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US ARMY TEST AND EVALUATION COMMAND
Aberdeen Proving Ground, MD 21005

TOP ?2-2-617 6 May 1976
AD AO018054
Change 1

ARMORED VFHICLE VULNERABILITY TO CONVENTIONAL WEAPONS

1. 7T0P 2-2-617, 30 January 19753, i3 changed »y making the following
changes:

Page A-1; delete references 11 and 134 /0

"~

! 2. Attach this sheet tv the front of the reference copy for information.
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] 2. DBackground, ;

; 248 LU0 }

: a, The protecticn that an armared combiat vehicle is required to

§ provide agninat enemy threats is specified in the Requivad Operational ;

: Capability (ROC) and the Developuont Plan (DP). In geoncral, the user :
of an armored vehicle would preler a vehifele in «hiich fircpower, mobiltiy, :

; and protection gall are mwimized. Since an incevease in ene capabi]ity i

! often has a detrimental offect on the others, how ver, the decigner 3

} must. effect compromiscs, glving primary consideration te the specitic i

§ mission of the vebicle, Other coustraints in armored vehicle desipgn i

§ ave imposad by transpovtability (10F 1-2-500), reilablility, ctate-of- 3

. the-art, and cost, 7

: b, The waight allocated {or o vehicle's armar envelope twust be

2 apportioncd according to the prohabillties and severities of attack upon

¢ each vehicle area. Consideration must also be given to locating im-

% portant or sensitlve components in well-protected portions of the

| vchicle, 7The three major concerns in vulnerability analyses are: pro=-

§ tection of the crew, protection of vehicle meobility, and protection of

. firepower, Of particular cencern idn this regard is nrotection agoinst

?‘- detonatlion of stowed awmmunition and unccntiollod rurning ob the fuel,

i for 1{ elither occurs, the results ceald be canuuicophic,

K c. This pamphlet doce pot dnclude all vulnerability tests because

b among the many possible methods of atiack avre sone that are not cpeci-

I, fically deasipned for eutitank wre, This TOP ailse does not include

%% vulnerabilivy to nuclear weapon attachk which is covered in 50P 2-2--G1%,

: vor to cliemical or biulagical attack,

P :

d. This TOP does not atand nlone, AMCY 700-170, Eagirecring Design
. Handbook, (5-1I0FORIY) \kur and Irgﬂépp]icatiqggﬁijl, provides extenoive
: {information on zrmored vehicle vuilnorabilicy that camot be iuncluded in
the 10 Lecavse of its scouwilty clasulficatlon, Tuformation is also

L O

avallable at the Combat Data Infermation Centeor (U9LC), Wright-Patturseu
P Alx Force Dase, Ohio, 1ln additjon, tbere are oihuy le‘s referenced
: Liereln which are essenidal to the conduct of tests of arwmored vehizloe
vitlnerability, They includet

TOY 2-2+-020, Reslstaunce to Scvere Shock {Armored Velidcles),
TOoP 2-2+710, Vehiculavr Avnor,
TON/HMIT 2-2-711, Arror Welducents,

LOr 224715, Tiotccetion Ly Aumored Vebiclss Agafast Ninctic
Yunngy Projectiles.

TOP 2-2-722, Fuapgnent Tenetratiou Tesis of armor,

It
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3. Lquifpuwent and Fﬂcil}tiOS. LEgquipment and {acilitica are described in
paragrophs 4.9, 4,10, and in the applicable test phases Lejow.

b Prpljminarz_Activirios.

4.1 ROC/DP Interpretations. The amount of detail on armored vebicle
protectfon requirements varies with the different ROC's/DP's, Sometimes
the test divector finds completc puidance on all of the levels of pro-
tection thai Lo wmizt eonsider, At othes times he wmay be required to
seek clarification from Headquarters, TLCOM, as well as to avail himsclf
of in-houge knowledge and cxpericnce.

When the ROC/DP is not sufficiently definitive or compreheonsive
regarding protection agalinst cnemy threats, 1t 1s deslrable to go beyond
the threats that rhe ROC/DP has addressed ond make o more complote
vulnerability evaluatlon, selecting appropriate tests from those described
herein,

4.2 Destructive Tects Versne Wondestructive Analvses. Though an exton~
sive destructive test program oi a vebicle will provide the maxtaum amount
of dats, such a test program rarely is conducted; the ¢ost and tine re-
quired and lack of hardware arc detérrents.  Thene fuactors, plus the
availability of existing data, result in test and cvaluation piograms

that ave partially gestructive and partially nondestouctive,

Nondestructive vulnerability analyses are made by physically
studying the velhiicle In detall and camparing cach design feature with
those of other vehicles for which destruetive data have been obtafned
-previousiy, and usinp data obiained durlng the engincer dezign and re-
s2arch tests of the vehicle under study, Much of the data ou pricr
vehicles is cantained in refcrence 1 (app. A), Such studiles climinate
the necessity for mach firing. There ave cases, however, in which
ballistic tests involve low cost and do not cause much damage, In ruch
cases (assessments of keying and bullet eplasb, for instance), ballistic
tests are justificd. At the other oxtreme, greatly overwmateining fovms
of antack arc usually wastef1l of materiel and money,

4.3 Pretest Tnspection,  Before valnerability testing the vehicle wmust
be carefully inspected and data rccorded for the followving:

a, Compliance with the RIC/DP and equipnent specifications,

b. Opcrations chieck to provide baselire data {or comparing por-
formance of the veliicle befare and after specific vypes of avtach,
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¢. Type and thickness of armo: couprising the vehicle cavelope,

d, Items and components that are wmissing or damaged. Photopraphy
of the interior may be taken,

e, Dctermination of which assessments roguire destructive teostsg
and which can be gccomplished with nondestructlive tests.

4,4 Stowed Ammunition and Fuel, Live ammunition is never placed in a
test vehicle cexcept when the particular svhtest is specitically desisned
to evaluate the effect of exploding ammunition, Even then the warhcads
are normally inert and only the propeilant and primers are live, TFor
all other tests, completely inert aamunition is wsed,

Fuel is drained from the test vechicle wheneeer there is any danger
that the fuel may ignite or the fuel cells may be punctured, The ex-
ception to this occurs vhen fuel ignition or {fire fighting is part of
the test, or fuel is required to operate 2 remotely controlled vehicle,

4.5 Probability of a Kill, The assecssmeant of took damage In torwms of
the probability of kill, P(K), has been standardized and is used

in the United States particularly by AMSAA. Wills have becu divided
into mobility kill, firepower kill, and complete kill, with the
following definitions:

av M kill, A tank suffers an M (mobillity) kIll if it is ircapable
of executing controlled movement and 1s unvcepalrable by the crew on the
batctlefield.

b. F kill. A tank suffers an ¥ {fircpower) kill 4f{ the maiu arm-
amcnt 18 put out of action elther because the erew has been rendered
incgpable of operating it or beceuse the armawent or its associated
equipment Las been so damaged as to render 1t ineperative and unrepair-
able by the crew on the battleficid,

ce. K kill. A tank suffcrs a K {complete) kill or is dostroyed 1if
1t receives both an M and F kill, and 18 dauaged beyond repair.,

In somc vulnerability tests of vehicles, the test dircetor may be re—
quired to assess damage from ecach attack 1o teims of whether or not
there was a kill and, if so, what kiud of a k1Ll occurred, Other de-
tajls may be found in reference 1 (app. A).

4.6 Survivability. Survivability is the ability of a weapon systew to
avald or absorb most or 11 attacks and stlll be capable of enpaging
and recupaging the cnemy, The ability of a combat vehicle to resiet
debllitating drmage from enemy hits is onc of the elumencs of surviv-
ability, (lhe cther three are:s ability to avoid detcetion, ability to
be difficult to hit whon detected, and ability to be casily repalred

4
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when damaged,) The determination of the vulnerability of combat wvehiclos
in the manner described in this TOP 1s pavt of the process of cvaluating
gurvivability, prior to ccuwbat exposure.

4,7 Repajrs and Maintaipability. As peinted out in 4.6 above, the
abilfty of a vehicle to b¢ casily repalred after suffering combat damape :
is one of the elements of survivability. The ease with which equipment 3
can be rcpaired 15 called maintainability and is one of the elemenci of
the maintenance evalution subtests (TECOM Suppl 1 ta AR 730-1) routinely 3
conducted on vehicles undergoing endurance testing (T0OP 2-2-507). Since i
the maintenance evaluation does not ordinarily cover combat damage, a 3
vulnerability test affords an copportunity to determine the amount of 3
time, the spare parts, and the 'skills that are nceded to accemplish re- 4
palrs of damage resulting from ballistic attack., While complzte repair

of extensive damage is gencrally impractical, it is desirable to repair

those components that are fairly vulnerable and, when damaged, have a

serious effect upon the firepower or mobility of a vehicle, Examplces

are the crack, roadwhcels, and vision devices.

4,8 Test Sequence. Since cach combat vehicle preccats a different
rroblem in vulnerability, test plans must be devcioped for the individual
situation., A determination must be wmade regarding type of test; i,e.,
destructive or nondestructive, levels of priordity, requirements of time,
and scverity of tests relative to damage and cumulative effects.

As far as posalble, the tests should be condacted in order of in-
creasing severity so that the maximunm amcunt of duta can be obtailned
before the destruction of the vehicle. There 1s aluays a statistical
problem i.orolved in destructive tests, especially vhen only one vehicle
is available. Thus, care nust be taken to {insure sccuring sufficient
data for firm conclucions.

The sequence of the testo can usually be better arranped alicer al
details of the investigation have been establishel. A test such as pr
tection against emall arms bullet splash would oriinarily be {first, and
a test of resistance to penctration of the armmor ituelf or a miunc test

would be among the last of a series of vulunerability investipgations on

a combat vehicle,

-
4.
o-

Time phasing of the various Lests is pleaned by use of a Gantt chart
(fig. 1). The "Program Evaluation aud Review Technique" (PERT) may also
be used In planning. It prcovides a more complete picture of the timing
of events and the interaction betweon tests throw-h the use of a network.
When several events way take place concurrently, TERE shows viiich one
is erdtical to completing Liv: entire test progran on fune.

4,9 loastrumentation, It s desirable in some veloerabllity Lests to
provide dnstrumcatation vo measuic vertain effccts ol the attacly for
instance:

a, Entensomcter to Indicate peal strain duviep the inpact tests,

W
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,; E b. Blast gages to determine the blast levels dn the vehiele re=-

sulting from unecarby high-exploslve detonarfona,

¢, Thermocounles and recording ingtrunents to measure the interior

: temperatures of the vehicle under some attacks,
: | d. Accelerometers to measure the accelceration transmitted to com~
; : ponents or dummies Ly ballistlic attack.

: : e. High-gpeed motion pleture cameras for yortrayving action under

B i certaln attacks, such as velocily and pecak acceleratlons of vehicle dis-
placement, In many cases, motion pictures are of 1 nited value because
of the obscuration causud by gmoke and dust durdzg a ballistic atiack,

X = Receipt of arwored vehicles,

A
[RSNUISRp .

o b 1 e ot et =

Time Brnercment, mouths
Subtest X XA1 | RX42 . Ni3 A4 X45  X40

! Inspection and preparatien of o
i prototypes
| Immobilization of components o
X Resistance te bullet splash o
l Vulnerabllity cf viston devices
Al
4
i

Registance to shock-producing s ;
impacts i
Resistaace to KE projectiles o !
! ({iring test) i
' Resistance Lo KE projectlles -~ -— |
i (nonfiring)
Registance to HEAT projcctiles s
. Compartmentalization of ammu- i
W . nition
zfj i Resictance to land wines
$3 [ Rezlstance to frapments from :
: : HE projectiles !
Displacement of internal com-
poneats
I'rotecticn apainst fucl {ires

(Preparation of report) , -

[T O
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Figure 1. Frauple of a Cantt cChart Used for ¢ Valnerability Study.

fo Still camvras fer photopraphing damipe rstained by the test
vebicle during the tost,

NOTE: When puorisible, graphic mresentations of data should he
propared,
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4.10 Use of Dummies for Human Sinmulatilon. In many vulnerability tests,
it 1s advisable to placc dummias iv the test vehicie to represcat the
crew, Expendable duimics, constructul of wood or other material, should
be used when an attack as expected to result in iatevior fire, explosiloas,
or lethal fragments entering the test vehicle, Inspection of the dummles
after each attack provides inforuwation on the casusltins to be expectud
among crew members ufter various types of attacks. Nonexpendable
unthropomorphic dummiecs, which closely siuulate the human body, arc used
to ueasure accelerations transmitted to personnel by shock impactls.

b They are discussed in detall in appeudix B.

5. Resistance tc Kinctie Enerpy Projeciiles, The objective of this test '
is to determine whether the armor of the vehicle mects the reguircments

1 i for resistance to ballisrtic attuack by kinctic energy prejectiles, The
3 ' ROC/DP will stipulate the probability with which the front, sides, and
] rear of the vehicle are required to defeat specificd projectiles,

TGP 2-2-715, Protecction by frmored Vebhicles Against Kimatfe Energy
Projectiles, provides a detailel description of the procedures that are
to be used, TACOM has a computer program that will slso produce the
: desired probabilitiecs., In both methods the input consists of data on
v the ballistic limits of each armor arca from the various stipulated
i directions of attack, Insoidar as possible. the required data are
obtained from ballistic results gencrated in prior tests oi armuy
rather than from ballistic testg of the vehicle undey study. it cemplete
data are not avalleble, ¢ limited amount of actual ballistic tosiiug may
be necessary on either the vchicle dvgelf or on armar representative of
armor on the velicle., I{ balllstic testing is required, ballistlc limits
are obtalned in accordance with 101 2-2-710,

PR SN,

Ballistic limits mcrely provide infourmation on w: ich projectile
velocities are required to defeat the avmor wall, thot ie, to cause
damaging {raguents to be displaced to <hie inside of the vehicle. fFrow
ballistic tables of the appropriate projectile {or from ihw Firiaj Tables
Branch of the Ballistic Research Labovatories) a specific projcetile
i velocity can be equated with range for a projectile {ired at service
velocity. Irom all runges up to that range the projectile can dafeat the
arnor, This is ugually o1 that 41s pertiuent to an ROC/DP (sca TOD
2-2-715),

The ability of a prejectile to defeat the armer wall does not, however,
provide inforrmation on the damaje that the inside of the venlele sustalrs
when a projectile defeats the avmor. Internal dumeye is dependent upon
many factors, particularly the residual veloclty of the projectile once
it enters thce vehlele, the sige of the projrctile, the armor type and
thickness, the fraguwent distributien, an! the locotJon of eritical
vehicle components aul creow relative to the direction ind peint ol eatry
of the projectile or displacea fragments. Daca arc avadlable on igtevasnl

Jawnare 1o avmored venteles tested An the past and o0 corbot revult., as
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indicated in pavagraph 2d.  Such data are sometincs 2leguste, bul even
when they are not, they often must guf fice dua to the hiph ecogst of
cbtalning tLlring data, the {rnumerable types of attacks that arve possiuvle,
and the destructive effest on the uvsually Timited vubher of avallableo
tarpety,  1f actuwal firings are necessary, the mest wealletice projectiles
are uscd and the most 1ecaliscle ranpes simulated.  Woodon Jdummice and
inert anmunition are placed in the vehicle, Locationg of dmpacts are
gelected to obtalun the wmost informatinn relative Lo probable Jdarecticns
and types of attacks., Following cach firing, dota are reconded on the
location of {mpact aad the damepe sustained by the tnterior comporencs
and crew of the vehicle, Each {iving should include an assessment o.

the type of kili (para 4,9) that resulred,

6., Aullet Splash, Ihe objective of this tewt I8 to deternine whether
adequate protectioa is t{urnished by the aplash grards ond other design
features for preventing the entry of bullet splash., Minutc particles of
gpiash, 1i.,o., frapments from fwmpacting small arms prejcetilen, can enver
through small cleaziuces and have beon known to make three right-caple
turns befove losing euwough energy to be inct{ective spadast vehicular
cyuipment and crew,

edges of heten covers or doors, ha grilles of enpine conpavtments are
included; they are susceptible to the passace of eplash since they arc
designed ta allow the centrance of sufficient air to cocl the enpins. 1hc
clearaace aroun? the pun shiceld 1s avother Jocaticn where splash may
enter,  Testing is conduzted an followst

Firing Is conduered agalnsit adl openfags ~nd clearances and ac tue

a, defere firing, place heavy (krafe-type) paper against tne inslde
of each opening or ¢learauce in the test velhiicle,

b, With caliber .30, 7.02~mw, or caliver (50 armr-picrcing and
ball pred ileg, ov other projectiles ao apuropriate, {ire al cepeniugs
and cleavances from variens horizontal positions and realistic overhead
obliquitise (usually au angles not excceding 309 from the bhorlaehval) to

devernmine the worst condivion that could cecur.

c. Pecord the extent of paseage of splash freogueuts throngh the
witnesr paper to ;3ve an indication of potentiil for injuriug crov.

NCTE: In the case of engine cownartment grilles, G,020-inch-thick
aluninum placed benca W the Jouvers serves as tie witueos
material,  bamige to the enpglne avd ooy eppareh. effects on
o Lhe cupine operation ave recorded,

d.  FRecord intorwatinn cun diiection and obliquity of atcack,
prajectitc velocity 1t other than scrvice veloclty, preojectiles used,

and Yocation of lmpacta,

e, lYholoprap' ~ipaat Lepnt results,

3
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7. Vulnerability of Vision Devices. Vislon devices on armored vehicles
are not expected to withstand cnemy attack without damage, but they are
expected to be so designed that if they are struck by saall arms pro-
Jectiles neither the atiacking projectile nor auy resultant fragments
will enter the vehicle., Included among the vision devices in question
ure periscopes, -vision blocks, exposed portious of rangefinders, and
telescopic sighta. ' )

Tests are conducted by firing small arms projectiles directly at the
exposed optical devices at the prescribed simulated ranges, from the
horizontal and 30° above the horizontal. Fragment entry 1s determined
by placing 0.002-iich aluminum foil just behind the vision device in a
position to catch fragments. Terforations of the aluminum foil are
considered as evidence of fragments that could be injurious to personncl,
Following each firing an attempt is made to replace the vision device,
and the time and spare parts needed are recorded. Additional data on
the vulnerability of vislion devices are obtained in the fragmentation
teat (10 below) in the event of fragment hits on the devices.,

8, Immobilization of Components. The objective of this test is to in-
vestigate ilic possibility that moving narte on the outside of the vehicle
can become immobilized as a consequence of a partial peunetration by a
projectile. Immobilization is a possibility when a small clearance exists
between an external moving conponent and a fixed surface. Immobilization
can occuxr in several wavs: by keying, in whicih the vrojectile becomes
wedged betweea the two surfaces; by jamning (or burring) which occurs
when the m:tal surfaces are so deforwmed by an impacc that movement 1s
prevented; and by locking, in which the prejectile plerces one surface
#ad partially penetrates the other surface ro that they arc locked
togcether,

¥rogments, as well as projectiles, may cause limobilization of some
components, but fragmentation tests are not necessary because adzquate
information can be obtained with projectiies. Neverthelesa, when frap-
mentation tests are conducted under parapgraph 10 below, observations
are wade for cffects vhat contribute to ilmmobilizstion studies,

To accompllsh a meanirgful study of immobilization, iL 1s necessary
to investigate not only which components can bte immobilized and wnder
what conditions, but also the probability that a random hit on the
vehicle from the projectile in guestion will cause immobillization of the
particular componecnt, Additional information on this gubject is conrained
in reference 1 (app. A). ‘lesting is performed as follows:

a. Positicn the test vehicle on an appropriate test cite, preferably
on a rotating table to facilitate rotation of the vehicie for all-aronnd
attack, '
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b, Conduct firing against interfaces bet.ecn movable and fixed sur-
faces. The projectile size to be used for the test should be based on
the amount of clearance. Clearances of 1/2 inch or less are often
immohildiced Ly firing caliber .30 and caliber .50 armor-plercing pro-~
jeciiles., Immobilization tests are conducted with horizontal fire ex-
cept whaen a particular vehicle design requires firing from slightly
above the horizontal. TProjectile velocitics should simulate the prob-
able combat ranges., Targets will include such areas as openings betwecn:

(1) Hatch covers and turret,
(2) Gun shield and turret,

NOTE: To evaluate the pcssibilities of a gun shicld's heing
rendered immobhile through penctration, & projectile and
projectile velocity must be selected that will be cap-
¢ble of peuetrating the gun shicld in an area where it
is backed up by turret armor. Attacik conditions must be
realistic. ) o o

(3) Gun tubc and gun collar, ~

(4) Base of turret and hull (turret ring area).
‘(5) Hatch covers on hull.

(6) Movable and immovable parts of hinges,

(7) Suspension components,

(8) Deflecting strips used to prevent immobilization of moving
parts, 1f provided,

c. Record the following data for each component testeds
(1) Component identification.
(2) Projectile type and sizc,
(3) Impact velocity.
{4) Impact location.

. (5 Direction of attack (angle in degrecvs to left or right of
direct front),

(6) Effect on mobility of component,

(7) Meana Ly which immobilisation ir produced,

10
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(8) Projected area (squarz {cet) f{rom each of the four major
attack directions which, 11 struck, will lecad to immobilization (e.g.,
1,2 square fect, left side).

(3) Estimated anpgles of attack that could result in immobiliza-
ticn {e.g., 45° to 130°% right gide).

d, Conduct post-test operation of the test ftem to determine the
effccts of projectile dumage on the test item performance as well as
time for repair,
9. Reaifgtance to HEAT Ammunition, The objective of this test is to
evaluate the reslstance-to-penctration of the main armor envelope agalnst
attack by HEAT ammunition. HEAT amnunition, also called shaped-charge
ammunition, forms a high-velocity jet with great penetrating ability and
a capability for producing fuel fires or setting off ammunition once it
has penetrated the armor,

HLAT ammunition can be delivered against a vehicle by a number of
weapon systcms using either rockets or projectiles, Selection of the
HEAL wavrhead should be commenaurate with the vehicle's battlefield role
and with the expected types of attack., For tests desligned to evaluate
the susceptibility of fuel and ammunition to the fet, the VEAT warhead
18 usually statically detonzted against the protexting armor, with the
wartead orlented so that the jet will strike the tfuel or the propellant
of stowed ammuniticn (sce pevas 13 and 14), For tests designed to de~
termine the gbility of heavy armor (all HEAT wartwads can readily defeat
light armor) tov grovide protection against apeciiic HEAT prolectiles

‘or rockets, the warhead is usually fired at the tarpet tank from its

appropriate launcher, Tests cf HEAT warheads versus armor ave covered

~in TOP 2=-2=-710. In dynamic firings against armor, foreign ammunition

is preferred. Because of varilations in fuzing and design, the assump-
tlon sannot be made that foreign ammunition will perform in the same
way ad U, 5§, ammunition. ‘

10. Resistance to Penctration by Fragments. The objective of this tcst
is to assess the wulnerability of a vehicle to shell fragments., This
can be acconplislied by zny or all of the following:

a, Using data from previous tests,

b. TFiring fragments'or simulated fragments from gune at the
vchicle or mockups of sections of the vehicle.

c. Statlcally detonating shell at various lzcations near the
vihicle,

d, Using existing computer mcdels available at TACOM and AM3AA,

c. A coubiuation of c¢ne or move of the aboyve,

11
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106P 2-2-722, Fragment Penetratlion Tests of Armor, describes all of
the test metheds meationed above.

In addition to determlning the effect of the frapments on the baslic
armor wall, the effect on other exposed components, such as vision blocks,
periscopes, gun mounts, engine compartment grilles, ece., should be ob-
served or at least appralsed. The frapgmentation prenade is often employed
for this purpose. Tests are generally conducted as follows:

a, Tape the grenade in position on or near the component to be
tested,

b, Statfically detonate the grenade,

¢, Inspcct the test item and record the followings: Type and
location of the grenade, type and amount of damage, and effect on the
operational performance of the vehicle,

1. Welded nt Evajuation. The objecctive is Lo verify that the weld
material ane ohe plate joint design comply with established standards
and techniques and provide adequate protectiovn agaiust rupture.

The variocvs armor plates that comprise the oruior covelope usually
arc¢ joined by welding. These welded jelnts must withstand not only rhe
inhcrent forces due to operation of the vehicle but elso the localized
shock and penctration effects frowm vavious types ol ballistic attacks,
Ideally, a weided joint should provide the same strength as the basic
zrmor plates that it jJoins. Thus, a test of weldud joints Involves
the use of attack conditions that are fairly closc to the waximum that
the basic armor can sustain.

PRV U UG

In evaluatiog the welded joints of an armorcd venicle both shock
3ta

reaistance and resistance to penetration must be considercd.

. 11.1 Shock Resistance of Welds. The steps for nmeasuring shock resis-
tance of welds arc as follows:

a. Examinc the vehicle to determine for cvuery dircction of attachk

' whether the attack puts the weld in tousion, in compression, or in shear
(fig. 2). WVelds are strongest if in compresslion (and require no test :

for verification) and weakest if in tension. (Scc also ref. 1, app. AV) :

0
3

b, Examinc data {rom prior tests of simil:r tolnts, and examine =
results of other tests (guch as mine tests) of the test vehicle conducted
in aceordance with this TOY, This examination sud step a above will
determine the need for any additional firing.

]
¢, If additional firlng for asscssing sho:l. yeusistavce is required, ?
select projectiles (hiph-explosive or proof projectiles) dn accordances 'i
with those for ginilar arner thickuesses as glvw i specificatinng (o~
welded armor (Fefs. 3 and 4, app. A). mj

' 12
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Tenaion Conpression Shear :

Figure 2. Reaction of Welded Joints (n Directions of Attack.

d. Fire projectiles in accordanie with nerhods of testing welded

; structures in TOP/MIP 2-2-711, and appraisce the damage to the welds 1in |
3 terms of length of crack, if any, wo.laum displtacement of the metal,

b

3 1 ) and width of rupture,

i i il

11.2 Resictance to Projeciile Venztratious. Tthe following procedure is
optiwnum for d(L01min1n the abllity of the welded joint to resist pene-
tratlon by AP projcetiles, ard fLoilows those of reference 6 {app. A).

In rLallty, difficuicies in LUUL[LLJAHh impact location and pr“‘L“"‘f
veloeity will require that the test director use his judpaent in alter-
ing the testing procedusc and analyzing the results,
. i
a. Selcct AP prjectiles vhich ave the threao specified in the '
ROC/DY (sce TOP 2-2-715). The procedure belov is applicabie co caliber z
.30, caliber .50, 7.02-mm, ond 12.06-um projoctiles

T P T
[P YRS

el L ¢ Mt L

s -

1 ' b, Fire al: projuctiles ot & striking velocity that is one standard

‘ deviation under the striking velocity »f the threat. (One clandard de-

’ viation is derived from carlier dota wiuich defines the pavticular prob-
ability-gf-pe :otration curve. 7f voae exists, assume 1.5% of the ballis-
tic limit for aluminum and 2% for steel.) Use the following procedure:

(1) Aim the veapon to iapact at the junction of the weld and
place tws rounds on this junction.

(2) f two povtial penclreations are not achicved, increase
. . the distance from the jJunction by 1/4~ to 3/8-inch and [ire two rounds.

(3) Repeat thls procedoere, increastug the distaunce from the

i junction by intervals of 1/4- ro 3/8-inch, unvil two consecutive pariial
! pencirations bave been ochifeved, thev confivm the two partials by

! firing a third round at the same dGistance from the junction,

(4) Lf the contirming rond causcs a complete penclration,
move out another Y/4- te 3/8-inch wntil two consecutive pard il penetra-
tions followed by a coulirming partial have been obtuined,

e
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c. Record the following:
i
; (1) Location and type of welded jolnt.
{
! (2) Obliquity, type, and thickness of urmor.
]
{ (3) Projectile type.
i (4) Assumed standard deviation,
(5) Striking velocity, each round.
(6) Distance of iwmpact from Juncturc (such as corner).
(7) Results of iwmpact, i.c., complete or pactial penetretion.
NOTE: In addition to the firing just described, ic is some-
times desirable to obtain a ballistic limit in the weak=-
est porrion of the joint to obtain a quantitative evai-
vation ot the maximum loss in protection.  TOP 2-2-710
discusses this type of testing in greater detail,
d. Determine the total area of the weld that cun be completely
penctrated by the projectile at the velocity used in this rest, and use

the results as part of the evalvation of armored volileles in avcordance
with T0P 2-2-715.

12. Resistance to Land Mires. The objcetive of this teut is to evaluate
the damage that is sustainced by an armored vehicle as a yeselt of a land
minc detonation.

o beae Wb g

A mine is8 a fuced munition designed to function, or to be functioncd
Temotaly {command detonated), when a target comes within lcethal ravge,
Mines vary significantly in complexity and sophisticacion. The oldest
type of minc, sti1ll 4in wide usc, is the manually cwplaced blast-type 3
i mine, functioned when the target applies a suffjclent force on the
; pressure plate. Today, there are maay fuzes with sophisticated sensing -
i aystems that may be employed with mines and may detonite the mine any- ‘
! . .-where under an armored vchicle. Some wines are mnse ucatterable by

artillery, missiles, or ground vehicle or alrcraft dispensers. A listing

. of various mine and fuze features is contaired in Y0P 4~2-505, Mines and

i Demoliticons.,

S A2 anin,

B T 1Y

. s

A1l autitank mines xely upon explosive contoent for thedlr effective-
ness; some, however, may contain an cxplosive in a configuration thac
will concentrate the destructive foree in one divection. Such 48 the )
: case with the shoaped-charge mine (Monrece effect) whileh containg a eoailaal =
; cavity in the explosive, and the plate-charge mine Misznay-Schardin
effcct) in which the explosive is positioned a;éinsL the convex side of .
.a metal plate (an example is the M-2]).

. y
K , The blast~typ~ wine is used prim.vily to lunchillzc an armored _ E

M g i Cre i X x ]
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vehicle bty breaking its track and causing other damsge to the suspension
system and nearby armor areas. It io thercefore tested under the track,
Mincs with shaped charges or plate charges are desigued primarily to
perforate the floor of avwored vehicloes and ave so tested. Since they
are also damaging to suspension systera, they ooy also be placed under
the track if tarpgets are available. Suapension syvstem tests and floor
armor tests arc described sgparately below. As du other vulnerability
teats, data on prior tests of other vebicles showld he exawined to deter-
mine waiether such data are adequate lor making wemdestractive asscessment
or vhither actual detonatlon of mines Ia, in fuel, necessavy.

o e ——— -
.

12.1 Suspension System Tests. Prior data on othur vehicles are adequate
only 1f the exact suspension system hLice already been tested on a similar
vehicle., Thus, actual testing dis alwmost always vesnulred to evaluate a
new vehicle. 1In designing a test, the plan shoul@ provide for cone of

the mines te be placed in dts potentially most Jduraping position.

itk el i)

Mines are least effective when detonatod vager the first or last
roadwheel. They are most cf fective when detonaced betueen voadwhecols, o
though this locatlon is not gignificantly ercatsr thau under an intermed-
iate roadwhecl. " Most modern mines are fuzed o detoncte bevond the first
roadwheel of an srmered velidele.

~

St Gl D i e B Aoy i e ot e - aiiedme -

A mine is most c¢ffective again.t the tracl, vhen centered veder the
track; effectiveness decrcases as the wine locatdon moves toward the
track cdge; that is, inboard or outhonyd of the centerline. Effectivoness :
against the crew increaces as the mine is moved icboard. The discance
from the centerline 1s the primary variable fzcior considered in test

o
D! -
.

[ 3 degsign., The first mine is usually located wldway betweep the track
E P centerline and the iaboard cdge. Subsequent lecations are based on the
4 ! resuits obtained.
. Scil type and conditlon have a pronouwnced influence on effective=
o ness. Clay, for example, significantly Increaces mine cifectivencess,
L and dry sand sigaificantly decreasces offcetivenve: and is thercfore not
}§ a sultable medium for tests of vebdclus. limiled tests reported in
, reference 5 (app. A), using steel plates as Lapets, shoved that 67 per-
] cent more weight of explonive is requiced In iy sand (o produce damage
1 equivalent to that cuused in wel clay. Dry seond reguired 46 purcent
i : more explosive than wet sand. In general, havdness of soil increasern

mine effectiveness as docs saturation of soil wit™. water. Unless other-
wise speeified, mine tests of vellclen should Lo conducted in soils thm

] : tend to increase wine cffectivepess; e¢.4., clay, 1oist loam, or moist

g ‘ loaw mixed with clay. ¥For cach mine test the vcohele should be located

: ( . where the soil has been compacting ior many yeare. Mines should be buriced
to the prescribed depth (or placed ou the surface in the case of scaticr-
i able mines). 'The wvehicle may be $n position or tewed over the wine,

' The mine is then statically detonated from a safe distancé.  Sowe festy
may require the use of anthropomo phic duwmics (frp. B) to cvalnate tho

. etfect on personnel of the sudden wovenent of the vehicle.  Accelero-

i nmeters meounted in the vehicle necar the mine location wry also be censidered.
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Following each winc dutonstion a detailled description is provided
of all damage, and, where feasible, the time to repair is estimated.
lnstrumentation data are recorded and, when possible, interpretad in
terms of harmful effects on crew wembers.,

12.2 Floor Armor Tests. In the case of fleor armor, data are ncarly
alweys available (rcef, 1, app. A) on pilor tests that have involved mines
versus armor plate that is supported by a speclial fixture rather than a
vehicle. Thus, it is not necessary to subject an armorcd vehicle to
attack on its floor srmor mercly to sce whether the floor will or will
not rupture. The purpose of a floor armer test 18 to dctermine what
happens to the crew and the equipment in an armored vechicle as a conse-
"quence of such an attaci, and to evaluate welds that join the floor armor,
As a minimum, wooden dummics and inert ammunition should be installed in
the vehicle. A pretest examlnation is made of the condition of all couw-
poaents in the tank., Antliropomorphic dummics and accelerometers mounted
ingide the vehicle are desirable.

The wine selected is in accordance with the ROC/DP requirements.
It 1s normally posirioned under the middle of the fighting compariment,
at the prescribed depth of burial, and staifcally detonated. Tollowing
detonation a detalled descriplion of damage and instrumentation results
are recorded.

12.3 Antipersonnel Mines. While the usual mine teet 1s conducted with
antitank nine.s, there may be a requirement that lightly armored vehicles
be able to withstand the detonation of antipcrsonnel mines, Tests of

_ this type are discusscd in TOP 2-2-710 and reference 14 (app. A).

13. Compartmentalization of Stouved Ammunition. The objective of this
test 18 to evaluate the containment of stowed maip--gun ammunition to de~
rormine the extent to yhich the smmunition compartment inhibits the
destructive effect of burning propcllant. This test is usually the final
test in an armored vehicle evaluation due to the poiential catastrophic
effects of Initiated ammunition. Prior to dynamic evaluatlon, an invest-
igation should be made of the inherent protectiorn provided by the vehicle
arwor, intcrior components, and surrounding stowage containers., This
protection caa be then related to the penetrability of the specified
threat attack:. To cvaluate the effccts of penetrated ammunition the
following test seguence may be used as a gulde:

a. Sclect a HEAT warhead capable of penetrating the vehicle armor
and surrounding intecrior components. .

b. Seclect and stew a deslrced quantity of rounds (live propellants,

incrt warlicads) and orient thesc rounds so that the jet strikes the
propellant.

16
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' c. Mount necessary instrumentation such as straln gages on major
armor surfaces, pressure gages in the immediate vicinity of the rounds
and at the varlous crew stations, and temperature gages at desired lo-
cations. Cancra coverage nmay Le desired for documentation,

d. Statically dectonate the HEAT warhead.

e. Inspect the vehicle and any remaining ammunition. (This should
be done by demolition experts.) ’

[
1
1

f. Photograph and record results.

14. Protection Apainct Fuel Fires. The objective is to evaluate the

' susceptibiliry of a combat vehicle to catastrophic fire resulting from

' battlefield attacks and to assess the vehicle's capability to suppress
on-board fires. Data relative to fire initiation developed during pre-
vious testing can be utilized in this investigation. However, differencesg
between prior vehicles tested and the vehicles undergoing tests often
Justify actual testing.

' Fires dare most readily inlilated by perforations by HEAT or incond-

iary type projcctiles, although they are sometimes started by perforations
by kinetic cnergy projectiles. Generally, only HEAT warheads arc uscd
since they represent the Jorst condition. To conduct a flre suppressant
test, especially with the vehicle equipped with a chemical fire retardent,
S the procedures given below are followed:

a. Eopsure that standby fivefighting equiprent is present during
the test.

b. Tnstall thermocounles at sclected locations in the vehicle to
meagure the heat levels and rime duration. '
! ¢. Install high-speed cameras at various vantape points outslide
; the vehicle to document the fire intensity and duration.

d. Install instrumentation to mecasure the comcentration of the
{ire suppression agent and the pyrogenlc byproducis of combustion at
various locations in the vchicle.

TR

e. Bring fusl temperature to operating level either by running the
engine or by artificial methods.

i 2o i L b

€. Ignitc the fuel tanks prefcrably by statically detonating a
UEAT projectilce against the armor ncarest the fue), The projectile
should be aligned so that the Jet will enter the fuel tank.

g. During the fire at regular intervals, sanplz the atmosphere in-
gide of the vehicle at various lucatiovas for conceirations of fire
suppressant and fire byproducis.

TS TTPETRUT S 5 TA (
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h. Obscrve -ind recoxd all characteristics of the fire.

| 1. Measurc and vecord the time for initiation of the fire suppression
' system and duration of the fire.

j. After the fire is extinguished and fresh air is introduced, de~
termine and record the extent of fire damage.

For additional information in comparing vehicles or in complying
with ROC's and DP's the following should be deiermined:

a. TProtection provided by the vehicle armor envelope or other com~
ponents relative to areas of greatest fire susceptibility.

b. Techuiques and locations of fire detectors (i.c., optical, heat

sensor, or grid systems). : i
c. Location, slzc, aud type of extinguishing agent of aucomatic - %
P fire extinguishers. o

d. Location, size, and type of extingaishing agent of portable taire
extinguishers. -

e. "Locations and effectiveuness of exterior pull handles 7For onbeard
firce suppression systems.

) £. Type of cngine fucl (TOP 2-2-701) and relative flash pcint.

, g. Type classification and flammability of any extensive auaniities
of hydraulic fluids and cils.

ML

Reference 12 {app. A) discusses in detail ithe above described vost.

15. Prctection Apainst Lxplosive Attack. .

15.1 HE Projectiles. UL projectiles are not designed to be employed
against arnored vehicles, but sometinies they arce used in licu of other
morc conventional antltank weapons. Of most concern arce the 105-mm and
155-mmn HE projectiles. A test counsists of firing one or more of these
projectiles at a tank and recording the damage. Firing is normally at
the turret and at a point at which there will be scme confinement of the
Liast, therchby increasing the chances of damape.,

15.2 HEF Projectiles., NLP projectiles arce especially designed to be
employed against armor. Jhe UEP projectile is not expected to develop
a hole in arror but rather to causc a large stecl spall to be displace
from the inside of the armor wall. The projectile crushes against the
outslde wall of the tank and explodes, mecipitating a shock wave

18
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through the arwmor that causes the spall to be displaced from the iaterior ;,?

wall aL up to scveral hundred feet per second. Data on the ability of i
HEP projectiles to defeat (cause spalling of) armur of varicus obligquities P
and thicknesses are available frem carlier tests. From prior data it is
possible to predict the damage that an LEP projectile can impose, and it
is therefore unnecessary to fire HEP projectiles at the tank under study.
If HEP projectiles are to be fired, careful observations must be made

of all damage incurred both inside and outside of the tank, Accclero-
meters within the tank can provide wseful additional data.

15.3 Offensive Grenades. Offensive grenades, which are essentially
threwable containera cf nigh explosives, are sometimes used in tests of
armorcd vehicles to determine in an inexpensive, and only nildly de-
structive, way how various components on the outside of a tank can with-

stand biast per ese, The grcnade is taped in position near the component

in question, such as & vision block, periscope, thin armor section, grille,
hatch cover, or gun mantlet, and statically detonated. Damage caused by !
the grenade is recorded. i

16. Resistance te Shock-Producing Impacts. Tests invelving the resis- B
tance of un grmored vehicle to sharck from impacting projectiles are
covered in TOF 2-2-620. Many of these tests are designed to enploy

vroof projectiles or sacrificial armor se that the armor of the vehiele

will not Le damaged. Anthropomorphie test dummics (both 50 and 95 per-

centile) which may be used in conncetion with these tests are described !

in appendix B. .

17. Displacement of Intcrnal Components. If not properly mounted, com-
ponents that arc attached te the inside walls of aruwored vehicles may be
displaced (1.c., broken off) by projectile impacts that would otherwisc
be defeated by the armor wull. L1f digplaced, such components could be-
come secondary misgiles traveling at a velocity sufficient to injure

crew and damage other components. Thus, internal componcuts should be
mounted en brackete, shock mountings, or welded tapping blocks that are
able to withstand dmpacts fronm projectiles that are defeaved by the avmor
wall and mine detonations.

Special firings arc not conducted to evaluate shock mountings of
interual cowmponents. Instead, the wouwtings are wisvally examined and
asscssed, and data are accumulated during the cource of other vests -
especlally those involving projectile fwpacts (paras 5, 8, 9, 11, 15 and
16) and those 1nvolving mines (para 12). Following each attack, inside
conmponents arc cxamined for damage and displacenzat.

18. Frotection Apainst Alr Attack., Atlr attacks funclude strafing fire
from automatic weapons, attacks by HE and HEAT rouhets, attacks by LHE
bombs, and attacks from jelliud gasoline (napailm). In a vuloncrability
analysis, however, rarcly will it be necessary to actually cmploy airx-

craft as delivery weapons.
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18.1 Strafing with Automatic Weapons. Strafing fire is different from
ground attack in that the dircction of attack is from above (assume up

to 30° above the horizontal) and the speed of the aircraft and gravity
contribute to the velocity af the projectile. The most efficient method
of conducting a strafing test is to simulate the target~threat relavion-
ships. This can be achieved by ground firing cither by using 2n clevated
firing position or by tilting the test vehicle. The latter is generally
the most acceptable. Two factors are considered:

a, First, obtaining the ballistic limit eof the pertinent armor
scctions from attacks above the horizontal. As required, the maximum
velocity in the test could exceed the standard muzzle veloclty of the
wveapon by an amount that would take into conslderation the velocity of
the aircraft and the contribution of gravity. This will to some extent
be offsct by the drag on the projectile caused by the distance between
aircraft and target. Ballistic limits are obtained by the method de-
scribed in paragraph 5 and in TOP 2-2-710.

b. Second, the effect of projectiles that can actually enter the
vehicle. Yo test for this effect it is necessary to fire projectiles
to impact at the realistic maximum velocity that would cccur under actual
strafing attacks., The use ¢f wooden dummies and fnert stowed ammunition
is appropriate for this test. Damage from cach prejectile is described
in detail.

18.2 Small Rockets. Alrcraft, both high performence aircraft and heli-
copters, nay be armed with rockets with HEAT varhcads expressly desipped
for antitank use. Alrcraft may also mount HE rxockets designed for use
against persomnel and light matericl but which may occasionally be used
against armored vehicles in lieu of other weapons. In either case, tests,
if necessary, may be conducted from the ground im accordance with para-
graphs 9 and 15.

18,3 Bombs. In the case of heavy bombg or very Rarye rockets it may be
assumed that the probability of hitting an ermored vchicle 18 very small
and that, if an armored vehicle is hit, the vechicle will be destroyced.
Thus, dropping bombs is unnecessary.

18.4 Jellied Gasoline (Napalm). Napalm 1s dropped from aivcraft in
contalners of 100 gailons or morc. Upon inpact the napalm ignites
causing a very large fireball. Though not designed primarily for use
against armored vehicles, the possibility of such asttacks should not bLe
ignored. An-3ctual test of napalm versus an armered vehicle is not
normally necessary, lhovever, because of the availability of data {row
prlor tests of armorcd vehicles. Nevertheless, 4f such a test is re-
quired, the following procedurc is followed:

. Rig the vebicle so that it can b remolely contrelled.
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b. 1Install thermocouples with recording devices inslde the test
item, Close teo possible poiats of entry place materfal that will smolder
but not flame.

¢c. Start the vehicle, c¢lose the hatches and remotely operate the
vehicle al slow specd.

d. Drop the napalm in standard containers from aircraft to impact
‘ against the moving vehicle. For the test to be considered valid, elther
i 2 direct hit must be obtaincd or the container should impact on the
: ground close enough to cnvelop the tank in {lame. 5

e. Photograph the test from two angles with possible usc of in-
ternal cameras.

f. 1f the vchicle engine is suffgcated, aticmpt to start as soon
as practicable.

g. Observe and record the following:

(1) Location of impact of napalm container with respect to
test ibem and cxtont of veliicle coverage Ly flame.

L 4

(2) Dhuration of fire.

{3) DIxtent of damage to test vehuicle,

(4) Indications of any entry of napaln thrvough openings in
the vehicle.

S i Y PRt . 1o i s ke n ¢ s e

(5) Internal temperatures.

L R e e i M

(6) Difficulty in restarting 1f engine vas suffocatad.
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19. Protection Apoinst Flame Weapons.,

' 19.1 Nolotov Cocktail. The Molotov cocktail is a five-producing, clesc
range, astitaak field expedient used nostly in guerilla warfare, Tt can

v : be prepored by filling a glass coatainer with a wiwture of lubricating

oil and gagsoline, with a wick protruding out of the opening. A test

consists of remotely propelling the liphted Molotev ceocktails in the

vicinity of the test vehicle openings. Obscrvaticas are made as to

whether the burning mixture cnters the test itvem acd causces it to catch

firc or would cause injury to the crew. Damage i5 recorded and preventive

measures suggested.,

! 19.2 Flamethrowers. A stiean of burning fuel cevid be directed at on
. armered vehicle from a flamcthrowing vebicle or-a hand-held flawmethrower ;

thiough this would be an unusuzl use for a flamethrower. 1f a test is
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deemed necesisary, 1t 1s conducted in the samc pgeneral manuer as the
nazalm test (para 38.4). 1{ the vehlcle is adjudped able to resist
attack by napalm, however, it way be assumed that it can aleo resist
attack by f{lamethrowere.
!

Recounended changes to this peblication should Lo forwarded to
Commander, U. S. Army Test and Uwvaluation Command, ATTN:

, ' AMSTE-ME, Aberdeen Proving Ground, Md. 21005. Technical infor-
' mation may be obtalned from the preparing activity: Commander,
U. §. Army Abordecn Proving Ground, ATTN:  STEAY-MT-M, Aberceen
Proving Ground, Md. 21005, Addliional copfes arc available frowm
the Defense Documentation Center, Cameron Station, Alexandria,

X Va., 22314, 7This document is {dentified by the accession nunber
: (AD Ko.) priuted on the first page. .
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, APPENDIX B
o ANTRROPOMORPHIC TEST DUMMIES

1. Design.

a. The design goal for anthropomorphic test dummies 1s to obtain
adequate human-1ike biomechanical responses to impacts with high
repeatability and reproducibility of test results.

e

- b. The model VIP-50A and VIP-95 snthropomorphic test durmdes
“manufactured by Alderson Rescarch Laboratories, Inc., have been designed
to comply as fully as possiblc with SAE apecification J 963 and to
meet additional requirements impoced by Federal Motor Vehicle Safety
Standard (FMVSS) 5208 for the testing of passive restraint systems manu-
factured between 15 August 1973 and 15 August 1975.

+ —— ——

¢. The models avallsble at Aberdeen Froving Ground are designated
as either 50 or 95 percentile (i.e., at least 50 percent (or 95 perceant)
of the United States adult male population i1s the same size or smaller
-than the test dummy). Both models have provisions for the installation
"7 of incstrumentation in the head, chest, and femur rxcgions, and are normally
guppiied in the sicting position. The model VIP-50A, however, can be
converted to the standing pusition by means of a modification kit.

(A el A

d. Available manuals contain specific data for each individual
dumuy , including: :

(1) A Certification Torm,giving all dimensions, weights, motion
“ranges, resistive torques, and chest-load charact¢rlstics.,

(2) An Assenbly Form, indicating the types of instrumentaticn
mountings and specific design changes incorporated within the unit,

wp

TR

(3) Drawings applicable to each particular dumamy.

pEval: e P CRD 2P 4

D Pq;gpildentification.

a. The upper parts of the upper arms, forcarms, and lower legs, and
the hauds and fect are drsipgnated as molded partu., The skeletal members
inserted in these parte arc not normally supplied ns spares, since they
‘require that skin and flesh be moldcd about thew at the factory. Howewer,
the skin and flesh section of the upper leg can e removed by slipping
it out from the skin after the lower leg has been vemoved.

b. The hcad snd head-back are molded aaéemblicu. Skul}l and skull-
backs are not norralty supplied separatcely, since #kin and flesh must
be molded about them at the factory.

L s i e S AT

1 c¢. The entire mechanical neck ¢en be ovdered 25 a unit from the
skull to the Lasce of the necgl, including nountling screvs.
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: d. °imilar1y, a complete rubber neck can be ordeved, together with
“ mounting hardware. The two necks are interchangeable.

, e. The pelvic structure is deaignated as a molded assembly. The
pelvic skelton 18 not normally shipped separately aince akin and flesh
t be molded sbout it at the factory. }

;1§, Maintenance and Repair.

n a8, No lubrication or similar maintenance precedures are required;
At 1s advisable, however, to check vut joint torques before o test and

‘to inspect the entire dummy for damage after a teat, particularly where
7 ‘high impacts are involved. '

o b. Many parts can be replaced by the user by welding, straightening,
“etc, Mnor flesh teors and cuts can be repalred by use of the epecial
electric iron provided in the toolkit, This iron is plugged in (note -
only 115-volt jrons are provided) and allowed to reach maximun temperature.

_’;i c. A eupply of patching material is provided in the toolkit,
‘~~"'reogether with scrap material that cas be used for praccice._

4, Application to Testing.

. a. Authropomorphic dumiiee wmay be used in comnection with shock
tests of armored velilcles (euch as those descrihed in TOP 2-2-620),
i adne tests of armored vehicles (.8 deacribed in this TOP and TOP 4-2-505),
__#and crash tests of vehicles (TOP 2-2-508)., Dummles currently available,
"~ however, are designed for use with passive restraimt systems and they
.do not simulate the resistance that the humap being would exert if the
. body {8 subjected to & sudden force. :

b, Tne instrumeniaticu uszd in dummies is primarily accelerometers
except that load cella are used in the femur. The US Army Human
~Engineering Laboiratory and the US Army Surgeon Gemeral ehould be contacted
Afcr aid in translating g levels to danage to the huuan being. ;

c. Anthropomorphic dummies should not be used 1f the dummy ig in -
. danger of destructioun by five or i;agmenta,y For such applications, .. - =
'woodan dumm;es are suitgble. P N




