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SOUVIET OHDNANCE METALIUKSY

LNTRODUCT {ON

The bulk of the Soviet ordnance materiel which has been examined
in this country consists of equipment which was manufactured prior to
and during World war ii. whatever equipment which may have been manu-
factured more recently than 1945 represents desighs which were stand-
ardized before the end of World War Il and were made from materials
and by methods used prior to 1945,

The subject paper covers the examination of several Soviet tank
and field guns, armor from JS [I and T-34 tanks, kinetic energy armor-
piercing aumunition of both steel and tungsten carbide core types, and
high-explosive aumunition, most of which had been captured in Korea,
while a certain amount had been recovered from German battlefields of
World War L1. The metallurgical and mechanical properties of this
materiel will be covered, as will the wore significant feature of
design and manufacture. Insofer as available information perumits, an
evaluation will also be made of tneir performance characteristics. ’

L, Artillery

Four gun tubes ranging in caliber from 76 MM to 122 MM and repre-
senting both tank and field guns presumably manufactured during 1937-
1944 have been examined by the Urdnance Corps. Common features of these
weapons were simplicity of design and rugsedness, The breech rings and
blocks were square cornered, had a minimum number of bosses, and these
components as well as the tubes were rough machined on all non-critical
surfaces, Critical surfaces such as chambers, forcin;-cones, breech
ring recesses for the blocks, and rifling were well machined and had -
surfaces comparable to those found in American equipment.

denerous fillets were observed in the interior re-entrant angles
of the breech rings and in the rifling of the gun tudbes; a very desirable
practice in that .t minimlzes stress concentrations. All guns had mono-
bloc tubes except for the 122 MM field gun which had a sleeve approxi-
nately one-third the length of the tube shrunk on the breech end of the
tube. External threads on the sleeve of this weapon screwed into the
breech ring, while the sleeve was pinned as well as shrunk to the tube,
The 172 MM tank gun was designed so that most of its weight was at the
breech end, thus minimizing the equilibration problem, This gun had a
nassive two piece breech ring, one end of which acted as the collar to
hold the breech ring to the tube. The guns are, in general, of con-
ventional design and have locking collars similar to those found in
German World War il guns. The 76 MM gun was fitted with a cest steel
double baffled muzzle brake, see Figure 1. It is not certain whether
this 76 MM gun was a tank or a field piece,
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The chewical analyses and mechanical properties of the four Juns
snd their couwponents are listed in Table L, The tubes of tae 76 MK,
85 i, and 122 Ml tanx guns are uade frow a Ni-Cr-Mo vanadiwi deoxidized
steel having approxinately equal amounts of nickel and chrowiwa as
alloying elements, Awmerican zun steels of the Ni-Cr-Mo composition
senerally contain at least twice as much nickel as chromiuw. The cou-
position of the soviet 122 MM fiuld gun very closely approxiustes that
of domestic weapons., The breech rings and blocks as well as the locking
coliars were wade of either Ui-Cr- o or Cr-mo alloy steels, The only
coiiponent wade of unalloyed steel (except for residual quantities of
ni, Cr, and Mo) was the cast muzzle brake on the 76 M. Zun.

The mechanical roperties of the joviet gun tubes and other cou-
ponents are, in general, coiwparable to those of dowestic weapcns which
vere manufactured during world VWar il, Tae notched-bar impact properties
or these weapons At low teuperatures are quite poor and are ccnsiderabdbly
below present standards, It wust be borne in wmind, however, that we had
no low teuperature toughness recuircients in gun steel specifications
Lt il atter the enda of wordd war 44, and Auerican suns manufactured during
tunt perioc were undoubtedly no tougner tinan the subject soviet guns,

«n general the conlonents of the sJoviet guns were made of steels of
souewhat inferior ginlity as coupared to Auwerican gJuns in tnat the steels
containec relativelys nwierous non-wetallic iacluasions and wore pronounced
snd conrser cendritic stractures. kxcept for tne 70 M. tank gun's uuzsle
arake, all j;an couponents were forged by conventional praétices.

ne reintively poor tourziness of these weapons as revealed by low
tew; erature notcred-bar iwincet tests resulted frow tae inconplete cuenca
Sraenang of tae cowmponents darin; heat trestuent. Althousa, in so.e
chses, taas was tue resalt ol wnsafficient nardensbility becouse of
cxcessively low alloy content, the incomplete hardening enersll  was
cansed by & slow cooiin: rate durins quenching, indicatin: thet t.e Zun
coiiponents were qiencined in vil or tara water ratuner than drastically
¢gnenched :n cold water,

The properties of the Joviet sun tubes are such that brittle
fractures of tihe tuhes and hreech rinis uay be encountered in service,
particalarly at reduced operating temperatures, high pressures, and
towards the end of the useful service life of the weapons,

il, Tank Aruor
The urdnance Corps's first contact with modern JSoviet tank aruor
was in 1943 when two tanks were provided to tnis country by the Soviet

sovernnent for perforuance tests at Aberdeen Proving Ground. These tanks
were the T-34 ,ediwu tank and the KV-1 heavy tank, 3ections, including
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welded Joints, were cut from the hulls and turrets of these tanks and
were gent to the Watertown Arsenal for metallurgical examination, The
following observations and conclusions resulted from this study:

1. Four types of alloy steels were encountered in the armor sec~
tions; Mn-5i-Mo steels were euployed for the thinner rolled armor sec-
tions, Cr-Mo steels for the thicker rolled armor sections, Mn-5i-Ni-Cr~Mo
steels were employed for both rolled and cast steel components from 2"
to 5" in thickness, and Ni-Cr-Mo steels were employed for some of the
moderately thick cast armor sections, The silicon content of the Mn-
S5i-Mo and the Mn-Si-Ni-Cr-Mo steels was high, 1.0-1,5% Si, and there
appeared no attempts at alloy conservation except in the case of the
element wolybdenum; the alloy content of all sections being aore than
sufficient to provide adequate hardenability.

2, The arwor components of tne T-34 tank, with the exception of
the bow casting which was unheat-treated, were heat-treated to very high
hardnesses (430-500 Brinell), probably in an atteuwpt to secure maximum
resistance to penetration by certain classes of armor-piercing projec-
tiles even at the expense of gtructural integrity under ballistic attack,
The arwor components of the x«V-1 heavy tank were heat-treatec to hard-
nesses more nearly approachingz American practice (280-320 Brinell),

3. Tne quality of the ar.or steels ranged from poor to excellent,
#.de variations in production technique were indicated; some rolled armor
coumponents were well cross-rolled while others were virtually streight-
away rolled., There was an extensive use of armor castings; the cast
turret of the T-34 tank was of good quality while that of the KV-1 tank
had excessive amounts of shrinkaze and hottears in the section examined,
The bow casting of the T-34 tank was very unsound and would have been
rejected under American standards, see Figure 2,

L4, The design of the welded Jjoints was characterized by dovetailing
such that the edgzes of the lighter plates were set into niches machined
or flame-cut into the heavier sections so that the surfaces of the
lizhter plates were approximately flush with the edges of the heav.ier
gections. This resulted in transmission of stresses from one armor
section to another without subjecting the weld metal deposits to the
full force of stress applications other than compression stresses. In
uany cases the weld Jjoint designs were such that the weld deposit served
more as a glue to hold the members together than as structural, stress-
bearing elements. Although the fundamental design of the joints appeared
excellent, the fit-up, appearance, and execution of the Jjoint design and
welding was generally poor,

3
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5. Shallow penetratlon, poor fusion, severe undercutting,
porosity, and cracking was observed in wost of the welds and prob-

. ably resulted frow improper wmanipulation of electrodes which might
not have had suitable operating characteristics. The slopry appear-
ance of the welds was indicative of poorly qualified weldors., sany

! of the welds louked as if the weld deposits were hastily thrown in
to speed up production, These obvious defects, together with low
strenzth and poor metallurgical structure of ferritic weld deposits,
indicate that the welded Jjoints would have poor resistance to severe
silock,

6., ferritic electrodes were used for wost of the welding,
altnough anstenitic weld deposits were also encountered. In csome
cases, ferritic and austenitic electrodes were used, apparently in-
discriminately, i1n naking some of the weld deposits; soue of the beads
beingz laid down witn one type of electrode while other heads in the
sause weld were deposited from the other type of electrode.

The resalts obtained frow tne wetalliurgical examination cf these

early world Wwar ii soviet tanks have been described in sowe detail

since tney are exactly tne saue as have been ohtained from all exaui- .

nations perfor.ued s.nce tnen . J.vi=t tankxs which were recovered in ’
. seruneny after the end of world war i1, ana on soviet tanks winich were

captured in wnorea curing 19Y50-1952, The Urdnance Corps has examined

several soviet JS5-ii tan. s wnica were found in sermany and several
' soviet T=34 tanks froan hota aselncay a6 korea,

The wetallurical aad mechanicai properties of various aruaor sec-
tions of u3-.f and T-34 tanks are shown in Table i1 and the ccmpositions
of both austenitic and ferritic weld metal deposits 1n these tanks are
suown 1n Table Iil., Aszain, we cncounter the Mn-3i-Mo, Mn-3i-Ni-Cr-io,
and Ni-Cr-Mo aruor coupositions =znd very anigh armor hardnesses., Al-
thoush molybdenun contents as nizh as 0,384 have been observed in 3oviet -
arwor, the bulic of tue ar.or coupositions have lower molybdenum contents
in the ranje of 0,15 to O,3Jw, with uany having no more than 0.25%
wolybdenuw., This element has an iwportant function in reducirg the
teuper embrittlenent susceptibility of neat-treated mediuwm to high alloy
steels and is used extensively in donestic gun, armor, and projectile
steels in amounts of 0,40- 0,500. The significantly lower olybdenu
content senerally observed i1n 3oviet ordnance steels wmay be taken as
a deliberate atteupt at conservation of this element which is known to
be not plentifuily available in 3Soviet controlled lands,

soue of the aruor stecls have surprisingly high touzhness consider-
in:; the very aicn hardness levels; but wmany of the araor steels, even
the softest ones, are very brittle, In several cases, the use of unalloyed
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and/or unheat-treated steels in such eritical applications as turret
rings, bow castings, and floor plates has been noted. 3Such components
would be very brittle and are apt to fracture even when not directly
i.pacted by proJjectiles, Unheat-treated hull floor plates would be
very subject to shattering and splintering under mine attack. Since
tnese conditions were observed in Soviet tanks presumably constructed
duriazs dorld war LI when wuca of joviet industry lay in ruins and when
vroduction had to be pushed even at the expense of quality, it cannot
he safely assumed that the use of unheat-treated steels in critical
tans agplications is an spproved Soviet practice, The Hdussians know
too auch aetallargy to be deliberately zuilty of such practices,

The very tiish hardness encountered in wost 3Joviet tank aruwor has
caused uuch uanecessary concern regarding the relative beilistic per-
Toriance of the hard soviet arwor and the softer American arucr, Many
peovle associate higzh hardness with hizh resistance to penetration,
Although this is true, within liwits, in the case of attack of aruor
by undermatching projectiles (i.e. caliber of shot is less than the
tnickness of the ar.uor) ,articularly at low obliquities of attack, it
.5 aefinitely not true when the arior is attacked hy larger calibher
3not at higiner ohliquities of iumpact., Cowpetitive hallistic trials
whech have been conducted at urdnance proving Jrounds on both very aard
and aor.ally hard douestic ar.or and Jsoviet aruor have established
heyound question of doubt tnat in uwmany cases, representative of actual
hattlefield attacg conditions, very hard arwor is distinctly inferior
1. resistance to penetration as coupared to aruwor of wore conventional
aarduesses (280-320 Brinell).,

Althoazh welds 1in 3oviet tanxs are inferior in quality ard uuch
~ore brittle than correspondin; welds in Aumerican tanks, this condi-
tion has not been a uajor factor in inpairing the battlefield perforuance
0oi soviet arwor. Proor Jjoint fits, sloppy appearance, jagsed snd rough
T.nishes should not divert attention frowm the fact that the scviet tanks
“re ra;;ed and battlewortn, and require nany fewer wan-hours cf{ labor
snd prec.sion wacihine tools, Jjigs, and fixtures to construct thaan
Ai.erican tanizs of corresponding of’ensive capabilities. Ln bhattle,
thie nuuber of ar.ored vehicles winich can me fielded by a couwbatant is
n vital factor in the ontcome of the conflict - and the dissians seeis
to have learned this lesson .iore rigorously than have we, it would be
very interesting to coupnre, for exaaple, the reletive man-hours of
iehor and ianvestuent in wachine tools to construct equivalent naubers
of the Auwerican 76 iiu +un Tanx T4l and the 3Soviet T-34/85,

Typical samples of soviet aruor weld Jjoints are shown in Figures

3, 4, and 5, whicih dewonstrate the vearious evils of poor Jjoint fit,
weld craciks, shallow wela penetration, etc., as well as the fundamentally

5
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sound joint designs., Irigure 5 is particularly interesting in that

it shows a typical Soviet weld repair, this time in the wnlded Jjoint
between the lower glacis plate and the bow casting of a T-34 tank,

A wide and deep crack several feet in length opened up in this ferritic
weld, and repair of the crack was effected by depositing a small bead,
asing an austenitic rod, over the surface of the crack to hide it from
view., 1t wizht be pointed out, parenthetically, that this tank did not
become a battlefield casualty because of this glaring defect, dut
because an ar.or-piercing projectile was driven through its arwor,

1il, Araor~Piercing Frojectiles

A, Steel Projectiles

Soviet steel armor-piercing projectiles which have been cap-
tured in Korea as well as those which have been recovered frow erious
localities during World War .1 are characterized by the wide variety
in designs which have been encountered. Basically, almost all of the
shot whica have been observed are of the monobloc, or AP, type; i.e.

a giiot without an arwor-plercins cap, and the great majority have
rather small explosive cavities of rather narrow diameter so that they
are wore properly classified as APHE projectiles,

Beyond tnis point, tne similarity in desizsn ceases., Joule
have ratner sharp-pointed, ogzival noses; soue have flat noses; soiue
have knobs of various shapes machined on their relatively bdlunt noses;
soue are fitted with windsnields umade of steel stauwpings to maintain
a Jgood eerodynamic shape; some have single copper rotating bands; soume
have two rotatings bands; souwe are boat-tailed; sowe have cylindrical
bases; so.e are deeply notched circuwferentially forward of or behind
their bourrelets, so.ie have one and sowe have two such notches, and
the notches come 1n a multiplicity of profiles and depths. Typical
shot illustretive of these various design characteristics are shown
in fizure 6,

This hewildering array of designs reduce, however, to a few
basic concepts., 1t is postulated that sSoviet AP shot are desizned
primarily for the defeat of highly sloped armor and are believed to
be particularly effective against very hard aruwor of the type produced
by the soviets, as well as effective against armor under conditions of
low ambient temperatures; where improperly heat-treated armor tends to
he particularly brittle and sensitive to shock iwpacts,

Highly sloped ar.or, hard arwor, and brittle aruor 1l tend
to be penetrated by a mechanisu which involves the shearing out of a
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disc or plu; ahead of the attacking projectile, This type of pene-
tration is most effectively achieved by a blunt nosed shot or by one
which fractures in such a manner that a roughly cylindrical blunt
missile results. Such a projectile tends to plugz throush arwor along
a path more nearly normal to the surface of the armor than the original
line of flisht of the projectile, i.,e,, the shot tends to streigshten
1 and take a shorter path throush the plate than an intact ogival
nosed shot which tends to ricochet off the face of tne armor. The
function of the cap on the AFC type of shot is to reduce the forces
on the nose of the shot an” thus keep it intact; consequently, the
5oviet shot are not capped,

1t is inferred that tne function of the circuwferential
~<rooves in the region of the bourrelet is to locate and promote
fracture of the shot when attacking sloped armor targets, and thus
convert ogival shot into the uwore effective flat-nosed shot. Azainst
low obliquity ar.or, on the other hand, ogival nosed shot are wore
effective than flat nosed shot. Jince the bending mowent and stress
concentration induced by the groove when attacking low obliquity tar-
sets 1s also correspondingly low, the grooved shot wiil not have a
Sreat tendency to fracture against such targets. The groove thus
tends to make the shot more versatile; it does not desrade its per-
foraance against targets niost readily defeated by sharpy nosed shot,
and waproves the perforuance of the shot against targets wost readily
cefeated by blunt nosed shot,

Inforumation on tne design characteristics, chewical coumposi-
tions, and mechaaical properties of typical Soviet steel ar.or-piercing
progectiles is suown in Table iV, We again encounter the use of high
silicon #n-31i-Cr steels quite similar to tnose which are ewmplosed for
aruor except thet the carbon content has been raised from the 0,25~
0.,30p level used in the arwor steels to 0,32 - 0,38b carbon, and the
ele.uent wolybdenuuw nas either been yreatly reduced or eliwminated from
tne shot steels, A Ni-Cr-ko steel was, however, euployed for the
122 MM AF shot wnich is the larzest caliber shot studied, but even in
this projectile the wolybdenum content was only 0,22%. In several
cases, the Souviet AP shot steels have insufficient alloy content to
peruit full hardenins throuzh the section upon quenching,

Tne shot bodies are heat treated by a quench and temper
operation to waxXimum hardnesses in the ranje of iockwell C 50, which
i3 significantly softer than domestic shot which are fully hardened
to rockwell C 60-63, particalarly in the forward portions of the shot.
in addition, Ausericen shot are made frou alloy steels containing approx~
inntel, 0,50~ 0,60} carbon which peruits the attainment of the very hizh
hardnesses souzht in do.uestic practice. Maxiuum hardnesses are desired
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in domestic shot to prevent deformation and fracture of projectiles
on impact egainst armor, particularly against thick, low obliquity
targets, Against highly sloped armor, it is found that monobloc,
sharp ogived projectiles undergo nose fracture regardless of their
metallurgical and mechanical properties and thus become transformed

i to relatively blunt cylindrical shapes which are, as a matter of fict,
nost effective against highly sloped targets. In view of the fact
that ogival nosed shot undergo nose break-up against sloped armor
targets, the circumferential grooves nsed by the Russians are not
really necessary since the shot break ip without thew., The grooves
may serve a useful purpose in APHE shot, however, by localizing the
fracture in a region away froum the explosive cavity and thus permit
a high order detonation of the portion of the shot that gets through
the armor,

In several cases the Joviet shot are heat treated to a uni-
form hardness of .ockwell C 50 all over the shot body, although in
the case of the 85 MM shot the hardness decreased to Rockwell C 25
at the base. In the domestic practice, it is usual to obtain maximum
hardness (Rg 60-63) in the shot nose down through the bourrelet region
to approximately Hockwell C 45 at the base. This practice is followed
in order to iupart sufficient toughness to the body section to keep it ,
, intact even though the nose may shatter,

Windshields on 3Soviet Al shot are generslly made by deep
drawing or stamping low carbon sheet steel into the desired shapes,
ilelatively pure copper is employed for rotating bands, which are
generally of conventional design, although a copper alloyed with
approximately 5% nickel has been observed as a rotating band mater.ial,
This latter alloy may, however, be accidental rather than intentional.

Like the rest of Soviet ordnance material, steel AP projec-
tiles show evidence of coarse machining and finishing on all non-crit-
ical surfaces, while rotating bands and bourrelets have surfaces com-
parable to domestic practice. Almost all Soviet equipment indicates
the careful husbanding of manufacturing processes requiring complex
and expensive machine tools and skilled labor, Where needed, however,
good practices are employed.

B, HVAP Projectiles

This type of armor-piercing ammunition covers tungsten -
carbide cored projectiles in which tunrvsten carbide penetrators are
fitted into carriers to permit firing frouw Zuns; the carriers accom-
panying the cores to the target, at which point the cores break out
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of the carriers to perforate the armor, The carrier generally plays
little or no part in the penetration of armor, serving only &s & vehi-
cle for the tungsten carbide core in the interior and exterior ballistic
stages of flisht. Wwhen, however, as in the case of Soviet HVAP shot,
the carrier is heavy and much of the weight is behind the core, the
carrier may act as a piston helping to drive the core througu the armor
and dishing out a large crater in the face of the impacted plate,

The Soviet HVAF projectiles which have been encountered in
Eorea are very primitive in design, looking almost exactly like the
early German World war II arrow-head projectiles which were encountered
in 1942 and possidly earlier, Figure 7 shows photographs of typical
Joviet 45 MM, 57 MM and 85 MM HVAP shot, These three shot are similar
in most of their design characteristics; all have soft steel bodies
wachined from unheat-treated low to medium carbon steel bar stock, see
Table V. The windshields of these particular rounds are aluminum alloy
sand castings whose inside contours fit over the ogive of the tungsten
carhide cores and are screwed into the shot bodies, see Figure 8. for
cross~gectional views of the carriers of the subject HVAP shot. The
aluninum alloy windshields are similar in couposition to two commonly
used domestic sand-casting nlloys, Alcoa 212 and 195, The cores are
cemented into position by use of a litharge~glycerol cement.

ln the cage of a 76,2 MM 3oviet HVAP shot, the winds:.eld was
uade of a low carbon steel stamping attached to the shot body oy grooves .
pressed into cannelures machined in the forward portion of the body. In
this projectile the core was fixed into the body by criumping a lip of
the body over the ogive of the core. The sualler caliber HVAP shot had
integral steel rotating bands machined frow the bar stock while the
larger caliber nVAr shot had one and two rotating bands wmade from high
purity copper.

Again, uachining and finishes on non~critical surfaces are
extremely rough; and ali materials with,of course, the exception of
the tungsten carbi 2 cores, consist of non-strategic metals insofar as
ponaible., The tungsten carbide cores are of uniform composition, con-
ta.ning approximately 90» tungsten, 6% carbon (sufficient tocoubine
with all the tungsten to form WC), and approximately 4 nickel as the
binder, L1t has been found in this country that cobalt is better than
aickel a3 the binder in tungsten carbide cores; providing somewhat
griater toughness and resistance to fracture., The use of nickel by
the Hussians way indicate a shortage of cobalt in the Soviet gzone, or
el. e an ~ttitude that nickel bonded cores are good enough and the use
of cobalt does not provide sufficient improvement to Justify the use
of ths wore strategic wctal in thie application,

hoerican tangaten carbide cores have been made with as high

#: 16p» ohalt =3 the biner, but recent research has shown that lower
buincer contents iesult in better overall penetration performence, with
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possibly 5 to 8% cobalt being optiwum. The Soviet tungsten carbide
core composition is thus not too far away from what we are evolving
to.

A significant difference between Soviet and American HVAP
shot is in the size and weight of cores used in the wvarious calibers
of shot. As seen in Table YV, the Soviet 45 MM HVAP shot has a core
weighing approximately 1/2 pound, while the 57 MM, 76-2 MM, and 85 MM
HVAP shot have cores weighing between 1 and 1.1/3 pounds; while the
core to total projectile weights range from as low as 13k to a high
of 306, By way of contrast, the Awerican 76 MM HVAP M93 shot has a
4 pound core and the 90 kb HVAP M304 shot has an 8 pound core, with
the cores weighing 45» to 50w of the total weight of the shot. The
very small size of the cores in the Soviet HVAP shot is well illus-
trated in Figure 8, whicn shows crogss-sections of the bodies and
windshields of the 45 MM, 57 Mu, and 85 MM HVAP shot such that the
cavities for the cores are revealed. The tungsten carbide cores for
tnese shot are shown in Fizure 9,

Photomicrographs of a typical Soviet tungsten carbide core
are shown in Figure 10, The umaterial is very porous and the grain
size is extremely non-uniform, the structure containing scattered large
grains intergpersed with fine grains of tungsten carbide. Tne poor
quality customarily observed in Soviet tungsten carbide cores is in-
dicative of sloppy manufacturing practice,

In view of the lizht weight and arrow-head designs c¢f soviet
HVAP shot, the range-velocity characteristics of these nro,ectiles
would be expecteu to be poor, Also, because of the low weight and
consequent low kinetic energy of tne tunzsten carbide cores, the aranor
penetration performance of Soviet HVAP shot should be far inferior to
that of domestic HVAP shot. Nevertheless, at short ranges the Soviet
HVAY shot can readily perforate American tanks as we have learned in
korea.

IV, Hish Explosive Amnunition

The general appearance of Soviet high explosive ammunition is
similar to that of comparable American munitions. In many instances,
however, the Soviet shell have thicker walls than American shell,
presumably to provide & reater mass of metal for fraguentation. As
a matter of fact, the decign of and materials employed in joviet high
explosive amunition seeus to stress fragmentation rather than blast
effect; both wortar and artillery H.KE. shell often having thicker walls
and heavier welzhts of wetal than corresponding types and calibers of
American rounds,

10
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A very noteworthy aspect of Soviet high explosive emmunitio: is
the use of cast iron in both uortar and artillery H.E. shell as seen
frow the data shown in Table VI, The extreme brittleness of cast iron
enhances the fragmentation characteristics of this uaterial; a shell
of cast iron may produce up to 20 times as many freajuents upon detona-
tion as a siwilar shell wade from forged steel. The fragients recovered
from one detonated 82 Mil mortar shell are shown in Pigure 11. This shell,
for exauple, produced more than 10,000 fragments upon detonation. Al-
though, of course, a very large proportion of these fraiients are fines
weighing less than 2 grains (approximately 7500 fraguents are in this
classification), a very larse nuuber of these fragments may bve effective
as casualty producing asents., Yven very tiny frazments are capable of
uroaacing severe casualties as well as deaths as attested to by the
surveys .aade by wedical teams in norea during the periods wnen field
trials of experimental body arwor gariients were conducted prior to the
strndardizetion of this type of equipment,

“ne 82 il Joviet wortar shell also proauced approximately 1600
rragments weigning frow 2 to 5 ;rains, 850 fra_uents weizhing frow 5
Lo 1V grains, 700 frauents weighing 10 to 25 grains, and 1UC fra juents
weizhins 25 to 50 grains., Fraguents :n tnese weight ranzes sre parti-
cularly effective against personnel.

Coupetitive firing tests of the Soviet 82 MM cast iron and the
Auwerican 81 MM M43Al forzed steel umortar shell have been conducted at
nberdeen rroving Jsround where the shell were detonated in the center
of 1" pine boards arranged in semi-circles of 20 foot and 40 foot radii.
Tne following results were obtained:

82 MM Soviet 81 MM Auerican
Mortar Shell M43A1 bortar shell

20' radius

Total hits 5891 734
Total perforations 1435 333

40' radius

Total hits 2513 277
Total perforations 824 102

11

Security Information

R




R S e,

SECRET

From these data, the Russian shell is shown to produce:

at 20 feet

8 timés more total hits
4,3 tiwes more total perforations

at 40 feet

9.1 times more total hits
8.1 times more total perforations

Number of Fragments or Density
Per Square Yard From Main Spray

82 M Soviet 81 MM American
—Last Iron Forged Steel

20' radius
Total hits 93.8 11,7
Total perforations 22,8 5.3

40! radjus
Total hits 20.0 2,2
Total perforations 6.6 0.8

The above data were extracted from an Aberdeen Proving Ground
Memorandum Report by Colonel g. B. Jarrett, Chief of Library and
Museun Branch, dated 28 November 1950,

The very neat trick employed by the Soviets in the selection of
calibers should be pointed out at this time. If they capture stocks
of our 81 MM mortar shell, they can return them to us by firing them
from their 82 MM mortars, (n the other hand, their 82 MM wortar shell
will not fit our 81 MM umortar tubes,

To further belabor the point of the excellent fragmentation charac-
teristics of cast iron shell, the Soviet 120 MM Mortar Shell, Mod,
0¢843A produces approximately 23,000 fragments upon detonation; approx-
imately 10,000 being up to 2 grains in weight, 6,000 - 2 to 5 grains in
weight, 3000 - 5 to 10 grains in weight, 2300 - 10 to 25 grains in

weight, 900 - 25 to 50 grains in weight, 300 - 50 to 75 grains in weight,

and 200 - 75 to 100 grains in weight. Truly an anti-personnel weapon
of terrifying capabilities,
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The low strength (see Table VI) of cast iron does, of course,
limit the perforwance of shell umade from this waterial; and probably
confines their use to lower pressure and hence lower velocity and
shorter range gun and mortar tubes, Cast metal does, on the other
hend, have the desirable characteristic of breaking up into chunky,
aluost cubic, fraguents as can be seen in Figure 11, Fragments of
this general shape have the most desirable range-velocity character-
istics and are to be greatly preferred to long splinters such as are
often produced from the sidewalls of forged steel shell.

As with all other Soviet materiel, the high-explosive ammunition
shows rough surface finishes and coarse machining except on critical
areas such as bourrelets and rotating bands.

GENERAL CUNSIDERATIONS

It wust be borne in uind that the Soviet ordnance materiel des-
cribed in this paper was mostly of world wWar il manufacture and repre-
sents design concepts which, for the greater part, were established as
early as 1940-1942, It cannot be said with any certainty that these
design concepts are, in all cases, still adhered to by the 3cviets,

There have been recurreat ruwors of the up-gunning and up-armoring
of Soviet tanks, including the addition of wore or less complex spaced
aruor on tanks desizned to defeat chemical energy armor-defeating amnu-
nition,

Froa a metallurgical point of view, i1t would appear that the Soviets
have attained equality with this country in the matter of technical in-
formation but not in technological development or in skill and training
of metals workers such as weldors, foundrywen and machinists,

The use of high silicon steels for many ordnance applications is
unique with the Soviets., American ordnance steels rarely have more
than O.,% silicon, while the xussians use steels with as much as 150
silicon as one of tne alloying elements, In one case where a high
silicon bearing ars.or steel was produced by an American steel mill
wnder Lend-~Lease during World war fi, the steel was very dirty, con- ,
taining hizh concentrations of silicate inclusions, whereas the Russians -
have developed methods to produce reasonably sound high silicon alloy
steels, Silicon is not a perticulerly desireble alloying element in
steel, having only a woderate effect on hardenability and it has been
found, in many cases, to embrittle steel which is tempered in the range
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of 250-300 Brinell, I[ts effect in very high strength steels (400-
450 Brinell) may not be detrimental and may even be beneficiel,
witness the high silico-manganese spring steels, in any case, most
of the high silicon alloy steels had sufficient quantities of other
alloying elements such as manganese, nickel, and chromium present
to provide adequate hardenability, so that the use of silicon did
not seem necessary.

There appears to he a definite tendency to conserve molybdeanum
in Soviet ordnance steels, even thoush this elewent is almost a speci-
fic for temper embrittlement. f course, very high hardness steels
such as Soviet ar.or and AP shot are not teupered at teuperatures in
which the embrittling precipitate forws, so that the need for molybdenun
to cope with temper brittleness is greatly lessened as coupared to
Anerican practice.

in mnany cases, the total alloy content of Soviet ordnance steels
has not been too wisely selected; some components having more alloy
than needed to provide adequate hardenability for the section sizes
involved, and some not having sufficient alloy content. The same
remark also applies, however, to many Auerican ordnance steels en~
ployed in the early stazes of World War iI, dbut by 1943 most ordnance
steels in this country were designed with attention to hardenebility
requireqents in order to conserve the more strategic alloying elements,

in closing, it should be euphasized that this country could do
well to emulate the Soviet practice of euploying finely machined
Tinishes only wnere needed. The sawme applies to high quality, care-
fully prepared welded joints, castings, and other metal products,
Detailed attention to aesthetic appearances is costly, time consuming,

and, throughout the history of man, is not known to have won a single
war,
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TOP SLOPING
FRONT PLATE

AN

80w
CASTING

™
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L

SECRET —~ SECURITY INFORMATION LOWER SLOPING
FRONT PLATE

FIGURE 2 SAMPLE NO, I

MACROETCHED TRANSVERSE SECTIONS THROUGH WELD JOINTS IN mULL OF
RUSSIAN MEDIUM TANK T—-34, SEE SKETCH A (APPENDIX A) FOR LOCA-
TION OF JOINTS IN TANK STRUCTURE.
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1.8" UPPER GLACIS PLATE

% -‘.ﬂ ' R’m“
.
’! - s -
‘1r \
BOW CASTING
-REPAIR WELD

"AUSTENITIC BEAD DEPOSITED
OVER GRACK IN FERRITIC WELD
METAL . CRACK SEVERAL FEET

LONG

X 1.8"LOWER GLACIS PLATE

WELDS AND WELD REPAIR
| IN SOVIET T—34 TANK

WATERTOWN ARSENAL LABORATORY
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