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SUMMARY

ORDNANCE TARGETS
JAPANESE TRACERS

The investigations conducted on Japanese tracers established the following:

1. Japanese tracers were of fair gquality, although quality levels and
functioning requirements seemed much lower -than those demanded for U.S.
Navy ammunition.

2. The Japanese displayed a certain amount of cleverness in some de-
signs, as for instance in the design of vari-colored tracers for 25mm
ammunition.

3. Japanese designs and methods of closure for tracers would not be
considered adequate by U.S. standards. Molsture exclusion, dependent on
the: seal between the cartridge case and projectile, cannot be considered
sufficient, since moisture entering through a faulty primer seal could
influence the tracer. Moreover, this methaed creates production problems
because lmmediate assembly orf case and projectile is mandatory where the
loading is not done in a controlled atmospliere.

4. It is the writer's opinion that Japanese tracers did not compare fa-
vorably with those produced by the U.S. atithe time the war ended; and
also that the ever-increasing pressure placed on their technical staffs
prevented the Japanese from making the developments of which they would
have been capable if the time element had heen more favorable.

NTJs Lo0-22
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INTRODUCTION

Japanese tracer development and design were examined, and an effort
was made Gto obtain material which could be used:for specific answers to the
.questions promulgated in Target 0-22, Fascicle 0-1, "Intelligence Targets
Japan" (DNI) 4 Sept. 1945. i

Information was obtained from interrogation of avallable Japanese
military and technical personnel, translations of Japanese military documents,
and a survey of documents prepared by other U.S; technical intelligence agen-
cles.

-~

Undoubtedly, study of forwarded documents, after translation, will
add materially to the information contained in this report; the fundameatal
principles of Japanese tracer design and loading techniques, however, are set
forth in this report.



THE REPORT

PART I - GENERAL CHARACTERISTICS OF TRACERS

Sealiqg of Tracers

1. The most commonly used tracer shell was obtalned by placing a brass
disc lmm thick at approximately the diameter of the bore, directly on top
of the starter composition. The outer edge: of the exposed face of the
disc was slightly coated with shellac, and a thin crimping fillet at the
top of the tracer cavity of the projectile was then crimped over the shel
lacked surface of the disc by the direct mechanical pressure.

2. A paper disc was placed directly on top of the starter composition,
and a steel or brass washer lmm thick with a hole varying from 3mm to
8mm in dlameter (size depending on the round caliber) was then crimped in
or top of the paper disc. No sealing compound was used. Seal against
moisture was dependent on a nitrocellulose lacquer seal used between the
projectile and the cartridge case. This method required immediate as-_
sembly with the cartridge case after tracer loading.

3. The Model I Tracer for 25mm Machine Gun Ammunition was closed by em-
ploying a steel screwed in bushing as shown in Figure 1.

STEEL GLOSING BUSHING
25 MM TRACER |
MODEL | VARI=COLORED

FiG. |

Use: of the steel bushing required the tracer loading to be accomplished
. in two stages. In the first stage, six increments of the tracer load
were pressed in; the face of this column was flush with the shoulder at
point A, as shown in Figure 2. :
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LOADED IN 8 INCREMENTS
' Pcm'lj “a" 3 STAKES

— :
’ \ —r ;
BLACK POWDER \ BLUE ILL. POWDIER
RED ILL. POWDER IGNITER

LOADING METHOD FOR
25 MM TRACER

MODEL | VARI-GOLORED |
‘ Fle. 2 |

The bushing was then screwed in and positioned iso that its lower face was
in contact with the top increment of the initiel charges. Three stabs,
120° epart, were used to secure the bushing agedinst black-out. Incre-
ments 7 and 8 were then pressed into the bushing. No sealing against
moisture was incorporated in this closure, molsture exclusion being en-
tirely dependant on the seal between the projectile and cartridge case as
described in gecond method above. ;

L. In the LOmm tracer round, closure and seal was effected by swaging
in a lead disc similar to the closure used in the U.S. Navy 4Omm lMark 10
Tracer, and the British 2 Pdr. Round. ,

Color of Tracers

It was found that the Japanese used four colors forfthe i1lluminaetion of their
tracer ammunltion: red {(carmine), blue, orange and ‘yellow.

c.

Composition of These Pyrotechnics f

1. Brlef History of Japanese Tracer Developmént

2 1

In the early days, prior to World War II, Oerlikon tracer designs and &
few samples were obtained from Switzerland. The tracer composition was
that described below as red (carmine). After considerable investigation,
it was decided to use this compositon for the mass production of 20mm
ammunition. This decision was made despite two objectlons: first, the
expense 1nvolved in the use of mercury chloride; second, &and -more serious,
the possibility of a shortage of strontium nitrate, in the event of war.

8
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This composition was also used for the 30mm and in most cases, for 4Omm
tracers. The Japanese developed the yellow tracer and used it in the
7.7mm and 13mn rounds. Later, rescarch was undertaken to discover an
alternative to the red composition to prepare for the t'ime when the sup-
ply of strontium nitrate might become critical. From this research the
orange tracer was developed. It was.decided that this mixture would be
satisfactory, although it gave approximately 20% failure at gun trials
after twelve months storage. Mass production was begun, but it is doubt-
ful that any tracers loaded with this composition were actually used in
service.

(Note: The Japanese did not trace any rounds above 4Omm caliber. However,
toward the end of the war the Navy asked for tracers for larger caliber
rounds. Work was probably begun on this project, but nothing of record
was brought to light. It is further noted that about 1937 an attempt was
made to trace larger calibers, but was shortly abandoned. No reason for
stopping was advanced.) ;

2, Formulas Used to Obtain Colors for Illuminating Composition

Red (carmine)

Strontium nitrate..eeceeseccesess 70%
MagnesSiui..eeceoeosccsssasssacss 20%
=Mercury chlorid@cecececccecscvecscs 7%
shellac‘...‘..ﬂ......‘.B.l..‘l‘.l 3%

i
i

Blue ‘ it

Magnesium. .. eceoeeococseassesacs 28%
Barium nitrat@.ceccecccceccsscccsso 62%
Barium chloride..ccceccocececsans 6%
BEESWAXeeeossosasensenssnssoscves 4B

Orange

Calcium peroxidBe.cceciecccescess 50%
Magnesiulle..oesoacososassseansese 30%
Sodium chloride,c.ceeceeceesssases 12%
Shellac...........‘.....-l.‘)..... 85‘3

Yellow
Barium N1tTatee.eceesccccesceoecs 70%
Magnesiuml..eeeeeceecsascccsonsees 203
Sodium 0x8lat@eecscecoseescssasaos 79
Paraffin WeX.e.eeeeeooeocesssases 3%

Red (Model 1 Tracer for 25mm)

Strontium nitrate.cceccceccosaes 60%
Magnesium (3% shellac coated)... 30%
Strontium carbonateececcccssscees 5%
BE@SWAX.ceessessovessansscsssssce 9%
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3. Sterting Compositions Used for Above

Red (carmine), orange and yéllow

Barium percxide.........75%
MAZNESilMe.cocooscceses 20%
Shellac...ceesecnescascs 5%

Red (Model 1, 25mm Tracer) and blue

Barium peroxide........ 83%
MagnesiuM.eeeeoesceesss 11%
ShellBCe..cecoaesscaccees 0%

i
it

i
i
i

i
i
I
Hi
i
H

Special red igniter (used experimentally in Model 1, 25mm Vari-colored
) |

Tracer)

Barium peroxide.....e.s. 65%
Strontium peroxide..... 18%
‘Magnesium.eeceeessesaos 12%
ShellBC.c.seeeccocssnaseas 5%

i
|
i
il

Burning Times and Colors Used in Tracer Founds for Japanese NG

" Round Time
{Caliber) (Seconds)

7« 7mm 5-6
13mm 3=4
20mm 34
25mm 14-15
30mm 3-4
40mm _ L=5

(Note: A straight lead oxide

, Color
Hi

i

Yellow
Yellow ({Inert pellet filler)

Red (Ineﬁt pellet filler)

Red; redgand blue
Red (Inert pellet filler)
Red {Inert pellet filler)

pellet'wés used to shorten the

tracer cavity. The original tracé time for the 20mm round wes

11-12 seconds.)

5 Tracer Loading

Consolidating punches in general use

|
i

for tracér loading were of the flat

' - cone, pointed cone, and serrated or waffle types. Consolidating pressures

varied from 1000kg per sq cm {14,2001bs per sq in) to 4O000kg per sq cm
(56,0001bs per sq in) depending on the type of composition used. Dwell

times used were from 1 to 60 seconds.

No reliable density data could be

obtained. Standard trecers were usually loadpd in four increments with

three equal increments of tracer mix
most cases a serrated punch was used

and one increment of starter. In
to consolidate the starter, leaving

a "waffled" surface for ignition. In a few instances, the pointed cone
type punch was used for starter consolidation., All cherges were M™scooped
in® loose. Inert fillers were pelleted. A pressure of 1000kg per sgq cm
(14,2001bs per sg in) was used for the comsolidation of all increments
={n standard tracer rounds. Tracer mixtures were mixed dry in a mechani-
cal mixer, consisting of a bowl-shaped vessel having two rotating arms.

Mixing time for the standard tracing
starter mixtures were mixed by hand.
were stored in heated cabinets until

10

composition was 30 minutes. The

After mixing, tracer compositiocas

immediately before use. There was
i
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no atmosphere or humidity control of air ia the room where trecer loedl
was done, although this contrcl was known %o be desiratls. The wal:zs of
the tracer cavity in all rounds were coated with & thin f£ilm of snellze.

D. Dark Ignition Tracers

i

Late in the war the research laboratories were requested to develop & dgrk ig-
nition tracer., Initial attempts were made to reduce the "dazzle™ effect of
the tracer by increasing the amount of starter charge, and reducing its Lilu-
minating power. No constructive progress, however, had been-made up %o She
time the war ended. ’

'

E. Tracer Burn-0ut Self-Destroying Feature

The Japanese used the tracer burn-out self-destroying feature

25mm and 4Omm rounds. In the 20mm and 25mm rounds the septum

perforation which was loaded with a black powder delay and
_three black powder pellets leading through the high explosive charge to

in the gaine. The 40mm round was loaded with g disc betweer she high expio-
sive and the tracer charge. The disc carried a primer whic:z was Iinivistzd by
heat from the tracer and fired a detonator loaded lnto She base of the burster
charge. o : i .

F. Resistance to High Temperature and Humidity Storage Conditions

Storage trials es follows were conducted with locaded tracers. Loaded tracers
were stored in an artificial atmosphere having a temperature of 45°9C and a
relative humidity of 90% for a period of eighteen months. Periodically during
-the test, ten samples were chosen at random and fired for tracer functioning.
Samples were taken at intervals of one, three, 8ix, twelve and eighteen months.
Strontium nitrate and sodium oxalate mixtures gave good results, but the cal-
cium peroxide mixtures gave about 20% failures after twelve months storage.

It was considered that the fallures were due tc moisture penetration permitted
by & faulty or inadequate seal. . There was no slurveillance test conducted on
the loose powders. , !

G. Comnosition‘of Pz;o%echnic Deiays.

N
{

i
Pyrotechnic delays in general use were made ofiblack powder, or a mixture
black powder snd shellac. This delay gave erratic performence in the low
pressures encountered at high altitudes. f

Research was undertaken to produce a mixture which would gi less gas et com-
bustion, and therefore more uniform burning, because its of burn would
not be influenced by variations in back pressures due to isude difZerences.
The following formula was tried, but was found to be too oscepic:
. H
Barium peroxide.......e...35% Q
SULDHUT e 2scafieesverosorascs % i

i
i
i

The derect was attributed to variations in the guelity of the darium sercxide
which could be produced. g i

Another mixture tried was:

Barium peroxide...........85%
SELleniUlae .. veseevouceensosli

This compesition was found bto sulfer from deterioration in stcrage aliso.

"y :

The moat successful delay powder produced,was}the foliowing:

|
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Red lead (Pb30s)ecessacescccccesslbh
Ferro-silicof (Fe~Si)eeeeereceees38%
‘Lead chromate (PbCrOh)...........hé%

The above mixture did not produce gas during combusﬁion, was non-hygroscopic
and burned at a steady rate of 4.5mm ( O,5mm) per second in atmospheric pres-

"sures varying from 760mm to 10mm as measured by a mercury barometer. The
~starting mixture used with this delay powder was of .the following composition:

Red lead (Pb30 ).oooot-non-oo-oooSO% £
Ferro-Silicon Fe-si)OOGQOOOOQOOQZO% !

i
it

" (Note: With this powder it was possible to obtain 4 delay of 30 seconds in

a total length of less than six inches. This delayiwas being used in AA time
fuses and in anti-submarine 5 second delay fuses., It was scheduled to come
into general use about the time the war ended.) g

The shortest delay in use was in the Type 97 Bomb Fuse which had a delay of
0.05 seconds.. It consisted of a 0,5gr black powder:pellet pressed at 1000kg
per sq cm (14,2001lbs per sq in) with an effective burning distance of lmm
between an initiating first capsule of 0.5gr of mercury fulminate and a second
capsule of lead oxide. The accuracy of this delay was 20%.

Another type of black powder delay still in the experimental stage, lnvolved
the use of two layers of black powder in the pellet; one of pulverized and the
other of very fine grain black powder., Control of delay time was accomplished
by varying the thickness of the two black powder layers. The times were 0.01
seconds to 0.1 seconds.

PART 1I
DESCRIPTION OF MODEL 1 VARI-COLORED TRACER FOR 25mm MG AMMUNITION

" Prior to 1940 the Japanese Navy attempted to produce a tracer for 25mm ammuni-

tion which would indicate visually the distance of the projectile from the
gun, as well as its path of flight.  The indicators used were Blue Tracer, Red
Tracer, Dark Tracer and Black Smoke. These elements were loaded in the fol-
lowing order (desired tracing times and distances are also noted):

Muzzle t0 1500m(16L0YAS) seveeecsnostoonneeed3SCCerenuenenans «ses.Blue tracer
1500m to 2250m(R27337dS) eeececvasacocrseeec5e7S€Cersaseancssessess.Red tracer
2500m t0 3500m(38277A8) ceeesercnsceitanoseesl0S€Ceiaeecnscessanes.lark tracer
3500m Black smoke, obtained by detonation of fine grain black powder charge

An accuracy of 0,5‘seconds at color change-over was desired.

“Composition of mixtures used for this tracer are given in Table I shown on

page 12. Those for the Dark Tracer and Black Smoke are given below.

Dark tracer composition

Sodium Perchloratesssaecscesssse85.5%
mmp Black.l...l.'....'.0..-...19’5%

Consolidating pressure iOOOkg per sq cm(14,2001bs per sq in).
Dwell time, 1 second.

Smoke producer =

Black powder (fine grain).
Consolidating pressure 1000kg per sq cm (14,2001bs per sq in).
Dwell time, 1 second.

12

i
-3

i
-

.
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Commané.ennMKAGIsandeMr 18UBHREj owho workedndnsthéssppajectiivathnpfaséacthasdT
resulis wsneuunsat.qsi—‘adgmry odueimo3tlyntoqerfidtderburnsngstinésThind :awhight =8
pencenmagéaafbbbmn65¢3 Tﬁeybasseited~thétacolépsandnvisibilitiiét“tnextﬁaéeyf
werejveryesgéoduel Jon bib bmwoz edd ,{ebmnosz U¢) eegisids 18081l &dd cﬂ"d’dui;""

bedoubnon ad ednemiveqxe Toi73nT dadd besbasmmonst zew 31 .ooldowdoig blgst
Becgussiof thHecunddgt idfwubtbdnp perﬁesm&ncsnéfsbﬁéonamdsffieawaseaeuidédoSGEcdﬂ-ﬁ
duetisfunthey eXperbmentdqwithathe vayvi-goloied:itracenyibatdtorndlsmingts thés i
dark trace feature. The new experiments involved trials with various consoli-
dating pressures and dwell times. It was stated no change was made in the
tracer mixtures which are shown in Table I below,

- TABLE I
B E AP EA SRR == ]
ANy ZAVSpIge’ T1Pum. |~ Red Red Illum.!
Material Igniter - Powder Igniter Powder ;
NOW 7T 21TA HOUOHHT IHAWd0q 2Tnatiid0d JESTHZ 20 Tell ;
Magnesium 11 2 12 -
’ ; gglios qL'JSH
Magnesium coated 3% She%iﬂ&? =T - .ol 21TA J 07 snemysod
&?gf‘é@-n&%oxf&%'w LGOS s:c:smod?}s mmdS Yo Boiilig 6%.[9{ TLEE-Q2ay
r {0 P
Strontium peroxide - Llsge sviz 18 -—
- Idi%ﬁ'ﬁj Et e 304001 Tzab-Tlge CC oavd [[adnsgy 1oqXd 2 OX9E OSTE-QCH
LLlane svisolg :
trontium nitrate ‘ -- == -- ! 60
%Egé & smné&ﬂdeﬁﬁ T0 esqud |ac ducgsT|isdasmitequd L1808 CS2fF-023cu
Strontium carbonate 2160373 BUlyoTIIEsD - 5
- ho 101 abruocymnos anidinoai esulg b jroxeq suwitsd seL 8L -4caA
%}{e&m 8 Qg iifpiraag r-xm : §
Beeswax R ) F\_!,\_zr.ri oY B r“l“nm-?:\;rl Ix ;.iquilh“,‘mv -“TQQL‘ (;‘;‘-i'_." ag‘;/g
- I - -
Bariqm cgloriﬂe 1 .aoipad 'G'wrs éc*«u 1. A50F QE2L-QeGHh

Consolidating pressure: KG@@&éﬁﬁérlsqﬂom {5658801bs padv8q in). LLIE-0TTH
Dwell time: 60 seconds.

. Ordepvel@ imethoads6y 104dalHg vPader a:aefdeﬁaﬂé&qm Encd68are (B).SLRI-0RTH
Functioning performance required: 90% light up; 10% blinds acceptable-

.hoe5T8866Add 2 6HABEE=6TEE DEReqO "dﬂﬂmLiaqr‘ TSEE ceeg-decx
Desired tracing times: Blue Trace-3.0 'seconds 1/500 meters (l/6h0 yardsL
deliud. sRed Prava-5i7issgondd 2Z904: ‘ﬁétéxssa(QZ?‘igJ?ards) 8a0g AL 2 -00GH

LS40L |, xsbwoqg

Results of gun trials are tabulated in Table II below.
~inumme gun-snidosm (medS) wsosed I labthnc Jangsd SN cERE-C2TH

TABLE II -040L (m0id

No. of rauwddd idi: iMusislditio teokor 8hangdissidiesMaZzle toSdafk (secohd§E-01T:
Tested-148 Max Min Avg Avg error Max Min Avg Avg error
] C [LOLTOTES T80T 10 Noi Bl EsvIT ¥ IR TR -0 0¥
No. of rounds E
Timed-95 3.6 |2.8 |3.0 to.09 6.75 |5.0 | 5.8 +0.34

Light up 99.3% for 148 rounds fired. Visibiiity very good for both colors.

An interview with Capt. Kichiro KURODA, Gunnery Officer of ISE and later of
YAMATO, revealed that this tracer was used in service ammunition, but he
doubted its value to the gunner. He stated the v1s1b111ty for both colors was
very good.

M
|
i
|




O-22 RESTRICTED

The conclusion of the Japanese technicians in charge of these experiments was
as follows: '"This tracer, from the point of view of light-up, accuracy of
time and visibility, is good. But due to the long dwell time required im con-
solidating the tracer charges (60 seconds), the round did not lend itseslf to
rapid production. ‘It was recommended that further experiments be conducted
with special reference to consolidating pressures and dwell times.™ Reference
is also made to the breakup of the dummy fuze or nose plece at the gun muzzle.

ENCLOSURE (A)

LIST OF SEIZED DOCUMENTS FORWARDED THROUGH ATIS TO WDC

NavTechdap _

Document No. = ATIS No. Title

ND50-3525 3919 Filling of 25mm automatic cannon tracer high-explo-
sive shell. :

ND50-3526 3920 Experimental type 99 self-destroying tracer high-ex-
plosive shell. »

ND50-3527 3921 | Experimental report on types of anti-aircraft self-

. destroyihg tracers.

ND50-3528 3922 Barium peroxide plus igniting compounds for machine
gun ammunition.

ND50-3529 3923 Mechanical mixing method for powders.,

ND50-3530 ) 3924 Carbon powder trains.

ND50-3531 3925 Tracer powder stability.

ND50-3532 3926 Pressed black powder burning characteristics.

ND50-3533 3927 Experiments on 8cm anti-alircraft tracer shot.

ND50-353L 3928 Storage stability of 25mm machine-gun tracer bullet

: powder, 1942.

ND50-3535 3929 Report on Model 1 tracer {(25mm) machine-gun ammuni-
tion, 1940.

ND50-3217 3917 Investigation of tracer bullet visibility.

ND50-3220 3918 Investigation of tracer ammunition.
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_ ENCLOSURE (B)
| |
LOADING DRAWING FOR MODEL 1,25mm VARI-COLOR TRACER
T : (ALL DIMENSIONS N mm) \
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