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PREFACE

AUTHORIZATION

Specific directives for these investigetions
were issued in Buord 1ltr Relb QW19 deted December 30,
92, :

OBJECT

bl

To make a complete physical, chemical and nmetallur-
gical examination of the following Japanese equipment:

37mm Anti-tank ammunition.
3~inch A.A, amnmunition.
75mr Howitzer ammuﬁition.
50mn liortar projectile.

50mn loxtar grenade,
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v SLARTIHATION OF A JAPANESE 50mm MORTAR
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ELATTNATION OF ONE ROUID OF JARPANESE 37mm ANTI-TANE
. ARPULITION
SUIARY
L This projectiles was machined from plain carbon
steel bar stock, normalized and nosethardeneéd. A complete
RN description of the analysis, hardness and nicrostructure is

presented; the heat “treatment used is discussed.

i The chemical composition, hardness and micro-

LI structure o2 the fuze cenponents have been investigated and
Ll the fuze action is described.
MRS The decoppering foil of this ammuni®tion is found

to be a 60-40 tin-lead alloy weighing.039 ounces.
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IIITRODUCTION.

A complete round of Japanese 37mm anti-tank

P amnunition was received by the Naval Proving Ground for

* physical, chenical and metallurgical examination. The
following is a report of this investigation, in accordance
with the directives,

- B INVESTIGAT 1",
. . x ;

* - PHYSICAL,
* & :

NFG Photo, Ilo, 551 (APL) shows the component
parts of this ammunition; an uncapped 37mm vrojectile, a..base
e detonating fuze, decoppering foil and a largs hrass cartrldge
TR case. KPG 2hoto. Mo, 605 (APL) shows this projectile and
fuze in crozs section.

E
%
g

The projectile has a very small capacity, only
L .825 cu, in, for filler; most of the cavity being taken up by
e T the unusually large fuze. This fuze has evidently been adapted

o She o8

AN fron a larger projectile, The fuze action is as follows:

- i Set_back - /The brass sleeve flies to the rear,
..+~ . shearing the copper shear piun and wedging firmly on the firing
3 pin taper; Tiring pin and sleeve now form one unit,

Flight - The firing pin-sleeve unit is restrained
on noving rorward by the creep spring.

i
&

Inpect - The firing pin-sleeve unit flies forward

ing pin strikes the primer, setting orff the delay

and the fir
(short) and subsequently the booster charge.

elencnt
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The decoppnering foll is held in ths cartridge
case vy means of a cardboard disk, to which it is atctachned by
- a substuance resembllng shellac. This foil weighed 1.065
grans. (029 cz.)

The projectile was painted black and is

. identified by a yellow band approximately 1/2 inch wide
located imnediately behind the bourrelet and a white band of
the same width immediately in front of the rotating band.

TR AP R MO R L

. “he fuze carried thes following markings:
Hary y 90 & PL
RGN v U+«s L 6:2?7 & f'7f-

R The cartridge case 1s of conventional design,
' IG'G Photo, No, 606 (APL) shows the longitudinal secticn of )
this case.

CHEPILCAL AMALYSIS.

Chemical analyses of all comroncnts are listed
in Table A. Steel analyses are spsctrochanical excepting "
carbon phecsphorus and ‘sulphur which have bcen obtained by’
standard wet chenical methods.

IETATTURGICAL FAANTNATION

- . This examination entailed a study o? the

oo 2 manufacture and heat treatnent of the projectile with the
GERERERE I resulting distribution of hardness and microstructure. Ths

. s hardness and microstructurce of the fuze were also investigated.
2 RS

) }’." v e

) A Qecp etech of the cross section of the pro-
Jectile showed that it was machined from bar stock. INPG Photo.
Ko, 610 (APL) shows a lightly etched cross section of this
projectile; the nature of the heat treatments are clearliy )
indicated. A study of the microstructure and hardness cf the ’
zcnes delinecated by the light etch indicated that:

) 1. The lightly ¢tched region on the nose surfacc:
el sresents 2 tempered marucn51tlc structurs of high hardness,
R o° ‘R. C (80 Shore),

2. The deeply stched region in the center of the
nose and extending to the cavity rcprisents a structurc arising
Tron a partial rcaction of the austenitized matrix to pearlite
’ and nmartensite, The hardness varies from 55 R.C, (73 Shord at
- the interface of the wholly martensitic region to 25 R.C. (40 Shors
L,, L at the cavity; at this point the structure is entirely pearlitic,

o A s  a—————

wEE . 3. The remainder of the body and base, which show
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even etching, represents a zone having a uniform hardness of

] T 25 R.C., (40 Shore) end a normalized structure., The inseriace

: or this zons and the darkly etched zonc shcws almost complets
spheroidization of this normalized structure. It would

‘ * appear that the projectiles were heat treated as follows:

B G Y ——— —————

(1) Normalized by holding at apvroyLmatelj
1400° F and air cooling

3 -

7 (2) Nosc hardencd by dinping 2-1/8 indnes of

Vo the nose into a lead allOy pot held at

3 i . apprfoximately 1500° F for a dCf;Hltc tine,
’ followed by a timed o0il quench,

i“ e (3) Tcmpared at approximatcly 300° F. !

. The structure and hardness of the fuze compnonents

L were found to be as follows:

. Fuze Plug Normalized structure, 90 RQ !

;f Coot . + “
t,'&'..-»"“r'-"‘., Fuze Body 1t 1" 20 R !
SRS C
i - Firing Pin i " . 8 R
;T ’ B
e ] —
A C DISCUSSION.
E'ﬁ“'f*: On the basis of the distribution of the hardness and ;

nicrostructure found in this projectile, it is believed that =
* serious weakness exists at a point immediately behind the
bourrelet, (The herdness falls abruptly from 62 R.C. (80Shore)
to 25 R.C, (L4LOShore)) which should cause this projectile to
Tail 2t this point on impacts involving appreciable obliquitics.,

-

R e S
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ALTIUNLTION,

SUMARY
\

The projéstile of this ammunitioxn
becn made Trom nickel-chrome steel by forginy:
. izing,

lead 60-40 alloy, weighing .Q96 ounces.

all components are presented.

y -
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yas found to0 have
> and then nornal-

This ammunition uses a decoppering foil of a tin-

Complete chemical and nmetallurgical analyses fcr
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} A INTRODUCTION, .

One complete round of Japanese 3-inch A A. amnuni-

! . tion was-reccived by the Naval Proving Ground for a complste
: , physical, chemical and metallurgical éxamination. The follow-

' . - ing is a report of this investigation, in accordence with the

" dircctives.
< B, IRVESTIGATION.
PHYSICAL .

, WPG Photo. No, 548 (APL) shcws the cartridge
cnse and decoppering foil, WPG Photo, No. ¢29 (APL) shows the

B Tuze components, NPG Photo, Mo, 251 (APL) ubhws a cross secnion
o of the projectile, and NPG Photo, No. 6027 (4APL) shows a croas

RN sgction of the cartridge case. b

e e The projectile body contains a sphelical scction

] . . . - S s
’ of wood, which is recessed into a conjugate uepressibn in the
1 base plug. This wood plug serves as a cushion forifhe filler on

set~back, o .
i“x o The decoppering foil was positioned in the
3 cartridge case by means of a cardboard disk to which it was
o cttached by 'a shellac-like material, The fojl weighed 2.717 E
= gms - (1096 OZ . ) 'Y %
g : ’ . i
b L No color markings were found on this pro- )
1 Jjectile; the following identification was found on the base
R pLUg.. F S No 3 .
-
o A dark brown varnish was used to coat the
T cavity of the projectile,
CHEMICAL.
2 Chenical analyses of all components are listcd g
. in Table A. Steel analyses are spectrochemical excepting for i
o the carbon, phosphorus and sulphur, which have been obtained r
' ]

by wet chemical methods.

Non~ferrous anaiyses are by standard wet
chemieal procedures,

o 5T Ly 2

!

!\

1'I

s - . 1 g

" Section II, TFage . {
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TABLE B

NENTS_OF JAPANESE
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NCH A.A., AMMUNITION

i AND HARDNESS OF VARIOU
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METALLURGICAL.

o : This examination entailed a study of the
: hardness, macrostructure and microstructure relating the
quality of the ammunition and the probable methods used
in its manufacture.

o ‘ The desp etched macrostructure indicated this

' steel to be sound and free from segregation of non-metallics;
the flow figures were found to be paralliel to the contour of

- the projectile in such a fashion as to indicate that it was
formed by a draw forging operetion.

T L
.
Sihas v 3 nm:&mmwrrﬂg

The microstructures and hardness of the varicus
components are listed in Table B,

The projectile has been made from a low Aalloy
nickel-chrome steel and air cooled following the forging
; : operation to give a tensile strength of approximately 110,000
AN psi. The base plug is of approximatz SAE 3150 composition,
SRR It was made by forglng a section cut from a plate and then
. normelizing to give a'tensile strength of 130 000 psi.

L 2452

The booster cup end detonator assembly were
L e 4 made by die casting Muntz metal and then machining to final
f o size, The inside surface has a thin coating ol tin 1001

: Y002 in thickness,

Section II, Page 2.
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III
FRAMINATION OF ONE ROUND OF JAVANESE 75rm

TOWITZER AMMUNITION

.

SULTARY

The projectile of this ammunition was found to
have been made from a plain carbon steel of approximately
SA® 1065 grade by forging and normalizine.

A complete chemical and metallurgical analysis
of all components is presented.

v

Section III, Page 1
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I INTRODUCTIOM.

‘ - One round of Japanese 75nm Howitzer ammunition wns
S roceived by the Naval Proving Ground for a complete physical,
B chemical and metallurgical cxamination. The following is =
report of this investigation, in accordance with the dircetives.

Ix INVESTIGATION.

- PHYSICAL. .
e . ]

K . The copponent parts of this ammunition arec

shown in NPG Photo, Mo, 547 (APL). NPG Photos, Nos, 659 and

606E (APL) show the cross section of the projectile and

certridge case respectively.

-

The projectile was painted black and was
identified by white bands behind the bourrelet and immediately
in front of and behind the rotating band.

A dark brown varnish was used to coat the
cavity of the projectile, :

CHEXICAL.
S A Chemical analyses of all components are listed
S in Table A. Steel analyses ere spectrochemical excepting those
LT e of carbon, phosphorus and sulphur, which have been obtained by

wet chemical methods.

IIETALLURGICAL.

This ‘exanination entailed a study of the
hrrdness, macrostructure and microstructure relating the
guality of the ammunition and the probable nmethods used in
its manufacture.

S The deep etched macrostructurc indicated this
L. steel to be fairly sound and free from segregation of non-
ot metallicsy the flow figures were found to follow the contour

of the projectile in such a2 fashion as to indicate that the
projectile was formed by piercing and bench drawing a section
cut fron bar stock,

' The projectile was made from a plain carbon

- steel of approximatcly SAE 1050 grade and air cooled fronm
Torging temperature to give a normalized structurc having a
tensile strength of approximately 110,000 psi. (90 Ra).

+ Section III, Page 1
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The¢ booster cup was made from steel of gpproximately
SAE 1030 grade by a hot cupping and drawing operation after
which it was normalized to give a tensile strength of
approxinately 65,000 psi. (73 Rgp).
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e EXMINATION OF A JAPANESE 50mm MORTAR PROJECTILE

SUMMARY

*
" \l
- &
Exanination shows this prejectile to be of con-
: ventional design, with exception of an cxpansible copper
band, which makes use of the propellant gases to affcct Lore

A seal in a rifled mortar; the action is explained.
Tl 4t The projectile has been manufactured from plain

carbon, normalized bar stock by machining, there is no
evidence of forging,

e Chemical and metallurgical exaninations have been
L iRy made of all components,
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A INTRODUCTION.

One 50nm Japanese nortar projectile was recovived
by the Naval Proving Ground for a conplete phvs1cal chenical
and netallurgicel exanination, The following is a GCort
of this investigation, in accordance with the directives.

B INVESTIGATION.

PHYSICAL. X

. NPG Pioto, No. 545 (APL) shcws the component
parts of this amnunition; the prOJectllc body, base and.
discharger, A cross sectional view of the projectilc lg showm
in PG Photo, Mo, 602 (APL). o

The design is that of a conventional nortar
projectile with the exception of an attempt to secure increased:
forcing of the projectile by the use of 2 copner expansion band,
which encircles the discharger. When thc propellant charge is
se¢t off the resulting gas pressure which is built up in the
discharger body, and subsequently agninst the base of the
projectile, also acts to expand the copper band against the
rifled bore of the mortar. Smell copper pins are inserted
betwecn the expansible rdétating band and the discharger body to
prevent stripping. To prevent possible slapping, the forward
part of ‘the projectile has been nachined to haVu & bourrelet.

The projectile was pniﬁted black with the exception
of the following color narkings:

Noser red band 1/2 inch wide.

Behind bourrelet: yellow bund 1/2 inch wide.
Rear section of body forward of copper band:
white band 1/2 inch wide.,

CHEMICAL.
) Chenical enalyses of all conponents are listed
in Table A. Stecl annlysis are spectrochenical excepting

carbon, phosphorus and sulphur which have becn obtained by
standard wet chenical nethods,

Section IV, Page L
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: METALLURGICAL EXAMINATION.

This exanination entailed a study of the hard-
ness, nacrostructure and nicrostructurc relating to the gutlity
of the projectile and the probable methods which were used in

its panufacture.
o The deep etched macrostruature of all throe

nrojectile corponents, ghows only longituiinal flow figur:s.
indicnting that these components werc made o machining from
. bar stock.
SIS
e Such manufacturing proccdure indicates a lack
. of forging shop capacity and the evailability of machine shop
S facilities.

The nicrostructure indicabtes trhat no he<:

troating was done on any of the componenss, all show a
norielized structure which is probably tne air cooled sviuc-

;~¢¢~g§ ture of the original bar stock.

1;§;ga~ e - The hdrdness was found to be 85 R.B. for the
- : body end base, and 88 R.B. for the discharger.
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o IINATION OF A JAPANESE 50nm MORTAR GRIADE

SULLIARY

T This grenade consists of two parts; a body of
T pearlitic gray cast iron and a discharger of nornalized

) imedium carbon steel,

SR Chenical and netallurgical exasinations have

been nade of all conrponents,

The action of the grenade is exploined, .
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INVESTIGATION

-

PHYSICAL, CIEMICAL, M®TAIIURGICAL....

TR
., Opnosite
FIGURES A . Page

AT
Fovsa ® B T

S NPG Dhoto. No. 546 (APL) |
i Mortar Grenade 1l !
‘j . " "'.. ’l ' Lj
. PG Photo, No. 603 (4PL) :

e Cross section of nortar grenade 1

TABLES

A Chenical Analysis 1

e B Hicrostructure and Hardness 2
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Chemical Analysis of.

TABLE A

?
T W W Y Y N Sy ey ey l

sapancse Mortar Grenadc

Conponent

Grenade Body

Dischargsr Body

)

ischarger Base
firing Pin

Boostcer Tubing
Propellant Cup

Powder Train

»

C

3.69
3.73
w35

Cu * Zn spectrochemically;

made, -
:
Sleeve Cu + Zn spectrochemically; no wet analysis .
nade, '
Cu + Zn spectrochemically; no wet analysis
made.,

UALANISNS A IS SFIE PSP S I NI S CE RIS A AN N AT N IO B JCT A A O P T T A S AT e e Kt T e Wy M "r‘.r"l

.218 ,055 1,15 = i ,07 05 T

<154
.060

11
.65 .26 WT

07

.136

O
(N
= k3
=T = T -

.020

=3
+3

.08

- - .6% _.3} .08 00';/ T l".-"-
Pure copoer b

Pure copper

no wet analysis
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IN'"RUDUCTION. R

One Japanese mortar grenade was received by the
Naval Proving Ground for a complete physical, chemical and
netallurgical examination. The following is a report of this

investigation, in accordance with the direotives. o i
« i |
B INVESTIGATION. .
PHYSICAL.

NPG Photo. No., 546 (APL) showc the grenode
as received; MIG Photo. No. 603 (APL) shows whe component parts
of this amnunition. The details of assembly ar: evident.

This ammunition can evidently be used by hand s
throwing or by mortar projection. In eitler case the safshby i
fork (shown in NPG Photo. Fo. 546 (APL)) is first removed, (the-
fork fits under the sleeve holding the firing pin apd thus pre-
vents the firing pin from moving) and then if it is desired %o
throw the grenade by hand a sharp blow is struck on. the fuze™
. cover driving the firing pin into the primer thus setting off
the powder delay traim, ,If it is desired to propel the grenadc
by rneans of a mortar, the grenade is merely dropped into the
morter and the propellant charge set off in the usual mortar
fashion. The resulting set-back causes the firing pin to
strike the primer and consequently to set off the powder dclay
train. The delay train detonates the booster and finally the
bursting charge. . )
' This grenade¢ has no merkings, it is painted
black on the outside and inside surfaces. )

CHELICAL.

Chemical analyses of all coﬁponents are listed
in Table A. Analyscs are spcctrochemical excepting for carbon,.-
phosphorus and sulphur, which have been obtained by wet "chemical
methods, :

Section V, Pagec 1
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The body and cap of this grenade are mnde of
pearlitic gray iron having a tensile strength of approximately
40,000 psi.  The discharger was machined from Par stock of
epproximate SAE 1035 grade, it was not heat treated.

% .

Table B lists the microsizusture and hardness

of the various componrents,

TABLE B

LT e WD
airer manm ae

50mm lortar Grenads.

Microstructurc and Hardness of Compernszty of Japaness
’

" Corponent o, Hardness ~ Microstructure
.Grenade Body 15 RC Graphitic plates in a
) matrix of pearlite.
" Grenade Cap " 15 R Graphitic plates in a
: ‘C matrix of pearlite.
-Discharger Body . 73 R Normalized hypoeutectoid
steel.
Discharger Base 79 R Normalized hypoeutectoid
B
steel,
s ST ' Section V, Page 2
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