target - 750 M.~ - 90MM M353 I
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FIgure 35. Polystyrene T~irqet - 750 t’1 - 90 MM - M353.
41’
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FIgure 37. Polystyrene 750 M, 105 MM, M467
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Figure 38. Polystyrene 750 M, 105 ~1, M724.
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FIgure 39. Polystyrene 750 M, 105 PIM, M724 .
4,.

87 

-- - -



-~ H
_ _ _ _ _ _

I

. i .
~ J

Figure 40. Polystyrene 750 M, 152 MM, M411, 90 MM, M353
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FIgure 41. Polystyrene 750 M, 152 MM, M411 , 90 MM , M353
Comparison .
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ti Figure 42. Polystyrene 750 M, 105 MM,M467 Multiple Hits .

‘-p

This picture shows relatively close hits on the polyethyl ene target
and the effect on the target. From this type of information it is possible
to speculate the ntmiber of close hits a target can sustain and st ill be
useable. The edge of upper hit is within approximately 1 inch of the
edge of the target material and whi le a small portion is broken off the

I~ 
entire corner is still intact. The area covered is approximately 1 1/2 foot

-
, by 2 foot ofa4 ’ x8 ’ sheet.

- V- - - - Theoretically a 8’ x 16’ target could therefore sustain approxima tely 48
evenly spaced hits and still maintain Its integri ty. This is a theoretical

E estimate but appears from the material and construction to be valid.

£
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The damage estimate Is further demonstrated by noting the damage
— I

on the reverse side.

Wi re damage caused by close hlt~ was not severe as shcMn In Fi gure 43.

Figure 43. Polystry rene 750 Meters, 150m, M467,
Reinforcing Wire Damage

Each square Is 6” x 6” and damage has been confi ned to a maximum of

one or two cross wi res.
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Target dama ge due to hits -4ith large and small caliber projectile

also indicates that the Dolystyrene ma terial will withstand a fai rly

- large nunter of hits with out severe damage.

~~~ir _

Fi gure 44. Polystyrene 750 Meters , 152mm , 90m

-. 
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Figure 45. Polystyrene l200M , 105 ~~~ ~i4~7.
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Figure 46. Polystyrene 120GM , 115 ~~~~~~ M467.

92

— —~,- —_- ~~~~~~~~ — - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~- -  

~~~~~~~~~~~~~~~~~~~~ ~~~ ir~~~~~~~~ - -



- -— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
- - ,—.-,-- —

- - -1----1 ~~ — - -~ p~~~~

$
- 

~~~~~~~~~~~~ 

~~~~~~ ~
- . 

~~~ ~~~ - : .~~~ 
-
. 

4

- 
_ _ _ _ _ _ _  _____ ~

~~~~~~~~~~- r  
_

I-. _ -~~~~~~~~ __

.~ ~ 
- .

~:

~~~~~~~~~~~~~

Figure 47. Polystyr ene 1200 P1 105 MM, M490.
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Figure 48. Polystyrene 1200 P1 105 MM , M490.
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Figure 49. Polysytrene 1200 M 105 MM, M490, Effec t on
Reinfo rcing Wire. - -
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- Figure 50. Polystyrene 1200 P1, 105 MM M724.
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C
Figure 51. Polystyrene 1 200 M, 105 P~1 M724 .
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Figure 52. Polysty rene 12fl0 M 152 MM, M411. -

Figure 53. Polystyrene 1200 M 152 MM, M4 11. )
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Figure 54. Polystyrene 1200 M 152 MM, P1411.
‘p

-
~~~ Target damage due to breakaway of styrene on edge of hit.

Approximately 1 square foot of damage due to hit.
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Figure 55. Polystyrene, 2000 M, 105 MM M46 7. - I
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Figure 56. Polystyrene 2000 P1, 105 Mfl P1490. 
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Figure 57. Polystyrene 2c10U M 152 ~1M, M411.
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FIgure 58. Polystyrene 2000 P1 152 III, M411.
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Figure 59. Result of near miss , 90 MM, P1353 Round Fired at
1200 Meters , Struck Ground Under Target Frame.
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Figure 60. Damage Due to Debris Striking Target.
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The effect of subcal iber rounds on polystyrene target material indicates
that this material can absorb a large nunter of hits without severe damage.
A section of the target material approximately one foot square was masked
and the holes caused by the .50 caliber bullets were counted. With a
density of over 100 holes per square foot, a 4’ x 8’ section coul d absorb
at least 3200 round over its enti re surface without severe damage (see

~~ Figures 61 , 62). A concentrated fire wel l in excess of 100 rounds/square

- ft. would be requi red to produce a large hole In the target.

Using simi lar techniques and assuming even distribution of hits ,
a 4’ x 8’ targe t could absorb approximately 1500 hits from 20MM inert
projectiles (see Figures 63, 64). It is realized that these values are

— theoreti cal but they are indicative of the effect on the target material.
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Figure 61. Polystyrene Target , 188 Pounds , .50 Caliber.
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Figure 62. Polystyrene Target, 188 Rounds , .50 Caliber.
1 20M
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4 .5 FIgure 63. Polystyrene Target , 21) MM, -19 Rounds Automatic Fire.
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Figure 64. Polystyrene Target, 20 M?•1 - 19 Rounds Automatic Fire .
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c. Po1y~ethyl en! Foam

Thes e targets were construc ted from five panels of 2” tbic~. polyethylene

foam cemented together to form a panel approxImately 8’ x 15 ’. Concrete )

reinforcing wire was fastened to the back side of the target to add strength

to the target.

This material , while expensive to fabricate , appeared to be the most

durable. Holes produced by the projectile impacts produced th.e l east

visual damage due to the elastic properties of the material . It should be

noted that the P1490 projectile cut a clean hole in the material that did not

close back up. Several hits were observed on seams where two sheets were
fastened together. Very little or no seam separa tion was observe d.

On a basis of 2 hits within an 18” square the 8’ x 15’ target could )

absorb at least 106 hits with 152 P1411 projectiles and still maintain its

Identity. 
~~~j~~)
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)

— - --------—-—-------- ——-----—--- 1n~ __________________



r’~ ~~~~ 7’ IMu~~ WI~~~~~- - - 
~~~~~~~~~~ -— -~~~~~~~~~~~~ -~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~ - -- — -- ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - - -

~ ~~~~~~~~~~~~~~~~~~~~~~~ —-- — ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~

B iiI 
~- ,

I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
I 

~_I1-~~~~~~~~C S
_iI_

~~~ 
•-i
~
;
~,~~ - :- -‘ IL:1 ~~ 

- - 
- 

-
. . - ~~~

--
~~~~

- - 

-
~~

CS . ..— . .- .
~~-J

‘-F 1 -1
Figure 65. Polyethylene Foam, 750 P1- 90 MM, M~53. 
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(~~~~~ Figure 66. Polyethylene Foam, 750 M 90 MM. P1353.

C

C 105 
j-

~~~



— -~~~~ -~~~~~~~~~ -~~~~~~---~~~~~- -~~-- —‘-.-- .- -~~ -‘- - ‘- - - ~~
--“-‘

~~-~~~ — U-- - -—-- - -S- - 
-
~~~~~

- — - ----~ —~~~.f l .~~~~~~~~f l S & -~~ )~~~. - ‘ :‘ - - - - ~~~~~~~~ **W,c - ,

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ !~~~~~~
-• 

4
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~ - 4 ~
s : .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
_______________ - 

- ~~~~~~~~~~ Ø~ -

Figure 67. Polyethylene Foam, 750 P1, 105 MM , M393. )
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FIgure 68. Polyethylene Foam, 750 M, 105 MM P1393 V
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Figure 69. Polyethylene Foam, 750 P1, 10~4M, M490.
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Figure 70. Polyethylene Foam , 75011, 105 MM , M490.
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Figure 71. Polyethylene Foam, 750 P1, 105 P~l, 
M490
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Figure 72 Polyethylene Foam , 750 M, 105 MM P1724
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Figure 73. Polyethylene Foam , 750 P1, 105 MM M724 .
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Figure 74. Polyethylene Foam, 750 ~i 152 MM, P1411.
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Figure 75. Polyethylene Foam, 750 M 152 MM , M4ll.
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• Figure 76. Polyethy l ene Foam , lflOO !‘~ 10~~M, M490.
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Figure 77 . Polyethylene Fo~m, 1000 tl~ 1(15 P1M, P1490.
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Figure 78. Polyethylene Foam, 1200 N, 90 MM, P1353.
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Figure 79. Polyethylene Foam, 1200 N, 90 Iii, P1353.
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Figure 80. Polyethylene Foam, 1200 P1-, 105 MM, 11490.

f-F 
-

:T~1:~~~~~~~

FIgure 81. Polyethylene Foam, 1200 N, 105 MM, P1490.
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FIGURE 82. POLYETHYLENE F~~N 1200 M

105M ,M467 
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FIGURE 83. POLYETHYLENE FOAM 1200 N
105 MM, P1467
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Figure 84. Polyethylene Foam, 1200 M~ 105MM M467
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Damage to reinforcing wire when direct hit scored on
corregatlon.
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FIGURE 85. Polyethylene Foam 120CM, 105MM , M724
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Figure 86. Polyethylene Foam 1200 14, 05MM, 14724
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Figure 87. Polyethylene Foam , 1 200 11 152 ~ 1, M4 11.

_ I-
“H.: 5 _-‘ I 4 ~ - 

- - - - 

__________ j  -

I
: 

T ’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-

~~~~~~~~~~~~~~~~~~~~~~~~~~

- ~: 1 
-
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Sub -cahber Hr~n~~ prod uc ed re s u l t ’  s i r i L i r to  the main gun rounds.

Ca liber .50 bull ets produced dpproxirn dtel , - ~u ~u~~- - in the m a t e r i a l  and

20 MM pro ject i le  pt - LIduced approx i~~it& ~lv  .50 ~~~~ This would indicate

that the niateri a l C~ ul d absorb hi ts n ~~~~~~~~~~~~~ o t  t 1 iu~e dbsorbed by the

pol ystyrene targets.
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U
d. Fiberglass Wool and Chicken Wi re

These targets were constructed by san&~1ch1ng one Inch fiberglass - 
)

blankets between two layers of chicken wire and providing a concrete
reinforcing wi re backing for strength and rigidity. Two types of 1 -

‘

chicken wire were used in the target fabrication; one inch mesh and
2 Inch mesh. The one inch mesh while more expensive and heavier,
did provide a more rigid structure.

In this portion of the report the thickness of the target material
and the construction of the targets was such that entry and ex-1t~ holes
were not significantly different. As a result, the exit holé only -

is used in most cases. This shows the effect on both the main tMterial
and the reinforcing wire material used In the target construction. —

The effect of projectiles on the target material resulted In a
clean hole regardless of the projectile.’ The hole size was approximately -

the diameter of the projectile with no elastic effect. The strength
of the material was such that the capability of absorbing multiple
hits is good. I -
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The ability of the fiberglass-chicken wire type of construction

to absorb .50 caliber and 70144 rounds Is not as great as the poly- 
“

~~~~

styrene or polyetheyl,ene foam. The sub caliber proj~ecti1es -remove 
5’ ’

more material from the target without the elastic or self sealing ‘—i 
-

effect found in either the polyethylene foam or the polystyrene targets. —
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e. Polypropylene Sheeting

The targets were constructed by sandwtc hing a three ply polypropylene
sheet between two layers of chicken wire with concrete reinforcing wire

for rigidily. The targets were a nominal 8’ x 16s .

As in the case of the Fiberglass wool chicken wire construction it was

decided that both entry and exit photographs were academic and are not

shown for every case.
‘p.

The polypropylene sheeting acted in a similar manner to the fiberglass

wool but had a tendancy to shred and tear under project ile impact

leaving ragged hole in the target. There was a tendency by the hole

to return to a smaller size after passage of the projectile. It

appeared that the tearIng tendancies would lead- to progressive target

E damage under windy conditions.
‘P

Polypropylene chi cken wi re construction , while not as good as polystyrene

or polyethylene foam, exhibi ted properties on a par with fibergl ass wool
4’ chicken wi re construction. It is easier to paint than the fibergl ass

wool and easier to handl e during construction.
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— .50 caliber projectiles exhibited clean holes slightly smaller than the

projectile diameter with a minimum of tearing. 20MM projectiles produced

a more pronounced tearing effect and several close hits tore sections of

1 material from the target.
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The target section i~ some cases shared a portion of the same target

holder used to hol d other target material and resulted in at least

one interesting result. Figure 156 is the exit hole after a 105MM

M490 round passed through the polyethylene and the fiberglass wool and

chicken wire target behind it. This may be an indication of the daniage

a three dimensional target made of the tested materials can sustain
1~

due to the debris from the entry hole.
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V
V The high density polyethylene material exhibited excellent properti es

for use as a subcal iber target. The projecti les left neat clean holes

with very littl e damage to surroundi ng areas (see FIgures 167, 168, 169).

V The target material was approxi mately one hal f Inch thick, as a resul t

of themolding techniques used, which is much thicker than required for

actual targets . This thickness does , ha~jever, provide a qui te rigid

structure which would be necessary for a three dimens i onal target.
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g. Hi t Detector Performa nce Eval uation

A portion of the material evaluation testina concerned i t s e lf w it h  the - -
‘

ability to sense pro j ect ile hits on the various ~aterla1s by the -5

different types of projecti les fi red. 
‘

~

The equipment used was the hit detector device 3A1O9A/l, SN 500004 and pie-

zoelectri c detectors SN 14 and SN 002. This equipment was on loan from NTEC ) -

Orlando, Florida. Hit sensor mounting is shown in Figures 170 and 171 . - -
The concrete reinforcing wire used in the target construction seemed to have

a Pvbnounced effect on the sens itivi ty of htt detector. Fi gure 172 , 173
shows a partial hit on a polypropylene and chicken wire target at 1200 )

meters by a 152M~1 ~4ll projectile. This partial hit produced a hit ‘

indication even though very littl e target damage is evident. ) -

The effect of debris on the hit detector could not be determined 
-

accurately from actual projectile impact. The one case where a short I )
round occurred, the ground was impacted in front of and under the target
holding fixture The target and target holding fixture were demolished
The cable to the hit detector was severed and while a hit indication was
received it Is not known whether or not this was a result of the primary -

~ 
)

Impact or debris. The hit detector and sensitivity was such, however, that
a 2” dIameter rock -thrown at the back of a target from about six feet re-
sulted in a hit indication when the sensitivity was set on #1. - -

A sunvnary of the total hit detection test data is tabulated -In Table 9, ~~,

I 
1

) 1.
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~~~ CLOSE UP OF HIT SENSOR EQUIPMENT

FIGURE 171 .
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The impact of the 90144 M353 projectile resulting in the damage shown in
Figure 174 did not Indicate a hit. In thi s case the hit detector
cable was cut approximately 8 inches from the detector and may have
occurred just prior to or at the projectile impact precluding the

‘b’ actua l hit indication .

- ____

POLYPROPYLENE & CHICKEN WIRE 1200 METERS
Target Frame Damaged by 90MM lilt

Figure 174.
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h. IR Image Testin~ ~

The following materials were tested by determining the change in the surface

temperature of the material over a 2 hours period. In addition to the

temperature test several of the materials were observed usi ng an IR measuring

device. The results obtained are as follows:

Tençsheet 1 1100 ohm/Square - Armstrong Cork Co. -~~ -
‘

The only tempsheet sample availabl e without purchasing a special order

nan of this material was 1100 ohm/Square resistance value. This material

is a cardboard type material imp regnated wi th conductive particl es and can

be obtai ned in various resistance valu es. The particular material obtai ned ‘. 1- )

requi red the appl ication of 110 vol ts to produce a 2.5 degree temperature - -
.

change using a sampl e sheet approxi mately one foot square. NTEC -is currently

using a 60 ohm/square tempsheet that has produced excell ent resul ts. Based on

the NTEC tests it has been concluded that this material will produce an

excel l ent target when the proper resistance type is used. - 
I

Conductive Paint - Tecknit Co., Cra nford, N.J. )
The paint used for these tests was a 100 ohn/square acrylic type pai nt P/N

72-00085. This paint requred a fairly smooth surface to provide an unbroken

current path. Polyethylene foam was used for the initial tests but due to

the nature of the polyethylene a good coating is difficult to achieve. Expanded

bead polystyrene reacted with the - pai nt unl ess a ’ previ ous coating of l aytex paint -‘ -

was applied . The Technit paint was then appl ied to a ppper sheet wi th a

Spray gun and some information was obtained . The coating would generate 
-

some heat but the overal l resistance was high and a relati vely high vol tage

was required to produce a smal l temperature change. This material was

I
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Conducti ve Glues - General Adhes ive & Gl ue) Nashville , Tennessee

These glues were obtained from General Adhes ive in three confi gurations ,

77X 1203 , 77Xl429 and 77Xl430. The 77X1203 glue is a General Adhesive

glue developed for a coninercial applicati on and has a measured resistance

of 52 ohms per squa re foot. Using the 77Xl203 as a basic gl ue, 77Xl 429

and 77X1430 contain 50% and 100% more carbon black respecti vely . Tem-

perature tests of the coatings were conducted using 12, 24 and 36 volts

- 

- 

and produced spot temperature change in excess of 10 degrees . These

temperature: measurements were taken approximately hal f way between the

el ectrodes .

As the applied voltage was increased, “hot” spots were cedernabl e to the

touch and some mel ting of the underlayi~ g plastic was observed. This

was attri buted to the non-uniform coating of the glue and in s ome cases

where a small electrode surface was used the “hot” spots were qui re pro-

nounced. Thes e disconti nui ties are shown in some detai l by the IR photo

used to check IR emission .
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F i g u r e 1!6

IR photo comparing conduct ive glue 17X 1429 w i th  siiiall square of 60 ohm tempsheet.

Conduct i ve g lue h~ s not ob tained a stable heat condi t ion and hot’ spots ca use c ’

in part by uneven coat ing are quite evident.
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FIGURE 177

JR photo conducti ve glue 77X1 429, at ri ght , compared to Tempsheet sample.

Tempsheet is scaled to provide s3me power dissapation as gl ue.

FIGURE 178

IR photo of conductive glue 77X1430, on right , compared to scaled Tempsheet

sample. “Hot” spots are the resul t of uneven coa ting and handling cracks.
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FGIURE 179

U

FIGURE 180

JR photos of conductive glue 77X1203 on ri ght, compared to scaled sample

of Tempsheet. Extreme “ho t’t spots at bottom of gl ue sample are the resul ts

1 of singl e el ec I ~‘cdt c ont~ L ts. El ec trode on top of sample extended complete~ y

across sample and did ~iot produce “hot’ spots.
I
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SECF ION I I I
AUXILIARY EQUIPMENT 3

3. 1 INTIWDUCT ION 3
The auxiliary MTS equipment consisting of Hostile Fire and Visual

Hit simulators and the communication guidance systems are described in this

section of the report. For each auxiliary equipment element there are

sufficient existing systems that can be modified or developed to meet

all of the ARETS speci fications . There does not appear to be any real

problem areas in assuring that a satisfactory auxiliary equipment subsystem

package can not be purchased as individual conponents and Integrated into

a total sti system for a moderate cos t and no risk. )
3.2 h OSTILE FIRE SIMULATORS AND VISUAL HIT INDICATORS

The following paragraphs describe the systems which are currently

available to simulate main gun and machine gun firing and to provi de the

visual effects of a hit on the target. Several other systems considered

during the investigation were determined to be unacceptable and do not

appear in this report. Those that are listed are all very similar and are

currently In production. Because of the similari ties, no single device

has been conclusively rec~runended. All are expected to perform will , but

some units, as curra~tly designed, will have minor variances to parts of

the ARETS specifications. The most cost effective devices for which price

data are available are the Hoffman devices. The primary factor in making

this determination was the cost per round. The cost of the cartridges for

the Hoffman main gun simulator and visua l hit indicator is signi ficantly

loi~ r than for the other devices. Hoffman is also the only manufacturer

that has a multiple shot visual hit Indicator. The Hoffman devices are

3
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therefore Sperry ’s current recommendation for main gun simulator and visual

hit Indi cator.

a. Main Gun Simulators

(1) SAAB

SAAB equipment is distributed In the U.S. by Detroit Bullet

Trap Con~any, Schwnburg, Illinois . The SAAB BT l9A gun-fire simulator Is a

remotely controlled tank or anti-tank weapon simulator that provides a 1 to

2 meter muzzle flame. It uses a pyrotechnic cartri dge that is loaded into

a short barrel and fired with an e1ectric~1 Igniter. An operating voltage

of 14.4 to 18 volts is required. The BT 19A is available with 15 or 30

cartridge magazine. Its dimensions are 610 mm by 520 nm by 200 mm and

a., weighs approximately 27 kg.

Detroit Bullet Trap Corporation is currently revising their

tip price list for SAAB equipment and would not provide data for this device.

a. (2) MI Corporation

The MI gunfire simulator consists of a frame, breechplate

and control box assembly that will accept 24 cartridges. The cartridge uses

• a pyrotechnic mixture loaded Into a 12 gauge shotgun shell with an electric

1~ primer. The device Is designed to operate from vehicle nominal 24-volt

E power sources and is adaptable to a wide range of weapons. Sequential firing

of the cartridges Is controlled directly from the weapon control system. The

assembly has a mounting bracket to adapt it to gun barrels having outside

di ameters up to 204 nm.

Cost of the simulator quoted by the manufacturer Is $3,000 each

5 for two devices. Cartridges are $2.50 each in quantities of 2000.

S 
(3) Hoffman

Manufactured by Hoffman-Werke of Western Germany, the Hoffman

1.1 
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Nsimulation device for cannon bursts consists of 9 short tubes

that are loaded from the muzzle with pyrotechnic cartridges. The cartridges

are ignited electrically. This Is normally done from a switch box that has

a pushbutton for each shot. Power is derived from the vehicle electrical

sys tem. A mounting bracket Is used to attach the device to the gun tube.

It may also be set up on the ground.

Hoffman was contacted by phone and telex in an effort to obtain 
•

a system description , operating characteristics and price data, but

promised data were never received. The Hoffman simulator is being pro-

cured by PM TRACE. The unit cost is $833 each, and the cartridge cost is

approximately -$1.65 per round.

(4) Solartron

SIMFLASH is a main gun simulator manufactured by the Solartran

Electronics Group. Ltd, in England and Is used by British armed forces in

training . The device is capable of holding 24 electrically detonated •

cartridges which are loaded from the muzzle end of the barrels. The device

electronics controls the firing sequence and detonates one of the cart- )
ridges each time the weapon trigger is operatec~. A single pulse f rom the

weapon sys tem of 22 to 32 volts dc and 60 to 200 milliseconds duration is
requi red. The device Is mounted on the gun barrel. The dimensions of the
device are 264 nm by 555 nmn by 320 nm and weighs 48 kg, Including mounting
brackets.

Prices quoted by phone for the simulator are $1600 for the
unit and $2.00 each for the cartri dges .

b. Machine Gun Simulator
(1) SAAB

• The SAAB BT 19 machIne gun simulator Is a self-contai ned ,
portable unit that uses compressed air for sound effects and an ele ctro nic )
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g flash ttd e for muzzle flash and can be remotely controlled by wire or radio.

Operating voltage Is supplied by battery (12 ,1.5 volt cells or 12,1.2

volt cells). The rate of fire Is specified at approximately 600 shots per

‘ 
minute. For the required 4 to 6 second sustained bursts, 40 to 60 shots

would be expended. The capaci ty for one air charge Is 1200 to 1500 rounds.

r This would meet the requi rement for 20 burs ts before releoding (800 to

1200 shots).

• The U.S. distributor for SAAB, Detroit Bullet Trap Corporation, Is

• currently revising their price list for SAAB equipment and will not quote

prices for this device.

(2) Joanell

Joanell Laboratories manufactures a 50-calibe r machine gun

• simulator which is a modified version of one that Is In Ani~ stock. This

s imulator uses a hydrocarbon fuel mi xture (propane and oxygen) which is

igni ted inside the barrel by a spark plug. It can be fired remotely In

single shots or bursts . Oxygen and propane cylinders are enclosed in a

carrying case located near the simulator. Firing rate, shot capacity, and

pri ce data were not avai lable. The device used 115/230 volts, single

phase or 24 Vdc for power.

c. Visua l Hit Indicator

(1) Hoffman

With a supplementary device , the Hoffman hostile fire si,mi-a-.
• lator can be used as a hit indicator. The available data does not describe

• the supplementary device or Indicate whether the same cartridge is used.

• No further price data were available.

• 5 (2) MI Corporation

I 
, The MI target kill simulator Is a one-shot device which

electri cally fires a smoke producing kill simulator round. The device
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operates from a vehicle nominal 24-volt power source. The cartri dge —
~~~

s upplies approximately 3-1/2 minutes of smoke. Price quotes from the

manufacturer for two devices were $330 each for the device and $10 each 4

for 1000 cartridges .

(3) Solartron

A smoke pyrotechnic and smoke pyrotechnic holder is used by ~T)
Solartron as a visual hit indication. The holder Is a bracket that houses~
the smoke pyrotechnic and provides the electrical interface for a detonation

signal from a kill sensor. Smoke is emitted for about 30 seconds to

simulate a kill, Price date for this device were not available.

(4) SAAB J
The SAAB hit Indicator is a smoke-flash generator that is

not described in vendor literature. The smoke Is apparently chemically

generated and the flash appears to be generated by an electronic flash )
~ f 

devi ce . Further data, including costs , were not available.

3.3 MTC AUTOMATIC GUIDANCE SYSTEMS

The guidance sys tems included In this s ummary are those that

showed promise in meeting the requirements for a MTC automatic guidance 3
system .

Claims presented by each vendor are accepted as being design goals.

Only one vendor had in production an off-the-shelf unit; however, this uni t

only meets the vehicle guidance requirements. Other designs are adaptations

4 from other applications or they are in the concept state of development .

.i4 Sufficient development has been performed on vehicle guidance by
• 

• remote control to find a vendor qualified to control moving target carriers . ‘,,J
The most development activity has been in the area of wire guidance control.

186 
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C
a. Barrett Electronics

The Barrett wire guidance system is essentially off-the-shelf.

The - sys tern includes a vehicle guidance package, a converter, interface

equipment, and field wire. This syttem does not Include a data link

(communications) between the vehicle and a control console where commands

and status lights for miscellaneous functions are maintained.

t The guidance package consists of the guidance sensors, steering

1 and control boards and interconnecting cables between the sensors and boards.

The converter operates from 117 volts , 60 Hz and includes a power

(T supply, oscillator and regulator. The model quoted is capable of driving

a line up to approximately 6 miles in length.

The interface equipment consists of hardware necessary to tie

the ~j idance system into the vehicle controls (servos , actuators , piping,
- etc.).

The guide wire is lai d in a closed loop around the course. The con-

verter, fed by a 117-volt, 60-Hz line , drives approximately 150 MA of

- current in the kHz frequency range through the loop developing a magnetic

(,. field sensed by the guidance sensors . Deviations to either side of the

wi re, whether In forward or reverse vehicle direction, develop an error

signal thourgh the system resulting in a guidance correction. A few inches

-~~~ off course deviation will command an emergency stop. Speci fic locations

are noted by the presence of beacons connected to the wire and placed

around the closed ioop path.

Lb 
A movie demonstrating this guidance system was provided by Barrett. A

heavy earth-moving machine was instrumented with thIs system in addition to

automobiles , a bus and a warehouse tractor.

1J~ ~~~~~~~~~~~~~~~~~ -
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With the addition of a communication link, this system Is capable

of meeting ARETS specifications. The communications link give the carrier

capability to recei ve commands for speed control , activating the hostile

• fire simul ator, and returning vehicle posItIon data and hit sensor data. 
)

However, addition of the coiv,~~Ications capabili ty forces the total cost

of the two prototype systees to $70,000 per vehicle in addition to the one-

tIme engineering fee of $50,000. ~

A wire guidance system provi des the most accurate vehicl e

positioning control of all systeme reviewed . A potential probl em of

damaging the wire exists when using a track-type vehicle. If the wi re 
- 

)
Is crossed or if the tracked vehicle turns on top of the wi re, the track •

• could catch the wire and cut it. Precaution must be taken to track the • •

wire from the side of a tracked vehicle.
“—3

• Sensor placement is not critical . The sensor can be placed as 
- 

- 
~

- 

-

much as 36 inches above the wi re, and under these conditions , will allow

the vehicle to deviate wi th slightly more error In tracking. The wire

will need to be laid as straight as possible to avoid oscillations in 
-

steering when the vehicle tries to follow minor deviations in wire di- ,, ~~~) • -
•

recti ons. A recommendation is made to s take the wire to the ground about

every 200 meters.

b. Beech Ai rcraft Coa~any

This guidance system concept requires a gyroscope for directional

control and an odometer for measuring deistance. The course can be pre- .~~~~~~

programmed for direction, speed, requi red turns , etc . and Inputs to the

control systems from a mic roprocessor controller.

Thi s basic system woul d have approximately 3 percent error in ••_

location which could be reduced somewhat by the addition of a fi fth wheel

188
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for use as a odometer Input device.

Error sources are gyro drift In heading and dri ve slippage on

odometer or distrance measuring device. Gyro dri ft is 40 per hour which

, yields an error of 593 feet in 31 minutes at 12 n~h. More accurate gyros

are availabl e which may reduce the error to approximately 2° heading error.

Odometer error is approximately 2 to 3 percent which coul d be re-

r duced by 50 percent by adding a fi fth or trailing wheel which woul d e1 imi -

nate the slippage factor In the distance measurement .

Maximum error for the proposed Beech system coul d be 3.08 percent

or 1012 feet over a 32,808 foot (10 km) route. Considering inclusion of
p

the fi fth wheel , the error could be reduced to 656 feet for the 32,808

foot route or 1.99 percent. This projec ted error is still out-of-spec

based on location to + 10 meters or + 32.8 feet. Fi rm price estimates- -
have not been devel oped for this system.

The Beech Ai rcraft guidance system was not considered in the

final eval uation because of the excessive guidance error.

c. Brunswick, Celesco

A guidance system utilizing an azimuth encoder and an odometer

(,. provide control for a free roving vehicle. Such a devi ce is under devel op-
‘i’ ment by Brunswick , Cel esco. They switched from a wi re guidance system to -

-

the new principle about January 1, 1977. The system was revi ewed wi th

Brunswick engineering at the Sperry facility on February 3, 1977 . At the

time of this meeting, the engineering staff did not feel that system

- 
accuracy was sufficient to approach the specification requi rements . The

specification requi rements on guidance acc uracy do appear to be realistic
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and would be mandatory if the guIded vehicl e must position itsel f behind

berms. Based on the meeting with two coupany representati ves , we rul ed

this unit as unacceptable because of system Inaccuracies . 
-

The guidance system Includes a preprogranm*d course system which

control s the basic azimuth and distance coordinates for the vehicl e’s )
course aro~~d the range. A radio control system provides the functions

for co~ snding vehicl e functions of start/stop, forward/ reverse, speed, and .-) ~•
automatic shut off for loss of guidance. A central processing unit learns’

the desired vehicle path while the vehicle is manually driven over the dc- “ ‘  f
si red path, the resultant data is stored on cassette tape for replay and 

‘..,_)

decoding of the program as that path is used.

The system accuracy is undetermi fled. The azimuth encoder used

• for heading is accurate to 1° in a 360° turn but actual system operational )
accuracy is not predicted. The trailing wheel with a magnetic pi ckup in-

puts to a solid-state, bi-di rectlonal distance counter to control the

distance travelled by the vehicle. •,
~
)

In addition, a two-way radio data link is requi red to provide • •

commands for start/stop, forwa rd/reverse, speed, target hit counting, and

vehicl e faul ts.
_..•_•I,

Cost of the guidance system is $61K for singl e uni ts, $46K each

in quantities of two, and $14K each in 9uant~itIes of 100.

d. Gen ral Dynamics

The Range Measurement System (RMS)/Simulated Combat Operations • 

-

Range Equipment (SCORE) is a position location system for modern military

weapons testing, training, and tactics eval uation.

1~0
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The RMS/SCORE system consists of tracking instrumentation , a real—

I 
time display system, a conputational system, and an airborne instrumentation

system. This provides for the collection and evaluation of position and

event data from multiple ground and air participants du.ing simultaneous

tests of offensi ve and defensive systems. It Is a developed and proven

system funded by the Department of Defense.

El emerits of the system I nd ude:

o At least three fixed (or mobile) towers at known locations used
• to measure and report target range between the tower and vehicl es
• 

• to an accuracy of 1.7 to 5 meters
1”

• o A transponder placed on each target vehicle

o A central susbystem housed in a van to control rangi ng and comuni -

~ C~ 
cation wi th the vehicl e and send position/event data to the corn-

I
puter control center

• 

a o A mobile van to house the conputer control center which accepts ,

updates, and transmi ts the event and position location data to

Hi 
the displ ay van

o A displ ay van to provide real-time display and monitoring of
. events and vehi ci e locations -

~

o A mobile maintenance site for electronic test and checkout of
• system equipment.

For carrier vehicl e guidance this system woul d provide for real-time

position location of multiple carrier vehicles , automatic event recording,
I two-way di gital data communIcations, and permanent recording of training

resul ts for later analysis.



-

The design of this system was not intended to command vehicl e 
~~~~~~ ~~ 

-

control functions but it could be modified to do so by issui ng a guidance ~ 
-‘

correction as vehicle deviates from programmed direction. The vehicle

will requi re guidance control and interface equipment to accept update data.

This equipment was not chosen for the final eval uation because

the existing equipment for one installation will exceed $1 .000,000.

e. Martin/Orlando H -

This system is designed to guide a vehicle toward an IR light 
)

source(s) using an IR sensi tive vidicon and special purpose tracking

ci rcui ts mounted on the vehicle. The remainder of the system consists

of a GFE transceiver on the vehicle, a GFE transceiver and electronics

package at a remoted control station, and approximately 30 IR light

sources l ocated around the range. Command capability and status of the

vehicle, i.e. l ocation, mode of operation, di rection of travel , speed,

can be monitored at the remote control stati on In addi tion to hostile •
1

fi re simulati on activati on and hit count for each vehicle. The system

can be operated manually or automati cally by programing the lights in a -.-

specific sequence. Variations of light sequences is possible wi th terrain
I permi tti ng line of sight wi thout obstructi ons . -

)
The accuracy expected for this system is +2 meters

The costing of this system Is: ~~
•

o Devel opment cost $1 50,000 for two units

o Production cost $15,000 per unit.
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f . MB Associates

1 According to Information suppl ied by personnel at Eglin AFB,

~~~ MB Associates has tested a vehicle guidance system at Eglin Air Force

• - Base which may meet the specification. Two telephone calls were made

to this conpany but the responsible peopl e were not availabl e and never

returned the calls.

The sources of information reported that the MB Assoc iates

system is a wi re guidance system that requi res no radio transceiver

data link to the controller. It Is assumed that two-way communication

was handled over the wire guidance system.

No cost data is available.

g. ~p~rry Rand

In the development of radio control equipment for target ranges,

-
~~~ Sperry has devel oped command and control equipment that is appl icabl e to

controlling moving target carriers. Since the moving target carriers

do not remain wi thin view of the controller, a radio 1~ ik will not suffice
gp~• In guiding and operating the moving target carrier. Therefo re, of the

~~ concepts studied and perfected to date, the wire guidance technique shows

— the most promise as a method to guide moving target carriers .

C
Sperry proposes to adapt the c ommand and control equipment pro-

posed for target ranges to the command and control of moving target

carriers . Instead of transmi tting by radio, all command and control

- 
data will be transmitted on the guidance wi re. A radio link will be Un-

necessary as the MTC is conpietely controlled by wire guidance by having

a pickup device on the vehicle to receive guidance and command data.



The vehicl e can also transmitdata back onto the wi re for controlling 1
functi ons requi red at the control center. U-

-
• Wi th the proposed wire guidance system, all of the functions 

•

such as start , stop, forward , reverse, changes in speed, steering,

fi ring of simulators , vehicle locator, hit countir.g, and equipment

off . ~~~ 11
) 

-

~~~~

The control operator will have the capability to address a

vehicl e and receive a response from the vehicle when the command is

acknowledged. Indicators on the control panel will Identi fy the vehicl e

location on the course and indicate hits taken by targets on the vehicl e.

Each controller operator will be able to control up to fi ve vehicl es at )
one time. Any vehicl e becoming disabl ed will be readily recognized

by the operator who can arrange for removal of equipment .

The same precautions are requi red for l aying a wire guidance

l ine as outlined with the Barrett System.

Cost estimates for devel oping prototype system to operate one

vehicl e is $55 ,000. Devel opment costs for one prototype system to )
operate two vehicl es is $70,000. Production cost per vehicl e is

estimated at $9,000.

)
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SECTION IV

MOST FEASiBL E AND COST EFFECTIVE CONCEPT

- 4. ) INTRODUCTION

Based on the study resul ts. Sperry recommends that a light armor

concept be adopted and initially fielded with either full or 1/2 scale

• targets, and that only subcaliber (50 cal ammo) be used against these

MIS. In parallel with fielding the light armor MTS a development program
fr 

should be lpitiated to devel op reliable and economi cal mdin gun frangible

ammo. This frangible an~m, when fully developed , couid be used to engage

a “b eefed up” light armor MTS, roami ng in the open Wi thout berm protection.

This approach provides the maximum degree of realism at the least

cost. No berms would be requi red when using either the subcaliber or

frangibl e main gun ammo. The light armor carrier approach provides the

maximum ability for maneuverability, thereby accommodating platoon and

company battle run training strategy projected for the early 1980 time

frame.

F A carrier meeting all of the ARETS requi rements is achievable in the

light armor concept. In fact. a variety of carriers approaching the ARETS

-

~~~ specifi cations are obtai nable off- the-shelf. There is sufficient vendor

interest , that a light armor vehicle can be procured for a reasonabl e

~ 

price which would meet the full ARETS specification .
a

~!
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DI
I The decisions made by Sperry in recommending the light armor

concept are based on the cost effecti veness analysis presented herein. ) 
• 

-

The recommendations for use of subcaliber ammo initial ly, while de-

veloping frangible main gun rounds are based on the armor center L) 
-

gunnery training devi ce strategy 1976-19

4.2 MOVING TARGET SYSTEM COST DATA - 
•

The estimated cost for the three concept configurations selected

as most sui table and which met the greatest number of ARETS techni ca l

performance requirements. are presented in Table 9. These cost
11¶1 estimates are based on the following data , some of which is hard

while others remain somewhat soft. All assunptions used are applied :, )

uni versally to the three concepts, when such applicati on is practical .

The MIS life cycle for each concept was set at 5 years . damage • ) -

•

maintenance was assessed diffierently for each concept. The no armor system

damage maintenance was assessed In terms of during the 5 year life cycle the )

) ~

U ~:
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carrier would be accidentally hit a sufficient number Of times by sub-

caliber and main gun rounds to have the two complete carrier replacements. )
The light armor damage maintenance would not be as severe because of its

defense against subcaliber rounds. It was therefore estimated tI~at replace- ~~
ment parts equivalent to 1 1/2 times the total vehicl e cost would be required

over the 5 year period. -
~

In the case of the heavy armor concept,the assessmen t Of damage was

based on $10.00 per hit taken. This figure is extrapolated from data

received from OTEA relating to damage repair cost per hit for the M-47 chassis - - •

used as moving targets against TOW and Dragon missiles. The total cost of

damage repair for this concept is based on data relating to main gun rounds -
•

fired at moving targets per month at Fort - Hood and Fort Cañon. Wi th this

data showing 4000 rounds per month fired and the probability of hitting the

moving target between 50~ and 3000 meters set at 60 percent and assumi ng 5 MIS

per range (ARETS Specifi cati ons), the total damage maintenance cost is con~uted.

Operation and normal maintenance costs for the no and li ght armor

configurations are based on data received from the respective supplier of

these carriers. In the case of the heavy armor concept,the 0811 costs are )
extrapolated from U.S. Army cost data for the M-6O tank. The extrapolation

takes Into consideration that only maintenance of the basic vehicle Is

priced, it does not take into consideration the numerous complex subsystem

maintenance costs.

The cost of targets for the no and light armor systems is identical.

These are based on an assumption that 100 hits on a target will render it

unusable. The validity of this assumption will be examined as part of the 
-

198 ) •
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• 2-0 target test program planned for Phase I I I  of T~ask 6837A. The number of

$ hits taken by targets over the 5-year life cycle is obtained In the same

manner as the damage maintenance data for the heavy armor concept. Cost

per target Is presently estimated at $400,each bwt based on the vol ume of

g targets requlred,lt Is lopiered to $260.00 each through the use of 95 percent

• learniog curves for both material and labor. The heavy armor system does

- not require any targets.

The requirement of berms for the no armor and the light armor configur-

ations are based on estimated costs for similar type berins to be constructed

this year at Fort Polk. The total berm lengths are 2000 meters for the no armor -

•

concept and l0O~ 
meters for the light armor. The cost- of the berms are armortized

over 5 MIS per range CARETS Specifications). The survey of the berm costs are

f discussed In øppeedix A of this report.
a.

No hard data is available on berm maintenance cost. Due to the book-

keeping methods used, such costs are incl uded In total range maintenance

costs , and cannot be separated. Therefore, the best estimate for such

costs for the 5-year life cycle is 40 percent of the total berm costs.

Hit sensor systems are identical for the three concepts. They are

( •

- 
based on having to replace six sensors per MIS over the 5 year life c :cle

at $500.00 per sensor. The $25,000 control ground station required with these

sensors is amortized over the 5 MIS per the ARETS Specificati ons.

( Guidance like hit sensing is identical for all three PITS. It’s cost

is based on Sperry’s estimate to produce a wire guidance and communication

system for $9k. The selected Hostile fire simulator is a Hoffman device

- similar to one contracted by PM-TRADE. It’ s cost Is $800 each due to the

requirement of placing this device In proximi ty to the simulated main gun



location, It Is estimated that six of these devices will be destroyed over )
the 5-year period. The visual hit simulator like the HFS is a Hoffman de-

vice and is not as vulnerable to damage as the HFS. It can be located ‘~~ 
)  -

low on the vehicle and a funnel arrangement used to direct the smoke. There-.

fore,It Is estimated that only two replacements will be required during the

5-year l ife cycle. Identical HFS and VHS are used on all three concepts. 
~~
)  

-

In addition to the equipment for simulating visual hits and hostile fi re

it is estimated that lO,00G cartridges will be used per MIS at a cost of

$1.65 each. 
-

The system integration costs are Sperry engineering estimates, whi ch - -

include the attacimient of armor to the basic vehicle and the installation

of the various subsystems into the PITS. The cost differences observed )
between the three concepts are due to the armor installation requirements.

For the purpose of developing a cost effective analysis it becomes -

convenient to convert the cost of each MIS concept to a cost per round

fired. This provides the following:

o No Armor - $ 4.60/round
o Light Armor — $ 5.01/round

o Heavy Armor - $20.17/round

U
A significant cost element for the selected li ght armor concept Is the

target replacement costs. It is also the cost that can, wi th some effort, )
• be most simply reduced. A small reduction in cost per unit will provide

significant reduction In this line item total cost per range. ~~
--

• 4.3 COST EFFECTIVENESS ANALYSIS

• The three concept configurations discussed in this report and priced ) I
in Table 10 were subjected to a cost effecti veness analysis to establish
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the optimum choice. The technique employed in performing the analysis was

a cost benefit comparison.

The cost-benefit comparison technique for determining the cost effective-

I 
ness of a system consists of the following steps:

o Determining the parameters which defi ne the objectives of the system

1 o Arranging the pa rameters In order of their relati ve importance and
- assigni ng wei ghting factors

a Determining the capability of the va rious al ternatives to satisfy

the system objecti ves and computing an effecti venesss figure-of-

merit for each al ternati ve

o Developing a cost estimate for each alternati ve

o Making a cost vs . effecti veness comparison for each of the al ternati ves

( to reveal the most cost-effective option.

4.4 EFFECTIVENESS ANALYSIS

The parameters which define the ARETS system are listed in order of
1 
~ priority in Table 11. and wei ghting factors are assigned with the most

important parameter having a wei ghting Of 1 and the least Important carrying

a weighting of .2.

I
C

c;- 
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Table 11. Training Capabilities Listing

‘ - f
Al ternati yes

Priori ty Parameter tIgt~t Heavy Weight Equal Weight
A rmor A rmor Armor Fac tor Facto rs 

_____

1 Target Motion 2 6 9 ‘1 .2 
~~~~~

•

2 Target Appearance 6 7 2 8 .2

3 Versat Ility 3 $ 7 .6 .2

4 Cosiinonality 6 4 4 .4 .2

5 Deployment on 4 7 6 .2 .2
Future Ranges

The last col umn indicates that each system parameter has a wei ghting

of 0.2 if equal weighting factors are assumed. The three center col umns

contain rating factors representing the effectiveness of the various options

with respect to the listed parameters . The subj ecti vely determined rating

factors are established on a scale from 0 to 9 where 9 represents maximum

possibl e efficiency and 0 represents the least.

Next, the relative effectiveness of each alternative is calculated. 
•

Tabl e 12 shows the effect iveness of each alternative wi th priori ty weighting $
factors Included whereas Tabl e 13 considers equal wei ghts on the parameters.

The numerical values in the columns under the three options in these two tables

represent the product of each rating factor and the appropriate weighting

J 202
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1
factor listed In Tabl e 11. The figures In each col umn are totaled and then

compared to the potential maximum tota l to compute a percentage effective-

ness for each alternative.

p
Table 12. Effectiveness Analysi s with Priority

Wei ghting Factors
p

f Priority No. Armor Lt. Armor Ely. Armor Potential Maximum

1 2.0 6.0 9.0 9.0
“ 2 4.8 5.6 1.6 7.2

(~ : 3 1.8 3.6 4.2 5.4

4 2.4 1.6 1.6 3.6

— 5 0.8 1.4 1.2 1.8

TOTAL 11.8 18.2 17.6 27.0

% EFFECTIVENESS .44 .67 .65

L

Tabl e 13. Effecti venes s Analysis wi th Equal
Weighting Factors

- -

- Priority No. Armor Lt. Armor Hy. A rmor Potential Maxi mum

1 0.4 1.2 1.8 1.8

2 1.2 1.4 0.4 1.8

3 0.6 1.2 1.4 1.8

4.T 4 1.2 0.8 0.8 1.8

5 0.8 1.4 1.2 1.8

• ( TOTAL 4.2 6.0 5.6 9.0
- % EFFECTIVENESS .47 .67 .62
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Now, the comparison between cost and effectiveness can be made by con-

structing Table 14 which shows the effectiveness range (using both priority

and equal weighting factors ) and the co~t per round estlmate * for each of the

three options.

Table 14. Effectiveness/Cost Comparison

Option Effectiveness Cost/Round

NO ARMOR 44% - 47% $ 4.60
LIQ1T ARMOR 67% 5.01 )
HEAVY ARMOR 62% - 65% 20.17

Normalizing with respect to the no armor case~~, the increase

in effectiveness as a function of addi tional investment for the light and

• heavy armor options can be constructed. (See Table 15.)

)
H

• *~~st per round estimates are derived by di~idIng the MTS cost by the

expected nijiter for rounds fired at the PITS over its 5 year life cycle. -

Example

No armor MIS cost a $222K. 
•

~~J

Number of rounds fi red/PITS 48,000 -

Cost/round $4.60/round •

** Effectiveness inc rease calculations

Examele
(61% - 44%) / 44% • 52.3% )
($5.01 - $4.6) /$4.6O • 8.9% 

•
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P Table 15. Effect iveness/ CoSt Comparison
• Normalized to No Armor Case

P
Option ~ Effectiveness ~ Cos t

LIGHT ARMI)R 42.6% - 52.3% 8.9%

- HEAV Y ARM(R 31 .9% - 43. 2% 338. 5%

From Tabl e 15, it is apparent tha t the light a rmor is more cost-effecti ve

• than the no armor since a 8.9%percent cost inc rease yiel ds a 42.6 to 52.3 per-

cent Increase in effectiveness. Also, the heavy armo r option is cl early not

cost-effective since a 338.5 percent inc rease in cost yields only a 31.9 to

43.2 percent increase in effectiveness over the no armor option.

A similar but separate study was performed,and the effectiveness of

the three options was determined based on the following defining parameters:

(1) Realism , (2) Versati lity , (3) Corrinonality, (4) Ada ptation to future ranges,

and (5) Automation of the range. The results of this effec tiveness ana lys is

are contained in Tables 16 and 17. As evidenced by Table 17, this analysis

also indicates that the light armor option is the most cost-effective alternative.

I~ 
Table 16. Effectiveness/Cost Comparison

p.

Lv Opti on Effectiveness Cost/Round

j
_
. NO ARMOR 70.3% - 80.0% $ 4 .60

4 ,

LIGHT ARMOR 79.3% - 82 .2% 5.01

HEAVY ARMOR 73.3~ - 77.8% 20. 17

C
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Table 17. EffectIveness/Cost Comparison
Norma li zed to No Armor Cas e )

-i
4 Opti on ~ Effectiveness ~ Cost

LIGHT ARMOR -0.9% - 17.4% 8.9% —

HEAVY ARMOR -8.4% - 9.6% 338.5%

— 

-i

Al though both Tables 15 and 11 show the opti ma l cos t benefi t of the )

• light armored MTC, these data were developed from subjectively determined -

wei ghting factors noted in Table 11. Also the extimated absolute costs

of each behicle as shown in Tabl e 9 must also be considered in the overal l

evaluati on of the three candidate MTC systems~

)
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APPENDIX A

I 
BERM STUDY

FOI~ARD

- - This study was made as part of the main study task funded under

Phase I of Task 6837A. The purpose for this study on berms was two—

fold: (1) to assist in providing realistic data to eval uate the effectiveness

of bern~ as a protecti on for light and no armor moving target concepts , and

(2) to assist in evaluating the NTEC 7002 concept.

I
I
I
I
I
I

I H

I :j i~
I
I .
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1.0 INTRODUCTION

PM-TRADE requested an evaluation of earthen bern~ as a means of
protecting a moving target carrier. Such berms would be arranged in a manner
to allow protected free movement of a vehicle to be selected by PM TRN)E. .~ 

)

2.0 PUFPOSE

The purpose of this evaluation was to determine the feasibility of
constructing earthen berms as a means of protection for a target—carrying
vehicle.

3.0 SCOPE

The evaluation had the following specific objectives:

a. To determine the current use of berms on moving target ranges .

b. To determine the effectiveness of berms as a protection method ,

c. To determine an estimated cost figure for berm construct ion )
maintenance.

d. To determine an estimated construction time for berms.

e. To evaluate the speci fications used to construct berms.

f. To determine wha t equipmen t would be requi red to construct . )
additiona l berms. • -

g. To determine training problems associated with berms.

4.0 PROCEDURES

The first step undertaken in the evaluation was the development of a list

specifying the data that would be necessary for the berm study . Step two was
the selection of installations reflecting a cross-section of terrain types

that could be encountered when constructing bertns . A total of 13 installations ,

supporting 51 movIng target tank gunnery ranges, were surveyed. These
instal la tions are located in the United States al ong the East coast , In the )
South and Midsouth , in the Midwest , and on the West coast. 
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The Facility Range Office of each instal lation was queried. The response

was excel lent , and all information gathered is considered to be factual. Two

facilities were able to provide some cost figures , and a civi l engineering

and consulting firm located In Huntsvi lle, Alabama , provided additional
estimates of time and cost.

5.0 RESULTS AND DISCUSSION

a. Current Berm Utilization - The majori ty of installations contacted
are utilizing benns at the present time. These berms vary in size , length,
and arrangement. The longest berm, located at Fort Campbell , Kentucky, is
800 meters long and Is constructed with a sl i ght curve to the overall length

of the berm. Several of the instal lations use a series of short berms 50 to

80 meters in length , arranged to protect the moving target only when It is

L~ 
behind these short berms.

0~
One new berm has been constructed In the past year, and one facility

is planning to begin construction of additional berms in the near future. All
other berms have been In use for an undetermi ned period (estimates varied

from 5 to 40 years at the di fferent Instal l ations).

There is no standard berm currently in use. The thickness at the

top of the berms used at this time ranged from a maximum of 16 feet to a

( minimum of 3 feet. The slope also varied, with the average slope being 1 to
1.5 feet for each foot of height.

The Department of the Army, Office of the Chief of Engineering ,
Military Construction—Engineering Division, Washington , D.C., was contacted to
determine if specifications existed for the construction of berms . Personnel
within this office were unable to reference or provide detailed specifications.
However, the following rule of thumb used in the construction of bernis to
protect anmiunition bunkers was given: “Construct the berm 2 feet higher
than the structure to be protected, with a slope of 2 feet for each 1 foot
of height. ”

C
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Further discussion with this office established that the facility

engineer has the overall responsibility for the design and construction of
berms at a particular facility and usually designs a structure that meets

• his specific needs.

b. Berm Maintenance - All facilities utilizing berms agreed that
maintenance of berms is relatively Inexpensive, with some of the work being

done by engineering units assigned to the post or with periodic repairs
contracted to civilian construction companies. The actual cost for berm
maintenance could not be determined with available data, as each facility

-

, requests maintenance dollars for the enti re range complex, and these dollars

are included in the construction repair cost. Since this cost also includes
such items as road repair, firing line maintenance and observation tower
maintenance, these cost figures are usel ess for calculating the cost of berm
maintenance.

One factor affecting maintenance cost is the amount of firing
conducted on each range with a berm. Fort Hood, Texas, Fort Knox, Kentucky,
Fort Polk, Louisiana , China Lake, California, and Camp Lejeune, North
Carolina, reported extremely heavy scheduling of their ranges , which

necessitates more maintenance.

The training of individual tank crews also affects the cost.
Crews that are experienced and advanced in training have fewer short
rounds, resulting in less damage.

Another cost factor is the removal of dud rounds prior to any

maintenance activities. This problem would also Impact any new construction
if located on acreage now used as impact areas.

c. Inclement Weather Damage - All range offices agreed that the
following weather elements had some effects on berms now in use.

(1) Wind - 5 range offices reported that wind did create some 
)

erosion. These ranges are located on soi l whose — -..

• composition is primarily sand. . •

• - ) 
~~-
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$
, (2) Rain - All ranges reported that heavy rains caused damage

• to berms unless grass was well grown in. The area

I damaged by short rounds is particularly vulnerable
- . - and erosion occurs in all types of soil.

(3) Snow - One range reported some damage from snow.

d. Training Problems Associated with_ Bernis - All range offices agreed
that during actual training operations the use of berms causes the following
problems:

- (1) Restricts maneuvering by the attacking vehicles. Vehicles
cannot traverse the berms without causing damage.

(2) Restricts firing techniques. The crews can only fire from
specific positions where the target Is visible and protected.

(3) Restri cts realism. The berms force a “canned~ type exerc ise,
allowing crews to antfcipate and ambush the target.i-p

I e. New Berm Construction - The survey revealed that ten of the offices
contacted have ranges located on flat or rolling terrain. The remaining
three offices reported ranges where the terrain was extremely rough. All
offices agreed that any new construction could be accompl ished by using
bulldozers and road graders.

• 1;
Demolition work would be required at sites wi th rough terrain.

However, the actual amount was not determined, as this factor could not be
calculated without the proper land survey. This problem could also occur
at other ranges once construction started. Other problems invol ved

~~
-— included the following:

f (1) Dud Removal. Seven range offices reported the need for dud
removal prior to any construction work on existing ranges.
All others currently clear duds as they are found. All agree
that some work in this area would be required.
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(2) Timber Removal. Four range offices reported that new construction

• would requi re extensive timber removal.

(3) Area Availabl e for New Ran9!. Three range offices reported
that the area for a complete new range could be made available.
Al l others, however, felt they were cramped for space now. J

(4) ~çact of New Construction. Only one range office reported
there would be no problem with new construction (this range
had only been utilized for about 4 days in one year). Twelve
range offi ces fel t that construction on existing ranges would -

• Impact current training missions.

Two range offices indicated a problem could exi st if military
personnel were used for construction. Past construction at
these locations utilizing such personnel have resulted in - •

hard feelings wi th local civilian contractors.
U -

(5) Environmental impact Studies. All construction would require
an envi ronmental impact study. This could be a very simple
analysis or can get to be a major problem if new ranges are
constructed. The study Is required by the Corps of Engineers )
for any major construction. 

5~

f. Berm Construction Cost - Estimates were gathered for the construction
of berms utilizing a civilian construction company and a military TO&E - -

engineering unit. The civilian construction company provided the estimate
for a new range with 2,000 meters of berm, but stressed the point that they
were only making educated guesses because the actual terrain could not be l i
evaluated. Their estimate is for an entire range and is based upon the
following specifications and conditions: 

,.I.•_)

(1) Area size to work in — 2000 meters by 4000 meters (approximately 
• 

)
2,000 acres). Does not include impact area.

(2) Berm height - 2.5 meters. ,‘•--

(3) Berm width at top — 5 meters.
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I ,
$ (4) Berm slope - 2 feet for each 1 fpot height, with proper drainage.

$ (5) Berm length - 2,000 meters.

(6) Timber removed - Approximately 50 acres.

I 
(1) Terrain - Rolling to rough.

(8~ Soil composition — Sand and clay with some rock.

(9) Berm must be visible from all points on the firing side of

g the range with no berm signature.

(10) Longest haul for any load is not to exceed 4,000 meters.

The estimate based upon these factors was:

Time to site and complete construction — 30 months

Cost for complete- prolect - $2,300,000

I Fort Campbell , Kentucky

The following actual cost for construction done entirely by government

f• ,. equipment and personnel was obtained from the Facility Engineering, Fort

Campbel l , Kentucky. This berm was completed within the past year. It should

be noted that this is a curved berm 800 meters long and presents to the

firing unit a total berm signature.

‘I.

Fort Campbell also provided a set of speci fications dated August 1952 ,
titled, Range, Moving Target, Tank or Anti —A ircraft (for guns to include

120 me). The berm at Fort Campbell was not constructed to these specifications, :~

they were used as a guide only with the berm built to meet local requirements.

The work was accomplished by a TO&E engineering section as identi f led

in an air mobile division . The total volume of earth moved was 4,700 cubic

yards and the cost was computed as outlined in Army Regulation 415—35.
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E~JIPMENT UTILIZE~
.•)

NOMENCLATURE HOURS USED

Tractor, Full Tracked — 14450 50 hours - -

Tractor, Full Tracked, Airtransportable - 05 150 hours
Tractor, Wheeled, Industrial w/Bulldozer - MRS100 186 hours ~ )

Loader, Scoop Type 2 1/2 Cu yard capacity 18 hours

Loader, Scoop Type - 14-450 50 hours )
Truck, Dump 2 1/2 Ton - 14-59 76 hours
Truck, Utility 1/4 Ton - 14—151 24 hours

Roller, Sheeps Foot, 2 Drum Size 72 hours -
~~

Roller, 9 Wheel Pneunatic Tire 24 hours
65O TotaT )
Equipment
Hours H

Total Equipment Cost - $2,129.42 -.

Total Manhours for
Section — 901 Hours -

Unfunded Cost for ~~
--

Labor — $3,717.94 -

TOTAL BEI~4 COST — $2,129.42 + $3,717.94 $5,847.36

Fort Polk Louisiana
The following costs are expected to be Incurred by the instal lation ) —

for the construction of new berms.

• o Cost for 3.05 meter high (10 feet) berm - $30.00 per line foot

o Cost for 1.3 meter high (4 feet) berm — $10.00 per line foot - -

A berm 2000 meters long (6,562 feet) at these quotes will cost:

3.05 meter high - $196,860.00 )

1.3 meter high - $ 65,620.00

o Construction time - 305 meter berm - No estimate availabl e • : -

• 1.3 meter berm - No estimate available.
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g. Berm Effectiveness - All range offices agreed that berms are

effective In the protection of moving target carriers. However, the majority
felt that as weapons are Improved, the maintenance of berms will become a
greater problem and any new berm should be constructed with future weapons
development in mind.

I;

i
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APPENDIX B
FRANGIBLE AMMUNITION

This appendix on frangible ammuniti on is added to this report In the -

Interest of providing information on the present status of such I
~I)

training anmunition. The investi gation of this ameunitlon was not part of -

~~~the study-di rected by Task 6837A.

Frangible ammunition is defined, for the purpose of this report, as a

projectile which upon impact will break Into small fragments with little or )
no velocity. The breakup of the projectile upon impact and the low velocity

of the resulting fragments should not cause excessive damage to the target or

Injury to personnel protected by relatively light armor. Ammuniti on of this

type has been used by military forces for longer than forty years.

• Frangible rounds, in general, have a lower velocity than service rounds

and would require slightly di fferent elevation adjustments when used on long

range targets. This would have to be considered during the design of a training

type round. Several programs conducted by Industry under government contracts 
~~. 

)
have produced qualified frangible or plastic rounds in a range up to the 40 nm 

-

grenade launcher. The largest round known t~ be qualified for use in a cannon is ~~-~~‘-~~

a 30 mm aircraft round. The larger type rounds, 20 nm - 30 rn are constructed )
using steel washers encased in a frangible plastic and may be used against

armored vehicles where In the personnel are protected against the possibility

of hits from the washer fragments whi ch could cause injury. -

No studies or programs aimed at the development of larger caliber rounds,

I.e., 90 imi to 155 mm, have been uncovered to date. However, It should be noted

that several industry sources contacted agreed that a large cal iber round
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cou ld be developed. It was anticipated that the time required to develop such 4
a round in the 90 nm to 155 nm range would be at least one year for the develop-

— IT ment phase and a longer period of time before it could be qualified and put into

production. The time periods are rough estimates and would depend on the

ballistic requirements desired for each type round. The possible cost of such

a program for development, test end production was estimated by several sources

and due the lack of exact requi rements as far as ballistics, range and caliber

resulted In an extremely wide variation in cost estimates . Most sources agreed

( that the task could be accomplished wi th a 90 percent probability that a useful

product could be developed.

C

-
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