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ORDINANCE TARGETS"{

JAPANESE ORDNANCE FU

In genersal, the Japanese were following good fundamental principles
in fuze design, but they had not, in any way, produced or used fuzes of out-
standingly superior characterlstlcs. The progressively-operating centrifugal
detent feature, used in many of their fuzes, and the design principles of tue
so-called "galne" are worthy of very close study.
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INTRODUCTION

i
| .
1‘ ‘J i

This investigation covered Japanese fﬂ?e development and design.
Key personnel were interviewed and tours of insiwction were made in an effort
to bring to light significant technlcal developgiznts.

Titles of the parts of the report cor“aapond to specific guestions
listed in Target 0-18 of Fascicle 0-1 pof "Intelligence Targets Japan" (INI)
dated 4 September 19457 | W

The fields of research, deveiopment methods, test procedures, etec.,
as well as the forwarding of selzed sahples drawings, etc. are covered in
NavTechdJap Report "Japanese MNaval Progeotlle Fuzes™, Index Mo. 0-17.

| :
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THE REPORT

Al'  DELAYED ARMING OF PROJECTILE BASE FUZES

The Japanese have made no attempt to provide a delay in the arming of pro-
jectile base fuzes beyond the muzzle of the gun, or rather, that point viasre
seit-back forces cease to dominate centrifugal forces. They have & systex of
progressively operating detents which under certain conditions mighit delay
arming (freeing of the plunger) beyond the muzzle, because of the inhereant
delay in the motion of each detent element. The exuct position, with resusct
t# the muzzle, at which the freeing of the plunger occurs is problemacicul;
ity might, or might not occur prior to!the projectile reaching the muzzle.

Thie Japanese, apparently, have made né efl'ort to determine the exact point
w%ere this event takes place. They will admit only a very few prematures, and
ngne recently. Their explanation of prematuring is "supersensitiveness of

fylminate mixtures",

AMnose;fuze, embodying features which would delay arming for an interval of
abiout two seconds after '"set-back", hed been developed by the Japanese. The
iQea involves the gauging of the main firing pin by a ring of smokeless
pgwder, which will free the pin when the powder has burned away. The burning
oﬂ the: smokeless powder ring is initiated, two seconds after "set-back", by a
ggsless powder delay train. The ruze!is a time fuze intended for use with an
8cm mortar and is adjustable in time, from 2 to 22 seconds. The fuze is
i|pustrated and its main features are tabulated in Figure 34 of NavTechJeap
Report: "Japanese Naval Projectile Fuzes", Index:No. 0-17. sanother small
fuze, for use with a rifle grenade, which has a similar delayed arming feature
but no adjustable time feature is shown in Figure 33 of the same report.

B.i AUTO-RESETTING OF MECHANICAL TIMEﬁFUZES

Jelpanese mechanical time fuzes embody actuation by linear acceleration of the
prpjectile ("set-back") which causes the time-setting finger to be discon-
. nected from the time-setting or index ring and at the same instant eclutcl the
firing disc to the time spindle of ‘the clock mechanism. Thus, assuming viast
this index ring will not shift under tiie influence of angular acceleration, it
mizht be said that the fuze will not reset; however tnis brobably is pot a
vailid assumption, because the position: of the index ring is not positively
fiked, but is maintained only by friction. Therefore, in view of the fsci
that, chronologically, the toryue resulting from:angular acceleration {the
influence which tends to reset the fuzs) and thé forces resulting from linsar
. acteleration (the influence which performs the disconnecting and clutching
~opierations and tends to hold the index ring in its original position) are
coincident, it is conceivable that the fuze might reset itself.

351

&)
[&]

All service models of the mechanical time fuze were time only {not combi
impact and time). However, the Hattori Clock Company, manufacturers of
fuzes for the Japanese Navy, had under; development during the latter par
the-war, a combination fuze which was described: as ready for mass produc
o drawings or S8pecifications of this fuze were:.located. & somewihut mut
sample of the fuze was found &t the Habttori factory and hus been shipped
the Ordnance Investigation Laboratory,| Stump Neck, Maryland under HavTech:
Equipment No. JE50-3933. The management of the lattori factory was gxcepti
ally proud of its time fuze productionjand development and wuas coarident
its reldiability. -
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C. SHORT DIELAY TIME TRAINS

The shortest delays used by the Japanese Navy were of the order of 0.2
0.10 second made by high compression of black powder-and of the same gene:
shape as United States short delay trains. |A uniform pressure of 100C ki
{14,200 1bs./in®) was used for the pressing of these pellets. The delays
were found to be unreliable. As a conseyuenice, the Japanese abandoned
attempts to make short delays and concentrated on delays of the order of C.L
second for projectile base fuzes. These delays (0.4 second) were arrangs
transversely to the axis of the fuze, as shown in Figure 1, and were reco
to be more reliable.and less subject to deterioration: than the longitudin
delays.

a
r
o
<.

It would be interesting to know how well transverse delays would withstand
"3jolt and jumble™ tests and licw reliasble they would be if made as short as
0.002 to 0.010 second.

Flash hols
Black powder delay peliet
Flash hole

r*——ﬁ——~—-——— Axis of fuze
|

Figure 1 |
DEJ.AY TRAIN FOR PRQJECTILE BASE FUZE

It is interesting to note that delays of the¢ order of 0.4 second would in
many instences defeat the purpose of armor pilercing projectiles, namely
explosions near the mid-breadth of the shipi The Japanese admit that against
some’ classes of ships the projectiles would|in many instances emerge from the
opposite side unexploded, but they did not consider this a serious fault.

D. LONG DELAY TIMIZ TRAINS

The delay trains of Japanese time fuzes have been wade mostly of a mixturse
of black powder and shellac. Such delay trains have, as is well known, two
serious faults: (1) they are subject to deterioriation as the result of high
humidity and (2) their rate of burning is a function of back pressure, which
undergoes a change with the radical 'changes of altitude encountered in high-
angle fire. The Japanese, in an effort to overcome these faults, were experi-
menting with various mixtures. One mixture, 95% barium peroxide and 5%
sulphur, gave good results with respect to combustion under varying pressure,
but was unsatisfactory in regard to deterioration in high humidity. Another
mixture which does not produce a gas during}combuspion and was found to be
° non-hygroscopic, consists of 46% lead-chromate, 38% ferro-silicon, and 16%
red-lead. This mixture has a burning rate of approximately L .5am/sec (0,178
in/sec) over a pressure range of 760mm of mercury (sea level) to 10mm (eguiva-
lent to an altitude far greater than the verticul range of any modern gun).
Thus a delay of 30 seconds could be had in a total length of less than six
inches. This non-gaseous mixture reguires an igniter, for which the rollowing
mixture was found to be satisfactory: 80% red-lead, 20% ferro-silicon. These
mixtures were not in service, but preparations were under way for making use
of them in the mass production of time fuzes. The above delay und igniter
powder was proposed by SUZUKI. 4another mixiure, proposed by Captain MITSUI,

i
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is as follows: 60% PbCr0,, 20% Si (90% thru 325 mesh), 10% Pb30j,and 10%
Cu3P. Captain MITSUL 1ns1sted that the; above mixture was the éest ol all
those tried.:

E., DRAWINGS AND SP“CIFICATION%

Japanese personnel interrogated in connectlon with this investigution insisted
that- all detail and production drawings of Japanese fuzes were destroyed.
NavTechJap Report, "Japanese Naval Projectile Fuzes™, Index lo. 0-17, shows
general assemblies (to scale) and contains tabulations of pertinent inforwa-
tion.

F. SHAPED-CHARGE FUZING

The Japanese had shaped charges, producing a result referred to by them as

the "Newman effect", in bombs, projectiles and rockets, and used both nose

and base fuzing systems. In the nose fuze system the initiation passes To the
detonating train, which is in the base:of the charge, through a round flash
channel. located on the center line of the charge. This system would in all
probability afford a "stand-off", but of an uncertain amount because of
slightly variable inherent delays in the fuze.

The base fuze system uses an inertia t{pe fuze for initieting the detonation
and likewise probably would be subject; to some slightly variable inherent
delay, thus affecting the amount of "stand-off", '"Stand-off™ is yrovided by
allowing a part of the case forward of the charge to be empty.

G. FPORWARDING OF SAMPLE FUZES

Samples, in substantial guantities, of all Japanese fuzes available have been
forwarded to the Ordnance Investlgdtlon Laboratory, Stump Neck, laryland.

H. ZLECTRIC FUZES

i

The Japanese Navy had no electric fuzes other th&n those described in lart A.
of this report. Some samples of badly mutilated fuzes, which appeared to be
electric, were found, but they were described by "Japanese Navy persoannel as
being of Army origin. No information as to ther functions or characteristics
was obtalned. N

1
i
A
\

I. INFLUENCE OR PROXIMITY‘FUZES

it
i
v

The Japanese Navy t ad under advanced development, at least three types of
influence or proximity fuzes and one remotely ~controlled fuze, all intended
for use in bombs.) No evidence was found that they were extending their
developnent of influence fuzes to artillery use, Undoubtedly, development
was handicapped greatly by a lack of very small: slectronic tubes which are
so necessary for this type of device. The threc ‘types of influence or
proximity fuzes and the remotely—controlled fuzé under development are class-
ified as: : ; :_

1. The Photo-Electric Fuze: a bomb fuze bo operate ut a desired
distance above the ground,for attacks on tfuop or equipment concentra-
tions. (Japanese Army and Navy)

2, The Acoustic Fuze: a fuze intended fn. air-to-air attack of bomber
formations by planes at higher altitudes, 7yrmed by the Japanese "the
fuze with ears". (Japanese Army and Navy) ¥

l)

3. Mother-and-Daughter Bomb: An autic1putory fuze, for bombing atvacks
on personnel or equipment concentrations, winich detonated the bomb
(mother) a fixed distance above the ground 'when a plummet (daughter),
attached to and preceeding the mother bomb ‘in flight, mude impact with

')

!

9
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Stab fi‘ring pin

Fulminate mixture

Black powder

Black powder delay peliet

CATe
Wiex Y

Loose biack powder

Lead azide detonator

AN

Tetryl sub-booster

i
i

Picric. acid main booster

NOTE: See Fig.l for a variation
of the delay pellet.

Figure 7

SCHEHATIC SKETCH OF GAINE -"DETONA'Z',:'"A-’G TRALYV
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J. ZXPLOSIVE TRAIN DESIGN

The Japanese explosive train design Seems | to be somevihut originat .
self-contained unit, starting with the initiator anc conciudiag
booster. These self-contained units, exqﬁu31ve o the arming mec
mechanical features, are referred to as hixd
Sservice and as gaines by other branches.

following sequenge_pf features:

1. Initiator of fulminate mixture (20% fulminute, LU% potassiun
rate, LO% antimony sulphide) usually about 25 to 3¢ mg.
Small compressed black powder cilgrge. N
Black powder delay pellet (if deliay is used) pressed at 100C
(14,200 1bs/in%), !
.. Larger charge of loose black povidier. :
. Detonator (lead azide pressed infa capsule).
. Sub-booster of tetryl. i
. Main booster of high-grade picriq acid.

- L
These features are illustrated by Figure 5. Exact dimensions are not avail-
able but can be taken from samples returned to the United States.

I
i

K.  RHEINMETALL FUZING SYSTIM

Japanese naval fuze designers seem to be acqyuainted with no Rheinmetall fuze
other than a mechanical time Tuze, the gear train of which they adopted for
development. subsequent to 1923. Prior to 1923 they had used a time fuze
developed by Krupp, the plans- and specifications of which were destroyed by
the "great earthquake'". In years subsequent to 1923 and up to and including
the years of the war, they engaged in developing and producing their own time
fuze based on the gear train of Rheinmetall. The basic changes, of which
they seemed very proud, involved the use of a pallet and an escape wheel for
timing, instead of the centrifugal friction governor used by Rheinmetall,

and a "set-back" release feature which operates upon the €scape wneel instead
of the timing disc as used by Rheinmetall.H‘Other features of this new fuze
are described in Part B of this report. Many samples have been forwarded to
the Ordnance Investigation Laboratory.

Close questibning of DANNO brought forth an admission that he knew of the
Rheinmetall electric fuze system for bombs and had ekxperimented with it. He

contended that it huad been given up, when it was found to be too difficult
to regulate the'charging of condensers. i

-
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LATATION
by

CINERAL
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\SURE (A)

i
L

aBUUT SruCIal BCHE
YOLHIDA

: 1773

[avene]

December 13, 1945

Part I.

EXPLANATION ABOUT T ACOUD mib HJAT

T
:

LD "YJUSI SHITZA"

I regret that I connot explain the detalls of tre fuze and show
for you to be able to fully understand but I have lost them.

_ Mr., SUZUKI will give you sufTicient i

l

A Iixplanation /fbout the Duedn1

the I'ig.uires
suppcse that

oL
nformation.

ng of the Hame of this fuze

Sound.
source,

Vie can hear Sound by oug
the

greater the volume We recelve.

ears. The nearcr me bet Lo tlie

That is, the change ©

volume of sound shows the dlfierenoe of" distance from the sound source.

If we can change the sound eneré
sound in a receiver, we shall be
the powder in a fuze, and then t

1
Hence, when a bomb having this f
to detonate:by the sound generat
Yuuji Shinkan to this fuze becau
sound .

I had been conducting research c
At that time, this fuze had not

no name of style and number.

B. Use of the Fuze

The bomb with tﬁis fuze will be
by free-dropping without propellic
tion.

It was designed Trom the stundpc
detonation as near as possible t

‘the lack of regularity in the cl
cause--detonation at the positior

dropped from & plane with incory

C. Types

There are two types of this fuzg

Model II is in the relative posi
of detonation. They have slaght
circuit to bring about the diffyg

that is about fifty meters abnvq aeroplanes

tlodel II detonates at a few mebe

tne
0 bura

y to electric energy by receiving
able to use the electric energy
he fuze will be used for a bomb,

uze gets near target, it will be caused
‘ed by the propeller. Ve guve the name
se 1t causes detonation by receivinog

Qatec.
;;G.d

n this fuze when the war had ter
been adopted to regulation arms

rii
znd

P e 3
forzat

us sed for attacking planes in
ant from a plane flylng above the

tas
¥

thet thelbowb viould cause

and in view of eliminating

fuze, thet is, Tailure to
when tihe bomb had been

int of hoping

0 the target,

lock-mechanism

of’ the target,
‘ect aiming.

The difference betwéden iiodsl I and
ition of the plane and bhomb at e time
ly different mechanisms in the electric
rence. hodel I detonaties at « position
flying in fornation, wiils
targets,

.3y
Vil

s below the

D. External Yorm and ‘ieight

The external Torms of these type
shown in Figure 1(a).The fuze wei
bomb weight is 250 kg (500 lbs)
the fuse, including electric pov
mechanisms for changing sound er

I
i
|

s a#re identical. The ¢imensions

ght is about 20 kg (4Uilbs).

“he shaded part of Firure

jer units {dry cells) and all

ergy to electric ensrgy.

}

.
L

(-A
sor
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1,800 mr

Figure 1(2

B, Explanation of Model I

In the Model I, souund energy changes i
magnetic receilver, and the electric en
shown in Figure 2(AL;he receiver recei
it to electric energy. The amplifier ¢
“large enough value to operate a "meters
energy causes burning of the powder by

!
STEY burns; the powagr.

11,0 electr«c clueryy tnrouén the
A This is

es the sound energy and changes
tllo electric

mnlarges
irelay" . *
'"meter re

Bsnergy to a
mherqmpllfieq electric
ay™ contact.’

I

i
I

Sound Recsiver Amplifier

anmon ; Circuit

i

Jow suppose a fuze having such a receiv
If the

Figure {4

receiver is set to receive sounq
receive the sound generated by the plar

er, is dropped on rlyipng targets.
as soon gs dropped it-will
le carrying the bomb, This will

cause detonation and our plane will be
It must be Kept safe and prevented fron

plane has gone far enough away from 1Lﬁ

near the targets, the volume of sound I,
volume of sound is enough to operate tli
circuit and electric current burns the

The different volume of sound between I
the left of Figure 3(A).. The bomb is n
at Position 2., Ve can measure the volu

‘damagea. ‘This is very.dangerous.
| causing detonation untll our
As the dropped bomb JS getting
;ecelved will increase. ! If the
e pointer,, it closes the ignition
nowder. ‘

l
losition 1 and Fosition 2 is shown in
ot detonated at Positicn 1, but
me of sound of propeller nOLSa

at a-position far from the source at so

will adjust the "meter-relay" contact t
volume has been received. So when we u

*The "meter-relay” 1s a kind of switch
used for electric current measurement,

the place of the switch. The pointer c
cuit. The amplitude of the deflection
quantity of electric current.
on sound energy (volume). The more vol
current flows. Vihen enough current flo
closes the ignition circuit until burnij
Figure -

Z(A) y

The quan

nb of the powder comgien

me decided distance, ard wve

0 close the circult when the equal
ge this fuze in practlce, the

It consists of an ammeter that is
dnd the pointer ol the metav takes
‘lOSLb or opens the ignition cir-
of pointer is proporticnsl to the
tity of electric current depends
ume of sound, the more glectric
WS, the pointer, as a switch,

bes (see
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Bomb, position |.
(for fram plane)

Bomb, pomhonz
{nearer 1o plane)

I

Ignition circuit opened. positionl. !

bémb will cause detonation at the
decided distance. (For example,

The receiver was a magnetic recein
valves and two tep up dmpllflers
been tuned to 1000 cycles, All e.
particularly, high tension, lamin

b

F.. Explanation of Model IT

) o
The volume of sound from a source
we receive much volume nearer the
gone far away from it.

from it; we note the volume changlng from increasing to decreasing.

4),

ver.
iectqic sources used were dry cells,
ated dry cells had been used.

continued

Items Pasition 1. Pasition 2.

Volume of sound Low

Pointer (switch)

High

No contact
No detonation

p f’; Powder detonatad
1

Ignition circuit closed. position 2.

Contact

Detongtion QOccurs

l"‘igure 3(4)

position near the aeroplane at the

50 meters above the turget.)

The amplifier was two vacuum
The frequency characteristic had

in air expands in a sphere. Therefore,
source and less volume! when we have

When we éb toward a. sound source and then asway

This

change of volume 1is used as a change of electric energy ‘and the change

of electric energy supplies contrbl to a "Thyratron".

current control of "Thyratron" is|
‘the burning powder.

This 1s the prlnciple of llodel II.
in operation of Model II, that the volume of sound changes enough.

The voltage or
enough to cause flow current %o coantrol
"It is necessary
we

transfer the change of Volume to electrlc change and we make the powder

burn by controlling the "Thyratron"

discharge current of "Thyratron®
electric circult is omitted here,
difficult academically. :

In order %0 burn the powder, tue

plates is'used. The detuil of this

because I have no data and it is so
i

This amplifier had three vacuum valves and three btep-up amplifiers.

The "Thyratron" had been the one point of tlils difficul® researchs
Model IT was nearly the suame as kodel

the other respects,
‘!

in
I
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ENCLOSURE (4), continued

Equi~weakKer sound

Equi-étronqer sound

Detonation by Model]@

sirongest

Figure 4(4) |

A

Change of sound volume Receiver 'mpllfier Thyratron

Figure 3(.3)

G. mlSCGll&ﬂEOUS

o

In ‘both types, the noise that was generated by tle bomb shell ltse £ had
stood in the way Oof success..

i

The poultlon of’ the receiver had been decided uft=r con51derlng setting
it on the shell side, or the top of the»nead. 5

Two methods of receiving sound had been}con51dered througi small holes
indirectly or directly by the receiver attached t9 the surface of sheil.
But, we found the best way was to set the receivér at the top of bomb
head and to prevent weakness by speciall plates (dluminum). The whole
external shell of this fuze was made ofl wood to decrease the vibration
transmitted to receiver. The four taills of the bhomb also were made o
wood instead of steel for the same reasons. We made the surface of ths
shell as smooth as possible. Hence, we had succeeded in general, but we
continued the researches, as we were discontented with the operation of
fuze. Therefore, we had not adopted 1t for use or gliven it a de51cnat1om

The model you should have is the formcr type.of hivdel I. It 1s the
earliest model and the latest one is quLte different from it. : I have
heard that the research on this fuze had begun &t the end of l9h3 At
first, the research was carried on by the Navy aﬂd Army, co-operating
with . some civilians,
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6C6 (Amp) 6G6 (Amp) | 606 [Dect] XB-767A(Relay)

t —\ Electric copsuie
//_L.;\\ : @

Ly Delay switch
v

Ignition

Figure 614
!
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1
|

. \ -
PART TI EXPLANATION OF MOTH.GR=-AND=DAUGLTIER| BOMB (0YA~KO BOMB)
R ‘ \
This kind of bomb would be used for attacking the ground the same as the Ho.
31 -Style 3 bomb. This bomb had a.small steel ball in a large bomb shell.
The former was called the daughter bomb (gg bomb) and the latter the mother
bomb (QXE bomb). When this bomb was droppedifrom a plane, the daughter bomb
would reach the ground ahead of the mother bomb. The daughter bomb. was
connected with the mother bomb by wire, which formed an electric circuit.
When the dsughter reached the ground, the electric current flowed by closing
a eircuit and the powder in the mother bomb, still in the air, was ignited
electrically. 1In order to throw out the daughter from the mother body, the
velocity of the mother bomb was changed rapidly by resistance plates that
were operated by a barometric mechanism which was ad justed by atmospheric
pressure. When the velocity of the mother was decreased, the daughter, with
former velocity, dropped more rapidly, with the slower mother following her.
This happened at a 1000 meter height above ground level.

The method of detonation of powder depended ion the discharge current of ¢
dry cell.

This bomb was more simple than the No. 31 bgmb. It's weight was 250 kg
However, we had heard of diffieulty with the throw-out mechanism of the
daughter bomb and of research concerning methods of making the daughter
always reach the ground ahead of the mother.

I had heard also that the barometric mechanism had been completed.

]






