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The Persian Gulf W a r  produced concerns about the safety and 
survivability of ammunition being stored in the desert of Southwest Asia 
(a). 
greater than expect&. 
ersviroment available: on the sand and exposed to high temperatures and long 
daily periods of solar loading. The U.S. Army cambat Systems Test Activity 
(CSTA) a t  Aberdeen Whg Ground is addressing these safety concerns by 
conducting a test program in Support of Operation Desert Storm to determine 
the effects of high temperatures and inte.nse solar loading on various types 
of m i t i o n .  

me temperatures and solar intensity in a were reported t o  be 
The ammunition was being stockpiled in the only 

The program involves subjecting armnunition t o  a diurnal cycle simulating 
the severe temperature, relative humidity, and solar radiation conditions 
measured during Saudi Arabian surmner days. 
solar dmnbers on a bed of sand and exposed for 30-, 60-, and 9O-days. 
Follming conditioning, a variety of laboratory and ballistic tests are 
performed t o  assess safety and performame. 

The test i t e m s  are placed in 

Esrposure of propellants and explosives to high temperatures results in 
both shortening of useful life and degradation of safety and performance. 
In an attempt to determine the i n p c t  on munitions exposed t o  the extreme SWA 
summer, the Predictive Technology Branch a t  Picatinny Arsenal established the 
High Temperature Test Program. CSTA was requested t o  conduct the test i n  I xo  
phases. 
involved 10 types of ammunition ranging from 60-mm cartridges to 8-inch 
projectiles. 
anununition types including fuzes and anti-tank rockets. 

The first phase w a s  conducted from May 1991 until  April 1992 and 

The second phase began in June 1992 and also involves 10 

The test requires the utilization of three unique solar chambers, two of 
which w e r e  c o n s t r u ~  specifically for the test, t o  simulate exposwe  to the 
SWA desert e n v i r o m t .  
by Predictive Technology engineers based on actual daily information obtained 
by the Air Force in Southwest Asia f m  1984 to 1989. 
(Figure 1) contains temperature, humidity and solar radiation parameters that 
represent a worst-case SWA summer day. 
similar to that of MIGSTD-810E except that the solar loading was slightly 
lower w h i l e  terrrperatures w e r e  slightly higher. 

The diurnal cycle used for this test was developed 

The diurnal cycle 

The diurnal cycle developed was very 
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Southwest Asia Profile 
Temperature, Solar Radiation 

Re1 at ive H u m idity 

I 3 5 7 9 11 13 15 17 19 21 23 

Hours local time 

Radiation X I0 
Temp in dsqree F, Radlatfon In W/mA2 
Relatlve Humldf!y In 4; 

~ 

FIGURE 1. Temperature, solar-radiation, and relative humidity Southwest 
Asia profile. Test items were conditioned to this diurnal 
cycle for 30-, 60-, and 90-day intervals. 
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test i t e m s  used for the High -tme program and their packaging 
are as fol1ckJs: 

cartridge, 60-m: HE, M720. 
container w i t h  eight cartridges per metal can. 

cartridge, 105-nun: HE, Ml. 
container w i t h  two cartridges per mcden box. 

cartridge, 105-nun: -, M456A2. Each cartridge was packed in a metal 
container with a plastic sleeve sunw&mg the projectile and a fiber liner 
arrwnd the cartridge case. 

Cartridge, 120-m: APFSDG-T, M829. Each cartridge was packed in a metal 
container with a foam liner. 

Each cartridge w a s  in its individual fiber 

Each cartridge was  packed in a fiber 

cartridge, 120-nun: APFSRS-T, M829Al. Packagkq same as the M829. 

Cartridge, 120-nun: HEAT-MPJT, M830. Packaging same as the M829. 

Charye, propelling, 155-nun: M203Al. Each charge w a s  packed in a metal 
container w i t h  a fiber liner. 

Pmjectile, 155-m: HE, M483Al. Projectiles w e r e  mpalletized. 

charge, Propelling, 8-inch: Hl88Al. 

Projectile, 8-inc;h: HE, RA, M650. 

Packaging the same as the M203A1. 

Projectiles wetre mpalletized. 

Fuze, pK>ximity: M728. Fuzes wexe packaged eight per metal can. 

'Fuze, mint Iktonating: M739. Packaging same as the W28. 

Rocket, 66-m: NEAT, W2A2. Roclcets were  packaged in  their launchers. 

cartridge, 81-m: HE, M821. 

Cartridge, 84-m: M136 (RT4). 

Each cartridge was packaged in a plastic 
mmpaCk w i t h  three cartridges per metal can. 

launchers. 
Cartridges were packaged in their 

cartridge, 105-nun: APFSDG-T, M833. Each cartridge was packed in a metal 
container w i t h  a foam liner 
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cartsidge, 120-m: HEAT--Mp-T, M830. Each Cartridge w a s  packad in a 
metal ccartainer w i t h  a foam liner. 

charge, 155-XIII: M4A2. Each charge was packsd in a metal 
container w i t h  a fiber liner. 

Proj&ile, 155-m: E>ctended Rarrge, DP, M864. Projectiles w e r e  
Unpalletized. 

Projectile, 155-m: AT, M718Al. Projectiles m unpalletized. 

Threec%Edxxsare- to simltanecmsly acxxmxdate a l l  of the 

The t w o  chamber lamp types used are 400 w a t t  lucalox 
ammunition. 
feet of t e s t  area. 
arrd 1000 w a t t  merarry-vapor w i t h  roughly 60% of the 1- in each chamber 
being the mercury-vapor type. 
entire light bank can be raised and lowered to must the solar intensity. 
In addition to solar intensity, both temprature ard a i r  flow distribution 
wlere measured in  each chamber prior to testing. 
ikserkerrvirarmmerrt , the floor of each chamber was mered with sand. 

lwo rounds of each type w e r e  instrumented w i t h  thermxauples a t  
locations an the autside and inside of the packagiq as well as - 
locations on the cutside of the ram3 and in the propellant and explosive 
(Figure 2) .  The intent w a s  to gather as mch respnse data as possible to 
detmmhe ncrt only the mximm surface teqeratures but also to be able to 
detmmhe the heat transfer characteristics within the ram% themselves. 

ccmbined, the three &anhers provide a-gproxhrately 540 square 

Each lamp is individually controlled and the 

To further sinnilate the 

!the c h a n h r  temperature is controlled using a calibrated 
rnicro-pmcessor-mlti-loaped c;.orrtrOller u t i l i z i x q  a type T thermcouple. The 
internal chamber temperature is maintained w i t h i n  22.2 Oc (+4 OF) w a r t  
the cycle and is measured and recorded a t  f a x  locations within each chamber. 
During c y c l i ~ ~ ~ ,  the relative hunidity is not corrtrolled w i t h i n  25 percent; 
however, the chamber relative hmidity is mitom3 and recorded. The solar 

ter  
locaw in the cerrter of each 

chanber and amunition), relative humidity, and solar irradiance (voltage) ) 
are recorded using Doric 245 data loggers and MESTIEC 2500 digital recorders. 
Data is reaxded every 30 minutes during cycling. 

radiation levels are controlled and d t o r e d  u s i q  a calibrated 

Btu/ft2/h) alriq cycling. These analcg signal inplts (tpmperature (both 
maintained w i t h i n  247 w n  

Due to the high d t i m  
safety pxx?cautions were  taken. 
th-led, subjected t o  the actual test profile, and the te;mperature data 
recor\?led. 

expect& on th i s  test, several 
Initially inert mmds of each type w e r e  

?his was done to identify maxinun taperatures that the different 
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FIGURE 2. Thermocouple location diagram for the M830 cartridge. 
are similar for the other rounds. 

Thermocouple locations 



areas of the rcnnfi w i l l  reach at stabilizatiar. then 
-.to the rmzniticpls explosive chra&existics to c%temme ' if therewas 
a m  hazard. 
tgsting on live d t i o n  take place. 

explosive in specific rw&k of d t i o n .  A thenmaqle placed in the 
high explosive f i l ler  (just inside the body wall of these rmriis) was hcmked 
to a safety device w h i c h  m d  autmatically shut llaJn the charr33er 
(tenpxature and lights) when the critical tetrperatUre of 78 % (172 ?F) was 
measlmd. 
m d . t i q  point for the explosives. 

aKse teqpzatures 

only after the hazard possibilities w=xe assessed did 

AnatzEer safety Em2cautim was  link& to the interndl tenperatulx! of the 

lhis tenperature was - beoause it is slightly belaw the 

!Ux?program the d t i m  to be subjected to 90 conthms aays 
of the teapera- 'ty-solar profile. 
items except for the M720, M483Al, and M 6 5 0  were placed brizantally on the 
tsan3bedandpositimedinonerawof onehigh, IheM650andM483Alwt-e 
placed etanding on their bases a e  W M720 raznds were placed vertically, 
baseup, intheirrnetal-cans. FormaseII,thefuzesandtheM821wlere 
placeavertically in their metal  cans while the rest of the items, incl- 
the proje&i.l.es, w=xe placed horizcprtally in the chamber. Figum 3 shows 
theteati teznsetupinthesolarchamber.  Durirrgthetest,occasianal 
chaxber problems or pmex intemqb acaurw€li~cannatbeavoided. once 
the dxmibem are bmqht back rn line, the armunition is restabilized to  
the teIIpral3.m3!s that had b€?€?n measured inside me rands 
priortothedawntune * , a n d t h e n t e s t r e s t a r t e d f r u n t h a t p o i n t w i t h t h + = t i m e  
adjusted acccmhq ' ly. 

phase I, all of the test 

the aging effects of this errv- onthe Asameansofdeimmmq 
i%mUmition, the test plans dictated that each type of rand be divided into 
three grazps: cxxtml rcILznds (no testing): labaratory rounds (thc§e exposed 
then aibjected to labaratory analysis; and ballistic raards (the exposed 
and then firea). aLe carrtrol ramds are further divided into laboratory and 
bdLlisticrands. (%rtaln - c p m t i h  of each type (labaratary ballistic) 
m t h e n r e m a v e d f r o R l t h e e m ? ~  at the 30-, 60-, and 9O-day intenml S 
of the test to evaluate the cxlmilative effects of the envimmmt . m e  
laboratory ranxki are dissembled ard variaus tests are am%zted to 
determine the cheiniczd cmpcsition and sensitivity of the pzxp~~lant  and 
explosive to see if  any charqes are occurring. ante the results of the 
chemical analysis verify that the mmds &mild be safe to fire, the 
ballistic tests are conchlcted for safety and performance. 

. .  

As expect&, different rcIcznds reach€4d diffe333lt tenperatures due to the 
size of the 
W folluwing table pruvides a listing of the highest tgnperatures measured 

its pdcaging, and its orientatim w i t h i n  the -. 
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FIGURE 3. 
spectrum is achieved using the Lucalox (larger) lamps and the Mercury Vapor lamps. 

Test Items as loaded in the solar conditioning chamber. The solar 



M830 205 192 170 180 

M829 198 182 NA 155 

M456A2 182 164 155 157 

Ml88Al 191 165 NA 145 

M 2 0 W  182 169 NA 150 

M659 NA 154 148 ws. 

M483Al NA 147 148 NA 

AR 70-38, €&sear&, Develcprent, Test and Evaluation of Bbterial for IBdxeme 
cl imat ic  oanaitians, 1 February 1979. 




