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ABSTRACT 

Thli report ■unmarlsti reiulti during the period 1 January thru 31 March 1970: 

a. Mcaaurement of the dynamic load* on an exploalvc forming 
die. 

b. Applications of explosive welding to hardware configurations. 

c. Flange buckling of explosively formed domes. 

d. Explosive punching of dual hardness armor. 

e. Cylindrical explosive forming dies. 

f. Explosive forming of domes in vented dies. 

g. Explosive forming of domes for ground based pressure 
vessels. 

h.  The edge pull-in of explosively formed domes. 

1.  Fracture toughness of explosively formed high strength 
steels. 

j. Terminal properties of titanium. 

k. Explosive welding 

1. Explosion welding of dual hardness armor. 

n. Explosive powder compaction. 
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I. MARTIN MARIETTA CORPORATION 

1.      Meaturement of the Dynamic Lflgdl on an Exploatve Formlt^ Dig 

Principal Inveatlgatora:    L.  Chlng,  D.   Boum« 

a. Introduction 

Dynamic stralna are being meaaurcd en a forming di? vhllc 
forming aluminum dome« with explosives.  The purpose of the  mca- 
•uretnanta la to study the mechanics of energy transfer and «r- 
tabllah parameters for a mort; efficient die design.  The aea/ure- 
manta conducted ao far have been mainly concerned with developing 
Instrumentation techniques to measure amall strains. 

Die measurements to date have meaaurcd peak stralna of 100 
micro-Incheb per Inch. These measurements were made on the outer 
surface of a massive die which waa available for testing the In- 
strumentation ayatem. The teat parameters, such as charge alse 
and atandoff distance, were established to explosive form 6 inch 
diameter domes. Higher die stralna could be achieved with larger 
alse charges which Involve over-shooting the part. 

The shock wave acting upon the Instrumentation wlrca wae found 
to contribute to the actual die strain, but this effect waa mini- 
mited to less than 15 micro-Inches per inch with the use of water 
tight electrical conduit. All strain measurements in the report 
are relative and include the shock effect upon the lead wirea. 
T^sts ao far indicate that the maximum die strain results from the 
initial ahort-. wave from the explosive detonation if the forming 
is done on a flat blank. 

In an attempt to measure the energy utilised In forming the 
part, acveral tests were made with no blank in the die.  Using the 
dome forming data, die stralna were meaaured tu be 160 micro-lnchea 
per inch as contrasted to the 100 micro-inch ■■ per Inch strain 
measured wt'en a blank was itlllscd.  Since the forming data (I.e., 
charge alse, charge type, and standoff) was Identical when « blank 
waa present, these tests indicate that approximately U0Z  of the 
charge energy was absorbed in the blank forming.  Subsequent tests 
revealed that identical results could be achieved If an extremely 
thick rigid plate was substituted for the blank.  Substitutlun of 
the thick blank resulted in an eaaiar teat aet-up in additiori to 
protecting the die from blast damage. 

b, Ganeral Set-Up 

The die waa made of 4340 ateel and had a 12 inch outside dia- 
meter and meaaured 6 Inches in overall height. The die cavity waa 
a 6  inch dlanAter hemisphere.     The die waa  built  to be used   in a 



dl«   stand   (■■  shown  In Figure   1)   so that vacuum and clamping 
flxturaa  could  be applied.     The  blanke were 0.06A   Inch  thick 2014-0 
Kluminuro and  9.5   inches   in  diumfter.     The dumea were   formed using 
BO grains  of Composition A-3 and a   1.0 inch  standoff. 

Strain  gage rosettes   ■ ■   e mounted  on the   12   inch diameter of 
the die.     The  strains were  recorded  on film using  Wheatatone  bridges, 
d.c.   differential amplifiera,  and  oscl lioscopea.     The  bridges were 
excited with  24 volt   battorlea  au  shown   In Figure  2.     Although an 
excitation voltage   in excess  of  24 v.d.c,   would  result   in a  higher 
bridge  output and  sign«!   i:o noise  ratio,   the gage  vendor  recommended 
that   the  24 v.d.c.   voltage   level  not  be exceeded.     Jf   the  24 v.d.c. 
level  were exceeded,   the  g^H^  factor  would not  be   linear. 

Imuvedlately prior   to  ench   test,  ail  channels were  zeroed and 
calibrated  by shunting known  resiutances acrosa  the active  gage 
while  the die was underwater.     Hie  zero adjubtment coiupenaates for 
the   135^ water  temperature and  no other temperature compenNation 
waa  necessary   since  the  temperature was constant  during  the  test 
«vent. 

Zero test  time was coincident with  the detonation of  the ex- 
plosive charge.    This WIP  eotablished with a  break wire  electrical 
circuit which triggered  the  oscilloscope.     Hence,   time zero on  the 
trance waa coincident with  the  time at which the charge detonated. 

c.       Rgqults of Test 

Several  tests to measuce  utrains were conducted.     Th.-*  first 
testa were made with a dual  beam oscilloscope  in  the chop beam mode 
ao  that  four channels could  be  recorded  simultaneously.     These 
testa were not  totally  successful  for  the  following reasons: 

1) Elactrlcal  ringing   it   the   nystem; 

2) Kxceesive croeeing over of  the traces auch  that  the  identity 
of each  trace wa«   lost; 

3) The chopping of   the  beam plus  the writing  speed  which was 
required exceeded  the  cnpability  of   the  oscilloscope. 

Using the dual beam oscllloacopr alonn with a storage oscillo- 
scope, it '/«s possible to record three ch, els of strain that were 
satisfactory and rapeatable. 

Th« effect of  the explosive  blast on    lie  instrumentation wires 
wna studied in a saries of  tests.    This was done by exposing th« lead 
wires to an underwater blast while  the die remained outside  the pool 
of water.     Two channels were recorded for comparison;   on« exposed to 
th« blast while on« waa not.     The  same size charge and diatance were 
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simulated as much as possible.  This test measured a false strain 
of 100 micro-inches per inch.  Several more tests showed that this 
false strain could be minimized to less than 15 micro-inches per 
inch with the use of a water tight conduit to protect the instru- 
mentation lines and the use of shield pair wire for lead lines. 

The die strains were now measured to be about 100 micro-inches 
per inch.  Examples of the raw data can be seen in Figure 3.  With 
these instrumentation developments, further die strain measurements 
are planned for other dies in a die stress study program. 

2.  Applications of Explosive Welding to Hardware Configurations 

Principal Investigator: W. Simon 

a. Lap Joint for Construction of Conical Ring from OFHC Copper 
(.005 inch thick) 

Test welds have been made with .005 inch OFHC copper. Tensile 
test gave 35,000 psi ultimate strength compared with 41,000 psi for 
the parent metal. Micrographs of the weld are being prepared, 

b. Use of Cover Mass Over Explosive to Reduce Explosive Requirements 

An experimental verification of the computed effect of cover 
mass has been obtained. A seam weld with initial flange angle of 7° 
in .090 inch 7039-T6 aluminum has been successfully made with .042 
inch Detasheet.  Computed parameters are:  impact pressure/yield 
stress = 5.7, collision angle = 11.9°, Reynolds No. = 15.2.  With 
explosive load reduced to .025, no weld occurs.  Parameters are: 
impact pressure/yield stress = 3.4, collision angle = 9.6°, Reynolds 
No. = 9.4.  Finally, if explosive load is reduced again to .015 inch 
Detasheet with a .090 inch aluminum cover, a good weld is again ob- 
tained.  Computed parameters are:  impact pressure/yield stress m 

6.8, collision angle = 12.6°, Reynolds No. = 17.9. 
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II.   UNIVERSITY OP DENVER 

1. Flange Buckling of Explogtvely Formed Dornet 

Principal Inveatlgator:  M. Kaplan 

Graduate Student:       H. Boduroglu 

Two analytical solutions for the streso and strain fields In the pre- 
buckled flange have now been obtained.  The first solution was obtained 
from a rlgid-perfectiy plastic model with no flange friction.  The second 
solution was obtained from a model which considered both worl- hardening 
and friction. 

In order to check the analytical results, four experiments were done. 
In two uf them the contact surfaces of the blank and the die were lubri- 
cated to reduce friction effect; the other two were done without lubri- 
cation. 

The analytically determined strain fields for both solutions were in 
excellent agreement with the experimental strains along the entire width 
of the flange.  The results indicated that friction effects are small and 
that work hardening, while significantly effecting the stress field, has 
little effect on the strain field. 

2. Exploaive Punching of Dual Hardneas Armor 

Principal Investigator:  W. Howell 

Post Doctoral: A. Dowling 

The effect of material hardness on the penetration produced by the 
shaped part of the charge was studied using small linear wedge segments. 
The results showed that penetration was reduced by Increasing the hard- 
ness of target material, confirming that the velocity of the Jet wan 
around the value where strength effects are significant.  This WSN 
further reinforced by the fact that for the hardest material, gic.ii »l 
penetration was obtained using a standoff less than the tlieoretlru I opti- 
mum.  This showed that the cutting effect came mainly from the rastest 
part of the Jet which is formed from the apex end of the wedge.  Due to 
waver, the further the Jet travels before reaching the target, the shal- 
lower the penetration. 

A more important result which came from these tests was that the 
penetration in RgSO material with the linear wedge segments was approxi- 
mately 50% greater than that obtained from circular shaped charges. 
Since there is greater Jet confinement in the circular arrangement, this 
result should have bean reveraed.  Consequently, another aeries of tents 
using the circular configu «tlon was carried out, care being taken when 
sticking tha Datashaet on to t>e liner. The results were no different— 



laadlng to 'he concluHlon that the 1/2 Inch leg length, 70° angle circu- 
lar wedge Involve« too severe a forming operation for Detaaheet.  It tries 
to spring back off the liner, forming air pockets which drastically reduce 
the efficiency of energy tranufer.  New charges will be tried where the 
explosive is cast on the liner, thus  eliminating the adhesion problem. 

3.   Cylindrical Explosive Forming Dies 

Principal Investigator:  J. Weese 

Graduate Student:       R. Knight 

A few 6061-T6 aluminum specimens 0.064 Inch thick were expanded. 
These shot« were used to check out the Instrumentation.  Some of the 
strain gages have been replaced and the leads to the strain gages are 
being run through a conduit to prevent the shock wave in the water 1'rom 
causing spurious signals when It passes the lead wires.  The work to com- 
plete six new current sources Is almost completed.  When this is finished, 
a total of ten channels can be recorded at the same time.  Work on the 
problem of the impact of the workplece on the die has been started. 

4, Explosiv Forming of Domes In Vented Die« 

Principal Investigator:  J. Weese 

Graduate Student:       P. Hardee 

Additional testing of different materials in the vented die was ac- 
complished. A dome was successfully formed out of .059 thick mild steel 
with no hobnailing.  However, the charge site was critical.  Domes were 
formed from aluminum blanks bot  1/8 and 1/16 thickness.  These were not 
completely successful.  One test was made with 1/3 of the holes plugged. 
In the course of the shot half the plugs were knocked out, but the area 
reduction still amounted to 1/6 of the area of the holes.  This reduced 
Che porosity from 18/.. to 15%, approximately.  There was no indication of 
resistance to forming.  An analysis is being done in an attempt to form a 
aetheraatical model from which to make estimates of porosity and hole site 
requirements. With this information a new die will be made for further 
Cestlng. 

We are giving additional consideration to conducting testa to deter- 
mine directly Che pressure time-history of Che region between the blenk 
and the die. 

5, Explosive Forming of Domes for Ground Based Preaaurc Veasela 

Principal Investigator:  A. Ezra 

PoiC DocCoral A. Dowling 

Pursuant Co achievement of technology transfer objectives, certain 
types of domes for ground based pressi re vessels have been selected for 



■cal« model work. The objective It Co estebllih explosive forming para- 
meters for specific full scale applications for steel domes having a 
fairly wide range of draw depths and D/t ratios.  Families of curves will 
be prepared to provide easy access to psrametrlc values necessary to form 
a particular dome. 

6. The Edge Pull-In of Explosively Formed Domes 

Principal Investigator: M. Kaplan 

Graduate Student:       S. Kulkarnl 

Effort has been directed coward finding means of simplifying the 
extremely complex governing equations.  In particular, we have conducted 
experiments to determine if the pull-in in statically formed domes would 
be the same as in those formed dynamically.  We conducted our tests with 
2014-0 aluminum blanks and a die to assure the same final shap« in both 
cases.  The results indicate that even though the strains are somewhat 
different in the oorae, the edge pull-ins are nearly identical.  This re- 
sult, of course, is only valid for the standoff/diameter ratio of 1/6 
which was used in the dynamic tests. For this particular L/D, however, 
the inertia terms in the governing equations may be neglected in deter- 
mining pull-in as a function of draw depth. 

7. Fracture Toughness of Explosively Formed High Strength Steels 

Principal Investigator:  H. Otto 

Graduate Students:      R. Mikesell, C. Yin 

Impact specimens have been fabricated from explosively formed stock 
of 4130, 4340, and HY-80 steel.  Specimens of the 4130 and 4340 were se- 
lected at equivalent strains of 0.05 and 0.10 inch/inch. The HY-60 speci- 
mens were selected at a strain of 0.10 inch/inch.  For comparison purposes, 
base stock of all the steels was cross rolled to the same equivalent 
strains. All impact specimens have been fabricated to ASTM specifications 
for sub-size Charpy V-notch (0.197 x 0.394 Inches cross section).  Speci- 
mens are currently being heat treated. 

Fracture toughness tests of the explosively formed and heat treated 
4130 and 4340 steals are c.irrently underway. 

Metallographie investigations of the microstructures of explosively 
formed and heat treated HY-80 were concluded. A trend had been observed 
with the mechanical propercleo of the formed and heat treated specimens In 
which increasing forming strains resulted in lower mechanical strengths 
after heat treatment. Grain site measurements were made and the data ob- 
tained was treated by statistical means. The statistical results indicated 
no difference existed in the grain sice after heat treatments which could 
explain the observed trend. 

Specimens fron the explosively formed domes are currently being impact 
tested in the as-formed and formed and heat treated conditions. 



8.  Tertntn«! Properttei of Titanium 

Principal InvestIgatora:  R. Orava, H. Otto 

Graduate Student:        P. Khuntla 

The objective of this Investigation Is to generate Infonnatlon con- 
cerning the relative Influence of explosive and conventional forming on 
the terminal behavior of unalloyed a*tltanlum (TMCA 50A) and a-ß  titanium 
alloy (6AI-4V).  The study Includes the «valuation of mlcrostructure, 
hardness, tensile flow characteristics, stress corrosion cracking sus- 
ceptibility, and thermal response.  Test samples were selected frum ex- 
plosively free-formed and from Isostatlcally rubber presse-1 domes. 

Except for the determination of the effect of forming rate on recovery 
and recrystalllxatlon chtracterlstlcs, the work on T1-50A has been com- 
pleted.  The dependence on strain and rate of the mlcrostructure, ss ex- 
amined optically, wan reflected in the following twin densities. 

Forming 
History* 

UP 

XF 
EP 

IP 
EP 

Effective Forming 
Strain.  <* (7.) 

2.9 
2.9 

7. of Grains 
with Twins 

1.1 
30.2 

6.0 
6,0 

7.0 
68.2 

Twin 
Penalty (cm ) 

0 

0.4 x 104 

16.9 x 104 

4.0 x I04 

52.5 x 104 

* UF: unformed; IF: Isostatlcally formed; EF:  cxploaivciy formed. 

As expected, the higher forming ra^e Is considerably more conducive tu 
mechanical twinning than the lower rate. 

However, this difference In twin density either does not contribute 
to a rate dependence of terminal mechanical properties and streu« corrosion 
resistance, or if It does, the contrlbrrlon Is almost exactly counter- 
balanced by Che contribution from a difference In defect substructure. 
The latter possibility seems unlikely. 

Typical mechanical properties of as-formed T1-30A are given below for 
n  effective forming strain. 

10 



Forming 
HUtory 

UP 

IF 

EF 

EB 

0.27. vs UTS 
(k«l) 

46.5  (LY)     62,1 

50.2 60.5 

51.2 

82.5 

60.9 

90.5 

True 
UTS 
(kil) 

70.7 

67.7 

68.1 

91.1 

Ultimate 
Strain 

m  
14.0 

10.0 

11.0 

1.8 

El. 
m 
25.1 

27.9 

29.9 

R.A 
a 
60.1 

60.0 

61.8 

8.0        47.3 

* EB:  Explosion bonded 

A «tatistical analyais of  true ultimate  atresaea  nhowcd  that   thera 
ia no reason  to expect any difference   In  ■trenftth  between uxploalvt-ly 
formed and iaoatatically  formed material.     The  true ultimate atrcta   la 
conaidered to be  tlia  beat mcature of  the  terminal   atrength.     Consider, 
for example,  the  reaulta  in the  laat row of  the previous  table for ex- 
plosion bonded Ti-)0A.     The true ultimata atreaa clearly  illuatratea  the 
large effect due  to shock  loadlng--an  incraaae  in  strength of nearly 307. 
over  either unpre-strained or formed material. 

The effect oi forming strain and rata on the susceptibility of T1-50A 
to cracking in a methanol-0.57. HC1 solution at 90% of the yield atreaa can 
be sunnarlzed as follows: 

a. In all caaea 

tf (isostatically or explosively formed) > t, (unformed); 

b. In all caaea 

tf  (explosively formed) > tf   (Isostatically formed) w^iera  tr 
is the mean failure  time. 

In conclusion,  forming  tc affective  strains  of  3 or 47. enhances  the 
reaistance of TI-50A to mathanol cracking.     Moreover,  explosive  i< njng, 
aa compared with  laostatic  forming to an equivalent  itrafn,   proliahly does 
not   Influence cracking susceptibility;   if anything,   reaistance may be 
alightly improved. 

Mathanol cracking taata on the shock-deformed T1-50A cladder plate 
are  incomplete.     Preliminary reaults have revealed that tf  la approxi- 
mately the same as for unformed material at 907. of  the yield atreaa.     How- 
ever,  it must be emphaaised that the abaolute atreaaea applied to the 
shocked and unatralncd material were 41.9 and  72.0 kal,  reapectively. 
The latter la greater than the stress which unpreatrained T1-50A can 
auataln in the abaance of an adverse environment. 

11 



The  «virago  tensile  properties  of  TI-6A1-4V  formed   to 6.07. effective 
strain were: 

True Ultimate 
Forming 0.27. YS UTS UTS Strain El. R.A. 
History <ksi> (k.l) (k.i) (•/0 ill w 

UP 137.3  (LY) 142.6 153.0 7.3 11.2 36.5 

IF 128.8 148.1 152.9 3.3 8.4 33.3 

EF 127.6 147.4 153.6 4.2 8.8 33.0 

Differences among the true  ultimate  strengths  ol   unformed,   isostatleally 
formed,   and  explosively formed materiul are  not   signlileant. 

The evaluation of  the  terminal  susceptibility of Ti-6A1-4V to cracking 
in a  methanül-0.057. HCI  solution  at 507. of yield  is  ncarlng completion. 
Although all  three statistical  decisions  indicated  that  the  resistance of 
explosively formed material  is  the  same as  that of  isostatlcally  formed 
stock,   the mean failure  time  of  the former exceeded  that  of  the  latter  in 
each  Instance. 

9.       Explosive Welding 

Principal Investigator:     S.  Carpenter 

Graduate Students: V.  Wlnchell, M.   Nagarknr 

Strains developed  In cladder plates arc  being defined  to determine 
whet  shear stresses can exist  that might  limit applications of explosive 
bonding.     Diffusion studit.« are  being conducted on a comparative  basis 
with conventionally bonded dissimilar metals. 

V.   Wlnchell 

The first study concerned with the determination of strains in a 
cladder plate of an explosively bonded sample has been completed. A line 
scribed «cross the surface of a 6061-T6 aluminum specimen (6" x 3" x 1/8") 
was used as the reference for all measurements taken before and after 
welding. A series of 99 holes (0.008° diameter) was used as fiduciary 
markers.  Eleven holes 0.100 inch apart com; !«ed a "group" with three 
groups being drilled parallel and aligned in the direction of welding 
(along the 6 inch dimension of the specimen) near the start, middle, end 
enr of the cladder pletc. 

Momentum arresters encloaed the specimen during welding.  Surface 
measurements before and after welding revealed greater movement in the 
end hole groups and the least elongation in the materiel near the stert 
of the weld. 

12 



To determine the nature of the sheer flow developed In the cladder, 
the region of the hole groupa was removed by milling parallel to the weld 
interface.  In relatlonahip to thia Interface, machining waa done to 
relative thlckneaa of 1/2T, 1/4T, 1/8T, and I/16T. Hole poaitiona were 
evaluated in tenna of tenallc atraina with reapect to the original hole 
poaitiona. UtiliElng the deformation within each plane, the apacing 
between planea allowed ahear atrcaaea to be calculated. 

An average of the calculationa with reapect to an Internal reference 
revealed that an originally vertical marker would have the final configura- 
tion given in Figure 4. 

Flow through the top three-fourtha of the plate can be attributed 
to deformation reaulting from the detonation of the exploaive. The region 
at 1/4T directly above the weld interface showa a decided change in the 
marker configuration. Thia la the reault of the bonding mechanlam. Ma- 
terial near the weld surface haa been stretched which would reault In 
residual stresses.  Stresses of thia nature would diah the welded plate 
which la in agreement with experimental obaervatlona. The conclusion can 
be made that the flow characteristics developed within the cladder plate 
contributes to the dished configuration commonly found in welded speci- 
mens. 

Current claddei plate flow studies are Involved with a 24" x 8" x 1/4" 
piece of cold-rolled steel welded to a base plate of an Identical site and 
composition. In this investigation, 18 specifically placed holes (0.0135 
inch diameter) are being usad.  The purpose of this experiment is to deter- 
mine if tensile strain and ahear atrcaaea increaae with Increasing lerjth. 

10.  Explosion Welding of Dual Hardness Armor 

Principal Investigator:  R. Wlttman 

Daring the peat quarter the program objective haa been to produce a 
steel/titanium alloy armor plate that la suitable for ballistic testing. 

Previously reported welding parameter studies demonstrated the feasi- 
bility of welding T1-6A1-4V alloy to the ateel armor plate. Analysis of 
these coupon welds indicates the armor steel/titanium alloy direct bond is 
of marginal quality due to the large differences that exist in the flow 
characteristica of these materials. To overcome this difficulty, a third 
more ductile metal between the ateel and titanium alloy waa included. 

Two larger acale explosion welding experiments were conducted in an 
attempt to produce a 6" x 12" steel/titanium alloy plate for ballistic 
testing. The first experiment uaed a 12" x 12" x .2" steel armor plate 
at the base for welding. To thia an attempt was made to explosion weld 
12" x 12" x 0.020" of unalloyed titanium to acrve aa a compatible inter- 
mediate layer. The titanium to ateel weld that reaulted waa not of high 
enough quality to warrant a aecond explosion weld of titanium alloy onto 
the surface of the unalloyed titanium. 

13 
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The ■econd exparlnant used a 12" x 12" x .2" steel armor plate as 
the base.  To this was explosion welded a 0.032 Inch thick Iron sh(>et 
to serve as a ductile intermediate layer. The weld appeared tu be of 
high quality.  In preparation for explosion welding a T1-6AI-4V alloy 
plate to the surface of the iron previously welded, it was necessary to 
flatten the iron/steel composite plate.  The flattened plate was then 
mated to a one inch thick cold-rolled steal anvil by a tliln layer of 
solidified lead-tin alloy, thus providing for good shock wave coupling. 
A 0.090" x 12" x 12" thick T1-6A1-4V alloy plate was explosion welded 
to the iron surface of the iron/armor steal composite.  A 20 g/ln. 
loading of Red Cross 407. Extra dynamite was used on the titanium alloy 
flyer plate.  The parallel standoff was 1/8 inch.  The appearance of the 
explosion welded plate was good.  The normal region of non-bond around 
the periphery of the plate waa cut away and the remaining steel/titanium 
alloy armor plate was given to the Army Materials and Mechanics Reaearch 
Center for further evaluation. 

11.   Explosive Povler Compaction 

Principal Investigator:  H. Otto 

Graduate Student; D. Wltkowsky 

The literature survey on exploaivc compaction of powders waa com- 
pleted.  Thl« survey indlcatea that several different methods are ava .1- 
able for compaction of powders, but in most instances the time involved 
la greater than for conventional techniques. However, densities of ex* 
plosively compacted powders are considerably higher than can be achieved 
by press type operations.  Higher compaction densities generally result 
In lower sintering temperatures and time. Resultant grain growth la not 
as pronounced which means higher strengths can be realized. 

Several powder compacts have been made with steel powder for rolling 
preforma.  These experiments are designed to give data on how fxploaive 
loading will affect the compacted density and alto any post comparMon 
heat treatment. DuPont Red Cross 407. Extra dynamite has been used to date. 
In making a sheet approximately 1/4 Inch thick, the post caupactlon den- 
sity varies from about 947. to 98% of theoretical by varing the weight of 
explosive to metal ratio from 0.6 to 1.1. The density prior to explosive 
loading waa held constant at 747, of theoretical. Compact thicknesses are 
now being varied to determine explosive bonding to metal ratios for high 
density compacts. 

Experiments have been conducted in which carbide tool compositions 
and coRposites have been made. These materials are currently being evalu- 
ated. 

15 
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