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ABSTRACT
This report summarizes results during the period 1 April through
30 June 1971:
a. Full Scale Thick Wallnd Tube IXxpansion;

b, Applications of Explosive Welding to Hardware
Configurations;

c,. Explosive Powder Compaction;
d, Explosive Thermomechanical Processing;

e, The Mechanics of the Reloading Phenomecnon in
Explosive Forming of Domes;

f. Theoretical Studies of Explosive Energy Transfer
to a Thick Walled Cylinder Using a Radial Piston;

g. Explosion Welding;

h, Fracture Toughness of High Strength Low Alloy
Steels,
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I, MARTIN MARIETTA CORPORATION

1, Full Scale Thick Walled Tube Expansion

Principal Investigator: L. Ching

The hardware for explosive expansion of a full scale
thick walled tube was fabricated, This hardware was scaled up
from the hardware used on a 407 scale model. The hardware
includes:

a. 12" dia x 12" thick end plates,

b, 1%" dia x 220" long studs,

¢, Charge holder,

d., Radial piston 191,5" long x 3-3/4" 0.D,,

e. Mandrel for pouring plastic sleeve in the
radial piston,

The actual tube expansion will be accomplished next quarter.

2. Applications of Explosive Welding to Hardware
Configurations

Principal Investigator: J. Snyd-r

Helium leak tight joints have been produced in tube-to-
end boss fittings of A286 stainless steel,



II. UNIVERSITY OF DENVER

l. Explosive Powder Compaction

Principal Investigator: H. Otto
Graduate Students: D. Witkowsky, T. Mcilelland

During explosive compaction of powders adiabatic heating
occurs., A large amount of this heat is retained immediately
after compaction and could influence the green strength of the
compact. Therefore, experiments were conducted to gain an idea
of the temperature., A 3" x 3" x 5/8" steel compact was made in
which small pieces of "Tempilstik" temperature-indicating crayons
were embedded, as well as loose aluminum shot, The Tempilstiks
indicated a temperature of between 500° and 700°F is obtained
during compaction, There was also an indication that the steel
and aluminum reacted to give an intermetallic compound.

Tensile testing of green compacts is underway using a tech-
nique developed by Max Planck Institut fur Metallforschung. Round
plugs are trepanned from the compacts. These plugs are loaded in
compression with the axis perpendicular to the compaction axis.
Samples compacted with a dynamite to metal powder ratio of 0.8:1.0
have given the highest green yield strengths, 5700 psi, while those
compacted at ratios of 1.1:1,0 and 0.6:1.0 have resulted in yield
strengths of 4650 and 3420 psi.

Sintering tests are currently underway using hydrogen atmo-
spheres to protect the compacts from oxidation., Sintering the
explosively compacted specimens does increase the density by about
37, from 94=957% to 97-987 of theoretical. The initial sintering
schedule was one hour at 2050°F. Both sintering time and tempera-
ture are being varied to optimize the resulting strengths of the
compacts,

The explosive compaction of steel powder-tungsten reinforced
composites is being carried out using a double reaction piston
which is simultaneously driven to compact the specimen., The
tungsten wires are laid up in a harp placed in the assembly with
one piston in place followed by adding the steel powder to effect
107%W-90% steel. The other piston is placed in the assembly and
then the specimen is either precompacted in a hydraulic press or
compacted directly using explosives. Explosive loadings have
been varied, but a major problem appears to be delamination along
one layer of tungsten wires. Explosive compaction from one side
only reduced, but did not eliminate this delamination. Other
process variables are being studied to eliminate this effect,

2



Preliminary metallographic studies of the composites before
and after sintering in hydrogen for one hour at 2000°F indicate
the possibility of a phaae forming between the tungsten and the
ateel, Such a phase would be indicative of welding between the
compacted steel powder and the tungsten wire,

2, Explosive Thermomechanical Processing

Principal Investigator: R. Orava
Graduate Student: J. Allen

The investigation of the relative influence of explosive
or conventional forming in the solution-treated condition on
aged properties is continuing. Such thermomechanical processing
(TMP) schedulea are being examined for 17-7PH semi-austenitic
stainless steel and the titanium alloy, Beta III. During the
past quarter, emphasis was placed on the latter.

Solution-treated (water quenched from 1325°F) B-III in
the form of 70 mil thick sheet was uniaxially stretch formed ex-
plosively in a rectangular open die. A maximum strain of 27% was
achieved by means of three successive shots. Each shot was made
with one strand of 200 grain/ft Primacord at a 3" standoff dis-
tance. The hardness and tensile properties after aging at 9000F
for 8 hours are given in Table 1, Data for unformed stock and
for material cold rolled to equivulent effective strains were
also generated and are included in Table 1 for comparison.

For forming strains approaching 107, strengths are generally
higher and ductilities lower than for material which was aged at
900°F without prior strain. The two different forming techniques
did not lead to significantly different properties except thst
the reduction in area to fracture after explosive forming and
aging was 807 higher than after cold rolling and aging. An in-
crease in forming strain to 227 caused, on the average, a reduc-
tion in both strength and ductility over those for unformed and
aged material. This decrease was greatest for explosively formed
and aged $-II1. Experiments are under way to ascertain the re-
lative contributions of deformation substructure, overaging, and
strain induced martensitic transformations to the preceding results,
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3. The Mechanics cf the Reloading Phenomenon in Explosive
Forming of Domes

Principal Investigator: H. Glick

Student: V., D'Souza

In the usual explosive dome forming process, the distance
between the center of the charge and the blank is about ten times
the radius of the explosive charge. The peak water pressures ‘[t
produced near the explosive are high enough that the compresse
ibility of water must be taken into account, The shock wave pro-
duced, though not particularly strong, is not weak cnough wvhen
it strikes the blank to justify an scoustic approach,

In order to obtain a more satisfactory description of the
wave-like initial flow, blast wave theory (as developed by Sedov
and Taylor to predict air explosions) was applied to underwater
explosions assuming water to be a compressible medium having the
Tait form of the equation of state, A similarity solution could
not be found for water for the conditions of interest, i.e., for
pressures less than one million psi, since weter does not have a
suitable shock Hugoniot relation.

The Kirkwood-Bethe theory for underweter explosions is now
being studied to determine its usefulness for obtaining the de-
sired wave-like initial flow. In particuler, the accuracy of
this approximate theor:: is being investigated since too crude an
approach may produce large errors in the prediction of deforma-
tions produced by the reloading phenomenon,

4, Theoreticgl Studies of Explosive |§g;’x Jrgnsfer to
Thic eod linder Usi Piston

Principal Investigator: H. Glick
Student: V. D'Souza

The computer program has been employed in the design of
the explosive configuretions used to produce residual hoop stresscs
in & full scale 152mm cannon barrel and in ful! scale forging dies.
In the case of the cannon barrel, the main aim of the computer
study was to determine the rate of reduction in explosive charge
in the radial piston as one goes from the breech section to the
mugzle. The results of the computer program werc analyzed and
an explosive design configuration was transmitted to the aporo-
priate people at the Martin Marietta Corporation,



in the case of the full scale forging dics, tvo dics wre

sty - ‘ nde? e.oud contipurstion and wre held together
by . testrogining tinture, As indicated in the last progress
repert, the togd seal use! to prevent leakage of the water was
net completely cftective and the observed low residual deformge
t ettt te ot rveeblenn,  jo the nent test, o

’ cal wa o wnd the eaplesive byt ze was increased 102,
The residual date satiors obtained vith the stecl seal wre sube
ttantial, tndlcating eanisun possible residual hoop stresses of
about 7)) gt 90 KM pst (or the twn dics, The difference in
the tew I stresscs (or the tw dies (s presumably due to o
difterence in hatdness, “Mese results also appear to indicate
that there was Tlttie vater leaskaee in thie last test since the
appatent initial cxplosion pressure, p,. (based on residusl dee
foruat fons) 1a in goml agreement vith the cat insted value of the
explosion pressure,

One of the forging dics has been used in 9 production Tum
of ghout 2000 torgings and the dic seons to have saintained (te
integrity, vith no indication of cracke at the inner surfece. 1f
the dic had not been strengthened caplosively, It obsbly would
have falled after ¢ne of two (ofgings,

9. Explerion Weldiog

Principal Investigator: S, Carpenter
GCraduate Students: M, Nagarhar, R, Wittesn

The elfocts of the eaplosion wlding process on the kinetice
of setallurgical teactions at the weld interface hgve been (avestie
cated, Diffusion 3t the interface of enplosion welded sonples of
Cu to Xi and 8§ to Cu has been canpated with that observed ot the
bond of cotmnrclally roll donded campositens of Cuelil, The dif-
fusion widths w e acasurcd using the electron besw microprobe,
Nata shew that the diffusion process fo aignificantly enhonced
At the 1nterface of the explosion wilded ss@ples ot temperstures
abave 150 (appronimately 0,7 the selting point of Cu), A»
teenlt af the cnbanced diffusion, Kirkendasll voide ate fofeed at
the tetface giving 3 eeduct o 10 the atsengih of the wid,

The enbancerent of the 3iffusion s to he 3 result of the (ntense
plastic detarmation and extal {lov at the interface of the ene
plosion wided smples, Teat sanmpler of Al to steel od Ti to
ateed have been expleosion wilded to inveatigate the eflects of
the cxplosion swlding procoes on the kinetice of phese (ormot ion
in theae ayplone,



During the last quarter, work wes carricd cut to csteblish
criteris for explosion welding of thick (sbove 1/2 in,) plates.
To dete, sluninum pletes up to 121/2 inches thick hgve been cne
plosion wilded ueing two exnplosives with diffcrent enplosive
losdings. The two explosives have simller detonstion velocitics,
but videly different heots of enplosion, Temsilc tests arc in
progress to detetuine the quality of the welds, The stremgths
vill be correleted vwith the experimmmtsl patamvicrs, A very
strong dependence oo sanple sise ond cdge cflfectes has been noted,

6. v of t All Revls
Principel lavestigator: N, Otto

Craduste Student: R, Nikesel!l

Peior impect tests with WY-00 gnd AISI 4130 ond 4340 steels
had been cocerned with compering properties ofter {orming and
heat trestment, Preperties of the so-received steck hod not been
deternined, There oleo eppeared to be o difference (n the o0~
received stock of the 4130 end 4340, o wil a8 erientation effects,
To camplete this study, the se-received propertics were deternined,

AlSL 81X

The impect preperties of steck tohen from the original twe
plotes indicated essentislly ne difference in preperties with o
trensition tenperature en the ovrder of 0°F, Semples were tested
vith the lesd nernsl ond perellel to the original rolling direc.
tien, These resulits ore listed (n Toble 2,

Table 2. Chorpy 'V’ Notch Tests for Ase
fecelived 4130 Sieel

Rizesties  Jummerature, 7  lmpact, (¢-1b
Long. 75 20
» 1}
of 12
&0 [
«110 2
Trene, 7 »
n 22
0 20
&7 9

There (s o deflnite orientetion effect with Liw Lransvelser
orientation hoving o higher impect stremgth ond o sl ightly
higher t~ansition tempersture,



&350

As wlth the =1, (te tigst series of tests wore conjucted
to nute an) Jifferenge (e Inpact ptoperties betwren the two
origingl plates, Smoinens wre tested In the transverse of ientow
tlon aml th: teaults afte prescoted in Table 3,

Toble 3, Preulte of irpact Tests oo T
Lots of 4)R0 Stewl

D
Hoterigh Jempecatuic, :1 jopect, (t=]d
1. 2, ) 7 3
'S 23
30} 10
&, 5. ¢ 7% 12
» 10
) 8

There was a delinite dillerence (n the properticro with
the plote (ranm which the (iret series of domes wes fotwed heving
8 higher inpact strength and 4 lower transition temperature,
These tests invalidete s of the conperisons made corlier with
scmr of the larger differcnces boing ottributeble to the origi-
ral propertics. These diffcrences vill be clorificd in the
annugl report on this proeran,

-2

feste on the soereoceived Y80 wbte concerned with orf ientaee
tion cffects and ate Listed in Table &,

Tadle &, Results of lmpact Tests on Ase
Reccived WY=8) Steel

Digection  JIymprrgture, O lmpect, (to1b
Long, 7 5.0
110 8,9
178 85,5
«18? 40,0
(cont irued)



Table &, Reoults of Inpact Test. on Ase
brcelived HY«® Steel (comt [rascd)

Disgetjon Imq!!n. ﬁ Inasct, (teld

Long, 2l 3.9
320 15,0
Trane, 1)) 28,9
o110 2%.8
- 320 2,

Theoe tesulte indicate the lingitudingl vrtientation hes o
higher (opoct ostrength than the tignowvwese «ith the ofiginagl

compar lson,



