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A COMPARISON OF THE DEFORMATION, FLOW
AND FAILURE OF TWO TUNGSTEN

HEAVY ALLOYS IN BALLISTIC IMPACTS
Brian Schuster and Lee Magne's

Army Research Laboratory
Aberdeen Proving Ground

Aberdeen MD 21005-5066
ABSTRACT" tions of the same WXHA. Tifs pmonpted a nmre detailed

Ballistic tests w.ere conducted with sub-scale long rod seijies of tests, including recoveiy and examination of
penetrotol s of two differ'entprocessingeconditions of the residual penetrators and comparisons of the deformtation
same tungsten heavy alloy. The liquid-phase sin tered and failure behaviors of the two materials

composite of 000 tungsten-9% nickel-i 0 cobalt (b
weght) was tested in its low-strength, as-sintered and PROCESSING AND PROPERTIES OF THE TWO
heat-treated condition, and in a high-sbrength, 50% cold- WI-IA LOTS
w orked (by swagng) and aged condtion Consistent dif- The two lots of WH4As were manufactured by GTE

ferences in the ballistic peiformances of the two lots of Sylvania, In~c. (now Osram-Sylvana, lncy) Both lots wee
pene'trars w~ere obseiv.ed in depth ofenetration tests liquid-phase sinterd tungsten (WX) composites with coim-
in thick arm or steel targets and in limit velocit, deterini positions of 900 X "\ -9 00 nickel - l1o cobalt (by weurht),
nations against finite thickness steel tatgets. Metallo- and identical densities of l7 25 g cn{ Both lots received
graphic examinations w ere conducted onx the residual a post-simtei heat treatment to re-solutioinze a W4Ni in-
penetrators recoveredfr'om section~ed steel targets, Ut- tenuetallic conpound [Mylbre (2)1. Lot 1 was left in the
ing the tungsten particles in the nickel aloy matrices of as-sintered and heat-treated condition, while Lot 2 un-
these residual pen etrator materials as embedded strain dertent additional cold-work of 50 % reduction-in-aea
gauges, the strain, distnbutmons, defmation gradients, (PA) by swaging, followed by an aging heat treatment (3
andflowandfailure behav~oms ofthese two tungsten heay hours at 600°C). The quasi-static properties of the al-
alloy lots are examined. loys are listed hii Table I.

The quasi-static properies listed in Table I are close
1NTRODUCTlION to the extreme lhnts possible for WVHA through conven-

Differeiices, in the abilities of tuigsten heaxy alloys tional laesing techtiques. The yield strenth of the
(WHL4 of the same density to. penetrate into heavy steel heavily worked Lot 2 is appNroximtely 2 ',4 tinies larger
arumor, are generally quite snial aiid diffcult to detect than the same material in the unworked condition. At
above the expeiiiueutal errors associated with ballistic larger strains, the differences are less diaimatic (1000 vs.
testing methods [Leoniard and MaqNiess (1)]. hi recent 1641 MPa ultimate strngths). At the veny lug strain
quarter-scale ballistic tests, however, a consistent differ- rates oc:cturing during ballistic impacts, the flow stresses
eiice in ballistic perfonmnce, well outside experimental of both alloys will be higher but th',i differences can be
error. was observ ed for two different pr'ocessing condi- expected to be much smller [Meyer et al (3), Coates aiid

Table I. Quasi-Static Proper ties of WBAs, Lot 1 and Lot 2

Material Rockw ell Yield Ultimate Elongation Unnotched
C Hardness Strength Strength to failure Charpy

(02j ) Energy
90W-9Ni-Co (MPa (MPa) TOWN i
Lot 1, As-Sintered 32 614 1000 34 89

&_Heat-Treated _______________________________

Lot2,Swaged 49.9 1530 1641 7 12

50% PA&. Aged _____ ___ ____ __________

Charpy valiwsifo 5 mm In' 5mm bars
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