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ABSTRACT 

This report summarizes results during the period 1 April through 
30 June 1971: 

a. Full Scale Thick Wallnd Tube licpansion; 

b. Applications of Explosive Welding to Hardware 
Configurations; 

c. llxplosive Powder Compaction; 

d. Explosive Thermomochanical Processing; 

e. The Mechanics of the Reloading Phenomenon 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 40% scale model. The hardware 
includes: 

a. 1?" dia x 12" thick end plates, 
b. IV1 dia x 220" long studs, 
c. Charge holder, 
d. Radial piston 191.5" long x 3-3/4" O.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 boas fittings of A286 stainless steel. 



II.   UNIVERSITY OF DENVER 

1.  Explosive Powder Compaction 

Principal Investigator:  H. Otto 

Graduate Students:  D. Witkowsky, T. McClelland 

During explosive compaction of powders adlabatlc 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 Tempilstlks 
Indicated a temperature of between 500° and 700oF 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 thos 
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 97-987o of theoretical.  The initial sintering 
schedule was one hour at 2050oF.  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 arc laid up in a harp placed in the assembly with 
one piston in place followed by adding the steel powder to effect 
107.W-907. 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. 

ose 



Preliminary metallographlc studies of the composites before 
and after sintering in hydrogen for one hour at 2000oF indicate 
the possibility of a phase firming between the tungsten and the 
steal. 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) schedules 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 fron 1325°?) ß-lll  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 900oF 
for 8 hours are given in Table 1. Data for unformed stock and 
for material cold rolled to equivalent effective strains were 
also generated and are included in Table 1 for comparison. 

For forming strains approaching 10%, strengths are generally 
higher and ductilities lower than for material which was aged at 
900oF without prior strain. The two different forming techniques 
did not lead to significantly different properties except that 
the reduction in area to fracture after explosive forming and 
aging was 80% higher than after cold rolling and aging. An in- 
crease in forming strain to 22% 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 ß-lll.    Experiments are under way to ascertain the re- 
lative contributions of deformation substructure, overaging, and 
strain induced martensltic transformations to the preceding results, 
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3. The Mechanics cf the Reloading Hienoacnon in atploüiyc 
Forming of Domes 

Principal Investigator:  H. Click 

Student:  V. D'Sousa 

In the usual explosive dome forming pruevs», tin- distance 
between the center of the charge and the bl.mk is about KM time* 
the radius of the explosive charge. The peak water prevsureM  •■ 
produced near the explosive are high enough that the compress» 
ibillty of water must be taken Into account. The shock wave pro- 
duced, though not particularly strong, is not weak enough v»M.n 
it strikes the blank to justify an acoustic 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 underwatrr 
explosions assuming water to be a compressible medium having the 
Talt 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 pal, since water does not have a 
suitable shock Hugoniot relation. 

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

4. Theoretical Studies of tepioalve ftrav Tranafer to 
a Thick Walled Cylinder Using a Kadial Piston 

Principal Investigator:  H. Click 

Student: V. D'Sousa 

The computer program has been employed in the design of 
the explosive configurations used to produce residual hoop atreases 
in a full seal« 152am cannon barrel and in full  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 exploalve charge 
in the radial piston as one goes from the breech section to the 
mussle. The results of the computer program were .malysed and 
an explosive design configuration was transmitted to the appro- 
priate people at the Martin Marietta Corporation. 
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lowing«.    IW two carlo«ivr» koot «lalUr «oConolloo wlocllloa. 
bot widely tflfforool ko«C« ol oB^iosloo.    TMMIU lo»C» ***   im 
progro— <o 4vt«nUao iko fooliiy of iko v* id»,    iw »irvotik» 
will ko c«rrolM«4 «Hlk cko omyriaooul ptaroBotora.    A vory 
•troos impumitmtm um Mvplr als« «nd <d««   < n.. i» k«a kvoo aoCW. 

*.      froctwi^r T»aalko>aa of MUk Mrooati» y| Allo» May I» 

Prlacl^ol   lavaalltfoCor:    ■. OClo 

CroiooCa ScotfaM:     I. Nlkoaall 

mar   imptt   ff with If.« mi Alii hi» mi 4»40 »laala 
kmi koao cancvraarf oitii caHparUit propariloa aflar fomlog mi 
kaol irootaaot.    ftayrtlaa of cka aa>racal«oi atack koi oat Wr« 
AaCoffalaaA.    IWra «lao appaarai Ca ka a 4lffaffaaca la tka ••- 
racalaa« acack of cka 41 JO *M 4M0, aa «all aa arlaatailaa affacia, 
fa «aaplata ckka acatfy, cka aa*racal«a4 praparclaa «ara aoCaralaatf. 

Tka lapatl praparciaa af acack cakaa fraa cka or uIM«I caa 
placoa laiUaiaä aaaaaclalljr aa ilffaraaca la praparciaa wllli a 
traaaldaa caaparatara aa tka ariar af oof.    Saaplaa «ara Caacarf 
«Ilk cka laai aacaal mi parallal ca cka acl«laal rail lap 4li 
ilaa.    9mm raaalCa ara llaCarf la Takla 2. 

Takla 2.     Ckarpjr *r »Mck fkaca far Aa» 
■acalaarf 4130 ftoal 

girniivr      Titfiurt. 1      f^«- '*■'» 
Loa«.                             n 20 

St II 
• I 12 

-40 0 
•no 2 

Traaa.                       95 M 
St 22 
0 20 

•Al f 

Ikara la a Oaflalcr arloacatloa affvct olik iW iraaa»orar 
arlaatatlaa kavlag a klakor lapact »irvaaih «ai « allAkcly 
kl^iar faaaldaa caaprrotora. 



A* with it* tiki.  ;•« first  fri** of iv»i« wrr* c«iai«civ<l 
la •»!«   «";   Jlf»*r»n«f»   iß   l»p« I   »to^rrilr»  Hrlwr««  Ihr  «*o 
arlgliMl rljir».    tf»«iav«» «»r» I**I«4 U (Ha traaavaraa onrmi** 
da« «Mi I«*.  rtkMli» «rr ^rr»#«t*4 is Takla I. 

I*b|.   I,      t«*Ml|» «(   iM#acl T»*l» «■ TW 

I. i. 1 W M 
M 21 

-I«» 10 

*, $. * ^ 12 
i; 10 
I • 

•no U% 

TVr« «•••  » daflMC» •*    »rr«,s*» 1« tht yraprrtlre with 
ch* fU«.   fra» «hid« is«   first ••rla» of «OBV« MM for—J liavlii« 
a i.u»»*t la^aci straimtli «Ml m immt irtMltlM imftttut*, 
IWMT lati» > v«lt<}«(<   »«■* of UM cawpqrto— aaia «arllrr with 
•••■  of tHr l«t(#r diii. r •.. • hc»^ «((rikntoklo to IIM ori«i* 
i 4I pro^vrtlo«.    IWo« 4lffcr««ir«a «til» kt clorlfi«^ l« the 

it roport oo t r.i« pruoroB. 

|*»|» oo llw   »»-r  « . iv-u ltT*tO «rrr coocoriM^ wllh orlvot« 
lion off«ci» mi oro Itttotf im ToM« 4. 

Ijbl* 4.      kMilts of lapocl T. »f «o A«. 
■rcclv«-4 HT-IO II«ot 

P'^M*'*       y^rn^fT. ^f       i—oct. n-l> 

w >%•• 
• 110 >t.» 
.1/. 4».* 
• It? 40.0 

(coatINOOO) 

* 



TftfcU 4.    ■»•nil» of  Imfmt  !»•!'> am A»- 

i«-t. »211 
• 120 

Tr«M. n 
• no 

2i.» 

«.1 

klftlwr  laf«cl   »iro^glli H^m IW lc«a*l^rM   «Ilk IW  ari«liMl 
OMMTlMO. 


