
 

 
Ballistic Testing of Australian Bisalloy Steel for  

Armor Applications 
 

by Dwight D. Showalter, William A. Gooch, Matt S. Burkins, Victoria Thorn, 
Stephen J. Cimpoeru, and Russell Barnett 

 
 

ARL-RP-181 June 2007 
 
 
 
 
 
 
 
 
 
 

A reprint from the Proceedings of the 23rd International Ballistics Symposium,  
Tarragona, Spain, 16 April 2007. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Approved for public release; distribution is unlimited. 



NOTICES 
 

Disclaimers 
 
The findings in this report are not to be construed as an official Department of the Army position unless 
so designated by other authorized documents. 
 
Citation of manufacturer’s or trade names does not constitute an official endorsement or approval of the 
use thereof. 
 
Destroy this report when it is no longer needed.  Do not return it to the originator. 



 

Army Research Laboratory 
Aberdeen Proving Ground, MD  21005-5069 
 

ARL-RP-181 June 2007 
 
 
 
 

Ballistic Testing of Australian Bisalloy Steel for  
Armor Applications 

 
Dwight D. Showalter, William A. Gooch, and Matt S. Burkins 

Weapons and Materials Research Directorate, ARL 
 
 

Victoria Thorn and Stephen J. Cimpoeru 
DSTO Melbourne, Australia 

ssell Barnett 

 
 
 

A reprint from the Proceedings of the 23rd International Ballistics Symposium,  
Tarragona, Spain, 16 April 2007. 

 
 
 
 
 
 
 
 
 
 
 
 
Approved for public release; distribution is unlimited.

 
 

Ru
Bisalloy Steels, Australia 

 
 
 
 

 



 

 

REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

Public r se, including the time for reviewing instructions, searching existing data sources, gathering 
and main mments regarding this burden estimate or any other aspect of this collection of information, 
includin rs Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson 
Davis H notwithstanding any other provision of law, no person shall be subject to any penalty for failing to 
comply with a co . 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

eporting burden for this collection of information is estimated to average 1 hour per respon
taining the data needed, and completing and reviewing the collection information.  Send co

eadquarteg suggestions for reducing the burden, to Department of Defense, Washington H
ighway, Suite 1204, Arlington, VA 22202-4302.  Respondents should be aware that 

llection of information if it does not display a currently valid OMB control number

1. REP

June 
ORT DATE (DD-MM-YYYY) 

2007 
2. REPORT TYPE 

Reprint 
3. DATES COVERED (From - To) 

January 2006–April 2007 
5a. CONTRACT NUMBER 

 
5b. GRANT NUMBER 

4. TITL AND SUBTITLE 

Ballis c Testing of Australian Bisalloy Steel for Armor Applications 

ER 

E 

ti

5c. PROGRAM ELEMENT NUMB

5d. PROJECT NUMBER 

1L1622618AH80 
5e. TASK NUMBER 

 

6. AUTHOR(S) 

Dwight D. Showalter, William A. Gooch, M
Steph  J. Cimpoeru,* and Russell Barnett† 

att S. Burkins, Victoria Thorn,* 
en

5f. WORK UNIT NUMBER 

 
7. PERFORMING ORGANIZATION 

U.S. Army Research Laboratory 
ATTN AMSRD-ARL-WM-TA 
Aberd en Proving Ground, MD  

ANIZATION 
ER 

ARL-RP-181 

NAME(S) AND ADDRESS(ES) 8. PERFORMING ORG
    REPORT NUMB

:  
e 21005-5066 

10. SPONSOR/MONITOR'S ACRONYM(S) 

 
9. SPONSORING/MONITORING AGENCY

 
11. SPONSOR/MONITOR'S REPORT 
      NUMBER(S) 

 

 NAME(S) AND ADDRESS(ES) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for public release; distribution is unlimited. 

13. SUPPLEMENTARY NOTES 
*DST  Melbourne, 506 Lorimer St., Fisherman’s Bend, 3207, Australia 
†Bisalloy Steels, P.O. Box 1246, Unanderra, 2526, Australia 
A reprint from the Proceedings of the 23rd International Ballistics Symposium, Tarragona, Spain, 16 April 2007. 

O

14. AB RACT 

The U Army Research Laboratory (ARL) and Australian Defence Science and Technology Organisation (DSTO) have 
ballistically baselined ompany, Bisalloy 
Steels.  Plate was teste ates against 
0.30 calibre and 0.50 calibre armor piercing pr gment Simulating Projectiles (FSPs) and the 
14.5 mm BS41.  Ballistic performance was compared for armor steels over a range of hardnesses and toughnesses, and results 
comp ed with the minimum ballistic requirements of MIL-A-12560H and MIL-A-46100D. 

ST

.S. 
a range of armor steels (277-321HB to 477-534HB) manufactured by the Australian c
d in thicknesses from 10 mm to 20 mm and ARL and DSTO ballistically tested the pl

ojectiles, 0.50 calibre and 20 mm Fra

ar

15. SUBJECT TERMS 

steel, armor, high hard steel RHA, Brinell hardness, ballistics 

16. SECURITY CLASSIFICATION OF:   
19a. NAME OF RESPONSIBLE PERSON 
Dwight D. Showalter 

a. REPORT 
UNCLASSIFIED 

b. ABSTRACT 
UNCLASSIFIED 

c. THIS PAGE 
UNCLASSIFIED 

17. LIMITATION 
OF ABSTRACT 

 
UL 

18. NUMBER 
OF PAGES 

 
       18 19b. TELEPHONE NUMBER (Include area code) 

410-278-7308 
 Standard Form 298 (Rev. 8/98) 
 Prescribed by ANSI Std. Z39.18



BALLISTIC TESTING OF AUSTRALIAN BISALLOY STEEL FOR ARMOR 
APPLICATIONS 

 
D.D. Showalter1, W.A. Gooch1, M.S. Burkins1, V. Thorn2, S.J. Cimpoeru2  

and R. Barnett3 
 

1U.S. Army Research Laboratory, APG, MD, 21005-5066 
2DSTO Melbourne, 506 Lorimer St, Fisherman’s Bend, 3207, Australia 
3Bisalloy Steels, PO Box 1246, Unanderra, 2526, Australia 
 
 

The U.S. Army Research Laboratory (ARL) and Australian Defence 
Science and Technology Organisation (DSTO) have ballistically 
baselined a range of armor steels (277-321HB to 477-534HB) 
manufactured by the Australian company, Bisalloy Steels. Plate was 
tested in thicknesses from 10 mm to 20 mm and ARL and DSTO 
ballistically tested the plates against 0.30 calibre and 0.50 calibre 
armor piercing projectiles, 0.50 calibre and 20 mm Fragment 
Simulating Projectiles (FSPs) and the 14.5 mm BS41. Ballistic 
performance was compared for armor steels over a range of 
hardnesses and toughnesses, and results compared with the minimum 
ballistic requirements of MIL-A-12560H and MIL-A-46100D. 

 
 
INTRODUCTION 
 

The U.S. and Australia are engaged in a cooperative effort under a joint Defense 
Project Agreement [1] to assess light-weight armor technologies that deliver optimized 
performance against a range of battlefield threats, including armor piercing (AP) and 
fragmentation threats. Such protection has to be provided at realistic areal densities for 
an affordable price. Quenched and tempered steel is still quite competitive as an armor 
material for many ballistic applications and is the subject of the present study.  

Two of the most common armor steel grades in use are MIL-A-12560H Class 1 
Rolled Homogenous Armor (RHA) with a hardness range of 241-388HB [2] and MIL-
A-46100D High Hardness Armor (HHA) with a hardness range of 477-534HB [3]. Both 
of these specifications had their origins in World War II and had not changed markedly 
since. The former has been modified recently (September 2000) to become more of a 
unified specification, incorporating a new class of wrought armor plate, Class 4, which 
is heat treatable to higher hardness ranges than Class 1. This new class is divided into 



two sub-classes, defined by whether the armor plate is for a structural or non-structural 
application. 

An Australian company, Bisalloy Steels Pty Ltd, produces a wide range of 
quenched and tempered steel grades of varied hardness and toughness which are very 
lean in alloy content and are starting to be used in a number of armor applications. The 
present study assesses the performance of these steels against a range of test projectiles, 
including Fragment Simulating Projectiles (FSPs), 0.30 Cal. APM2, 0.50 Cal. APM2 
and 14.5 mm BS41, which will support the data obtained from the earlier assessment of 
steel produced by Swedish Steel SSAB [4]. 

An additional aim is to add to the data set that is gradually being accumulated on 
how ballistic performance varies with steel hardness and toughness. This will aid the 
further development and application of unified armor steel specifications that control 
armor steel properties over a wide range of steel hardness, Australian DEF(AUST) 8030 
[5] and UK DEF STAN 95-24 [6] being good examples of such specifications. Table 1 
compares these specifications, the U.S. Military Specifications and the Bisalloy steel 
grades. 

DEF(AUST) 8030 is a unified armor steel specification, which controls the 
mechanical and chemical properties over a full range of functional rolled homogenous 
armor steel classes. It is a performance-based specification, allowing a contractor the 
freedom to choose an armor steel that best meets their needs while defining ballistic 
performance quality assurance requirements and, importantly, ensuring that the 
structural integrity of the resulting armored structure will also meet a minimum standard 
[7]. 
 



Table 1.  Armor Classes. 
Hardness Equivalences (HB) Armor Class 

According to 
DEF(AUST) 

8030 

DEF(AUST) 
80301 

U.S. Military 
Specification 

Approx. Nominal 
Equivalent Grade 

DEF STAN 95-24 
Approx. Nominal 
Equivalent Grade 

BISALLOY 
STEELS 
GRADES 

Class 1 Not Explicitly 
Specified 

No Equivalent No Equivalent Bisplate 80A 
(235-293) 

Class 2 2A: 260-310 
2B: 280-330 

MIL-A-12560H Class 2 
<31.8 mm  
(277-321) 

Class 1  
(262-311) 

Bisplate High 
Impact Armor 
(HIA) Class 2 

(277-321) 
Class 3 340-390 MIL-A-12560H Class 1 

<12.7 mm  
(341-388) 

12.7 to <19.1 mm 
(331-375) 

19.1 to <31.8 mm 
(321-375) 

31.8 to <50.5 mm 
(293-331) 

Class 2 
<9 mm  

(341 min) 
9 to <15 mm  

(311 min) 
15 to <35 mm  

(285 min) 
35 to <50 mm  

(262 min) 

Bisplate High 
Impact Armor 
(HIA) Class 1 

(290-390) 

Class 4 370-430 MIL-A-12560H Class 
4B  

(381 max) 

No Equivalent Bisplate High 
Toughness 

Armor (HTA) 
(370-430) 

Class 5 420-480 MIL-A-12560H Class 
4A 

(442 min) 

Class 3A 
5 to <50 mm 

(420-480) 

Bisplate Ultra 
High 

Toughness 
Armor (UHTA) 

(420-480) 
Class 6 470-535 MIL-A-46100D Class 3 

<15 mm  
(470-540) 

15 to <35 mm  
(470-535) 

Bisplate High 
Hardness 

Armor (HHA) 
(477-534) 

Class 7 530-605 No Equivalent Class 4 
<15 mm  

(530-605) 
15 to <50 mm  

(495-605) 

No Equivalent 

Class 8 560-655 No Equivalent Class 5  
(560-655) 

No Equivalent 

1Each hardness range in DEF(AUST) 8030 applies for all thicknesses from 3-35 mm, unless otherwise 
specified. 

 
 



STEEL MECHANICAL PROPERTIES AND CHEMISTRY 
 

The collaborative research undertaken by ARL, DSTO and Bisalloy was designed 
to evaluate the ballistic performance of the current range of armor grade steels produced 
by Bisalloy Steels. The five grades assessed, HIA Class 2, HIA Class 1, HTA, UHTA 
and HHA, were manufactured to closely align with the main military standards of 
interest, namely DEF(AUST) 8030, DEF STAN 95-24 and the U.S. Military 
Specifications as per Table 1. These fine grained steels are vacuum degassed and 
calcium treated and specifically designed to optimize ballistic performance whilst 
maintaining good fabrication qualities and excellent weldability. 

The chemical compositions for Bisplate armor grades are outlined in Table 2 
below. 

Table 2.  Chemical Compositions of Bisplate Armor Grades. 
Grade C 

max 
Si 

max 
Mn 
max 

P 
max 

S 
max 

Cr 
max 

Ni 
max 

Mo 
Max 

B 
max 

HIA 
Classes 

1 & 2 
.32 .50 .80 .025 .005 1.20 .50 .30 .0020 

HTA .32 .50 .80 .025 .005 1.20 .50 .30 .0020 
UHTA .25 .50 .80 .025 .005 1.20 .35 .30 .0020 
HHA .32 .50 .80 .025 .005 1.20 .50 .30 .0020 

 
All grades are quenched and tempered through a modern Drever roller quench 

facility to achieve optimum levels of hardness and toughness. Mechanical properties are 
listed in Table 3, below. 

 
Table 3.  Mechanical Properties Specifications of Bisplate Armor Grades. 

Grade Thickness 
(mm) 

Brinell Hardness 
(BHN) 

Charpy V-notch  
@ -40C/-40F  

(10 x 10 mm) transverse2 
HIA Class 2 5-50 277-321 Min 40J 
HIA Class 13 5-50 290-390 Min 20J 

HTA 5-50 370-430 Min 17J 
UHTA 8-20 420-480 Min 16J 
HHA 6-60 477-534 Min 16J 

2Charpy V-Notch test in accordance with AS 1544.2 or BS EN 10045-1 as per DEF(AUST) 8030. 
3Hardness ranges to comply with variable hardness range requirements depending on thickness as per 
MIL-A-12560H. 
 
 



TEST DATA 
 

Tables 4-7 show the nominal thickness; Brinell hardness (HB); angle of obliquity 
with zero being normal to the target; V50 ballistic limit; standard deviation (σ); and the 
mass efficiency (Em) of the test coupons. A maximum likelihood method was used to 
determine the ballistic limits and standard deviations when there was a zone of mixed 
results, otherwise the ballistic limits were obtained by averaging. Tight velocity spreads 
for ballistic limit determinations were not able to be obtained in all circumstances. 

The coupons tested against armor piercing projectiles, Table 4 and 5, display 
increasing ballistic protection as the hardness increases. This is in contrast to the 
Fragment Simulating Projectile (FSP) data in Table 6, which shows how the ballistic 
limit drops markedly as the hardness increases. 

Table 4.  V50 Data for 0.30 Cal. APM2. 
Target Actual 

Thickness 
(mm) 

Brinell 
Hardness 

(HB) 

Obliquity 
(deg.) 

V50 (m/s) σ Em 

HIA Class 2 10.3 300 0 643 10.1 0.93 
HIA Class 1 10.2 363 0 664 11.9 0.99 

HTA 10.3 400 0 699 12.8 1.07 
UHTA 10.1 450 0 708 7.6 1.11 
HHA 10.4 512 0 702 12.1 1.06 
HTA 12.1 403 0 763 6.4 1.07 

UHTA 12.0 444 0 777 9.0 1.12 
HHA 11.9 530 0 826 7.0 1.25 

Table 5.  V50 Data for 0.50 Cal. APM2. 
Target Actual 

Thickness 
(mm) 

Brinell 
Hardness 

(HB) 

Obliquity 
(deg.) 

V50 (m/s) σ Em 

HIA Class 2 10.3 300 0 490 12.8 1.04 
HIA Class 1 10.2 363 0 508 14.9 1.11 

HTA 10.3 400 0 495 9.4 1.05 
HTA 12.0 403 0 512 12.5 0.95 

UHTA 12.0 444 0 463 12.8 0.83 
HHA 11.9 530 30 734 16.7 1.15 
HTA 19.9 372 0 7055 47 0.97 

UHTA 19.9 444 0 7155 5 1.00 
HHA4 19.5 477 0 7515 81 1.11 

4Shattergap problem at 0°obliquity, this result is using data obtained for intact projectiles. 
5Data analysed using Maximum Likelihood Method. 



Table 6.  V50 Data for 0.50 Cal. FSP. 
Target Actual 

Thickness 
(mm) 

Brinell 
Hardness 

(HB) 

Obliquity 
(deg.) 

V50 (m/s) σ Em 

HIA Class 2 10.3 300 0 945 22.9 1.02 
HIA Class 1  10.2 363 0 913 21.3 0.99 

HTA 10.3 400 0 774 18.6 0.79 
UHTA 10.1 450 0 708 7.2 0.70 
HHA 10.4 512 0 726 6.9 0.71 
HTA 12.1 403 0 868 8.3 0.78 

UHTA 11.8 444 0 835 9.4 0.76 
HHA 11.9 530 0 835 10.4 0.75 

 
Table 7.  V50 Data for 14.5 mm BS41 and 20 mm FSP (19.6 mm actual plate thickness). 

Target Threat Brinell 
Hardness 

(HB) 

Obliquity 
(deg.) 

V50 (m/s) σ Em 

HHA 14.5 mm 
BS41 477 30 801 13.4 1.63 

HHA 20 mm FSP 477 0 845 4.2 0.81 

 
COMPARISON WITH U.S. ARMOR SPECIFICATIONS 
 

For armor to be accepted into service in the U.S., it must meet MIL-A-12560H or 
MIL-A-46100D. This test program also included tests to ensure the ballistic limit met or 
exceeded that required in the standards for the particular steels. Some of the tests were 
conducted at 30° obliquity because the HHA often induces shattergap problems with 
0.30 Cal and 0.50 Cal APM2 ammunition, the acceptance tables in MIL-A-46100D 
implicitly acknowledging this issue. As can be seen in Table 8, all three combinations 
tested to the specifications passed. 
 

Table 8.  Comparison of results with MIL-A-12560H and MIL-A-46100D. 
Target Threat Actual 

Thickness 
(in.) 

Obliquity 
(degrees) 

Minimum 
Ballistic Limit 

(fps) 

Actual 
Ballistic Limit 

(fps) 

HHA 0.50 Cal 
APM2 

0.469 
(11.9 mm) 30 23546 

(718 m/s) 
2408 

(734 m/s) 

HHA 14.5 mm 
BS41 

0.770 
(19.6 mm) 30 22926 

(699 m/s) 
2627 

(801 m/s) 

HIA Class 1 0.30 Cal 
APM2 

0.402 
(10.2 mm) 0 21467 

(654 m/s) 
2183 

(664 m/s) 
6MIL-A-46100D. 
7MIL-A-12560H. 



EFFECT OF HARDNESS ON BALLISTIC LIMIT FOR ARMOR PIERCING 
PROJECTILES AND FRAGMENT SIMULATORS 
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Figure 1.  The effect on the V50 ballistic limit as the hardness increases for 10 mm Bisalloy plates against 

0.30 Cal APM2 and 0.50 Cal FSPs. 
 

From Figure 1 and Tables 4-7 it is evident that plate hardness will affect the 
ballistic limit achievable for armor steels. The improved ballistic resistance of steel as a 
function of increasing hardness is well established in the ballistic community, 
particularly by Rapacki et al. in the 15th Int. Ballistic Symposium [8] and for this reason 
armor designers are more often incorporating higher strength armor steels in their 
applique and structural armor solutions. Whilst this phenomenon is true for small arms 
protection, it does not apply for fragmentation protection. Fragmentation protection 
decreases significantly with increasing hardness, making the higher hardness armor 
grades a poor choice for such applications. This is because impacts of blunt fragments 
cause high strength steels to fail by adiabatic shear plugging [9]. 

Figure 1 also shows that there is no difference between the ballistic performance 
of UHTA (~450HB) and HHA (~530HB) and this is also seen for other plate 
thicknesses in Tables 5 and 6. The UHTA grade has a leaner chemistry, providing 
improved toughness and weldability compared to HHA. UHTA would be a better 
choice for structural applications and the more consistent ballistic performance may 
allow a weight saving in some circumstances. 



CONCLUSIONS 
 

The U.S. and Australia completed a cooperative effort to assess armor steel 
produced by Bisalloy Steels Pty Ltd. A comparison was made between the different 
grades of Bisalloy steels and various U.S., Australian, and U.K. armor standards.  As 
the hardness of the steel plates increased, the V50 ballistic limit of the plates increased 
against steel-cored, armor-piercing projectiles. For nominal 10 mm plates, the Bisalloy 
HIA Class 2 plates (277-321HB) provided a V50 of 643 m/s against the 0.30 caliber 
APM2, but the V50 increased up to 702 m/s for the HHA grade at 477-534HB. For the 
0.50 caliber FSP the trend was reversed with the lowest hardness plates providing the 
highest V50. The higher strength plates tend to fail by adiabatic shear plugging when 
subjected to attack by the blunt FSPs. It is also seen in many instances that there is no 
difference in ballistic performance between UHTA (~450HB) and HHA (~530HB). The 
UHTA grade is more weldable, has better structural properties and sometimes has more 
consistent ballistic performance than HHA. Two Bisalloy HHA plates were tested and 
both passed the requirements of MIL-A-46100D. A single plate of Bisalloy HIA Class 1 
armor plate was tested and it passed the requirements of MIL-A-12560H. 
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  STERLING HTS MI 48310-3200 
 
 3 GDLS 
  J ERIDON MZ436 21 24 
  W HERMAN M
  S PENTESCU M
  38500 MOUND RD 
 
 
 3 ARMOR HOL
  G ALLEN 
  D MALONE 
 

 4 POULTER LA
  SRI INTERNATIONA
  D CURRAN 
  R KLOOP 
  L SEAMAN 
 
  333 RAVE
  MENLO PARK CA 94025 
 
 1 ARMOR HOLDING
  R WOLFFE 
  10016 SOUTH 51ST ST  
 
 
 3 UNITED DEFENSE LP 
  E BRADY 
  R JENKINS 
  J JOHNSON 
  PO BOX 15512 
 
 
 1 ATI ALLEGHENY
  R BAILEY 
  500 GREEN ST 
 
 
 

BERDEEN PROVING GROU  

1 DIR USA EBCC 

K RD 
 

COM 

 5183 BLACKHAWK RD 

A 

 AMSRD AMS MP 

05 

 E SANDERSON  

RAN RD 
05-5059 

 
 
  SCBRD RT 
  5183 BLACKHAW
  APG EA MD 21010-5424
 
 1 CDR USA SBC
  AMSCB CII 
 
  APG EA MD 21010-5424 
 
 2 DIR USAMSA
  AMSRD AMS D 
 
  H COHEN 
  BLDG 392 
  APG MD 210
 
 2 CDR USATC 
  CSTE DTC AT LI LV   
 
  M SIMON 
  400 COLLE
  APG MD  210
 
  



 
 
NO. OF  
COPIES ORGANIZATION  
 

 

 

 

  C HOPPEL 

  

  W GOOCH 
 

  T FARRAND 

  S SEGLETES 

  D DANDEKAR 

  H MEYER  
KI  

D 

 33 DIR USARL 
  AMSRD ARL WM
   T WRIGHT 
  AMSRD ARL WM TA
   M BURKINS 
 
   E HORWATH   
   T JONES 
   D KLEPONIS
   B LEAVY 
   J RUNYEON 
   S SCHOENFELD  
 
  AMSRD ARL WM TB
   R SKAGGS 
  AMSRD ARL WM TC 
   R ANDERSON 
 
   K KIMSEY 
   R MUDD 
   D SCHEFFLER 
   S SCHRAML 
 
  AMSRD ARL WM TD 
   S BILYK 
   T BJERKE 
   D CASEM 
   J CLAYTON 
 
   M GREENFIELD 
   Y HUANG 
   K IYER 
   B LOVE 
 
   E RAPAC
   M RAFTENBERG 
   M SCHIEDLER 
   T WEERASOORIYA 
  AMSRD ARL WM M
   B CHEESEMAN 
 
 



 
 
NO. OF NO. OF 
COPIES ORGANIZATION COPIES ORGANIZATION 
 

 

STRALIA 
CE SCIENCE 

SETTS AVE NW 
36-2273 

CE AND  
RGANISATION 

ET 
ND 

7 

TY LTD 

RIVE 

26 

 AGENCY 
SEVEN OAKS 

NIV OF MADRID 

LTEENICA SUPERIOR 
 15 

ID 

AMAT 
IC 

 J TRANCHET 
 GRAMAT 46500 

  FRANCE 
 
 1 TDW 
  M HELD 
  POSTFACH 1340 
  D 86523 SCHROBENHAUSEN 
  GERMANY 
 

 3 DEFENSE SCI AND TECHLGY LABS 
  T HAWKINS 
  B JAMES 
  B SHRUBSALL 
  PORTON DOWN 
  SALISBURY WILTS SP04 OJQ 
  UNITED KINGDOM 
 
 1 DEFENCE RSCH ESTAB SUFFIELD 
  J FOWLER 
  BOX 4000 
  MEDICINE HAT ALBERTA TIA 8K6 
  CANADA 
 
 1 DEFENCE RSCH ESTAB  
  VALCARTIER ARMAMENTS DIV 
  R DELAGRAVE 
  2459 PIE X1 BLVD N 
  PO BOX 8800 
  CORCELETTE QUEBEC GOA 1RO 
  CANADA 
 
 1 DEUTSCH FRANZOSISCHES 
  FORSCHUNGSINSTITUT ST LOUIS 
  H ERNST 
  CEDEX 5 RUE DU  
  GENERAL CASSAGNOU 
  F 68301 SAINT LOUIS 
  FRANCE 
 
 1 DYNAMEC RSCH AB 
  A PERSSON 
  PO BOX 201 
  S 151 23 SODERTALJE 
  SWEDEN 
 
 2 ETBS DSTI 
  P BARNIER 
  M SALLES 
  ROUTE DE GUERAY 
  BOITE POSTALE 712 
  18015 BOURGES CEDEX 
  FRANCE 
 
 4 FRANHOFER INSTITUT FUR 
  KURZZEITDYNAMIK 
  ERNST MACH INSTITUT 
  C WICKERT 
  E STRASSBURGER 
  R THAM 
  K THOMA 
  ECKERSTRASSE 4 
  D 79 104 FREIBURG 
  GERMANY

 1 EMBASSY OF AU
  COUNSELLOR DEFEN
  1601 MASSACHU
  WASHINGTON DC 200
 
 4 DEFENSE SCIEN
  TECHNOLOGY O
  S CIMPOERU 
  V THORN  
  T BUSSELL 
  T JOYNER 
  506 LORIMER STRE
  FISHERMANS BE
  MELBOURNE VIC 320
  AUSTRALIA 
 
 4 BISALLOY STEELS P
  W PANG 
  M SAMPSON 
  R BARNETT 
  N HARDCASTLE 
  18 RESOLUTION D
  PO BOX 1246 
  UNANDERRA NSW 25
  AUSTRALIA 
 
 1 DEFENCE RSCH
  FORT HALSTEAD 
  KENT TN14 7BP 
  UNITED KINGDOM 
 
 1 CARLOS III U
  C NAVARRO 
  ESCUELA PO
  C/. BUTARQUE
  28911 LEGANES MADR
  SPAIN 
 
 3 CENTRE D’ETUDES GR
  J CAGNOUX   C GALL
 
 



 
 
NO. OF NO. OF 
COPIES ORGANIZATION COPIES ORGANIZATION 
 

 

H 

 GERMANY 

SKY STR 
 252142 KIEV 142  

EMS 

R 2 

1 K&W THUN 

1 R OGORKIEWICZ 

RP 

 HAIFA 31021 

ANDS ARMY 

AAN 31 
 PO BOX 90822 

HE HAGUE 
DS 

CTORATE 
 A BERG 

  S 11588 STOCKHOLM 
  SWEDEN 
 

ECH ENGINEERING 

 ISRAEL 

U 

Y 

N 

509G 

7 CENTRE DE RECHERCHES 

 

 H ORSINI 

 PRIEUR DE 

 

 1 INGENIEURBURO DEISENROT
  F DEISENROTH 
  AUF DE HARDT 33 35 
  D 5204 LOHMAR 1 
 
 
 6 INST FOR PROBLEMS IN  
  MATERIALS SCI 
  S FIRSTOV 
  B GALANOV 
  O GRIGORIEV 
  V KARTUZOV 
  V KOVTUN 
  Y MILMAN 
  3 KRHYZHANOV
 
  UKRAINE 
 
 1 INST FOR PROBL
  OF STRENGTH 
  G STEPANOV 
  TIMIRY AZEVSKAYA ST
  252014 KIEV 
  UKRAINE 
 
 
  ALLMENDSSTRASSE 86 
  CH 3602 THUN 
  SWITZERLAND 
 
 
  18 TEMPLE SHEEN 
  LONDON SW 14 7
  UNITED KINGDOM 
 
 1 RAPHAEL BALLISTICS CTR 
  BOX 2250 
 
  ISRAEL 
 
 1 ROYAL NETHERL
  J HOENEVELD 
  V D BURCHL
 
  2509 LS T
  NETHERLAN
 
 1 DEFENCE MATERIEL ADMIN 
  WEAPONS DIRE
 

 3 SWEDISH DEFENCE RSCH ESTAB 
  L HOLMBERG 
  B JANZON 
  P LUNDBERG 
  BOX 551 
  S 147 25 TUMBA 
  SWEDEN 
 
 1 TECHNION INST OF TECH 
  FACULTY OF M
  S BODNER 
  TECHNION CITY 
  HAIFA 32000 
 
 
 1 TECHNISCHE UNIVERSITAT 
  CHEMNITZ ZWICKA
  L MEYER 
  POSTFACH 
  D 09107 CHEMINITZ 
  GERMANY 
 
 2 TNO DEFENSE SECURITY & SAFET
  H PESKES 
  R IJSSELSTEI
  PO BOX 96864 
  DEN HAAS 
  THE NETHERLANDS 2
 
 
  ET D’ETUDES 
  D’ARCUEIL 
  D BOUVART
  C COTTENNOT 
  S JONNEAUX 
 
  S SERROR 
  F TARDIVAL 
  16 BIS AVENUE
  LA COTE  D’OR 
  F 94114 ARCUEIL CEDEX
  FRANCE 


