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1. SCOPE. This TOP describes methods for determining the explosive hazard
classification, as defined in TB 700-21*, of vahicle applijuz srmor tiles and
for reaching a conclusion of insersitive nmunition if possible. A secondary
objective is to -etermine the tile-to-tile detonatien propa; tion effects by
initiating the ¢ nter tile of a matrix and observing the reac ‘ion of
surrounding tiles. Tests described in this document are useful for determinirg
tile sensitivity tc various threats; i.e., small arms, overhead artillery,
etc. Subtests which include tank-fired high-explosive anti-tank (HEAT) rounds
and anti-tank missiles may be useful to gather performance data as well. Nct
all subtests may be required for a safety assessment or release. Likewise,
sddirional subtests may be required based on supporting documents such as the
Independent Evaluation Plan/Test Design Plan (IEP/TDP), Test and Evaluation
Master Plan (TEMP), etc. 1In short, safety test requirements need to be
assessed on specific tile design parameters, proposed vehicle doctrine, and
vsrious user concerns., Other subtests which may be required for a safety
release/assessment may include vibration, climatic storage, rough hendling
tests, etc., which are already well documented in other TOPs.

*Supersc -1 't numbers/letters match those in Appendix B.

Approved for public release; distribution uniimited.
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1t is not the intent of this TOP to describe all tests required for
quelification of a reactive armor system or for a safety assessment/release,
but rather to describe typical safety/performance tests used to characterize
reactive tile designs. Detailed guidance on tests required for specific
systems should be odtained from user specification/require.cents documents. If
required, contact the U.S. Army Technical Center for Evpiosives Safety (TCET),
Development and Production Explosives Safety Division (SMCAC-ESP), at DSN 535-
88764/8808 (Comm 815-273-8876/8808) for detailed advice on selection of tests
which will result in a valid determination of "inmsensitive munition" for the
item under test.

2. [FACJLITIES AND INSTRUMENTATJION.

2.1 Facilities. Only the faci{lities required by particular subtest(s) to be
conducted need to be provided.

ltem

Fragmentation arena

Protective shelters

Fragment recovery
2quipment

Timing device

Eiectronic detonators
Cradle or mounting

Fire-fighting
equipment

Drop tower test
facility

Tenperature chambers

225-kg (500-1b) block

1134-kg (2500-1b) block

DUIC QUALITY INSICTED @

Reguirement

Constructed as described in Appendix A to suit
test requirements

Bombproofs, barricades, etc., to protect per-
sonnel and camerac from fragmentation and blast
effects

As needed to separate fragments from bulk
recovery media (e.g., metal detector, etc.)

As needed to contil test events (e.g., starting

cameras, firing flashbulbsg, detonation, etc.)
As needed to remotely detonate the test <tem
As needed for various threats

To protect facilities and instrumentation
For drops 12 m (40 ft) or less for

unimpeded falls

To condition tiles tu required temperatures for
tecting

Used tu drop on a tile, from a specified height
during lapuct testing, to creatt » shea:ing,
crushing, or punching actien

Used to drop from 12 m to simuls:e vehicle
collision

avinilubliity CoAds

Po

Spealn)

» 8]

val 1' ‘.éaaj\'"

a




2.2 JInstrumentation.

l1tem

High-voltage source
such as an arc welder

Lightning simulazion
test facility
High-heat source

Remote area

Drili and bits

Boomn

rrojectiles and weapons
Rail

Cutting torch
High-speed cameras
(8,000 to 10,000
frames/sec)
Still-photograph camera

Video cameras and video
recorders

Pevices for Measuring:

Velocity
Blast

Radic .onde and meteorol
data

TOP 2-2-623
2 april 1993

Reguirement

20 kv, 300 A for powver line contact test
with carbon probe

Cepable of simulating lightning strikes of

1.5 MV with curr :nt magnitude and duration
similar to thos: in Appendix A or as specified
Capable of heating tile(s) above 121°C

To accommodate fragmentation of tiles or threat
in an open area

3-, 6~, 13-, and 19-mm bits to be used for
drilling tiles at various speeds

To suspend a threat over a t''e
s indicated by test directive
As required to launch missile threats
To be used for cutting tile
To obta.. records of test e ~nts, as
needed
To phetograph test item(s) &nd test area
before and after test conducted
Tc document test procedures and obtain

records of test events, e.g., tile
reactions

Only the instrumentation required by psarticuler
subtest(s) to be conducted need to be provided.

Perxissible Ervor
of Measuring Device:

+0.53% of reading

438 of reading

~al +1% air pressure (measured In
nm of Hg)
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Permissible € ror

Revices for Measuring: Qf Measuring levice:

#+1°C air temperature
1.5 m/s wind velocity
458 relative humidicy

Veight eof test item and +0.1% of reading
component weights

Fragment mass +1% of reading
Tile remperatures* +1°C

Release neight for weight +5% of reading
Impact &angle of weight 410°

High voltage and current +5% of reading

*Actual values for temperature ranges depend upon prcposad usage, or doctrine
for armor application.

3. REQUIRED TEST CONDITIONS.

3.1 Jospection. Inspect each ctest item for camage and defective or missing
parts, using visua and nondestructive procadures. Test item configuration
will dictate the method of inspection. Record a description of the test item
and all defects and modifications, including the following:

a. Nomenclature, including model number.

b. Manufacturer and m.nufacturer’s lot number,

¢. Evidence of defective parts.

d. Any missing perts.

e. Evidence of voids or fissures with o the ex losive fill.

£. Any discrepancies from applicable drawings.

g. Physical dimensions.

h. Weight.

1. Notes on ::orkmauship.

£~
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3.2 Yest Planning.

a. Review all instructionsl materials (including system support packages)
issued wi L the test item, and review reports of previcus test: of similar
itens.

b. Review the safety assessment report {SAR) providad by the developer to
determine whether all hazards have been identified; write the test plan to
include subtests suitsble for evaluatirg them.

c. Select the tests applicable to the test item from paragraph 4

d. Select applicable pretest and post-test nondestructive inspection (as
lescribed in para 3.1).

e. Propare an operational checklist for tha specific test item and
situation.

f. Make sure pertinent Standing Operating Procedures (SOPs), Test
Operations Procedures (TOPs), and detailed test plan are at the test site.
Observe all applicable SOPs during testing.

3.3 Test Preparation.

3.3.1 Fragmentution Hazar ! Classificatior {in accordance with TB 700-2 and
TOP 4-2-813%).

a. Thlis TOP covers test procedures that will gllow for estimation of
surface danger areas occurring from tile fragmentation. The procedures
presented here assume that all fragmentation will have ballistie properties
similar to those of naturally-formed steel fragments (in accorda,w.:e with
TB 700-2}. 1I. this i: not the case, then fragrment velocities will have to be
messured. Methods to accomplish this are covered n TOP 4-2-813.

b. Construct a frag...ntation test arena similar to Figure A-1,
Appendix A. This seiup requires the rec wery packs to be placed at a distance
from Che array approximately equal tc 10 x w!/3 feet, where w is the INT
equivalent we'ght of the reacting ex; osive, in pounds (TB 700-2, para 6-3).
Depending on che distance used, that dimension will be accounted for in the
data analysis. This distance may be varied to minimize the blast damape to the
recovery packs. Depending on test equirements, fragment recovery packs may be
constructed of alitei :ate layers of thin mild steel panels and 25-mm styrofoam,
cr of consecutive layers of 13-mm Celotex fiberboard.

c. Prepare a sketch of the test arena and record the distances
established berween the test wunition center and recovery panels.

d. Position appropriaie pevsnnnel safety shelters for yromote observation
and detonation of the test item.

e. lispect item in accavdance with paragraph 3.1.

5
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f. Record the appropriate data listed in parsgra; + 3.1 for test items and
major components (i{.e., fuze, explosive charge, etc.).

g. Photograph test item and tesf setup; note any variations from the
TOP - proposed setup.

n. Modify the test item, as required, ‘.0 accommodate an electric
detonator ror romcce detonation. If multlple layexs of explcsive are cortained
within a singie nrmor tile, or if detonation interrupters sare contained within
tke tlle, a small snhaped charge will be required to initiate the cest item.
Preferably, the shaped char-~e should have a cone diemeter of 4Z2-mm or less; the
1.5-inch, M42 charge has been a popular wmunition tor this purpose.

i. Assemble tile array symmetrically in an arrangement as shown by Figure
A-1, Appendix A with its longitudinal &axis in the horizontal plane described by
the centers of the recovery panels. The tile array 1s typically positioned so
that the test munition center (target tile) is at approximately the same height
as the center of each recovery pack. 7 -ecise positioning is accomplished using
gecdetics instrumencation. The armor 1 le array should be mounted in a
configuratien thsat clesely resembles the actual mounting hardware of the
vehicle application or intended use, including angle of obliquity.

3.3 2 External Fire Effects (Bopfire).

<}

a0 P N B P o _ a2
CLYy DIITALTLD 1LU:r L(CEUHIOLE OGUDSEIVAL1IULL.

b. Conduct inspection ind record the appropriate data listed in para-
graph 3.1.

c. Stack five packages of tiles on top of one another and place on a
steel platform about 1 meter from ground level. The length and width of the
platform should be approximstely the same as the tile packages. The packages
will be steel banded (strapped together). Pile kin.iling or other air-dried
wocd not thicker than 30 mm around and beneath the tiles to provide at least
0.5 meter of kindling wood in every direction.

3.3.3 Small Arms Test.

KOTE: <Calibers to be fired, engagement ranges, sizes of automatic bursts,
and number of engagements will be selected, in accovdance with user
requirements, based on the intended mission areas of the vel lcle, projected
battlefi{eld scenarios, etc.

8. Prepare a sketch of the test site.

b. Positior appropriate personnel safety shelters for remote ohservation.

c. Protect instrumentation, monitoring equipment, and recording equipwe it
with an appropriate shelter
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d. Zosition gun behi.d snield, ouly allewing the muzzle to extend
beyond {¢t.

e. PFrepare ancd positicn armor plate, appropriate to the application and
vvliquity, for mounting of temperacture-conditioned tile.

f. Inspect item In accordance with paragraph 3.1.

g. Record the appropriate data iisted !. paragraph 3.1 for the test item
and major compcnents.

h. Phrotograph test item and test secup; ncte any - arlations from the
TOP - prop.sed setup.

i. If fragmentation must be controlled to minimize hazards, ensure that
the test item is shielded on the sides and overhead with a packstop in the
rear.

j. 1Install thermocouples or temperature sensors in and on the tile, as
required.

k. Provid: a means for recording firing bursts on film or video for use
as "zero" time.

as starting the cameras, firing the weapon, etc.
3.7.4 Impact Testing.
a. Ensure adequate shielding of personnel &nd equipment.
b. TInspect and record the appropriate data iisted in paragrsph 3.1.

c. Photograph test item end test setup; note any variations from the
TOP - proposed setup.

d. Position armor glate, to be used for the mounting of the temperature-
conditioned tile(s), at the base of the drop facility. The impact area of the
drop facility sheould consist of concrete faced with steel plate having a
foundation effectively 20 times the mass of the weight dropped. Further
guidance on the drop facility can be obtained in ITOP 4-2-601P.

e. Install thermocouples or temperature sensors in and on th. tile, as
needed, to accurately determine tile temperature prior to test.

£, Raise a 225-kg block to a specified height with a remote controi
release holding the block.

g. Provide a means for recording the release of the block on film or
video for use as "zero" time.
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h. Install a sequencing device, as required, to conirol test sven.s such
as starting cameras and so forth.

3.3.5 High Voltsge Effects.
a. Position appropriate personnel safety shelters for remote observation.
b. Inspect and record the appropriate data listed in paragraph 3.1.

c. Photograph test item and test setup; note any variations from the
TOP - proposed setup.

d. Position a tile that has been mounced to a 76-mm baseplate under a
high-voltage source with & carbon probe in contact with the tile and the
baseplate grounded (see app A, fig. A-2 for typical circuit). Waveferms will
be selected based on user concerns (contact of tile with downed powe 1line,
etc.).

e. Prcvide a means for recording whin the high voltage is applied to
the tile on film or video for use as "zero" time (arcing of current from
voltage source to tile will be visible).

f. 1Install a sequencing device, as required, to control test events such
as starting cameras and so forth.

3.3.6 Lishinin S.

a. Position appropriate personnel safety shelters for remote
observation.

b. Record the appropriate data listed in paragraph 3.1.

c Photograph test item and test setup; note any variations from *he
TOP - proposed setup.

d. Positior tile(s) 1 m under the lightning simulator probe and ground
the base of the tile(s). An example schewmatic of the setup is in Appendix A,
Figure A-3.

e. Provide a means for recording the Initial lightnirg strike on filwm or
video for use as "zerc"” time (srcing of lightning from probe to test item will
be visible).

f. Install a sequencing levice, as required, to control test events such
as starting cameras and so for.h.
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2.3.7 Qverhexd Artlillexy.
a.  Ensure gdequate shielding of peisonnel and equipment.
b. Reoord the appropriate data listed 1n paragraph 3.1.

c¢. Fhotograph test item and test getup; note any wariatiors from t. ¢
TOF - proposed setup.

d. Position tile(s) under a boom, from which the threat round will be
suspended.

e. Position threat 10 m overhead or as required by sponsor.

f. Provide a means for recording the detonation of .he threat on film or
video for use as "zero" time, i1f needed.

g. Install a sequencing device, as required, o control test events such
as ustarting camersas, detonating the threat, ecc.

3.3.8 Drill Test.

8. Positior appropriate personnel safety shelters for remote
observation,

b, R

acnvel thao
Speted 4

P e o B uk
R AR Y

c. Thotograph test item and test setup; not. &ny variations from
TOP - proposed .etup.

d. Position a stand to be used for mounting the temperature-condicioned
tile(s).

e. Position a remote-controlled drill, that can be moved towards and
away from the tile, perpendicular to the tile frce mounring position.

f. Provide a means for recording the contact of the driii bit on the
vile on film or video for use as "zero" time, if nceded.

g. Install a sequencing devica, as required. to coritrol test events such
as starting caweras and so forth.

h. Install thermocouples or temperature sensors in und on the tile, if
required.

3.3.9 Flechette Impact.

a. Prepare a sk tch of the test site.

h. Ensure adequate protection for all personnel and equipment.
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c. Prepare and position tile(s) or srmor plate, appropriatc to the
application &and obliquity, at th» appropriate distance from the gu tu~e. The
oifentation of the threat to ths tiie will depend or the mecl.anics of the
flechette ejectinn. Distances between the gun tube and the tile will cepend on
the threat fuze.

4. Inspect item ‘n accordarce with paragrsph 3.1.

e. Record the ap ropriate data listed in paragraph 3.1 for the test item
and major components.

f. Photograph test iter and test secup; note any variations from the
P - proposed setup.

&. 1f fragmentation must be cont. 1led to ninimiie hazards, ensure that
the test {tem is shielded on the sides arnd overhead with a ltiacks~op 1n the

rear.

h. Provide » means for recording firing of a flechette round on £ilm o
video for use as "zero" time, if needed.

i. Instal. a sequencing device, as requirad, to control test eveuts such
as starting cameres, fiiing the round, etc.

j. Although various threats can be used a vopula: one has been :he

aNnc — AT (XY aY]
AUV - LUl AILRO= 1, 'S T,

3.3.30 VYopigle Exhaust.
a. Position appropriate personnel saraty shelters for rewcte observatien.
b  Record the appropriace data listed in paragraph }.1.

c. Photograph test item and test setup; notzs any vartations froa thre
TOP - proposed setup.

4. Position a stand to be used for mount‘ng tile(s) i~ an area where high
heat or detonation of tile would not create a hazard.

e. DPosirion the heat source (typically one or wore kerosene "torpedo”
heaters) =t the specified cisturce from rthe tile mecunting stand.

f. Install thermocouples or temperature sensors in and on the tile.
3.3.11 Vulperability to Tauk-Fired HEAT Round/Anti-Tar _Missile.
a. Adequately shield personne. and equiprent.

b. Recvord the appropriste data iisted in paragraph 3.1

¢




TOP 2-2-623
2 April 1992

c. Photograph test item and test setup; note any variastions from the
TOP - proposed setup.

d. For dymamic testing, position a tile array at the end of the ballistic
rall, used to launch missiles, so that the missile will be aimed 1o impact the
center of the tile array. For static testing, position the HEAT round et the
exact desired impact point (center of array). Mount the tile array on
representative vehicle backup armor. Place rolled homogenous armor (RHA)
witness approximately SO mm behind the armer coanfiguration.

e. Provide & means f¢- recording the {jaition or detonation of the threat
on film or video f.* use as "zero” time.

f. Install a sequencing devica, as required, to control test events such
as starting cameras. statically detonating rounds, igniting rockets during rail
launching, etec.

3.3.12 Cutting Toxch.

a. Position appropriate p--rsonnel safety shelters for remote observation.
b. Record the approjpriate data listed in paragreph 3.1.

¢. Photogreph test {item and test setup; note any variations from the
T0F - propused seiup.

d. Mount a tile on 8 test tixture or stand.

e. Tor the first test, posiiion s remote-contiolled cutting torch so that
the cutting tercebh flame {s perpendicular to the tile frontal surface and in
contac: wih the tile sidewall. For the second test, the flame {s in contact
with the certer of the tile.

t. Frovide 8 means for recording the contact of the cutting flame on the
tile on ti{lm o video for ure us "zero" time, if needed.

3.4 Test Centyols.
3.4,y Fragwentation Hazard Classification /in accordance with TOP 4-2-813).

a. Mske sure all vorsonnel ernpesed to hazardous noise oxr blast levels
wear Lzarirg jrotection as required. Earplugs are requiied to be worn when
irpulss noise Levels are in the reang: of 17.0-165 dB. Impulse nuise greater
than 1o5 dB ~equires additional hearing protection. Consult TE MED 501¢ for
guidance.

b. Ensure adequate shieidirg/pretection tor all personnel.
Do 1ot sonduct tests under adverse weather condirions (i.e., winds in

excess »f 18.95 km/hr 710 fnoivs}, heavy precipitation, severe restrictions te
visibi{l tyv o1 Qigheni g within 35 ki of the vest site}.

11
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d. Ensure that all guldelines and/or supports for test projectiles are
non-metallic materials so that enly metal fragments produced from the test
item are entrapped in the test arens.

e. Record meteorological data for each detonation (air temperature,
bumidity, etc.).

f. Ensure that all instrumentation is in a proper state of calibration.
3.4.2 Externa e q {

a. Same as described in paragraph 3.4.1 pertaining to personnel.

b. Ensure that all instrumentetion is in a proper state of calibration.
3.4.3 Small Arms Test.

&. Same as described n paragraph 3.4.1 pertaining to personnel.

b. Ensure that test items are cocuditioned to required temperatures, as
determined by user requirements.

Allow sufficient temperature conditioning time tc ensure complete
=l

c.
Armmnsatiarm arakdl e Py foeemd Enoremd e
A AR o - o A A e CA Wil \MAAQL\JLLHL&]’ .
d. Ensure that all instrumentation is in a proper state of calibration.
3.4.4 Jmpact Testipg. Sawme as descrited in paragraph 3.4.3.
3.4.5 High Voltage Effects.
a. Same as describec in paragraph 3.4.1 p:rtaining to perronnel.
b. Ensure that all instrumentation is in a proper state of calibration.

c. Ensure that the electric current of the high-voltage source is
sustainea during the duration of the test interval.

3.4.6 Lightning Effects.
a. Same as described in paragraph 3.4.)1 pertaining to personnel.
b. Ensure that 21l instrumentation is Iin a proper state of calibration.

c. Ensure that the lightning waveform is correct; this may reguire &
pretest strike into a dummy test item,

3.4.7 Overhead Artillery.

a. Same as described in paragraph 3.4.1 pertaining to pursonnel.

12
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b. Ensure that all instrumentation is in a proper state o¢f calibration.

c. Modify the threat fuze, as required, to accommodate an electric SR
detonator for remote detonation, o

3.4.8 Drill Test. Same ss described in paragraph 3.4.3.
3.4.9 Flachette Impact.
a, Same as described in paragraph 3.4.1 pertaining to personnel.
b. Ensure that all instrumentation 1s in a proper stats of calibration.
3.4.10 Vehicle Ezhaust.
a. Same as described in paragraph 3.4.1 pertaining to personnel.
b. Ensure that all instrumentation 1s in a proper state of calibration.
c¢. Do not conduct tests under adverse weathszr conditions (i.e., winds in

excess of 18.5 km/hr (10 knots), heavy precipitation, .evere restrictions to
visibility o.- when lightning is within 35 km of the test site).

3.£.11 Vuinexabiljty to Tauk-Fired HEAT Round/Anti-Tank Missi.:.

a. Same as described in pare; raph 3.4.1 pertaining to personnel.

b. Ensure that all instrurentaticen is in a proper state of calibration.

¢. Modify the threat fuze, as required, to accommodate an electric
detonator for remote cetonation. For dynamic tests, design a method to
initiate the threat detcnator at the desired position on the rszil.
3.4,12 (Cutting Terch.

a. Same as described in paragraph 3.4.1 pertaining to personnel.

b. Ensure that the cutting speed, torch gas mixture, and distance of t e
torch fros the tile surface remain censtant throughout the test.

¢. Ensure that all instrumentation is in a proper state of calibration.
4. TJEST PROCEDURES. €¥_

4.) Fragpmentation Ha..ard Classificatjon.

4.1.1 Method.

a. If blast measurements are required, nee TOP 4-2-822% for specifiz
guidance.
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v. For direct pressure measurements, align blast gages with the plane cf
the sensitive element passing through the axis of thr tiles. The intent is to
measure the side-on pre:s;ure from the pr mary wave and any secondary explosion.
This technique will terv to winimize the arrival of shock waves atr transducer
incidence unp :s between 0° and 9$0° where overshoot and ringing occur. Place 8
to 12 blast gages in two or three concentric circles (four to a circle, one at
each 90° interval) around the tiles at distences where overpressures of
interest are expected. (When personnel or fragile material are of concern,
overpressures of interest are usually in the 0.2 to 69 kPa (0.03 to 10 psi)
range.)

c. For shock wave velocity, use two velocity gages instea’® of one blast
gage as described above. Mount rthe gages 60 cm apart with the tirst one 30 cm
in front of the blast gage they are replacing, and the sec~nd one 30 cm behind
it. Separate the velocity gages by 8 c¢m vertically so that the front gage does
not disturb the shock wav: for the rear gage. The velocity gages should be
placed either 15 cm above or below the blast gage when the blast gage is left
in place.

d. If the target tile is to be initiated by an electric detonator,
connect the center tile by inserting a blasting cap/d :onator, from the front.
into the center, using qualified demolition personnel. If the tile is to be
initiated by a shaped charge, support the charge on a suitable suppert and
position it against the tile at the proper standoff and obliquiry.

e. Comnect the firing circuit te the recording instruments.

f. Start the timer to initiate the data acquisition system and to perform
the test events leading to initiation of the tile,

g. After detonatien, locate and recover the fragments lodged in the
recovery panels and record the zone of reccvery (location of the recovery
pack) for each fragment 13 mm or larger in diameter (or length/width if
fragment is noncircular).

h. Clean and separate the recovered fragments.

1. VWeigh and record the welght of each fragment. greater than the
speciiied cutoff weight, In each zone of recovery. The cutoff weight is 0.03
gram (0.5 grain) unless otherwise specified by the test plan. If it is
impractical to weizh fragments individually, they may be segregated with sieves
of the follewing standard square mesh sizes: 13, 16, 19, 22, 32, 51, and 76
mm, and the average weight of fragments on each sicve determined. The average
weight of the fragments on ea:h sieve is determired by welghing and counting a
representative ssmple. Only the total weight of fragments passing through the
13-mm sieve is determined; an actual count of these fragments is not required
(Guidance in TB 700-2, para 6-3).

j. Perform the procedure for a minimu+ of five tile arrays of the seme
design.

14
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4.1.2 Data Required.

a. Round number.

b. Weight of each fragment weighing more than the cutoff weight or
average welight passing through each sieve tabulated according to recovery zone.

c. Total weight of all fragments which have been recovered which weigh
less than the cutoff weight for each recovery zone.

d. Film or video record of detonation.

e. All applicable items as described in paragraph 3.1.

f. Test site ambient conditions of atmospheric pressure, temperature,
wind velocity and direction at each firing time (some of these may be deleted,

depending on test requirements).

g- Location, height, and ocrientation of each pressure gage (if they are
used) .

h. Still photographs of typical test setups.

i. Typical pressure-time traces, with an exact description of how peak
nressure values were obtained.

j. Photographs of tiles before and after the test.

4.2 Ezternal F'xe Effects (Bonfire)

4.2.1 Met od.

a. Drench the dry wood (described in para 3.3.2c) with 7 liters of
diesel fuel or kerosene and ignite simultaneously from two sides (by means of
electric squibs).

b. Conduct the firing procedure as described in paragraph 4.1.1 with
exception of starting the sequence when the squibs are ignited and not
inserting a firing cap in the center tile.

c. Minimize the fire hazard.

d. Perform the procedure for & minimum of three tile stacks of the same
design.

e. I1f fragmentation hazard is of Interest, cor;truct a fragmentation arena
around the tile stack, as described in paragraph ?.3.1b.

4.2.2 Data Required. The data required ara the same as described in para-
graph 4.1.2 (if frag 'ent hazard analyses are no: required, items b and c unay be
deleted).

15
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4.3 Small Arms lmppact Effects
4.3.1 Metheod.

&, Perform the procedure at three different temperatures, -46°C, ambient
or +21°C, and +63°C, for a minimum of three tiles of the same design at each of

the three temperatures,.

b. After a4 tile has been temperature conditiosned, mount it on the &srmor
plate de:cribed in paragraph 3.3.3e.

¢. Connect the t le thermocouples o;° tempe -ature sensors to the recording
equipment (complete circult necessary to obtain tem;erature measurements).

d. Start sequencing device to initiste cameras, etc.

e, Fire an adequate burst of rounds (usually 5-round) of a specific type
ampunition into a single tile, or an array of tiles, tc explore the reaction of
the tile(s). Repeat firings until the tile recelves three (5-round) bursts of
ampunition or the tile detonates, deflagrates, shatters, or otherwise fails to
remain substantially intact.

f. Aafter the test is complete, note the condition of the tiie and
photograph it.

4.3.2 Data Required.
a. All applicable items as described in paragraph 3.1.
b. Projectile striking velocities.

c. Description of the tile reactlon (i.e.. detonaticen, deflagration,
shatter, atrc.).

d. Photographs of tile before and after the test.
e. TFiim oxr videc recoxd of test.

4.4 lompact Testing

4.4.1 Method.

a. Perform the procedure at three different temperatures, -46°C, ambient
or +21°C, and +63°C, for a minimum of one tile of the seme design at each of
the three temperatures.

b. After a tile has been temp.rature conditioned, position it on the
armor plate described in parsgraph 3.3.4d. Tiles will be positioned in e
horiz~ntal (rear face down} orientation, unless o-herwise specified in user
requi. ement:s.
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c. Connect the tile thermocouples or temparature sensors to the recording
equipment.

d. Stsrt sequencing device to start cameras, etc. when weight is
released.

e. Raise the 225-kg (500-1b) block to the appropriate height and drop it
on the tile usin, a quick-release mechanism. Detailed drop test procedures can
be found in ITOP 4-2-601.

f. After the test is complete, note the condition of the tile and
photograph it.

g. Conduct a total of nine drop tests (three each from a 3-meter height,
three each from a 9-meter height, and three each from & 12-uneter height). For
each drop height, test one tile at each temperature. The variance in drop
distances demonstrates th: effect ¢f various shearing rates and various degrees
of tile damage. Depending on test requirements, the impacting surface of the
block can be designed to represent shearing, crushing, or punching actions
with the tile.

NOTE: The 225-kg block was chosen as a "generic" item which may repre-
sent a variety cof coliision situations. Other items may be used in lieu of the
225-kg block to address specific user concerns. For example, a piece of an

=~ O 4
gun tube into a turret tile. A wedge-shaped 1134-kg (2500-1t) block is often
uvsed to simulate hull-to-hull collisions (dropping this block from a height of
12 meters (40 ft) simulates a crash at 40 km/hr (25 mph)).

4.4.2 Data Reguired.

a. All applicable items as described in paragraph 2.1.

b. Descripticn of the tile reaction (i.e., detonation, deflagration,
shatter, etc.).

c¢. Photographs of tile before and after the test.
d. Film or video record of test.
4. High Voltage Effects (in accordance with MIL-!.D-1757A%).
4.5.1 Method.
a. Perform this procedure on a minimum of three tiles f each design.
b. To ensure thar the high-voltage scurce will sustain the current and

voltage during the test, apply the source ro a duary test item whlle monitoring
the source for six seconds.
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c. When the higl -voltage source is ready to be applied to the tile, start
the sequencing device which contrcls test events (Lf one is used).

d. Apply the high-voltage s-~urce to the tile. The applied voltage
duration and waveform will be dic. ated by test procedures ({.e., designed to
simulate armor contsct with severed power linmes, etc.). Detailed procedures
are given in Test Method TOZ of MIL-STD-1757A.

e. After test is complete, note condition of tile and photcgraph.
4.5.2 Data Required.

a. Same as described in paragraph &4.4.2.

b. Record of the test voltage waveforms.

c. Description of the tile reaction (i.e., tile completely destroyed,
tile damaged in a particular way, etc.).

a. Record if the tile smoked, burned, and/or detor..ted during the test.

4,6 Lightning Effects (in accorcanc: with MIL-STD-1757A).

4
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a. Perform this procedure on a minimum of three tiles of each design.

b. To ensure that the waveform will be accurate, fire a lightning strike
into & du ny test item while monitoring the wavei-rm (see app A, fig. A-4) for
typical - aveform.

v. When the lightning generator is preparec to fire a discharge. start
the sequencing device which controls test events (if one is used).

Fire discharge(s). See Test Method T0O2 of MIL-S™D-1737A for detailed
procedures.

e. After test is complete, note condition of tile and piotograph.
4.6.2 Data Required.

a. Same as described in paragraph 4.4.2,

b. Record of the test voltage waveforms,

¢. Description of the tile reesction (1.e., tile completely destroyed,
tile damaged in a particular way, ecc.).

d. Record if the tile smoked, burned, and/or detonated during the test.
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4.7 Qverhead Artillesy.
4.7.1 Method.
a. Comnect the firing circuit to the recording instruments.

b. Start the sequencing device to perform the test events leading to
deconatinn of the threat.

c. After threat detonation, locate and highlight location of fragment
hits on tile(s) with a color marker, if tile did nc detonate.

d. Photograph tile(s).

e. Perform this procedure twice for each tile design at each threat
positvion (height) specified in test plan.

4.7.2 Data Required.
a. Same a: described ir paragraph 4.4.2
b. Record the number of artillery round fragment hits and penetrations.

¢. Record if the tile(s) detonated or burned.

4.8 Dxill Test.
4.8.1 Method.

a. Perform the procedure at three different temperatures, -46°C, ambient
or +21°C, and +63°C, for a minimum of two tiles of each design at each of the
three temperatures.

" b. Drill each tile with four different size drill bits, 3., 6-, 13-, and
19-pn, if the tile does not detonate.

c¢. Divide the tile face into four equal areas and mark the center of each
area.

d. After a tile has been temperature conditioned, mount it on & test
stand with the drill bit positjoned over the center of a marked area.

e. Connect the tile thermocouples or temperature sensors to the recor: ng
equipnment.

F. Start drllling at 300 rpm (or a: rpm specified in test plan).

g. Start sequencing device which controls “est events, 1f one is used,
wheri drill bit makes contact with tils.
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h. Driil completely through tilt (or as deep into tile that drill will
penetrate), i' tile do-s not detonate.

j. After the test is complete, note damage teo tile and photogra; it.

j. Repeat this procedure on the three remaining marked peints on the tile
face, using each of he three remaining drill bit sizes. )

k. Repeat the entire procedure at 5§00 rpm (or at rpm specified in test
plan) on a virgin tile.

1. Conduct each test three times (requiring a total of six tiles,
two at each tile temperature).

m. In cases where minimum damage occurs, repeat the test at higher
speeds (if attainable).

4.8.2 Data Reguired.
&. Same as described In paragraph 4.4.2.

b. Record if the tile(s) smoked, burned, and/or detonated during the tect
(8lso drill bit sizes and drill speed used when rezaction occurred).

/7 n - L - L.
-.,2 ALl LLE Llil_ﬁ)_ﬂ\rb_.

4.9.1 Method.

a. Set weapon so that rouna will detonate at some predetermined location
be! ‘re it would impact the tile (or pass overhead, deperding on the orientation
of che threat to the tile): or statically detonate the round (if flechette
ejectioc) will function properly)

b. Start sequenciung device which controls test events, if one is used,
when firing begins.

c. After firing, if tile(s) did not detonate, locate and mark location of
flechette impacts on tile(s) with a color marker.

d. Photograph tile(s) and note tile damage.

e. Perform this preocedure twice for each tile design at each specified
threat position.

4.9,2 Data Required.
a. Same as described in paragraph 4.6.2.

b. Reccrd whether er not the tile(s) detorated or burned, the condition
of the tile(s), and whether or not the tile{s) was penetrated and/or impacted
by flechettes.

20
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4.10 Vehicle Exhaust.
4.10.1 Methed.
a. Perform this procedure on a minimm of three tiles cf each design.

b. Place tile in mounting stand and connect tile thermocouples or
temperature sensors to recording equipment.

c. Set heat source at 1 m away from the tile.

d. Start sequencing device which controls test events, i{f one is used,
when tile temperature reaches 120°C + 6°C.

e. Apply heat to tile until the temperature is 120°C + 6°C. Hold tile at
this tewperature for approximately cne hour.

f. After test is completed, allow the tile to cocl to near smbient
temperature, visually inspect the tile and photograph if damage is apparent.

If no damage is apparent, the heat source can be moved closer to the
tile (usually, at intervals of approximately 0.3 m) and the procedure can be
repeated as many times as necessary to address user concerns.

& 10 2 NDara Reauired .

a. Same as described in paragraph 4£.4.2,

b. Record the tile temperatures, heat source distances, elespsed times,
and type of tile damage or explosive reactions.

c. Record if the tile(s) smoked, burned, and/or detcnated during the
test,

4.11 VYulnerabjlity to Tank-Fired HEAT Reund/Anti-Tank Missil .
4.11.1 Method.

a. Perform the procedurxe at three different temperatures, -46°C, aubient
or +21°C, and +63°C, using fresh arwmor and virgin tiles for each test shot.

b. Comnnect the firing circuit o the recording instruments.

c. Start the scyquencer to pexform the test events leading to ignitien or
detonation of the tt -eat.

d. Photograph the tiie array after the test has been completed.

e. Perform three test shots, dynamic or static, for each tile design at
each specified threat position and at each required temperature.

21
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4.11.2 Data Required.

a. Same as described in paragraph 4.4.2.

b. Description of the tile arr (i.e., which tiles were completely
destroyed, which tiles were damaged in a particular way, etc.).

c. Penetration measurements into the backup armor of the dynamic or
static rounds (i.e., partial or comple = penetration, depth of penetretion,
etc.), and depth of penetration into RHA witness.

4.12 Cutting Torch.
4.12.1 Method.
a. Ignite torch and adjust cutting flame to the appropriate intensity.

b. Start sequencer, to control test events, when torch flame makes
contact with the tile.

c. Alvays hold the cutting flame perpendicular to the outward surface of
the tile. For the first test, start with cutting fiame in contact with the
tile sidewall and proceed to cut across the tile until it is cut in half or
until some type of reaction or detonation occurs. For the second test, begin
cutting in ihe cenier of ihe tile, Hold the c(orch in piace until a hnie ts ]
burned through the center or until some type of reuction or detonation occurs.
Use a virgin tile for the second test.

d. Photograph tile after each test is completed.

e, Perform this procedure twice for each tile design or as required.
4.12.2 Data Required.

a. Same as described in paragraph 4.4.2.

b. Record the tile type, cutting time, tile condition, and reaction for

each of the two cutting tests (i.e , smoked, burned, detonsted, and so forth
during the test).

5. RPRESENTATION OF DATA.

5.1 Fragmentation Hazard Clas i{* -ation. Correlate the number of collected

fragments retained on each siev. eavier than a given fragment weight with the

angular position of the appropriate zone of recovery. Relate fragmeut weights

to impact energy. Fragments with kinetic energy above 79 joules (58 ft-1b) are
generally considered hazardous to personnel. Procedures for data anglyses and

presentation are detailed in TB 700-2 6 paragraph 6-3.
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5.2 External Fire Effects (Bonfire). Ir cases where detonation or uxplosion

of tiles occurs, provide information as described in pa agraph 4.1.2. In cases
where only fire propagation occurs, give analysis of tila condition (i.e., tile
completely destroyed, tile intact with explosive melted, etc.).

5.3 Small Arws laopect Effects.

a. Use still photographs (w: .h scale) and film/video coverage to analyze
the results of each test.

b. Use a visual inspection of the tile and description of tile reactions
to assess results of teating.

5.4 Impact Testing. Same as describecd in paragraph 5.3
5.5 High-Voltage Effects.
a. Same as described in paragraph 5.3.

b. It is desired to have no explosive reaction when the tile(s) are
subjected to the high-voltage source. Hnwever, there will be no pass-fail
decision based on the results of this test, unless test requirements dictate
accordingly.

Tabulate the test results for each tile de
ai

ign according to the
obsery d reaction ot the tilec undey the test con ionse

s
t
5.6 Lightning Effects.

a. Same as described in paragraph 5.3

b. It is desired to have no explosive reaction when the tile(s) are
subjected te the simulated lightning. However, there will be no pass-fail
decision based on the results of this test, unless test requirements dictate
accordingly.

c¢. Tabulate the test results for each tile design according to the
observed reactfon of the tiles under the test conditions,

5.7 Artillery Impact Effecis.

a. Use still photographs (with scale) when target vehicle applique armor
takes a hit by an artille:y shell. In addition, film cr take video coverage of
the event to record the results of each test.

b. In csses where burning and detonation occur, give an analysis of the
tile condition (1.e., tils coumpleteiy destroyed, tile intact with melted
explosive, etc.). Additionally, analyze tiles penetrated or struck by
fragments (i.e., nuber of hits, position of threat, depths of penetrations,
etc.).
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5.8 D12ll Test.
a. Same as describad in paragraph 5.3.

b. Make an analysis of each tils to deteymine the effects cf drilling on
the condition of the tiles. :

5.9 Elechette lmpact.
a. Sam as described in paragraph 5.3.

b. 1In casss where burning and detonation eccur, give an analysis of the
tile conditinn (i.e., tile completely destzroysd, tile intact with melted
explosive, etc.). Additionally, analyze tiles penetrated or struck by
flcchettes 7{i.e., number of hits, pouition of threat, depths of pene:rations,
ete.).

5 10 Vehicle Exbaust. Sawe as described in paragraph 5.3.
5.11 Vulnerabjlity to Tapk-Fived HEAT Round/Anti-Tank Missiie.

a. Same ss described in paragrarh £.3.

h Nare and analvse rhe tile decign typ2 :nd damage ine:

tile array. Include any type of tile damage ox reactlion.

5.12 cgutting Torch. Same as desciribed in parrgraph 5.3.

Recommended ciianges of this publication should be forwarded

to Commander, U.S. Test and Evaluation Command, ATTIN:
AMSTE-TC-D, Aberdeen Proving Ground, MD 21005-5055. Yechnical
information can te obtained from the preparing activicy;
Commandey, U.S. Army Combat Systems Test Activity, ATIN:
STECS-DA-1D, Aberdeen Proving Ground, ¥D 21005-5059.
Additional coples ars avallable from the Defease Tuclinica®
Information Center, Cameron Station, Alexandria, VA 22304-
6145. This documenu is identified by the accession uumber

(AD No.) printed on the first page.
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APP.NDIX A.

SCHEMATICS
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Time to peak current = 1.2 us
Time to half value = 350 us

For the complcte flash:
Ji*dt = 1.9 X 10° amperes’ seconds

{nitial retumn stroke

Restrikes .
_ Intermediate Currents

140 kA
70 kA 6
30 kA Continuing
— 1 Current Final Siage
=5 =\ 400A 2004
E ; ROEL Sy -'-A»_:_-\:‘:.‘ L§ -
(8] § 460 2,0 ;-: §
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(A) Scvere negative lightning Nush current waveform,

(From "A Ground-Lightning Environment for Engineering Usage™ by Cianos & Picrce)

Current
{not to
scale)

_.— 65 Coulombs un t0 2 ms - For the complete flash.

185 Coulombs after 2 ms  Jidt=2.5x 10° amperes’ scconds

T - ~ 7 .
2 S . 10 Time
ms ms ms {not 10 scale)

(B) Moderate posittve lightning §sh cur ~nt wavelorm.

Figure A-Z Typical high voltage test circuir (without load capacitor).
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Figure A-3. Typical circult and applied voltage waveform for
simulated lightning strike attachmenc tests.
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