RESTRICTED

From:
To
Subject: '

Reference:

1.

2.

report were accomplished by Comdr. G.

U. S. NAVAL TECHN]ICAE\L MISSION TO JAPAN

CARE OF FLEE';’

SAN FRANCISC

Target Report - Ja.panése

(a)"IntelJigerice Targ@ats

POST OFFICE
D, CALIFORNIA

6 February 1946

17‘

_ Chief, Naval Technical Mi sdon t@@gp%. 2o
Chief of Naval Operations.

-
<
\4%
Projectiles - General THpes.

Japan" (DNI) of 4 Sept. 1945,

Subject report, dealing with Target O-19 of Fnsc1cle
0-1 of reference (a), is submit.ted hel'em.th.

The investigation of the

&

»target and preparation of the
‘R. Dolan, RN, and Lit. Comdr.

M. R. Herman, USNR, assisted by Lt..(:]g) Robert Boggess, USNR and
Lt.(jg) K. C. Lamott, USNR, as J.nterpreters.

Mf

Ca.ptain s USN




RESTRI@’TEB

JAPANESE PROJECTILES
© GENERAL TYPES

“INTELLIGENCE TARGETS JAFAN" (DNI) OF 4 SEPT. 1945
FASCICLE O-1, TARGET O-19

'
|

FEBRUARY 1946

U.S. NAVAL TECHNICAL MISSION TO JAPAN

1




" against ta

RESTRICTED

SUMMARY

ORDNANCE

_ JAPANESE PRO

Common Projectiles: These ax
ing but show considerable variety in th

|
[
|
|

TARGETS

JECTILES

8 not particularly novel or interest-
e methods of manufacture, Incendiary

shrapnel of two types are designated Ccmmon Projectiles, Models| 3 and 4.

- Incendiary Shrapnel: The Jap
effectiveness of incendlary shrapnel as
sidered probable that they rather overe

Anti-Submarine Progectiles-
showing the greatest originality In des

true picture of their effectiveness dur

flluminating Projectiles:
parachute and was not very effective.
largely copies of foreign deaigns.

"Rogcket _Projectiles: The shap
s showed considerable progr

Th

HE or incendlary shrapnel type.

projectiles were designed to continue an

water., (It is debatable whether succes
creased number of hits balow the water

The fuze delay was adjusted to gilve sat
tiated in striking the water and then p
side (0..4 seconds). The fire control s
short misses, and the Japanese claimed
enemy ship would have a certain mining

. It would appear that, to some extent, t©
- their AP projectiles on occasions of di
light armor) 1in order to achisve a dou
effect for which an AP projectile is si;
The most recently designed Japanese AP
calibers ranging from 15,5cm %6 1") to
Jectiles of this design have true armor
only a small cap-head. In both sizes,

"undisturbed underwater trajectory" by
off on water impact, leaving a flat forw

anese Navy placed great raith in the
jan anti-aircraft weapon. It is con-
stimated its value as compared to HE.

These projectiles appear to be the type
ign, It is difficult to obtain any
ing the war. |

e original Japanese staxshell had no
Later illuminating projectlles are

ad charge projectiles designed for use
g@ss, The remaining projectiles were of

n the design of AP projectiles the
of striking the enemy ship below the
the armor belt. .To achieve this the
undisturbed trajectory under the

§ in this attempt will give an in-
]evel at long ranges,) |

' Armor Piercing Projectiles: I
Japanese concentrated on the possiblity

. waterline and therefore possibly below

ﬂsractory Tunctionlng af'ter being ini-
assing through the watey and the ship's
tressed the desirability of getting
Lhat even projectiles that missed the
effect.

1ey sacrificed the erreztiveness of
rect hitting (particularly against
btful hit through the witer or a mining
1gu;arly poorly designed.

urojectiles Type 91, wqre produced in
L6em (18,17 f The majoir caliber pro-
piercing caps; the medilum caliber have
phe projectile is desigied to have an

allowing the forward sestion to break
Frd surface. :

" The projectiles have a weight ratio, 2M/D3, of about 1,08 and are approximate-

ly 4.3 calibers lon
ing roughly of 0.5 carbon, 3.8% nicke
The medium caliber projectiles have low
certed effort having been made to conse

NIJ L

The major calibe

i

r projectiles have an aualysis consist-
1, 0.7% chromium, and 0,5% molybdenum.
sr nickel and higher chromium, & con-
rve nickel. The projectiles were dec-

gonl9
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rementally hardened, the major calibers by £ decremental quench a85well as

decremental temper; the medium éaliber by
analysis and the surface hardness gradient
tions,
axis except at the tip of the nose.
the major caliber projectiles excaedé
noses were somewhat softer.

N i

al

Ballistic tests were based on a corrected D
Jectile performance was similar to the U.s.
penetration with cavity effective.

{
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REFERE|

Location of Target:

Navy Technical Department, TOKY
"Yokosuka Naval Arsenal.

Ikego Magazines,

The First Naval Technical Arqenal KANAGAWA,
The Naval Technical Research’ Institute, MEGURO.
Sagami Arsenal.

- Hiratsuka Powder Factory.
- Imperial Navy Proving Ground, KAMEGAKUBI
KURAHASHISHIMA in Japan Inland Sea near KURE.

Ordnance and Steel Making Sections, Kure Naval Arsenal,|

J

Japanese Personnel WHo Assisted in Gathering Data:

Captain IWASHIMA, Head of Gun and Projectile Section oi the Techni-
. cal Department of Navy Ministry, TOKYO.

Captain OHIRA, in charge of ste¢l manufacture and treatment At~
tached to the Technical Department of Navy Ministly {experi-
enced in steel manufacturei

Captain YAGIMA, employed in projectiles, cartridge casq, and primer
design under Captain IWASHIMA.

Technical Commander TAKAGIL, attsched to the Technical nepartment of
Navy Ministry on design ofiexplosive components, axplosive

1 trains, and primers,

Kikuo "NISHIDA, Ex-Technical Lieutenant Kure Naval Arsenal {about
six years experience in ammmnition components and design, a
physicist by profession). |

. KANERO, Civilian Engineer; KAMEGAKUBI Proving Groune and Kure
Naval Arsenal (many years experience in ballistic testing of
armor and AP projectiles).

Kazuo HORIKAWA, Ex-Technical LtJ Comdr., Kure Naval Ar“enal Experi-
mintal Laboratory (about 10 years at KURE, researcn metallur-
gist )

TAKANASHI, Ex-Technical Lst. omdr., Kure Naval Arsenal ! (about five

. years at XKURE, a projecti]e production metallurgis t)

‘Kazuo NAKAMAE, Ex-Technical (ommander, Chief metallurgist Kure
Naval ?rsenel (many. years experience in hest treatment of alloy
steels).

‘\
° i
i
i

i
i
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INTRCL

At the first interrogations,

ings and books on projectiles had been
There were two principal localities in
in the TOKYO area

bly he carried out:

)UCTION

Japanese officars stated that all draw-
destroyed by orders from headquarters,
which interrogation could most profita-
and at Kure Naval Arsenal.

As far as possible,figures have been checked by getting information
from two. or more sources, but the absence of documentary proof in many cases
(excopt £Or pamphlets produced since August 1945, very largely from memory)

has made the collection of accurate dat

There are undoubtedly errors
general picture is fairly correct.

a difficult, if not impossible,

Enﬁdetails, but it is believed that the
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THE R

EPORT

Part I - COMMON PROJECTILES

In the Japsesnese Navy, the tsrm "common

The Japanese included under this term s
several different kinds of high explosi
ent ways, snd also what they termed Mod
mon Projectiles.
were painted red; all other common pro}

Thers: is. ‘nothing partlcularly interesti
projectiles in the Japanese Navy. The

in Figure 1. The d@ifferences between t
due to manufacturing requirements and t

At times. drawn tubes were headed to for

During the war, developments tended bot

material from which common projectiles i

performance.

With regard to improving the performanc
on anti-aireraft projectiles., The proj
a caliber radius head of 13. More care
blend: to the shape of the projectile.

_ types: of anti-aireraft shells had compl

1. 50 cal/12.7cm (5") (see Table
creased in length to 21.6 inches w
charge of 4.84 lbs. The caliber T
boat-tailed {angle 5%0). The rang;
:mum height of trajectory increased

{ see Table

2. &Q_Qal[lzcm (4 7"%
inches with a weight of 49.5 1bs a

The head and tail were shaped as 1

H

projectiles" is somstimes misleading.
ome semi-armor-piercing projectiles,

We projectiles manufactured in differ-
al 3 Common Projectiles and Model 4 Com-

These last two types were really incendiary projectiles and

Tctiles were painted maroon.
1g or novel in the high explosive common
iifferent types are shown in sketches
hese types of projectiles were largely
1e limiting poweTrs of available presses.
n common projectilses.

n towards reducing the standard of the
vere made and improving the ballistiec

3 of shells, major amphasis was placed
s¢tile itself was made more pointed with
was also taken in making the fuze

At the end of the war, the following
rted?tests:

fl) The new tyge projectile was in-
ith a weight of 61.6 1lbs and a bursting
adius of the head was 13 and it was

5 increased to 25,180 yds and the maxi-
1to 16,420 yds at 90°.

LI) The length was increassd to 20.28
nd a bursting charge weight of 4.07 lbs,
or the 12.7cm projectile. The rangs

was increased to 22,430 yds and tﬂs height of trajectory at 75° to 14,220

yds.

3. 50  ¢al/10cm (4") (see Table I
inches with a weight of 29.7 lbs
head and tail were shaped as for t
21,340 yds and the height of traje

It is:undenstood that although experime
rily, only the l2cm shell had actually

‘Increasad range of anti-aircraft projec
case of projectiles used with the Type
length of the guns and increased muzzle

A few dimensioned drawings of common pr

Enclosure (B), and Enclosure (C).

a

[

| The length was increased to 17.7
ud a bursting charge of 2.4 1lbs. The
he 12.7cm. The range was increased to

ctory at 800 to 14,220 yds.

nts had all been completed satisfacto-
zone into production.

biles had also been achieved in the
J& gun by an increase in ths caliber
velocity.

pjectiles are shown in Enclosure zA),

With regard to reduction in the stanaar

some ‘experiments were carried out on ma
These projectiles werd
ing or for firing from ships against tr
‘exXp

stead of steel.

tended for use against aircraft and:

d of material required for projectiles,
xing projectiles out of cast iron in-
designed first for use in land fight-
00pS. Later im the war, they were in-
orimental “tests were carried out on




’Figure'z shows photographs of miscellaneou

| j
|
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shells for the short l2cm gun and the 45 ¢al/l2em anti-aircraft gun. In the
case of the former, gun experiments had bgen completed and shells were in
course of production. r

Experiments were also carried out to saveﬁcopper by using steel instead of
copper for driving bands. These experiments were successful in the opinion of
the Japanese Navy, and it was decided that’ the use of steel bands did not
cause any greater rate of wear on guns and were equally satisfactory from the
ballistic point of view. The steel driving bands are cut in sections from
cylinders, and the section is split before the steel driving band is pressed
on to the shell. There is little differerice between the copper and steel driv-

ing bands in regard to shape, except that/|the grooves in the steel bands are
larger and deeper. : ;

The specification for the steel is as Tollows:

c €90 raveeesreeroernnessane 0003 ‘Ni LI R R 0.01
Si ...0..‘......I.'.l.....'. 0.01« ‘Gr '..I..'.l.'..l..‘l..... o.ol
Mn ®60cse000e0000e000RROEIOTS 0.01 fCu L R R L N T T I 0.01
P....O...l...'.ﬁ..;....ﬂ. 0.005 ;Al ...Q...v..‘....‘..‘c.ﬁ‘. 0-03

S €08 o0 sesssceseessssssrse 0.0h g
: i

Yield point 0..0!.-e...c...tm..ﬁ-o-o-totoroloo lh.2 kg/mmz
Tensile Strength .oicecvvaccneeiensansosconees 22.2 kg/mm2
Elong&tion .'..'l...l....ll'l:.l.fi’l..o&..ool.'.l.lll). 43.1‘.%
Reduction Of ares ..ll‘.l.l'l*..;jl-'o......‘l.lv.’l.lt 7‘&.1%
Izod impact value .....civeevvedeeeceeas 2.9 to 3.1 £t 1bs

Brinell hardnesSs ceececesecesaoed

-;g‘-..::.-...oﬁ..-.--.-.o 61.8

It is understood that the Japanese obtainﬂd their first information on steel
driving bands from Germany, but they clair that the methods of production, man-~
ufacture, and details of dimensions were worked out in Japan.

.Atiﬁhe end of-the war experiments had ﬁeeéﬁcompleted and preparstions had been
mede for mass produetion of steel driving |bands for the 12.7om anti-aircraft
gun and the short l2cm gun. I

v

. : It )
A 1list of common projectiles and their sharacteristics (other than Model 3 and

4, which are included in the incendary shell list in Part II) 1is glven in
Table I. i

common projectiles. The photeo-

g
graphs in the top row are of obsolete types.

|

Y

Part II - INCENDIARY PROJECTILES

: |
Incendiary shells fall into the following categories:

|
l. Common Projectiles,. Model 3
2. Common Projectiles, Model 4
3. Incendiary Projectiles

The composition and steel specifications for ingerdiary shells are shown in
Table II. i

I, Common Projectiles, Model 3. These projectiles were desligned for
anti-aircraft fire and are referred td by the Japanese indiscriminately
a2 incendlary, or as shrapnel, or as c¢ommon projectiles, Model 3. These
shells are filled with steel tubes containing an incendiary mixture witk
a plece of quickmatch in the center. |Arrangement of the tubes and shell
characteristics are given in Table III and Figare 3. 8hell burst is
initieted by a time mechanical fuze. |The incendiary tubes ignite about
one-half second later and burn for five seconds at 30009C, giving a
flame about 17 feet long. "

8 |

i
i

|
I
|
{
i
|
|
!

|
\
|
"
|
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HE AND COMMON PROJECTILES

TABLE 1

Shell Steel Specifications

o Mechanical

Exterior mwﬁ.ﬁaﬁwo Information

Chemical (including shdpe of head)
GWMMMWM w: A%wmww. gm.mwwwau Yield Tenaile Size of Cavity | Total A Total, =B&§B EQ Ht, of :ﬁmslHo. Velocity Fuzes Used Use
c si kn P S Point | Strengih|Elong. (% of shell) |Length | Weight | Rarge of Gun
,, (kg/m?) | (kg/mm®)| (%) “ (in _ (1bs) | (yds) (£t/sec)

&P, Tipe & A 18.1/45 cal 136 Trinitroanisol 4705 | <35 3/.7 [<.035 [.035 > 55 80/100 { > 10 16.7 L & 63 Mﬁ 2992 w&”ooo 2640 Time Fuze, Type 4, Mark O, AL
C.P. Type O A 16/45 cal 97.7 Trinitroanisol | .4/.5 | < .35 .3/.7 .035 |.035 > 55 80/100 | > 10 19.36 | 55,1 " 2069 | 33,930 2640 Time Fuze, Type 4, Mark O, A
¢.P. Type O A 14/45 cal 65.1 Trinitroanisol | .4/.5 | < .35 .3/.7  [<.035 ;oum 55 i@p&,_. ;10 T 1936 1 ww.mw.w,woo :u..oxmo 2640 Time Fuze, Type L, Mark O, AL
C.P. Type O B 8/50 cal 18 . Tointtroantec) |/ 5.l 35 leorn bk oas . dozof00.1 > 30 250k | 3hobh| 276.5 31650, A
c.P, E 8 (Howitzer) 30 Trinitroanisol W45/.65 .45/.80 |<.05 [<,05 65 > 12 66.2 22,061 103.4 _ E_woo - sur
C.P. Type O B 6.1/65 cal 6.8 Picric acid Mf.5 [ <.35 .3/.7 <035 [,035 55 80/100 | > 10 21.86 | 25,64 123 m 30,000 3020 Time Fuze, Type 4, Mark O, Nose AA

_SuP._Type O m. 6/50 cal | 6.35 Plevie.aetd 1 .35/.45 1.05/.40 | .8/1.4 . l<.0h5 |..OLS. o850 > 70 |.> 12 2.8 _ 22,85] __99.8 | 23,000 . 27% | Time Fuze, Type 4, Mark O, Nose M
C.P. Type 4 c _6/50 cal 5.85 Picric acid /.5 1<.35 .3/.7. 1035 k.035 > 55 80/100 1 > 10 23.06 22.5 | 99.8 .muL“ooo 2790 | Perc. Fuze, Type 3 Eﬁ.w 1, Surface
C.P. 1 _ m, 6/40 cal 1t.4 Picric acid .35/ 41s5 A:.om\.g 8/l [<.045 [<.045 > 50 > 70 | > 12 ;um.m 20.87 99 F.Wmoo 2300 Perc. Fuze, Type 13,Mark 1. AA
C.P. with cap* D 5.5/50 cal kokk Picric acid .55/465 | <40 | < .3 <03 .03 b35/70 70/100 | > 10 21,27 21.65| 83.5 E@uo 2790 ' Perc. Fuze,Type 13,Mark.l, Surface
¢.P. Type O B 5.5/50 eal 6.31 Ewﬁo acid Af5 | <35 W3/.T |<.035 k.035 > 55 80/100 | > 10 8.6 | 21.8 83.5 pﬁ,qoo 2790 . Time Fuze, Type 4, Mark 1, AA
SoPe Type 2 foe 5.5/50 cal 5.72 mw.wﬁ.r.n acid Af5 1<.35 »3/e7 <035 [.035 > 55 80/100 > 10 26.45 21,8 83.5, 184600 2790 Perc., Fuze, Type 13, Mark 1, Surface
C.P. c 5.5/40 eal 7.33 Picric acid 235/ .45 | 05/.40 | .8/1.4  |<.045 [ .045 > 50 > 70 | >12 32.0 21,65 83.5 17,500 2300 . | Perc. Fuze, Type 13,Mark 1, , Surface

- C.P. Type L.AA F,G 5/50 cal 4,86 Trinitroanisol | .45/.65 45/.80 [<.05 [.05 > 35 > 65 | >12 30.05 17.2 50.8 | 20/100 2860 Time Fuze, Type k4, Mark 3,

2.P. F,G 5/50 cal 4.15 Picric acid 45/.65 45/.80 |<,05 [,05 > 35 > 65 | > 12 30,05 17.2 50.6 | 20,150 2990 Time Fuze, Type k4, Mark 1, Surface
S.P. F,G 5/40 cal 4.15 Picric acid . 45/.65 45/.80 |05 [<.05 > 35 > 65 | >12 30.05 | 17.2 50,6 |+ 15,870 2360 Time Fuze, Type k4, Mark 1, AA
T3 F,G bo7/h5 cal” 3,76 Pieric acid bi5/.65 h5/.80 <05 -k .05 5735 > 65 > 12" © 1 30.55 16.3 | 4k.85] 17,500 2710 Time Fuze, Type 4, Mark 1, Ak
T.Ps Type l.AA F,G b.7/45 cal- 4.10 Trinitroanisol 45/.65 .S\...S, 405 '<,05 > 35 >85> 12 -30,55 16,0 L, 85] 17,500 i,G 2750 Time- Fuzs, Type 4, ¥ark 3, -
£,.P. F,G 4,7/45 cal 3.76 Picric acid 45/.65 45/.80 [<.05 .05 . > 35 > 65 | > 12 30.55 16.0 44,85 17,500 2710 Perc. Fuze Type 13 Mark 1, Base Surface
TP E p.}m‘ witzer 5.56 Trinitroanisol | .i45/.65 457,80 105 .05 > 35 > 65 | > 12 54,0 13.4 28,6 | 5,800 1950 Perc. Fuze,Type 8§ zmu.w 2, Ground & A&
C.P. 6 |65 cal/k (Type 98) | 2.1 Trinitrotoluene | .35/.45 |.05/.40 |.8/1.4 SOL5 [<.OL5 > 50 > 70 | >12 27.52 1 16.15| 28,6 .ﬁ..mumo 3280 Time Fuze, Type k4, Mark 2, AA
C.P. G 50 cal/4 (Type 88) 2.1 Picric acid | +35/.45 | .05/.40 | .&/1.4 SO45 1<.O45 > 50 > 70 (> 12 27.0 15.0 28.6 | 17,730 2860 Time Fuze, Type 4, Mark 2, A
C.P, F,G 60 cal/3 (Type 98) 0,84 Trinitrotoluene | .35/.45 |.05/.40 | .8/1.4 [<O45 KK.O4S > 50 > 70 | >R 2.8 G...m 13.18] 1,)800 2960 Time Fuze, Type k4, Mark 2, AL
C.P. F,G '3 (40 cal) 1.0 Picric acid -45/.65 A45/.8 |05 [<.05 > 35 > 85 | > 12 29,06 11,22 13.18 mewo 2230 Time Fuze, Type 3, Mark 4, Ad
C.p, G 3 (Howitzer) 1.0 ea.wn:uomimow 45/.65 45/.8 <05 .05 1> 35 > 65 | >12 2946, M.22| 12,74 8J430 1480 Perc. Fuze, Type 88,Mark 2, Surface
~C. P, F 2 Picric acid 45/.65 | .05/.40 | .45/.8 [<.05 k.05 > 35 > 65 | > 12 5.98] 4)925 1840 Perc. ?3.5&‘ 88 Mark 2, mﬁ.?om
C.P. F L8 Pieric acid <45/465 | L05/.40 |.45/.8 [<.05 |.05 > 35 > 65 | >12 6.7 3.3 | 4,380 2000 Perc. Fuze Type 88 Mark 2, Surface
#Cap is secured by soldering. | . ;
Note: Color marking is maroon in all cases, - ' 9 ”
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2.  Common Projectile, Model i. T
to. Model 3 but differ in certain|ch
phorus. The tube arrangement ani s
Flgure 4. |

3. Indendiary Projectiles. These
types described above. They vary il

incendlary composition and statisti

It was generally considered by gunnerr 01

incen@iary projectiles were more. effevtl‘
_aircraft fire directed at approachlng tal
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1836 projectiles are similar in purpose
aracteristics,
satistics are shown in Table IV and

being filled with phos-

M
i

are in many ways similar to the two

3 the: arrangement of the tubes and in
having a wider dispersion angle aftar bursting.

The arrangement of the
8 are shcwn in Table V and Figure 5.

ficers at sea that the above types
® than common projectiles in anti-
gets, owing to the continuetion of

of

’the tubes and fragments. in sn effective qone after the burst.

H
Many arsenals were turned over to manufa
months| before the Guadalcanal ceampaign.

“The shell 1is bursted at the optirum

aind after that the energetic. spl*nte

It is Likely, however, that the Japaness

impressive appearance of the bursts in thi
of this type of projectile, as use

ciency‘
Effect

also smem desirable that the position of
.of sight between the gun and the target,
. earth.

It is
techni
charts
tiles
the ne
calcul

It is

able ¢
alzant
loaded
proach
compli

and cards showing the correcticns
yere. used,

@essity of bursting shrapnel shell

of the problem involved. In many

cated.

Dimens

and Englosure (E).

Consid:rable effort was directed by the

which Wauld continue an undisturbed traje

The Jajpanesse did not devote much thought

for, tth purpose, but decided as the resu

projecblle in which the area of the flat

" the ba%e was most a@fficient. These were

The fi;
mon pr

12

b

nase officer can scarcely be bettered for

Ive use of this projectile would ne
ferencws in ballistic coefficient between]it and cpmmon projectiles.

inderstood that this préblem waé tq
cel officers responsible for fire-c

Even so it is not clear
ation for normal ballistic corractl

very doubtful whether the gunnery qo
o make the necessary corrections, g

with HE and some with incendiany s
ing or croning targets, which wauld

loned drawings of Model 3 Commor Pr

Part III - ANTI-SUBMA

5’1

‘ture of one of these types in the
iThe. following description by a Japa-

=brevity

@oints of’ the trajectcry by fuze,
rs sprint about igniferously.”
naval ofchels were misled by the
e sky intd overestimating the effi-

F in the Jap&nese Navy.

|

cessitate ‘consideration of the .dif-~
It would
’Purst shonld be raised above the line
'since shr&pnxl drops towards the

,'V
i

some extant appreciated by the naval
ontrol deyjign, who produced ballistic
required when these special projsc-~
that they made full allowance Tor
higher th%n HE shell in addition to
ons., A

fficers oﬂ ships were in all cases
r, indeed,’ that they were fully cog-
'ships, soﬁa guns in each turret were
hrapnel tm be ready for either ap-
make theicontrol problem even more

'yl
iy
5

ojectilesjare glven in Enclosure (D)

RINE PROJJE%TILES

apanese vay to develop projectiles
actory aftqr striking the watsr.

to develoyment of long projectiles

1t of experiment that a_ flat-nosed
front was'equal to half the area of
adopted after extensive tests in 1943.

it
N

rst type, shown in Diagream 4 of Figure 6, was!'an adaptation of an HE com-
3jectile, onto the shoulder of whic

h a water penetrating cap was screwed.
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TABLE

- CHARACTERISTICS OF COMMON PROTECTILE
-MODEL 3 (MoD. 1)

, Total |Gross No. of tubeﬂ. Angle of |Effective |Dimensions
Shell Length (Weight and steys | dispersion| diemeter of tube

et - of burst
(mm) {gm) |Tubes|Stays |Total (°) {m) ( mm)

R

1,600 | 1,360| 996 | 504 |1,500 15 24,2 25 x 90
1,400 940 | 735 375  l,ﬂlo 15 213 25 x 90
1,200 622 480 | 199 | 679 ' 152 25 x 90
860 126| 198 57 | 155 : 100 25 x 90
437 23 43 | 23| | 66 54 20 x 50 °
w37 23] 43 | 23| | 66 5, | 20 x 50

94/ 46
45/40
45/36
50/20
50/12.7|
40/12.7

Model 1 Type 4 Mod. O

Type 9

1

Figure i3
COMMON PROJECTILES, KODEL 3 (MOD. 1)
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TABLE IV
CHARACTERISTICS OF COMMON PROJECTILES
MODEL! &4 .

Welight (&g) Tubes Effective

T E dlameter
Shell ) Gross | Explosive | Number Angle of of burst

dispsrsion {m)

short |
20cm 409 30

50/12.7cm ' 0 259 13
45/12cm .

:Figui[e 4
COMMON PROJECTILES, MODEL 4
: i

!
Hi
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TABLE ¥

CHARACTERISTICS OF INCENDIARY PROJECTILE

‘Weight (kg) Tubes Effective
Total . j — diameter
Shell Length | Gross Explosive | Number Angle of of burst

(mm) dispersion {(m)

ahort S :
20cm ’ 560 ‘ 0.6} 60°

40/l em 550 o " 60°
45/120m 406 0.3 600

Figixre 5[
INCENDIARY PRG JECTI LE
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TABLE VI

Alm-summm PROJECTILES

Shell For

Specifications

Capabilities

()

Diameter

Total
Length
(om)

Welght

Gross

(kg)

Burst
Charge
(kg

Muzzle
Velocity
(m/s0c)

Miniomm
Range#®
(=)

Underwater Bffect

5 -

45 >Caliber

40) 15em gun:
(6:inch)

156
(5.97)

approx

+600.
(23.64")

51.383
(113.0 1bs)

250
(820 ft/sec)

10
(4590 yda)

800
(875 yds)

Will penstrate
(.3115 inch) D.S.#%
armor plate at aepth of
8 maters (26.22 ft)

fg} Caliber:

Liem gun:
(5.5 inch)

139.2
(5.485")

approx
573
(22.5")

41,998
(92.4 1be)

250
(820 ft/sec)

4200
© 40
{4590 yds)

800
(875 yds)

50
40}

Caliber:
‘12, Tcm gun
(5: inch):

126, 3
(4a975")

approx

437
(37.2m)

21,000
(46.2 1bs)

3.983

‘| 250
(8.775 (820 ft/sec)

4300
@ 40°
(4705 yds)

800
(875 ydo)

Will penetrate 250em
(9.85 inchea) D.3.%%
armor plate at dopth of
8 moters (26,22 ft)

i2cm gun
(4.7 incn)

119.4
(4.71)

approx

415
(36.35")

16,400
(36.3 1bs)

3.7

250
(7.185 (820 ft/se0)

4000
@ 40°
(4375 yds)

750
(820 yds)

Caliber

8cm gun
(3 inch)

75.6
(2.98")

approx

285.
(11.23")

5,300
(11.66 1bs)

0.668
(L.47

250
1ps) | (820 ft/sec)

3200
a 40°
(3500 yds)

700
(766 yds)

Will penetrate 1l5ma
(4e53 inches) D,3.%%
arsor plate at depth of
8 meters (26.22 fv)

#To avoid ricochets. |
##D), S, - Dusol Steel, roughly equivalent. to U.S. Navy High 'N] sila Steel.

Diacram A"

|

!
i
i
|

ANTI-SUBMAR 5NE PROJECTILES

i

%

=5

Dianaram




|
1
|
|
|
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il
i
!
|
|
i
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Production was later switched to the type shown in}Diagrasm B in Figure 6,
which was designed solely as an anti-mubmarlne shejl. Characteristics of the
shell ere given in Table VI. | M :

Photographs of two anti-submarines projectiles are. shown in the bottom laft
corner of Figure 7.

:1('\

Part IV - ILLUMINA?ING PROJE(CTILES

4 L
The Japanese Navy's original illuminabing projectiles, called HOSEIDAN, were
of a very elementary type. They were starskells without parachutes, and
neturally their illumination was of very;short duration. The name of thessa
shells: was: later changed to SHOMEIDAN A.
An improved type of i1lluminating shell whs deslgned using a form of double
emission (as shown in the U.S. Naval Bomb Disposal School's publication, "Jap-
‘anese Ammunition", page 301). These projectiles viere named SHOMEIDAN B. Some
illumineting projectiles were also made with single emission and were desig-
nated SHOMEIDAN B-1l.

Characteristics of illuminating projectiles of various calibers are shown in
Table VII and sketches are given in Figures 8, 9, and 10. Japanese personnel
repeatedly stated that all drawings of shells were destroyed by burning in
August, and though some drawings of other types of shells have been found,
very few drawings of i1illuminating projectiles have been discovered.

An American illuminating projectile of about five~inch caliber was recoversd
by the Jepenese during the war, and they used it as a model for designing
their projected shell, some of which were used in service. For this purpose,
they scaled it up for larger celibers and intended to manufacture 18 inch 112
lumineting projectiles. They stated that this size was not actually made
though some 16 inch iliuminating proaectiles were in service.

From .remarks msde during ihterrogatlons‘by shell designers and fuze designers,
it appears that the major caliber illuminating shells were probably dynami-
cally unstable, as a large number of blinds could be attributed only to re-
c¢losing of the centrifugal block duringxflight

The fuze used for these shells was a time mechanical fuze. In the case of the
larger caliber shells, a Type 4 Model O 'of 100 seconds possible setting time

° was uged., The centrifugal block in this'fuze was: so pivo ted that both the
force of acceleration and centrifugal force tended to keep it open, and if it
closed during flight, it would appear p;obable that the large caliber illumi-
nating projectiles had a considerable prPc9551on about their trajectories.

The development of these laPrge callber 1hluminating projectiles for use from
the main armement guns of battleships was pursued as a temporary expedient to
enable the Japanese Navy to fight at long ranges at night, as they considered
that their radar was not effective at ranges that/.could be used by Allied
Forces. I

tFigure 11 shows some photographs of illuﬁinating projectiles, and also Bf some
of the clder type starshells (without parachutes) whlch can be distinguished
by their lighter color (bluish grey).

Part V - ROCKET‘PROJECTIIES

The Japanese developed rocket projectiles for anti-aircraft use, {(for use in
conjunctlon with multiple launchers) and for land operations. The former were
12cm incendiary shrapnel (see Figure 13) and the latter were either HE or
shaped charge HE for use against tanks. A list of rocket propelled projec-
tiles 1s given in Table VIII,




15cm MORTAR

14cm A/ S

Figure 7
MISCELLANEOUS PROJECTTLES
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IGNITING - .
T POWDER .

BEJECTION
CHARGE.




FUZE

TUBES

CENTRAL.

WIRE

oY

SUPPORTING

TUBRE

CENTRAL /.
WIRE, ‘

PARACHUTE.

L.

DRIVING

F‘

(%

_.E._

BAND

MR SHEARPIN
_) =

~_PASE PLUG

Figure ¢
TLLUMINATING PROJECTILE "B"

1
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CHIPPORTING

CEMNTRAL

Types Used: 36cm, acem, 15cm,
14Cm, 12.%cm, 12Cm
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TIME FUZE

R\ 157 EJECTION
T\ CHARGR

WY

| 2P EJECTION
CHARGE

IGNTING
POWDER

PARACHUTE:

BEJECTION
CONTAINER

DRIVING
BEAMND

W

SHEARPIN

Figure 10

ILLUMINATING PROJECTTIE "B" Types Used: 20cm, 15.3cm,

15cm, 1i4em

23
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14cm STAR SHELL 12.5cm STAR SHELL

2.7 ILL_UHINATIM} 15cm STAR SHELL 8cm ILLUMINATING

‘ Figure 11
STAR AND ILLUMINATING PROJECTILES °

24
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1 Percussion Fuze

2 Exploder

3, Pursting Charge
4.Dody

B Time Tube
6. Washaer

7 Conragcting Screw
8. Tail Plug ‘

9. Pariitieorn Plate
10.1gnitor

lLMotor

12.Propeliant

19. Bottom Plate For

Propellant Charge

4. Noz=zla

16.Primer Hole

6. Retainer

IM 8092

AR

3

Tetal Welight ~G70 Kag.
Range -« 2100 Meataras
Weighi of Charqe-167.200 Ka.
Propellant: )
Kind -240 Special DTG
Ibner Diameter-lOomm
Cuter Diamater-Bamm
Length-40mm
Weight - 59.% Kq,
Nezzle:
Number- 6
Diamgter-28.5 mm
Angle - 2.0°
Maximum Presoure-144 Kq/ém’

CRO56 SECTION

Figure 12
HEAVY ROCKET PROJECTILE
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TOTAL WEIGHT - 2Z2.8 KG.
RANGE ~ 4800 METRRS
WERIGHT 0% BXPLOSIVE ~0.78 KA.
PROPELLANT CHMARGER:
KIND ~180 SPRECIAL DTG
INNER DIAMETER - b mm
QUTERA DIAMETER - %0 M
LENGTH - 260 mMm
WEIGHT =%. 4 UG.
NOLZLER
NUMBLRA - &
DIAMLTLR = 11.6 Mm
ANGI.E - 25°

MAXIMUM: PRESSURE -(26 KG/emid

CRO5% SECTION

1. pODY

2. CENTRAL. EXPLOSIVE

3 SHRAPMEL

4, SUPPORTING PLATE FOR
ANRAPNEL

6 ZOTTOM EXPLOSIVE

G.Cap

7. FIRE TRANSFRERING POWODERR

8. CELAY TUBDE

92 LEAD-1N

10.PRCPRILLANT CHARGE
CHAMBPERER

ILPROPELLANT CHARGHE

12.5UPPOPITING PLATE ROR
PREPELLANT

1.NOZ2LE, RING

14NOZZ LS

15.PRIMER

Figure 13 .
12cm JNCENDIARY-SHRAPNEL RCCKET
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Figure 14
8em SHAPED CHARGE ROCKET

t

TOTAL WEIGHT —5.5]”‘30 e
EXPLOAIVE: i
KIND - TYPE 94 I
WEIGHT- 0. 5308 \S,“g;
LEAD-1N:
MIND - DLACK POWSILER, BINL GRAIN
WEIGHT- 8 GRAMS
NOZZLLE:
PIAMEBTER ~ 8.5 CM
aE-G

PROPELLANT
KIND~70 4PRCIAL DTG0, 78 4PRCIal DTG
WERLGHTY - .450 U4,
FUZE~TYPE 5, MODIRICATION 2
DETONATOR, -GPIZETAL
Bem HOLLOW CHARGE

CRO%5 BECTION "A-A

L BUZE

2. HEAD

3 EXPLOSIVE

4. povY

5. LEAD IN TUBDE
G WAGHELR,

7 LEAD N

B PROPELLANT
2, PRIMER
10.NOZLLE RING

Figure 15
8cm SHAPED CHARGE ROCKET
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The fundamental principles of shaped charge projéctiles were obtained from
Germany and a considerable amount of research was carried out by the Jepanese.
A comprehensive study of the mathematical and experimental research carried
out is contained in Report No. 158 by the Air Tschnical Intelligence Group of
Advanced Echelon Far Eastern Air Force. (See NavlechJap Report, "Japanese
Demolition Methods," Index No. 0-35.)

In the case of conical cavities of 30° angle the'fstand off" height was one
diemeter; with a L0 angle the "stand off'" was 3/4 of the diameter. In the
cagse of a semi-spherical cavity the "stand off” ngight was two to four times
the diameter. "
The penetrating power of the shaped charge projecfila against armor was cleim-
ed to be as follows: oy

20cm rocket projectile ciceeescccnccncsonan y......-....‘. 10 inches

10cm rocket projectile i.ceceviesccsccsasesniiossassasrses 2.3 inches

8cm rocket Projectile ceeeevrceansccassvscrariossesssensss 2.3 lnches

Yy
A Type 5, Model 2 percussion fuze was used with the shaped charge projectiles,
and the flash was taken down a central hole to thy fuze of the charge. E=-
_periments were in progress to shape the booster oi the fuze to give "shaped
charge" effect. ‘ i

The separation plate at the surface of the cavit as maede of three layers of
1.6mm steel plates. W
All the rockets were spin-stabilized except the %ﬁcm (8 inch), and when the
war ended experiments were still being carried out to modify the shape of the
"fins" on the 20cm rocket to improve its ballistics.

Figure 12 is a sketch of the 4heavy"rocket"; Figd%e 13 shows the anti-aircraft
i2em incendiary shrapnel rocket projectile; and Eﬁgures 14 and 15 show the 8cm
.shaped cherge projectile. i
The Japenese work TA indicates a shaped charge a@ﬁ the word RO indicates
rocket propulsion. ROTSU is a rocket-propelled shaped charge projectile.

Part VI - ARMOR PIERCING PROJECTILES
i

A.  General

The Japasnese claim that practically all blueprintz and data on this subject
which were mot destroyed by the air ralds were subsequently burned or other-
wise disposed of before the occupation. In most pases, there was little evi-
dence to discount this claim insofar as the knowledge of the individuals
interviewed was concerned. Consequently, the information contained herein is
based primarily on the data supplied by the Japanbse technicians from their
memory end a few documents which they supplied from their private sourzss. It
is believed that the information contained herein, except when otherwise noted,
is suthentic to the best knowledge of the Japanese personnel interviewed. -
Wheriever possible, the data on equipment was checked by inspection of the

shops ard testing areas involved. !
All availeble information on the manufacture andﬁkesting of the Armor Piercing
Projectiles, Type 91, is given here. Certain information which was not avail-
able mey be obtained from examination of specimerns shipped to the United
States. The principal data lacking sre the detaills of the dimensions and
welghts of the projectile components. The major callber projectiles were so
located as to make weighing as well as breaking down of the caps, plugs, ete.,
impractical. = 4

i
o
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Summark of Design.
|
1. Bﬁst;pgnishing Charascteristics.

|
The most recent Japanese armor piercing projectile is designated as Type
91 (i.#., originally designed in 1931). It superceded the earlier Type
88 deslign. The Type 91 projectile was designed so that if it struck
water %hort of the target, its trajectory would remain undisturbed, with
the target being the lower side belt below the water-line. This was
accomplished by weakening the forward section of the projectile so that
when it struck water it would separate, leaving a flat end. For the
major caliber projectiles (46, 40, and 36cm) the armor piercing cap was
divided transversely into two parts. a small forward part known as the
cap-head, and the cap proper. The after face of the cap~head and the for-
ward face of the cap were flat and were assembled flush. They were se-
cured to each other only by the windshield threading which screwed on to
both parts as shown in Figure 16. The windshield had an internal circum-
ferentiel groove at the cep and cap-head interface which weakened the
connechion sufficiently so that the cap-head and windshield broke off on
water impact. The cap was soldered and crimped to the body.

The medium caliber (20cm and 15.5cm) Typs 91 service projectiles had no
cap. The body had a flat forward end end a cap-head which was secured
to the body in the same manner as the cap and cap-head were secured in
the major caliber projectiles. Striectly speaking, the medium caliber
Type 91 projectiles were not armor piercing by American 8tandards, since
they lacked a true cap. The outer contour of the medium caliber Type 91
: proaechiles was essentlially the same as the major caliber. There wers
capped 20cm and 15,5cm (Type 91 Mod. 1) projectiles which were used for
experimental purposes and armor development only. They were proportioned
in all respects after the major calibers but were never used in service.

All Types 91 projectiles were boat-tailed. They contained a base plug
with an adapter. ) :

2. Dimensions and Welghts, Type 91 Projectiles.

TABLE IX

Diem. of | Total |Weight|Filler(TNA) |Cap & Windshield |Initial Vel.
‘Bourrelet| Length | Lbs, : (ft/sse)
- (inches) |(inches) | Lbs. | %Wt. Lbs. | Wt.

4LOcm. | - : :
*|Type 94 |/  18.07 77,0 | 3215 |52.6 |1.6 0 2560

LOom 16.11 68,4 | 2242 32,8 |1,5 ; 2560
| 36em 13.97 60.1 | 1480 |[24.5 |1.7 5 . 2530
20em | 7.96 | 35.7 | 277 | 6.85|2.5 | 17 2740
15.50m |  6.07 26.7 | 123 | 2.54 |21 | 2 3020

The data for "Cap and Windshield" include all three components where ap-
plicaeble: the cap, cap-head, and windshield, ;Data fcr the individual
pleces were not found. Furthermore, the data given are approximations to
the nearest pound. ¢
. Rl

The 4Ocm, Type 94, was so designated for security purposes. It was
actually a 46cm (18.1") projectile. The Type 94 refers to the gun. 'The
projectile was nevertheless a Type 91 design. ’The above projectiles will
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SEE DET. A

l. WINDSHIELD

2.CAP-HEAD

3. CAP

4, BODY

5 ALUMINUM "ANTI-INERTIA®

: BLOCK

6.CORK LINING

7 WOOL WRAP AROUND
EILLER

8. TWO COPPER
ROTATING BANDS

9 PASE PLUG

10.5-UZE  ADAPTER

IL.COPPER GAS-CHECK
AINGS & COPPER
CAULKING

12.FUZE - TYPE 13

1. TRI-NITRO-ANISOL
FILLER

Figure 10 )
ARMOR PIERCING PROJECTILE, TYPE q1
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be referred to as 18", 16", 14", 8", and 6", respectively, in this report
As noted in the last section, an experimental A48cm (19") projectile had
also been produced.

3. Painting and Marking.

All AP projectiles are supposed to be white all over with an orange band
at the center of gravity. If loaded, the end of the windshield is paint-
ed green. If base-fuzed, the windshield has & red tip forward of the
green. If dye loaded, a band of the same color as the dye is painted
Just aft of the green. Some of the projectiles found in storage were not
fully psinted and had only an orange-red protective coating. 1In any
case, the whole projectile including the bourrelet and base was painted
with the exceptlon of the two rotating bands. The characters for "97 and
nln (for Type 91) were painted on the windshield.

Fuze:Technigue.

1. Projectile ~ Fuze Delay Time
o , sec
18 Type 13> Mk. 5 0.4

" i
16 Type 13 Mk. 5 -
" with wood "cap" .

8
6n } Type 13 Mk. 3 a 0.08

The pre-formed T.N.A. fillers for the 16", 14", and 8" projectiles were
made to receive the fuze Type 13, Mk 4, which'is somewhat longer than the
Mk 5. The Mk 5 had the same delay time and was similarly designed, but
was stronger and had better materials. Hence, the Japanese changed over
to the Mk 5 for all major caliber projectiles and had to add a wooden
"cap" to occupy the otherwise vacant space in the 16", 14", and 8" fil-
lers. The most recent fillers for the latter projectiles were pre-formed
to receive the Mk 5 fuze, but very few of these ever were sent to service,

2  All fuzes were usually assembled aboard ship by removing the adaptsr,
inserting the fuze in the adapter, and returning the assembly to the base
of the projectile. The use of the aluminum "anti-inertia™ block at the
forward end-of the cavity, the cork lining, the lacquered cavity, and the
wool wrepping of the filler were all safety features. The aluminum and
cork were principally to prevent premature deflagration of the filler on
impact. ) 4

3. The long fuze delay of the Type 13, Mark 5 (0.4 sec) was used to
allow time for penetration of the lower side hHelt after the fuze action
was initiated on water impact, for a short near-miss. The same idea
doubtlessly guided the delay time for the 6" Fuze on a smaller scale.

D. Inspection.

All of the armor piercing projectiles for the Impexlal Japanese Navy were pro-
duced at the ordnance plant in Kure Navy Arsenal. "The inspection of the pro-
- Jectiles during and after manufacturing was conducted by Ordnance Section
personnel attached to the yard, unlike the armor piate, which was controlled
by a central bureau in TOKYO. The projectiles weré ballistically tested at
the Kamegakubl Proving Ground located on KURAHASHISHIMA in..the Inland Sea near
" KURE. The Proving Ground was supervised by personnel attached to the Ordnance
Section of the Navy Yard. It is believed, however, that the inspection of the
projectiles dquring the manufacturing process was rigorous in view of the large
number of personnel employed by the inspection department. This is not to say
that the inspection methods were particularly good nor the specifications
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' ' O-19

severe, merely that the standards which were set up were probably adhered to.

The details of the control are given herein wherever data were avallsble in

B,

_the chronological order in which they were applied.

Melting and Ingotv Practice for Bodiles.,

1. A basic electric furnace, Heroult type, with a 13,000 pound cepacity

waa used.

2. A highly oxidizlng slag for the first stage helped to reduce phos -

phorus and a high carbide content in the slag kept the sulphur dowm.
Tﬁe‘Scrap was high grade with low P and S content to start with.

3 Charge of metal:

cold Scrap ® 8 9 80 % Q0 B OCE B S O RPN OO OO NG TSN E RS 50 to 60%
Premelted "wash-metal" scrap R LT RRR TR ey 40 to 50%
Pig *less than 10% -

o-oc-o.-oo.o-o.o.-nuocoo------....-oo.-..a'ocvto

* pAdded. in the last stage to adjust the carbon content.

b The mold was the rough shape of the projectile body, a circular sec-~
tion with a slight taper, an ogive shaped bottom with the customary bot-
tom sprue. The ingot ran approximately L5% heavier than the finished
body. The mold for the 18" projectile was 19.9" in diameter at the top.
The: Japanede claim the ingot shrank about 0.2" on cooling. Only one pro-
Jectile was made from each ingot for all calibers.

5. The bodles were numbered by using the chronological number of the
heat, followed by a fraction which indicated the ingot number. Thus,
67021 2/6 indicates heat number 67021, the second of 6 ingots from the
heat. This number usually appeared on the lLiottom of the base ring,
painted in black.

TABLE Xﬁ
LADLE ANALYSES

Speecification SLk, |Specification SL3, for 8" Speeification SL6, for 8"
. for 18", 14", and 16"| (prior to July 1945) {during July 1945)
.Specitfi- | Aversges Specifi- Average Specifi- Average ...
cations : catlons cations
¢ | .45/.55 o45/.55 .55/.65 .60 -45/.55 .50
under under =
Mn <40 .15/.30 A .15 .8/1.2 1.0
= |- under ~ 7 under under
81 | .45 .25/.35 45 T30 b5 .30
under under under
P .025 .01 .025 015 .025 .020
.1 under ) under under
S .025 .006/.01 .025 .007 .025 .015
Ni | 3.5/4.0 3.5/L.0| 2.5/3.0 2.8 1.5/2.0 1.7
- cr | .5/1.0 .5/1.0| 2.0/2.6 2.3 2.0/2.6 2.3
Mo .3/.8 .3/.8 ‘none none .20/.50 .30
under - under under
cu 2 .1/.15 25 20 .25 .20
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6. During the spring of 1945, the substitute analysis (SL6) for 8" pro-

jectiles was developed which was claimed to result in an equally satis-
factory product to the SL3 analysis although somewhat more difficult to
heat treat. -The purpose of the substitution was, of sourse, to conserve
nickel, It went into production ia July but since the plant was bombed
in the latter part of the month and ceased operations, not many rounds
were produced and certainly none ever wert to service.

7. The 6" projectile, Type 91, had not bsen in productlon for asbout ten
years for the following reasons:

g, Large stocks on hand.

be. Change in the tactical use of the 15.5cm (6") gun. This gun
was apparently used in recent years principally as secondary or
hroadside battery on ships which also carried major caliber main bet-
teries. - The principal use for the gun 1n this status was anti-air-
craft.

C. For smaller combat vessels, the l5cm (5.9") gun was used rather
than the 15.5cm whenever a gun of this size was required. There was
no AF projectile made for the l5¢m gun, only a hooded common for
armor penetration. : ‘

Since this projectile had been out of production so long, records could
not be found and the metallurgists interviewed could not recsll the de-

'tails.rT , :

Annealing aﬁd Shaping.

i. The ingbt weas annealed as follows: Heat to 780°9C, hold for 5 to 15
hours (depending on caliber); furnace cool to-3000C, heat to 6800C, hold
for 8 to 20 hours, and furnece cool. ‘ i

2. The ingot was cropped off by sawing cold after the anneal. Approxi-
mately 30 to 35% from the top of the ingot was sawed off. The hot top
alone weighed about 20% of the ingot. The bottom of the ingot was not
cropped except for the sprue.

3. fhe ingot was then heated to from 1080° to 1150°C and was pierced in
a hydraulic press. The process required two strokes, the first, applied

to the whole top of the ingot, served to press the ingot into the chamber
of the press, the second to pierce the cavity. The major caliber projec-
tiles were plerced by a horizontal press, the 8" projectiles by a vertical

- press.

4. The plercing operation was the only hot working applied to the body.
The Tollowing table summarizes the data:

TABLE XI
| © Force on Piston, Metric ‘Tons
Projectile - Forging
Caliber + Press Stroke Plerce Stroke Ratio
gn ?. ? B 1.5 .
lin - 1600 500 : 1.8

2000 1.6

2200

2.1
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5, = Following the piercing stroke,'the body was returned to the turnace
and slowly cooled to below 300°C,. The body was then rough machined nearly
" to the finished dimensions. )

Heat Treatment énd Physical Tests.

1. The body was heated in a vertical cylindricael gas-fired (by-product
coke gas from city supply) furnace using a slightly reducing atompshers.
The body was suspended nose down and was slowly rotated {(about 1 RPM).
8", 14" and 16" projectiles were usually heated in groups of four. The
18"rprojectiles were heated one to a furnace.

2. - The temperature cycles are given in Figure 17. Pt-Pt/Rd thermo-
couple was pressed agalnst the forward tip of the cavity from which the
temperatures noted in Figure 17 were read. Durlng air-cooling {see below
a "Wannser™ optical pyrometer was used.

3. The ripples in the diagrams at 850°C indicate a withdrawal into open
air from the furnace three times during the holding periocd for one minute
each in the case of 14" and 16" bodies, and two minutes each in the case
of 18" bodies. This air cool was an equalizing operation to reduce the
thermal gradient. The 8" bodies received no air cooling. The shadsd
area in the diagram for the 18" body indicates a preheat in a separate
furnace.

"4, . The Quench.

8 For the 14", 16", and 18" bodies, a decremental quench was used,
The body was transferred as qulckly as practieable from the furnace
into & water tank, where it was suspended nose down. It was rotated

* . and the water was circulated for agitation. The temperature of the
water was kept at 30°C. The quenching times were as .follows:

ll}".o-oa--o-'oob'0cooo-ooooo-oo-noncooo-’oonob--...- l:.O min
6" ‘.vu.-ll"'...t'CO".'..'»'.00...01....!.0.0-..-o‘ 60 min

18" B0 0 085 00000000300 0006000000699 060006800080800¢00600s1 90 min

' The water level was'gradually lowered from the bass of the projectile
“to the forward bourrelet during the above periods.» The cavity was
. 'not exposed to cooling medium.

b. The 8" body was quenched in agitated rape-seed oil until the
"forward tip of the cavity reached 150°C (by thermocouple), which
took about 40 minutes. It was a uniform quench. The cavity was not
exposed to the oil. .

Ce The hardness at the surface of the major caliber bodies after
“the gquench was: :

NOS® eveeecececanense. 550 BHN (3000 kg: - 10mm steel ball)
BasSo ...cceveccessseces 450 BHN

No data were available on the 8" body after quenching.
_The Temper.
- The projectile body was suspended nose down in a direct-fired
‘furnace (see Figure 18) using a slightly reducing atmosphers. The
furnace had 24 burners in 8 vertical rows of 3 each., The nose of

the body was immersed in circulating water during this operation
with an overflow to maintain the precise level,
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b. The temperature readings during th% operation were obtained by
poking a thermocouple through the burnes openings and pressing it
~against the side of the body. The body;was rotated about its exis.
A thermocouple junction was also locateg at the forward tip of the
cavity. %

C. The body was arranged to permit elevating it during the process
so that the level of the water with resvect to the body could be de-
creased. The water levels were as folluws

:'v !

Projectile = Level 4 Leve, B/ Level C
. il
gr 3" from end 1" from end ot used
‘ of nose. nose. B
1u*, 167, 18" about even . about fwd.  14"-5.7" from end of nose
- with tip of bourrelet 16m"=-6.3" from end of nose
cavity . 18"-8.1" from end of nose

d. The projectile body was divided into three sections from =
heating control viewpoint, the base section which was urpermost, the
middle section, and the forward section., Three levels of burners
were used as noted above. In addition to elevating the position of
the projectile at certain times, the top, middle, snd bottom burners
were successively cut off. The thermal cycles are given in Figure
19 and the times at which the above changes were made are given in
the following table:

TABLE XIZX
Time in minutesj(total eléggéd)

gn e o] 16w 18"
Raised from A ;
Level A to B 35 - 60 - 60 60

- |Raised from 7 ;

Level B to C 95 5 140 150
Top burners o .
cut off : 20 75 4. 85 120
Middle burners ' i
cut off 35 95 | 140 150
Lowest burners [
cut off 45 110 5 160 170

: , f
© B The body was allowed to remain in the furnace until, for <he

major calibers, the thermocouple at the; tip of the cavity read
3000C, and for the 8" projectile a totel period of 105 minutes had
elapsed (by which time it may be presumsd that the cavity was down
to 300°C). During the cooling period the projectlile remained in
water at the same level (B for 8", C for the others).

i The body was then transferred to a‘large open tank and el
 cooled with nose still immersed in watmr at the same lowsst level
untlil the body was cooler than the melting point of the cap-securing
solder, about 140°C.

4
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Se While the depth of immersion in water for the 8" body may
appear small, attention is invited to the fact that the 8" body,
unlike the major calivers, had a flat nose. The level B, in this

. cese, barely covered the windshield thread shoulider.

h. The heat treatment of the major caliter projectile bodies was
complete at this point. However, the 8" body was further treated
by immersing the nose one inch in molten lead at 4009C for a period
of 30 minutes and air cooling. The hardness data, given below, re-
flects this low temperature draw in a softer nose for the 8" pro-
jectile. . The Jepanese were questloned on the reason for softening
the nose but the answers were so vague and varliable as to make them
untrustworthy.

Hardness Specificatlions and Data.

a. Standaerd Brineli sud Shore Scleroscope readings were taken on
the surface of each hody. The locations of the readings asre shown
schematically in Figure 20 and tabuleted in the following table.

TABLE XIII

" Distance from Hase in Inches

o : o T 1 ' 16" 18"

"|Location

1 “ 1.0 - 1,0 1.0 1.0
2 . 6.5 5.9 6.3 7.9

3 B 1.0 - 15.0 16.1 20.1

4 15.5 21.2 22.8 28.8

5 18.1 23.6 25,6 31.9

Locations A, B, C, D, and E were determined by gauged jigs which
were not found. But the methcd of locating the points is shown in .
Figure 20. Point C was located in each case except for the 8" body
at the lowest water level on tempering (level C). Point D on the
8" body corresponds to the. lowest water level.

b. The Brinell resdings were taken, after grinding off a fraction
of a millimeter, on a machine mounted on & dolly with a V-shaped
bed. The screw was mounted on a movable frame which traversed the
length of the bed. The screw was depressed by turning a wheel under
which was located -a force gauge. The maclhiine itself was crude srnd
subject to errors, but it was calibrated after each six projectiles
8o that the readings were probebly falrly accurate. The scleroscope
”readings«were obtained with a dial-type uanit.
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ANALYSIS

HA

: SLi . SL3 SL6
.|Location Test (Major Cel.) | ./ (8" old) (8" new)

1 262-302 ' 217-255 262-302

285-321 | 241-285 285-321

BHN, o=
3000kg., 302-341 T 285-321 302-341

" I0mm ball k

341-375 | 341-375 341-375
375-415 | | 375-415 | 375-415
over 80 | 70-75 | 70-75

Shore 70-75 ¢ 70=75 70-75
Scler. - . : .

© 65-70 | 70-75 | 7075
1 5560 . 57-62 57-62

¢. The odd numbers for the Brinell readings were used because they
correspond to even readings for the ball impressions in millimeters,
. thus simplifying inspection. A faillurs of the spedifications for

. any one location was cause for reheat-treastment. The average Shore

. ‘reading for points A and B on the major caliber bodies was 83 SHN
according to the Japanese, which is approximately the same or even
slightly higher than the stenderd nickel-chrome American AP nose.
However, uniformity of Japanese and Amsrican instruments 1is doubt-
ful. The Japanese also placed an upper hardness limit to the nose
of the 8" projectiles.

d. For the major caliber projectiles, after the first hardness
test, the projectile body 1s "seasoned" by boiling in water for 24
hours, The objJject of this is to encourage cracking, if the body is
liable to crack, and otherwise to toughen it by changing the alpha
martensite to beta martensite. This operation was conducted at tco
low a temperature to be considered a true stress relief. The exami-
nation for c¢racks was visual; no magnafluxing was used.

e. The hardness data, crack test, ladle analysis, and dimensional
inspection were the only specification requirements other than bal-
. listic to which the body was subject. However, subsequent to final
inspection and acceptance, but prior to issuing for service use, all
armor plercing projectiles were given a weathering test for six
months to a year (depending upon fleet requirements of delivery).
While the Japanese would admit no violation of this requirement, ths
Other evidences of speeded production and urgency indicate that the
weathering test was reduced or even eliminated during the war.

b g The next sebtion summarizes the availaeble data on other tests
which were occaslonally conducted for information but which were not
set up in the specifications.

' Other Physical Tests.

a. The_standafd of comparison for tensile ard impact values was
sat up by the followlng arbitrary conditions:
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(1) A 50 kg (110 1b) ingot was poured from a high freque
induction crucible with the following analysis: (SL4 specifi-

cation).
C .‘..!....'.‘.W'.'I 0’50 ) Ni © ¢ & % 60 0 9 0t 3'60
Mn T EEREXE N N NI I AN N ) 0‘17 Cr 2 * B % & 8 4 ¢ e b e s oacr 0.82
S1 vieereensanaeces 0.27 MO evvennanernans . 0.68
P reeeosvessseresss 0,014 CU evvenocnnnccans 0.32

S tececcccnvensecs 0,013

(2) The ingot was oil quenched from 850°C after a long hold.
It was cut and tempered at four different temperatures with the

. - test results as shown in the following table:

' TABLE XV
B oo | B | e [ BB | % [P | AR
400 171.6 149.0 11,6 | 32,5 501 9.2 to 8.9
500 | 156.0 | 154.0 1.6 | 35.5 | b1 | 10.5 to0 9.3
600 124.3 115.8 16.0 | 48.0 | 363 | 26.1 to 25.1
650 105.0 | 911 19.0  |49,5 | 318 | 43.2 to 41.2

The tensile specimen had a 50mm gage length and limm diamster.
The Izod specimen was a standard 1l0mm section with a V-notch
2mm deep end with a .25mm bottom radius. The Japanese could
offer no data on how closely the agtual projectile stesl

" matched the above standard, but indicated that the projectile

" gteel usually was somewhat superior, due mostly to the fact .
that the above ingot was not hot wprked and the copper and sul-
fur were on the high side, the copoer being above the specifi-
cation limit. No standard was used for the 8" steels.

D. Interior Hardness Patterns. The aocuracy of the data available
on this subject is. probably questionabls due to the very few times

that bodies were split and valid data cdtained,
that these data were claimed to be from memory.

bodies, caps, and cap-heads are glven ra Figure

calibver projectiles~

H. Mgjor Caliber Cap.

]

-

3.;

be

K
i

i
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as well as the fact
The patterns for
21 for the major

The same analysis {specification SL4) was used as for the body.

Only one cap was made from each ingot.
had a round bottom with the customary sprue.:

It was annealed with the following cycﬁé:

a. Heat to 700°C in approximately 10 hours.
b. Hold at temperature for 40 hours. |

c. Furnace cool to 300°C, discharge.?

5\

The ‘ingot was short, stout, and

Following the annesl, the top 25% of the ingot was sawed off, cold.

- The bottom was not cropped except for removing the sprue.

The cap ingot was then heated to 1080- q150°C the bottom of the

a hydraulic press similarly to the body.

43

ingot pressed flat (cap has a flat forward garface), end then plerced in
'AOOO metric ton vertical



RESTRICTED

ALL CAP-HEADS
uut’fg;enm HARDNESS
i

1;,
N

775 80

4" 816" cAP
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CALIDERA BODY HARDNESS VALUES

Figure 21

INTERIOR HARDNESS PATTERNS OF MAJOR CALIBER
AP PROJECTILES, TYPE 91
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Armstrong heading press was used with a press stroke and pierce stroke sas
shown in the followlng table:

TABLE XVI.

Cap for “Force of Stroke, metric tons
Projectile o
Caliber . Press . Pierce

i

VA 1800 : 1000

167 2000 g 1200

18 ) 2100 {f 1500

Fcllowing the piercing operation, the: cap was returned to the furnsc

slowly cooled to below 300°C. I% was them rough machined to nearly t=
finished dimensions. While no data on the forging ratio were obisins:
it is certaln that this value far exceeded that of the projectile bod

5 Heat Treatment.

a. Prehsat in a gas-fired, direct flame, vertical, cylindricel
furnace:

14" and 16" cap .....,............}.. in one hour to 6500C
18" CBD seosetecccesasvrssesessssseces 1O tWO hours to650CC

b. Transfer to vertical cyllndrical muffle furnace containing a
number of burners arranged in an upper level and s lower level, The
14" and 167 caps were suspended nose down and lowered into the fur-
nace until the after edge protruded 100mm {4"), i.e., so that only
the forward portion of the osp was inside the furnace. The 18" cap,
on the other hand, was heated wholly within the furnace. In any
case, the cap was slowly rotated during the heating. A thermocouple
Junction was affixed to the tip of the "cavity" and, for the 18"
cap, an additional thermocouple was affized to the thread shoulder.
The thermal cycles are shown in Figure 22. Each ripple during the
holding period represents withdrawal from the furnace into open air
for a period of one minute, the total period between withdrawals
belng:

lh" S5 00 eP0CEPIOIBLIOGIBGOLINGIGCEITOSOVIOEOGUELIBGROROLOELOESIOOSETLITGOGEEOLES 5 minutes

16" tvo.o--o.o.o.oo-t.eo..‘e-onooﬂ,-onvi'nouovuu 9 minutes
18“ o.o.--ace'n.onoonnooooa-...o-c;ocncnncac... 15 minutes

As for the projectile body, this short aircool was to reduce the
thermal gradient. :

C. The caps were water quenched in tha same manner as the bodies,
The data on this process is as follows:i

Cap for‘proj. cal. Wrteesesscsacenasee 1T L L 16" ... 187
Initial water level ............;1... 2.4 +.. 3.9 ... 1.0

Water level at end cesceossesee.-.; Base of thread shoulder
Time 1in water (min) ceceevcveeeeniinces 20 coue 30 cuea. 24

*Inches from edge of cap. :
During this operation the cap was slowliy rotated, with the forward

end down, and the inner surface not in:contact with water. The
water level was Kept constant and circulated the temperature being
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maintained at 300C. The cap was gradually lifted out of the water
as indicated above. )

d. The capskirt was tempered by inserting the cap, forward end up,
into a molten lead bath, under the following conditions:

Cap FOr Proj. C8l. civevsveessosecenss 1" (o0 16" .., 18"
Bath temp., 9C. civvivercrnceceanseass 650 4o 650 ... 380
Time Immersed, (MiR) c.coesvecsvcccacoce 5 caaes 7 vueuun 7T
Depth lmmersed™ .c.cceeecesscsesercenans 2ol a0a 3.9 oo. b3

*Inches from after edge cap.

This temper obviously resulted in considerably softer skirts on the
- 14" and 16" caps than on the 18" cap as reflected in the hardness
specifications noted below and the hardness patterns shown in Figure
21. It may also be observed that the quenching technique forr the
18" cap did not follow the same lines as for the 14" and 16" cap, as
" noted above. The higher hardness and more concave pattern for the
18" cap was determined by ballistic tests te be superior to the
softer cep similar to the 14" and 16" which was first tried on the
‘development ‘tests. However, the softer cap continued to be used for
the 14" and 16" projectiles because "time did not permit extensive
"ballistic tests in order to effect an improvement in 14" and 16~
cap." N ;
Cap Hardnsss.

8. Location of test points.

LOCATION OF TEST POINTS, WAJOR CLI[ER CAFS
b. Specifications: L

Locstion Cap for Prdjecti;eﬁ
lof point R IA 16 | 18n

A, B, € ‘ . over;75 over 7

i
i
oo
|
{
!

F 514-601 75-80
G B15-477 65-70

H 229-269 30-35

Note: Hardness test - BHN for 14", SHN for 16" and 18",

47
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C. Failure of specificetions at any location required reheat
treatment. Both Shore and.Brinell tests were used as indicated,
although no explanation for the usse of both tests at the same levels
was found. A special supporting jig was required for the Brimell
test, but since it was too small for the 18" cap, no specification
was provided therefor.

7.7 Finishing.

a. The forward surface was machined and ground by a rotary process
~until it was flat to within close tolerances.

b.  The threads for securing the windshield were ground.

¢. ~The inner surface of the cap was machined and then lapped on to
the nose of the specific body assigned to it.

_'Cap,Solder and Cap Security.

1. Composition: Cadmium 18%, Zinc 32%, Lead 50%.

Melting Point: 138 to 1420C.

(NOTE: “Yhere was a differemce of opinion among the Japanese inter-

o . viewed concerning the solder composition. More than one
enalysis may have been used. The melting point was not
disputed.)

2. The ¢ap was soldered and crimped in a mariner similar to that used
by American producers, except that the quantiby of solder used was some-
what less due to the lapped £it. @

3. No pull test was used, but each cap was jrung" after crimping.
About: one cap from every 500 assembled’ projec%iles was severely hammered
transversely. There appeared to be no quantitative specification to this
test. The Japanese claimed very little troub]e with cap security.

Cap-Head. §?3.

1. The cap-head had the same analysis as thﬂ body of the projectile,
and the same melting practice was used. vl

2. A rectangular ingot was poured and was furged roughly to a circular
saction. It was annealed at 700°C followed by furnace cocling to below
30000 It was then rough turned nearly to thu finished maximum diameter.

3. The. forging was ‘then heated to 1100 to lh50°c and cut into discs in
@ 500 metric ton hydraulic press. The discs ¥ere returned to the farnace
snd maintained at temperature until ready for shaping

L. The disc was die forged to shape in the eame press and furnace
coocled to below 300°C. The cap-head was thenlrough—machined nearly to
the finished dimensions. B

l
|

5. Heat Treatment. ' i

B {
] 1

a. ’The major caliber cap-heads were preheated as follows:

18" cap-head: 1In an electric resis%ance

o : furnace at 300°C for|one hour,
followed by molten laad bath
at. 7009¢ for 40 minumes.
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14" and 16": Directly into molten lead bath
at 650°C for one hour.

The 8" cap-head was not preheated.

b. The cap-heads were then transferred (8" cag-head from ambisnt
tempersture) to another molten lead bath at 850%C und held for the
following times: .

BT, LA™, 16™ teuiireraierecerecncntnencnsescnaenenes 30 min

18" '—.-.0‘-"...0.0....‘.....C."ii.‘.'.'Q'......Q'. l“o min
e.” The cap-heads were uniformly quenuhed in agitated rape-seed oil
for the followlng times: - t

8" .-...I.'l"OCOQOOQIOOOOOOOQOOl;.ll..".llotlc-llo 5 min
lb" ono.c-.n-v--o.o..o-.noo-..n-cnto..uo-.l.-.uc..n 15 min
16 I'..Il'l'..'.ll..".l...-l.‘.ij.ﬁtl-..l...;.... 20 min

18 Qonc-O--o..-.cccnno'-Qo-‘a-.-uctonotcoio-nnn..- 30 min

They were then air-cooled to room temparature.

4. The heat-treatment of the major cmliber cap-heads was complete
at this point. The 8" cap-head was tempered at 380°C in an oil bath
‘bath, held for about seven minutes, and air-cooled The hardness
specifications were as follows:

Major Oaliber .lI.0..'....Q..OI.I&..I.QQIQ.". L77—601 EHN
8" cap-he&d --o-.--qo.--'l-uo...-n,a.-o~-~o--.... 70

(NOTE: The specified tolerance for hardness was apparently exces-
sive. The average cap-head fcr mejor aalibers was claimed to be
over 550 BHN.) . S

The hardness test was performed on theéflat after surface. The cap-
head was presumably ofwuniform hardnes#}throughout

6. The cap—head was finlsh-ground on the after flet surface and for the
windshleld threads. A concentricity test with the assembled cap and body
was performed at this point. }

i

Base Plug and Adapter. = ﬁ

1. A rectasnguiar 5300 pound 1ngot was poured with an analysis similsr
to that usc.. for the Mark Gl inner tubes of ithe 1l2cm built-up gun bar-
rels for-wh*ch the Same chemical specificatjon was applied:

C 8 5 90500009 S EOLEEOSILIS o 30 Ni .;...-...-.........- 3 50
Sl teevceccenaccscincnans 0.25 Cr .. 0.70
Mn.-..‘...l“l“ﬂ'-.‘l... 0050 Cu GOV G e s o0 s00 a0 underozo
P ecoccssvseceesss under 0,035 MO cieeececencceceeaaona-a BONG
S eesserecncanssss under 0.035

It was forged into a roughly circular section and the top and bottom 10%
of the forgling were cut off and examined for:piping or other unsoundress.
If satisfactory, the forging was hot cut by hydraulic press into sections
of  the proper length ‘Which were then die forged at 11509C to the rough
shape.

2.  The plug (or adapter) was annealed at "DOOC furnace cooled to below
3009C, and dilscharged. It was rough machined and drilled out to receive
the adapter or fuze, o ’

49
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3. It wés quenched from 850°C into aglitated rape-seed 0il, tempered sat
6509C and oil cooled. It was then finish machined.

L. prior to 1942, the axes of the plug and adapter were made normal to
the axis of the ingot to insure that piping would not result in gas leak-

/_age at high firing pressure. However, the improvement of melting, pour-

ing, and inspection practices subsequently made this unnecessary and the
later plugs and adapters were co-g;ial with the ingot.

Rotating Bands.

The Type 91 projectile has two rotating bands of 99.85 to 99.90% copper which
were cold pressed into the band scoring. The band scoring is of the circum-
ferential wavy ridge variety. The press contained four dies which, when
closed in to the end of the stroke, met and formed a complete circle.

M, -

Ballistic Test.
1. For purposes of the ballistic selectlons, 14" and larger projectiles
were grouped in lots of 200 rounds, and the medium caliber projectiles in
lots of 300. The last lot was allowed to vary somewhat at the discretion
of the plant inspector. .

2 From examination of the various physical and chemical data, the
inspector selected two projectiles. Only one round was required for the
ballistic test, but a second one was held in reserve in case the first
round was not recoverable after the impact. In a few cases where a pre-
eise decision on the acceptablility of the projectile after impact was
difficult, two other rounds were fired, and both were required to pass.

3. Ballistic selection was made after finish-machinirg, but the risk of

failure was claimed to be small compared to the time factor, since fail-
ures occurred very seldom. In fact, the Japunese claimed that no fail-

ures occurred except on the 18" projectiles (see below),

Lo Strictly speaking, fallure of the one projectile tested was supposed

. to be: final and the lot wes scrapped. In actual practice, the matter was

usually studied at length and the gpecification altered on the premise
that it was too severe. No provision was made for retest in the speci-
fications. '

5 The specification required a complete penetration with the explosive
cavity intact. The firing officer determined whether the.cavity was
intact (i.e., capable of producing a high order detonati:n) by visual

- inspection. (The test round was; of course, blind loade. .)

6. The details of ballistic testing are more thoroughly described in
NavTechJap Report, "Japanese Heavy Armor", Index No. 0-16. In brief, the
plate was leaned backward against e steel butt at the desired angle, the
butt was open in the back, and the projectile after penetration passed
through the butt into the ground behind. If the projectile bounced off
the ground, it was usually caught by a natural hill about 500 yards be-
hind the butt. The gun emplacements were located about 480 feet in front
of the butts. The mean velocity waes measured by a pair of boulenge
chronographs. No electronic or galvanometric, equipment was used for this
purpose. However, the Japanese claimed that the boulenge chronograph had
been: constructed to provide a high degree of accuracy, & statement which
is discounted by the writer after examination of the gauges, drop-tubes,
and magnetic gear involved. The baseline between screens was about 50
feet, The angle of obliguity was measured with a quadrant equipped with
a telescopic sight, and g vernier scale; the accuracy obtainable was
doubtless in excess of useful significance.
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7. The velocity specification tables were not found., However, a sum- G
mary of the nominal conditions and the velocities specified therefor are .
given below. These tables were based upon two factors: {a) The DeMarre )
Critical Velocity and (b) The Flgure of Merit., A detailed discussion of

these factors is given in NavTechJap Report, "Japanese Heavy Armor,"

Index No 0-16. They are summarized below:

a. The DeMarre Critical Velocity:

1530 p9-75 10.70 ‘ N
Va = p0.50°

Where V4 is the Critical Velocity, metsrs/second
S ; D is the projectile diameter, decimeters
- . T is the thickness at impact, decimeters
= P is the projectile welght, kiicgrams.

This formula, converted to English units, becomes approximately

vy = 2020 p0-75 19-70 ' -

n

Where D end T are 1n inches
P is 1in pounds _
Va 1s in feet/second.

LR The Fformuls does not correct for obliqulty, end in fact, does not
* represent the true limit velocity. It provides only a value to
which_a table of correctlons known as "Figures of Merit™ may be
epplied. The Figures of Merit are actually ‘axpressions of the #Vg
applicable to a given set of conditions.

S ‘ b. A complete set of data giving F.M. values for the average limit
R - velocities over a wide set of conditions was prepared over a period

o : of years, but was clalmed to have been: destroyed. Fragmentary por-
EIRRNE tions of these data have been found which, when translated end-

N pieced together, may provide a fair picture of Japanese terminal
ballistics. There are two types of F.M. values: (a) those repre-
senting the limit veloecity (in terms of %Vq) at which a projectile

R will just penetrate a plate with zero remaining veloeity, and {p)

AN those representing a specification test, labeled F.M.g. For the

s Type 91 projectile specifications, the F.M.g exceeds the F.M. by
roughly 10% (somewhat more in the case of the 18" projectile).

8. Two types of armor were used for testing Type 91 projectiles:

a. VH armor: "Vickers" face hardened, non-cemented, with about
30% echill. :

b NVNC armor: '"New Vickers™ homogeneous &armor.

The Retails of the above armor were given in NavTechJap Report, "Japanese
Heavy Armor," Index No. 0-16.

9. The specification nominal csonditions are summarized in Table XVII.

10. = In actual practice, only a few of these condltions were used. The
shock test for major callber projectiles agalnst NVNC armor was seldom
used, Some of the conditions were too severe from a viewpoint of

rupture-on-penetration, Consequently, the following of the conditions
shown in Table XVII were regularly used, and these are given in detail:

5l
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16.12") VH plate at 30° cbliquity

. 18" Proj. 410mm (

) — Vg = 525 m/s (1723 £/s)

' V3 = 337.8 m/s (1109 £/s)
FolMog = 14554

- 16" Proj. 380mm (1li. 96") VH plate at 20° obliquity
Vg = 480 m/s (1575 £/s)
Va = 350.1 m/s (1149 f/s ,
FoMeg = 1.371 iy

14" Proj. 330mm (13.0") VH plate at 20% ohliquity
, vs = 485 m/s (1591 £/s)
= : . o 353 n/s {1154 f/s)

8" Proj. lOOmm (3.94") NVNC plate gt 30° obliquity
Vg = 350 m/s (1148 £/s)
Vg = 232 m/s (761 £/s)
F.M.g= 1.509

6" Proj. 75mm (2.95") NVNC plate at 30° obliquity
No accurate data available.. F.M.g about
same as for 8" projectile.

TABLE XVII
e _ , VH Armor o ' NVNG ATmor
:ﬂfﬁ Projectile ""Thickness- | obliquity Thickness: Obliquity
£ | m | inches | ‘ mm | inches 55°
18" | 560 | 22.0 |  16.50 200 ! 550
420 | 6.5 |37, 33°, 30° | 125 | 4. 70°
410 6.1 | 37°, 33°, 30° ;g
380 | 15.0 | 37°, 339, 30° "
] 350 | 13.8 450
16" 380 | 15.0 200 150 5.9 550
L | 410 | 16.1 16.50 125 L9 550
’ 1330 | 13.0 | 30°, 20°
gn o ‘ 165 6.5 309, 150
' 140 5.5 | 459, 30°, 15°
100 3.9 459, 309, 15°
6" u - ' | 100 3.9 300, 15°
| | 75 3.0 | 457, 30¢, 159

11, THe 18" projectile, under the specificatlons first set up (37° ob-
1iquity, F.M.s = sbout 1.38), failed more often than it passed,either by
being rejected due to the nose being chewed or broken or by rupturing

into the cavity through the after edge of -the rear band score, probably

52
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46¢m CAPPED

36cm CAPPED 36cm CAPPED 30cm CAPPED
Sectioned Models (Very 0ld)

Figure 24
ARMOR PFERCING PROJECTILES
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due ‘to severe base slap on the hard face, The former difficulty was rem-
edied by increasing the F.M.g to 1.554 and the latter difficulty by de-
cressing the obligquity from 37° to 33° and later tc 30°.  Since the 14"
and 16" prcjectiles were tested at 20° obliquity from the start, no such
difficulties were encountered. The nose deformation of the 18" was also
claimed to have been reduced by using the harder cap as noted in a previ-
ous section. Attention is invited to the relatlvely mild test conditicns
for the 8" projectile.

.12, The specification velocities were claimed to be approximately 40 m/s

* or 130 £/s above the limit velocity except for the 18" projectile wkich
hed close to 200 £/s margin. The Japanese claimed that a tolerance for
obtained veloeity of 2.5 m/s or 8 £/s from the desired velocity was per-
mitted. However, it was explained that a higher obtalned velocity was
tolerated provided the projectile travelled a considerable distance be-
yond the plate, and a lower veloclity was, of course, acceptable if the
projectile passed the test. Examination of a number of specific test
records indicated, however, that velocity control was good.

The 48cm Projectile.

1. The Japanese produced an experimental 48cm (19") gun in the early
1920's. ~ As noted in a separate report on this subject, (NavTechlap
Report, "Japanese 18" Guns and Mounts,” Index No. 0-45 (N)) the gun was
not approved for service but did serve to provide certein information
upon which the construction of the 18" gun Type 94 was subsequently based
The 19" gun was apparently used in recent years for experimental tests,
since an armor plercing projectile Type 91 of that caliber was found 1n a
magazine at Kemegekubi Proving Ground. The outer dimensions are approxi-
mately as follows: ’

4L8cm Projectile, Type 91

Length .....‘0..l.'....lC...l.u..v-'l'...l...‘.'...'IQOQOOIG 81"
Diameter G Q6 00 0L S 08 P SO ENE ST OOV S OSSP 0GOSO OSSN 19"
Estimated weight B 8 6 98303 ¢ 000804 6008800500868 OCNNe e es 3800 lb

2. The projJectile was made, according to the JTapanese, ir 1941. XNo
data on test results for this projectile was found. It appeared to have
‘the seme design characteristics as the other major caliber projectiles
Type 91 except that it had only one large rotating band instead of two

- bands, -

0. Jeapanese Tests of Allied Projectiles.

No smericen armor pilercing projectiles have been tested by the Japanese. A
few o0ld design English Hadfield projectiles, copied (Japansse Mk. 5) and later

“abandoned by the Japanese, had been tested many years ago, according to the
personnel interviewed.

Part VII - MISCELLANEOUS PROJECTILES
A, Practice Projectiles.

Practice projectiles were painted black, and, if converted from another type .
of projectile, had a yellow nose. Time practice projectiles had holes around
the nose of the projectile to facilitate the emission of smoke which was pro-
duced by @ smoke box situated near the front of the projectile cavity. These
projectiles were also used for proof of time fuzes.

Photographs' of a few time practice and practice projectiles are shown in Fig-
ure 25. .
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.. 5ocm. PRACTICE VERY OLD : 20cm TARGET
(Very Old) )

100m T
PRACTICE

14cm TIME
PRACTICE

8em PRACTICE 6cm PRACTICE
PRACTICE

Figare 25
PRACTICE AND TARGET PROJECTILES
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B. Research on External Ballisties.

Research on the external deslign of projectiles was carried out at the Naval
Technisal Research Institute (MEGURO), where there was a supersonic wind tun-
nel.

The wind tunnel was of the following design:

I Machine number 1.2 - 3.0
II' Observation chamber diameter 300mm
III Type-Gottingen, closed circuit
IV Ventilators: Turbo blower of two stages 1C00 hp
(variable speed).
Turbo blower of two stages 700 hp
(variable speed).
Turbo blower of two stages 1050 hp
(variable speed).

These three blowers were used in series, maximum electric power 1200 hp. It
is understood that full information about the tunnel and all experiments car-
ried out were furnished by Mr. SUGIMOTO of the Institute to Dr. Griggs of the
BEconomic & Scientific Section of Technical Intelligence in October 1945 and
taken to the United States for translation.

Research on projectiles in the wind tunnel was confined until about 1941 to
measuring pressures on the front and sides of conical and ogival projectiles,
© The conclusion reached was that conical projectiles had a better performance
than ogival ones at high speeds but were unsatisfactory at lower velocities.

After 1941 experiments were begun on stability of projectiles, i.e., pressures
on the front and sides were measured at varying degrees of yaw. No results
were obtained as research was switched to investigation of rocket ballisties.
These experiments were interrupted by bombing and were inconclusive.

C. Research on Anti~Alrcraft Projectiles Containing Wire.

Some rather smeteurish experiments were carried out to determine the effect of
wire on eirplane wings 1f struck by an airplane in flight.

A model airplane wing was shot out of a mortar against a wire at various ve-
locities; some success was obtained in dameging the model wing.

The difficulty of expelling the wire from a rotating projectile made them
decide that it would be a practicable weapon only if shot from a morter. At
the same time experiments were in process to overcome the difficulty through =&

deviece for spreading fins to reduce angular velocity before the shell was
opened. Experiments were abandoned for lack of wirs.

Do Tapered Bore Gun.

Experiments were being carried out with & tapered bore gun. The bore reduced
from 19.5mm to 13mm and the projectiles had wing-shaped driving bands. Some
success was obtained in obtaining high velocities, but excessive muzzle pres-
-sure caused ingccuracy in flight. At the end of the war experiments were held
up waiting for tne aesign or a more suitable propellant charge.

The jdea was copied from the Gerlicht type gun (See NavTechJap Report, "Japa-
nese Ordnance Research, Article 2 - Experimental Research on Super High Veloc-
ity Guns and Projectiles," Index No. 0-39-2).
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TABLE XIX
CARTRIDGE AMMUNITION.FOR MACHINE GUNS

Base Di- i Burating
Length of | ameter of | charge %)
Weight of Cartridge | Castridge | (V. of Remarks
Cartridge Cage Case i charge in
(m) (zm) (m) | grams }
INT 60 sk ° Color yellow, tracing time 10 sec3
power 40
THT 60 sl
power 40
{phosp. 62)

156.3

Drill 179.2

Bursting |114.15 TNT 60 sl Penetrates 20m= thick D.5. sicel
power L0 plate at ¥ = 250 &/s
(17.1)

Bursting & Color yellow, tracing time more
Tracer . than €C secs

(Reformed) TET 60 sl
Tp. 2) . porer 40
8.7
Bursting & . Color yellew, self-pursting tvze
Tracing distance = L1000 & -
Tp 3

Bursting &
Incendiary TNT 60 sl At 450 o/s attackirg velocity it
power 40 burn pet.
(phosp. 12) plate at

releum tank thrcugh tain
5 = apart {rcm the tark

Armor— . _At 450G m/s attacidng velccity it can:
plercing penetrate 25cm D.S. steel ;

Tracing &

Signaling INT 60 8l Color yellow, colors the sea water |
__ power 4O green, can'be discoversd 100C a

charge from apart

coloring

"Flourgscence"

Color yellow

Penetrates 3mm thick HTS Va3 610 /s
& engle of attackz(Q°. Puts peircl-
eum tank afire at Va- 58C 3/s & dofk
116,685 Phospher (3.5) =0°. Through 3 plate at 100
apart from tank, Syacing time 13
secs

lﬂ’entrit 553 At 350 o range puts petroleva tank
exogen afire through lmm durelumin plate

Hexogen 50 o
AL Powder 50 set at 100mm apart Ircm tapk.

Penstrates 28m thick HTS at Va =
300 n/s and angle of sttack = 0°

Color yellow, tracirg time more than '
3 seca i

Penetrates 3om HTS at 500 2 rargs &
Phospher angle of attack = 0°, Puta serrela
eun tank afire at 200 m.

Panstrntes Z2om HIS at 500 m range &

3% angle of attack, Puts petrolex IT0
tank afire at 300 m. Througn Q.&m - T-CF<3
thick duralumin plate =et at 50Cex=

apart from the tark.

Armor— i X Penecrates 10mm thick HIS at Va =
plercing 300 a/s and angle of astack = C©

Tracer . Color red and yellcw, tracicg i
3 2.6 secs

Dnill
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RESTRICTED Q-19

E.  Particular Projectiles Mentioned in "Intelligence Targets Japan," Fascicle
’ - " Q=1, Target 0-19,

No trace could be found to the projectile designated as "HE AA Circulaer Lsy-
ered Projectile.™ The Japanese officers interrogated could only suggest that
it might be either an Army projectile unknown to them, or an experimental type
of not much use which they tried to make after receiving a rather mutilated
code message from Germany by wireless. This projectile was filled with cir-
cular dises of steel. Each disc had five holes in it filled with incendiary
£illing and the discs were weaskened s6 that they split into five segments.
They were in effect another form of incendiary shrapnel.

The Mk 5 AP projectile was the Japenese copy of Hadfield's AP projectile and
was replaced by the Japanese Type 88. The Type 88 was replaced by the Type
91, which was the type in service. .

Part VIII - MACHINE GUN AMMONITION

Machine gun smmunition used by the Japanese Navy was, with very few exceptions,
- of stendard design and produced in the following calibers: 4Omm, 25mm, 20rm,
B3 13mm, 7,.9mm, and 7.7mm, with several models and modifications for each. The
: . 7.9mm was not 1n general use. 2

- Designs were copied from Bofors, Hotchklss, Vickers, and Oerlikon ammunition.

The 25mnm vari-colored tracer round is fully described in NavTechdap Report,
"Japanese Tracers," Index No. 0-22.

Characteristics of the ammunition used is given in Table XIZ,
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$

Name Material No. Praces | Weight
Shell Case ;':,:,-:'T";W 37 082
Base Plug - 2.268
Double Base Pleg " 1.225
Copper  Seal Cap. 22

adaLdidLs3y

0.062

Same as above
Copper Filling Cap. 20 0.067

Rotating Band CR. 1.060

565 5%
TYPE 3
Fuze ARK 2 0.950

40.28 foos _.{
: Sel Screw soe 4 0. 004

|
l . ' ' .- | Main Charge 3";}:’;‘ Iset 2.642

Same a3
above 1
HE. SHELL SPresaL
STEEL $SPECIFICATIONS

COMPONENTS
¢ ( %) 0.40 ~o.50

6325

ole|n|e |a|r]op]=

Fuze P’u.s

f?g

TR et 395 202—]

'

$i 0.35 or less

Mn 0.30 ~0.70

P QO35 or levs

S 0,035 or less)

.3
.

Ni 1.50 ~ 2.00

0.20 ~0.60

ni
Arpa

[P

2,525

=
8
N
&

for

Rotating Band (%7) Curved Rotating Band (%)

t

le/2.5 ]

2-51,. 5511.0

/5117022
15215 %oz " 150t ver

156./5 045

/511 ¢ oo‘.’t

/56.15 “ou3

T

/514 %02s

162.4 %1013

/52.9 éiau.! <
/5:1/ i;.z

Double base-plug copper seat details A NE— TF AR L2

' ) 63.5*"’" Circamference.
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300

2e08___
40287,

555 ‘as—

A
1
1

395100 —

/0toas

55050

__2‘5'.310’

g veus
326

No.|  NaME MAT {NQPECE| WEIGHT
- i H.E. SPEQ
= ) SHELL GCASE | STEEL | | 30 491
2 3 2 ! sase pLug . . L7458
R
o o~ 134 020 — DOUBLE
N 3| sase PLUG . . 1232
J43 e 4 | correr SEAL | CuPy, - 0.004
S
@ S | coPPER FILLING ; CuB . 0.05i
o ¢ saz
1387008 — 6
POUBLE PLUG COPPER SEAT DETALL . ROTATING BAND | GR 1 SET | 0.820
~ 143 2025 ——a——
« - , . 7| MAN cuarce | powper| * 2.554
SN 138.5%a2s .
. - APER GYLIN-
s ) ) . 8 | R FOR citargE * loos
p = &l /43.9% tazs
£05 o~ 9
v 5455 £35°7% ~ - P L P— 9| rarer mas [ 0.019
‘ ?r‘\'l"il & _sists T8 SPECAL
S Y S Tar S hS s l Ty ' 'O sorrou sear |casker| 0.044
s ——4i I = 1392 a0 — —
Fi7) ===} 63 .4i 11
%3 4 FILLER PAPER 0.008
b
of I l;__.sgs'm« : ’-——uaf‘?‘——-—
I B rstes 121 ruze TvPEsMd | | 0.9%0
FUZE SET |sopuor| |
13 SCREW SM 4N 0.004
. 14| coppen seat | cupyy | cose
| 15
FUZE PLUG SEPARATE PLAH

WITH EXCEPTION
OF ROTATING BAND
THE OUTER CON- [
STUCTION IS
PAINTED

~— /34’: 2e$

65 tas

ROTATING BAND
o yzayf AL

TOLERANCE * 1%

TOTAL WT 38,000 X6
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No. | Name Matevial } .
; I. | Shell Case _
i 2. | Projectile Head :
o 3| Projectile Head Sef Screw
Ly 4. |Fuze Type d Time § ' -
b : " i
a4 6. | Rotating Band ;
i 8. | Dividing Ring =
i 9. | Fuze Plate (DRY3)4X5) =
; 0. | Base Block . ,[
{,gi /1. | Speed Fuze Rod ( @p}(Cen(erXBoéiom) -J;
i 12, | Circular Braces (A)(B)(c) -
i [3_| Split_Braces (A\(B)() - E
T 14. | Rotating Rod CE
i 15. | Rotating Aftachment Rivet -
/ 16. | Delayed Action Case .
17. | Delayed Action Charge Black Powde .
18. | Quick Match i Ryper Contami ‘~
19. | Ejecting Charge and Powder Bag Black Powder I
20. | Priming Charge and Powder Bag Black Powdery -
2). | Wooden Seat -
22.1 Clusters
Section | 23 | Filley Lining Wared Pape e
Clusters 24 " ' Fiber or Bord :
Circular Braces ' 25. Perforates 8
26. Waxed Pap
27 Pevforated 8
28, Flaanel
29. Separate Plam

Section 2
Cluslers
Circular Braces
Jplit Braces

Section 3

Clusters
Circular Braces

Total Weight and Tolerance $33kg ooo0

Cross Jection AA

..“ 4.". o ,‘. ‘_' “ . ;v:"nﬂ“ L
AR 11 0 1

V=

e e e e

Section 4
Clusters
Circular Braces

Slo/if Braces

Section b
Clusters
Circwlar Braces

ZNANN

N
7 v,

O XX X
2R A
i VA\\\\V\\Q\Y\ \.‘V‘v v\\‘
L 00000 06
v, \v v, v'v“: v';&\‘. .

] .. \
. 000ON%2
SO

Section 6
Clusters

Circwlar Braces

N A ) e w1 1 e

36cm NODEL 3 COMMON PROJECTILE
’ f
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Name _ Matevxial No.Dieces
Shell Case

Projectile Head
Projectile Head Set Screw
Fuze Type & Time

Rotating Band
Dividing Ring
Fuze Plate (D2X3)4)X5)
BBSQ. B/oc’( .
.| Speed Fuze Rod (Top)CenterXBotiom)
. | Circufar Braces (4)(B))
Split Braces (A)(B){(C)
Rotating Rod
1 Rotating Attachment Rivel
De/a'yea Aclion Case
Delayed Action Charge Black Powdey
Quick Malch . Rapey Contaming Quick Mstch
é:,}z.cting Charge and Powder Bag Black Powder
. |.Priming Charge and Powder Bag Black Powder
Woodeth Seal
Clusters
Filley_Lining Waxed FPapey
o Eibey or Boru® Paper
" Peyforated Boyu® Faper
Waxecd! Paper
Peyforated Boru* Paper

Flanne!
Separate Plan

Total Weight and Tolerance 533Ky ocoogr2 (57

Cross: Jection AA

V//

£ A
\.v Y v\\\\‘\‘\\
A, a o A\\\\\>\\\
7

CXX Y

A : :%\R\\\\;)
AN

XY
eoex

200

ENCLOSURE (D)
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Name

Material

Shell Case

-|%

Base Plug

Copper Fl’“fﬂq

Copper Seat

Rotating Band

Fuze (Type 88)

Type 99 Time

Primer

Fuze Setf Screw

Typ e 9f

FOQD.\).O\M,-AQN

Main Charge

Type 92 Explosive

©

Main Charge Bag

Flanne!

Cotton

—
—

Main Charge Paper Cyclinder

Base Cover

R

Cotton Flannel

Si

Base Seat

Paper

*

Base Seat

Rotating Base

¢ ol

440 =
> Twice Size

1026442
q q:—?fo. 1

~ 0.1
102648

10 6.6t 1%

qqnity

¥ 401
102628}

4 40.
qaq™ty!

4401
l‘ 00,2555

Curved Rotating Band Construction

Twice Size

r—— 74,5

6.5 —

4
63854 1%

Twice Size

Special Filler

ENCLOSURE
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oo i
R - No. | Name Material No Pieces
l. Shell Case
2. | Projectile Head
3. | Projectile Head Set Screw
- 4.1 Fuze Type 91 Time
i 5. | Fuze Set Screw :
&. | Base Plug
7. | Base Plate
8. | Copper Filling
9. [ Copper Seat
10. | Rotating Band | Set
= _ 1. | Adapter Screw ..
V ; N 12. | Reslraining Screw
35 13._| Dividing_Rinqg
4 | Fuze Plate. (@) (2)(3)(4)
15. | Base Block ,
16. | Split Braces (1) () 1 Pr. Each
j7. | Circular Braces ‘
18. | Speed Fuze Rod (Upper) (Lawer)
37 19. | Rotating Stop Rivet
20. | Rotating Allachment Rivet
2/ | Delayed Adlion Case (i)
22. | Delayed Action Charge K Powder
23. | Delayed Action Case (2)
24 | Delayed Action Charge Black Poweler
_ 25. | Priming Charge and Powder Bag "
— : 26. | Ejeciting C/large and Powder ’Bag
Cross Section AA 27. ggin Cchbgrgew -
‘ 28 | Main Cha rapper aper
c‘usa‘:&ésaces 29. | Priming Case __ Type 9 Pad |
. 30. | Quick Malch {n Paper Case
= 31, | Main Char__lg Cover Flanne/
32.| Clasters i :
133, | Cluster Charge
34 | Lning
35, - Bind Paper
- 36 - Fiber Paper
s 37 " Perforated
h 38.] -« G
o 39 “ 2
\i 40. " “
41 " Bind Paper
\ - 42 o Pevforated
\ 43 " Flanne}
L 1 44 | Tail Plug Sgpaf&fed Plan
\ Total Weight and Tolerance /20kg oocoqr2!Z
I Cross Section BB
TN Clusters
: B Circuler Braces
' \ - Split Braces

Cross Section CC

Clusteys
Circular Braces

rd ' - Split Braces

N

- Cross Section DD
Clusters
Circular Braces

' Cross Section EFE
" Clusters

= . Circular Braces

65 o ENCLOSURE (E)
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NavTechdap No.

ND50-3820
ND50-3821
ND50-3822
ND50-3823

ND50-3824

ND50-3825
ND50-3826
ND50-3827
ND50-3828
ND50-3829

ND50-3830

ND50-3831
ND50-3832
ND50-3833
ND50-3834
ND50-3835

ND50-3836
ND50-3837

ND50-3838

ND50-3239
ND50-3840

ND50-3841’

ND50-3842
ND50~3843

ND50~3844
ND50-3845
ND50-3846

ND50-3847

ENCLOSURE (F)

LIST OF DOCUMENTS FORWARDED TO WDC THROUGH ATIS

Title

Blueprints (seven prints o»f mortar
projectiles) :

Blueprints (six prints of HE
projectiles)

Blueprints (six prints of general
purpose projectiles)

Blueprints (three prints on pyro-
technic projectiles, two star
shells, one illuminating)

Blueprints (seven prints on rocket
projectiles) .

Blueprints (four prints on armor
pilercing projectiles)

Blueprints (one print on hollow
charge projectile)

Blueprints (one print on forging and
heat treatment formulas)

Blueprints {(nine prints on practice,
dummy and target prcjectile)

Report on the experimental results

. of projectiles-  for exercise or
training use

Outline of the process of filling
the Type 92 HE shell for the
fourth year Type 1l5c¢m Howitzer

Number 3 firing test or land battle
ammunition :

Device for roughening out surface of
medium caliber: projectiles

Experiment on illuminating shell

Navigation target shell Mod. 1

Matching of shells

Storage of Type 91 booster-1939

Experiment on common shell manu-
factured from drawn pipe - Part 2
({together with experiment on
cartridge case)

Investigation on the method of
statical explosion test of small
and medium caliber projectiles

Experiment of special projectile and
chemical weapon

Experimental report on 50 cal/l5cm
gun Mk IITI HE shell equipped with
with Type 13 Mk.1 fuze

Filling of 45 cal/36em gun Type 91
armor piercing shells

‘Various types practice shells

Studies on air resistance of round
shells and air drag of conical
shells

Air resistance of shells

Research on chemical shells

Capped HE shell (l4cm)

Modification 1
Type 98, 1lOcm DP shell loading

66
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Atis No.

3997
3998
3999

4000
4001
4002
4003
4004
4005

4006

4007
4008

4009
4010
4011
4012
4013
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NavTechJap No.

ND50-3848
ND50- 3849

ND50-3850
ND50-3851

ND50-3852

ND50-3853
ND50-385'

ND50-3855 °

ND50-3856
ND50-3857
ND50-3858
ND50-3859
4ND50-3860
ND50-3861
ND50-3862
ND50-3863
ND50 3864
NDSO 3872
NDSO 3865

ND50<3866
ND50<3887

ND50-3888
 ND50<3889
ND50<3890
ND50-3891
ND5053892

ND50-3893
ND50- 3894,

ENCLOSURE (F), continued

Title

15cm and 24cm shell tests
Power test of ordinary shell of
15em gun Nc. 4

' Test of safety factor for use of

smoke~shell in sea surface

Type 93, l5cm mortar experimental

: Mk 3 shell and experimental
incendiary sh2ll, and the Type
94 light mortar temporary desig-
nated smoke shell

Report on improvemeént of lacquering
of interval cavity of projectiles
Part III ; :

Notes on- headings of projectiles

1l2cm, AA gun, eXpeiiments of common
shell manufactured from drawn
pipe - Part 3;

Report on 1mprovement of lacquering
of external c&vities of projectiles

Investigation report on booster charge
which 4id not cause any failures

Greater Japan Ordnance, Ltd. Shonan
Factory Tools Experimental Report

Tooling work on medium caliber
projectiles

Investigation into :manufacture of base
plugs for projectiles

Studies on prevention of explosive
deflagration (in projectile
cavities)

Chemical ordnance 1n cold areas

Report on moistrue proof qualities of
filling materials used as nlugs

l4cm projectiles hydraulic pressure
tests

Charss on cartr idge cases

12cm AA common shell experiments

Strength of stsel wire against anti-~
aireraft

Tests on ex erimental signal HYENKAY

Blueprints (one print of common
projectile)

Blueprint (one prin% of armor piercing
projectile i

Blueprint (one princ of mortar pro-~
Jectile)

Blueprint (three prints of semi-armor
plercing projectile)

Blueprint (three prints of chemical
liner projectiles;

Blueprint (six prin%s of pyrotechnic
projectiles, fpur star shell, two
11luminating) .

Blueprint (eight prints of high

. explosive projsctile):

Blueprint (two prints of incendiary-

shrapnel projeotile)

a
t

Atis Hg.ﬁ

4025
4026
4027

4028

4029
4030
4031
4032
4033
4034
4035
4036
4027
4,038
4039
4040
4041
4049

4042
4043

4102

4103
4104
4105
4106

4107
4108
4109
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ND50-3895
ND50-b896

ND50-3897
ND50-3898

. ND50-3899

ND50-3962
ND50-3935

ND50-3111

ENCLOSURE (F), conttrued

Title L

Blueprints(three prints of practice
projectile)

Documents and prints ¢f experiment
on air pressurs and resistance
of projectiles

Research .concerning prevention of
corrosion in cartridge cases

Investigation on manufacturing of
paper container nf cast-charge
which doesn't require the
casting mold used formerly

15x12c¢m special chemical shell
firing tests !

Actual tests of smokef ordnance

Abrasion and Slipping of licm
Rotating Bands |

Various Types of Machine Gun
Ammunition T

N
v
I
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Atis No.

4110

4111
4112






