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INTRODUCTION

This publication is intended as a reference to all avail-
able data cencerning German and Japanese solid-fuel
rocket weapons. To this end the two parts have been
broken down to cover all aspects of the subject matter.
It is appreciated, however, that this publication is not
compiete in its present form and that the examination of
experimental establishments in Germany and Japan will
almost certainly yield further information on the subject
of rocket weapons. Also, in many cases where speci-
mens of the projectiles under consideration have been
captured only recently, data is incomplete; spaces have
beer left, therefore, which may be filled in when further
information becomes available.

The available material on the rocket weapons of each

~ of the twa nations has heen divided into sections on pro-
jectiles, fuzes, propeilants and fillings, firing systems, and
launchers. Each section is sub-divided into bhasic cate-
gories and assembled in a way to permit new items, should
they appear, to be inserted in the appropriate sub-
division. A special numbering system was adopted for
convenience in reference and te aid in establishing the
proper place for inserting future items, These key num.
bers appear at the top of each column beginning a dis.
cussion of a nesw subject.  For example, I-B.101 indicates
an item in Part I {German Rocket Weapons) under sec-
tion B (Discussion of Individual Projectiles}, sub-section
10% (Standard Ground Projectiles), and the last figure
(1) refers to the first rocket discussed in that sub-section.

Much of the preparation of this publication was done
by officers of the British Army and as a result some tech-
nical terms appearing in the text are different from U, S,
terms, Since this publication is intended for use by
botk American and Britisk personnel, wherever clarity
for all readers makes it necessary equivalent U. S. phrase-
ology will be found in parenthesis immediately follewing
the British terms. In cases of only minor differences in
spelling, U.'S. usage has been followed. The word “All-
ing” has been used throughout to indicate the contents
of projectiles, whether this is an HE bursting charge, a
chemical filling, or some special contents such as propa-
ganda leaflets.

A glossary of terms used in connection with reaction
propulsion is included as Appendix A.

Part IT, Japanese Rocket Weapons, was prepared and
edited prior to Japan’s surrender and consequently the
text was written from the viewpoint that the war m:ght
continue for some nme
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GERMAN ROCKET
WEAPONS

Section I
REYIEW OF DEVELOPMENT
GENERAL '

PART L.

Although the German military leaders, like those of
other countries, had acknowledged for some time the possi-
bilities of the military racket, it was not until shortly before
the recent war that they began to give serious attention ta
the development of this class of weapons. Allied rocket
weapons have now reached and generally surpassed the
performance standards of the German projectiles. It
should be remembered, however, that the Germans initially
took and for some time held the lead in this feld.

The importance which the Germans attached to rocket
weapons has been demonstrated by the evidence gathered
at experimental establishments visited since the collapse of
the Reich. This evidence has shown that probably more
time and money were devoted to the development of rocket
weapons and guided missiles than to any aother type of
ordnance. The greater part of this effort was devoted to
guided missiles. Rockets were not neglect.eﬂ,' however,
and after the war began the Germans developed these
weapens to a considerable degree and investigated a great
number of possibilities for further application of the
inertia principles as a means of propulsion.

GROUND-TO-GROUND PROJECTILES

It was known that the Germans used rockets on the
Eastern Front as early as 1941. But they were not used
against Allied forces in other theaters until two years later,
during the final stages of the North African campaign in
1943, At that time the Germans considered the use of
rocket weapons highly secret. This was demonstrated by
the extreme security measures adopted; typical of such
measures were photographs in the “INustrated Press”
showing the [5-em Nebelwerfer 41 under the captlon
“Captured Soviet Rocket Launcher.” 7’

In May 1943 the first rocket projectiles were captu.red by
the Allies, These were the 15-cm and 28-cm HE rockets
and the 32.cm mcendmry rocket, all spm-sta hzed pro-
jectiles. The 15-cm rocket, weighing k7

the six-barrelad Nebelwerfer 41 up to & maxu:nu.m range
of about 8000 yards. This was the first’ appea.rsnce of
a tube-type launcher; the only others known'at that time
were Red Army frame-type lannchers.~'An interesting
feature of the German 15-cm projectile is the tractor-type
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rocket motor; most later types employed the pusher-type
motor, which does not necessitate the same sudden mid-
length reduction in the diameter of the projectile and
which is therefore sounder aerodynamically. The 28-cm
HE rocket has a filling of 80 pouads of TNT and a maxi.
mum range of about 2,300 yards. The 32.em rocket, with
a filling of 11 gallons of liquid incendiary mixture, had
approximately the same range.

Although the initial effect of the use of rocket weapons
was considerable, a large proportion of this effect was
psycheological, due to the sound and appearance of the
projectiles.  The Germans soon realized that the trail
left along the rocket's trajectory was a sertous disadvan-
tage since it necessitated frequent changes of launcher
position. They later partially offset this disadvantage hy
making the launchers mobile. The 15-cm Nebelwerfer 41
made an appearance as a 10-barreled launcher mounted
on a hali-track armored personnel carrier. Brackets were
designed for mounting the crates for the 28-cm and 32-cm
rockets on the sides of a similar vehicle; three frames
were mounted on each side, all firing forward.

The 15., 28., and 32-cm rockets were followed by 21.em
and 30-em projectiles. The 21-em is a larger versicu of
the 15-em rocket, but employs an pusher instead of a
tractor-type motor. The 2l-cm rocket was fired orig-
inzlly from an experimental launcher, a scaled-up version
of the six-barreled I5-cm Nebelwerfer 41. This experi-
mental launcher was quickly abandoned, apparently be-
cause it was unstable, in favor of a five-barreled type of
similar design. The projectile has a filling of 21 pounds
of amatol and a maximum range of about 10,000 yards,
The 30-cm projectile represents in appearance a cross
between the 2].cm and 28-cm rockets. The warhead is
larger than the rocket motor, but there is not such a large
variation in diameter as with the 28-cm projectile. It is
latnched from the 30-cm Nebelwerfer 42, a six-frame
launcher on a two-whee! mount with -a split trail to en-
able it to be towed. The projectile has a filling of 98
pounds of amatol and a range of ahout 5,000 yards.

These five calibers--15, 21, 28, 30, and 32 cm—repre-
sent the initial series of German rocket weapans, For
some time no new calibers were developed, though vari-
ations in fillings. such as the 15-cm smoke and chemical
warfare projectiles, were introduced. This restrietion to
five basic calibers and six basic projectiles (the chemical
warfare projectiles were never used) conformed with the
German principle of adhering to a few well-tried designs
instead of producing a large number of more varied
models.

The next aspect of rocket weapons to which the Ger-
mans gave their attention was the production of an

g T

[-A.000

equivalent to the U. 8. “Bazooka.” In this field they pro-
duced two projectiles, the 8.8-crm R.Pz.B.Gr.4327 and the
8.8-cm R.uB.Gr 4312, both incorporating the hollow-
charge principle, upon which the Germans had heen
working for some time. The 4322 is fired from a twbe
similar to but larger than the U. 5. launcher and has
proved a highly successful weapon; it is capable of pene-
trating more than 6 inches of armor plate. The £312
is 3 similar rocket but is fired from a different type of
launcher, the Raketenwerfer 43, which consists of a bar-
rel mounted on a small two-wheel carriage with a fixed
trail. Although the projectile has a longer range than
the #322, this advantage is probably offset by the some-
what cumbersome nature of the launcher, which cannot
be as readily maved as the simple tube launcher.

Only four other types of ground-to-ground projectiles
of interest were developed. These are the 8-cm HE and
smoke rockets and the 38-cm HE and hollow-charge
rockets. The 8-cm HE projectile is a fin-stabilized air-
vraft rocket which also was developed as a smoke projec-
tile for ground use. The 38-cm, fired from a special
launcher mounted on a Tiger tank chassis, is the only
super-heavy rocket the Germans produced. It is a 760-
pound, spin-stabilized rocket with a filling of 270 pounds
of amatol. The hollow-charge racket was apparently
meant for use against concrete obstacles and buildings.

The 38cm rockets compiete the series of German
ground-te-ground projectiles; although only a small num-
ber of rockets appeared, they were all well-tried models
and quite successful. The Germans, unlike the Soviets,
confined themselves alinost entirely to spin-stabilized pro-
jectiles, and, in the smaller calibers, to tube-type launch-
ers, as opposed to the fin-stabilized projectiles and cruder
frame-type launchers used by the Red Army.

ANTIAIRCRAFT PROJECTILES

The first German antiaircraft rockets appeared approxi-
mately two years ago; since then only five types have been
recovered, all of which are low-altitude projectiles. The
German lack of interest in this field was probably due to
their initial air superiority, their development of efficient
antiaireraft guns (such as the 8.8-em Flak series), and
their belief that ne antiaircraft rocket could compare as
favorably with existing antiaircraft guns as ground rockets
could compare with other ground weapans.

Although numerous reports of high-altitnde rockets were
received from air crews, no specimens of such projectiles
have been recovered. It is known, hawever, that experi-
mental work was carried out in this field by the Germans,
but such work was concerned primarily with preduction
of rocket projectiles having some form of proximity fuze
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and a remote control mechanism, Such weapons fall into
the category of guided missiles and therefore are not
within the scope of this publication.

Of the five antiaireraft rockets recovered, the first three
were of the parachute-and-cable type, whereby a cable was
projected into the air and suspended by meuns of a para-
chute, These were made in three calibers, 8 cm, 15.2 cm,
and 20 cm, and were designed for dse in large numbers to
form a barrage against low-flying aircraft. The other
two types were n development of the 8-cm rocket, in which
the parachute and cable were replaced by an HE filling,
and a 7.3-cm HE rocket, which was fired from a frame
launcher designed to permit 35 rockets to be launched
simoltaneously.  Both these rockets were used against
low-flying aircraft.

AIRCRAFT PROJECTILES

Orly one German rocket designed specifically for firing
from aireraft has been recovered; this is the S.om HE
projectile, which is also fired from a ground launcher and
appears to be a close copy of a U. 8. 5. R. fin-stablized
rocket, The 21-cm ground projectile is alse reported to
have been used from aircraft, but it is doubtful if this
experiment met with any success. This rocket is spin-
stahilized and wauld be highly inaccurate unless launched
from a tube, which might be inconvenient to mount on
aircraft.

OTHER TYPES OF PROJECTILES

Only two tvpes of unconventional, true racket projectiles
have been recovered. One of these is a 7.3.cm leaflet
rocket, designed for the projection of propaganda leaflets
into enemy lines at short ranges. The other is a recently
discovered flare rocket, used as a decoy during air attacks.
The rocket contains a flare intended to represent target-
marking flares dropped by attacking aircraft.

In addition, the Germans produced two types of rocket-
assisted artillery shells, and others were under develop-
ment. The rocket motor was incorporated to increase the
range of the projectile.

1-B.000
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J-and a projectile container.

ibly fin-stabilized.
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8.cm Raketen Sprenggranate.
{8-cm HE Projectile.)
Fired from: Aircraft and 8-cm Raketen Fiellachwerfer.

I, Description. a. General. This is a fn-stabilized
projectile [Figure 1) with an appearance typical of that
of small caliber aircraft rockets. The internal arrange-
ment of the projectile suggests that it was possibly copied
or adapted from a standard Russian aircraft rocket.
Although this rocket almost certainly was designed pri-
marily as an aircraft weapon, it was alsc fired frem a
multiple-frame ground launcher known as the 8-cm Raketen
Vielfachwerfer (see 1-F.202). The projectile consists
basically of an HE head, a rocket moter, and a tail unit
incorporating a gingle venturi and stabilizing fins,

b. Head. The head (Figure 2) of the projectile is a
steel cylinder with an ogival nose into which is built a
fuze system. The rear of the head is closed by an adapter
plug which also forms the junction with the rocket motor.

The main HE filling consists of 1 pound 5.5 ounces of
pressed flake TNT and is built up from three perforated
pellets which fit around the exploder tube incorporated in
the fuzing system. At the nose end is a small cardboard
washer; at the hase are two waxed-paper washers; and
around the exploder magnzine is & waxed-cardbeard tuhe.
Between the shell wall and the explesive is a thin layer
of bituminous material. The outer surfaces ol the pellets
are waxed.

¢. Fuzing system. The arrangement of the fuzing sys-
tem is shown in Figure 3. The fuze proper consists of a
steel nose piece (1), screwed into the warhead and closed
by a copper disc, containing a light allay striker (2} sup-
ported by a light raising spring (3). Below the nose
piece is a steel magazine tube (3], into the forward end of
which is screwed a detonator {4) housed in a steel body.

The detonator, which has a steel shell, contains two -

increments (C and D) of HE, the upper increment (C}
being annular and containing a core of initiator (B).
This is topped by a laver (A} of igniting mixture. The
detonator is closed by a brass thimble (12) with a central
hole which is sealed by a tinfoil disc. The base of the
detonator is perforated and is in contact with the upper-
most of the four pressed pellets in the exploder tube. The
lower end of the exploder tube is crimped to the spring-
loaded plunger (7) at the lower end of the HE head,

The spring-loaded plunger is held in a sleeve (8) screwed
into the adapter, the lower end of the sleeve being located
in the hollow spigot extending into the motor unit {Fig-
ure 2). In the safe position, the plunger is held back
against the force of the spring (9) by the screw (16}, the
mushroom head of which bears against the fusible metal
ring {11) fitting closely inside the spigot.

i~
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Figure 1.—Complete 8-cm HE projectile,

SPRING

STRIKER
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I
I

FUSIDLE METAL RNG

Figure 2—luternul greangement of warhead in 8-om HE projectife.

When in the position shown in Figure 3, the detonator
is bevond the reach of the striker. When the rocket is
fired, the heat of the burning propellant is” conducted
through the wall of the spigot and melts the fusible metal
ring, The plunger, magazine, and detonator are then
free to move forward under the action of the spring (9).
The extent of this forward movement depends upon the
acceleration of the rocket. Approximate measurements
indicate that if this is less than 40-50 g. the detenator
is sufficiently far forward to be fired by the siriker. It
appears likely that if the projectile strikes a substantial
target at almost any range it will ire. .. . | -

d. Rocket motor. The rocket motor (Figures 4 and 5)
appears to be a close copy of that of a_standard Russian
aircraft projectile. The body of the motor is formed by
a cylinder which is machined down sli
ends. The forward end of the cylinder;is thr:
ternally to screw aver the adapter plug which forms the
junction with the warhead. Four studs in"the body, two
at each end, guide the projectile in the ]a‘unsﬁher. The
base of the motor body is closed by the motor closing
plate, which is in the form of a single venturi to which
four stabilizing fins are spot welded. :

[-B.1o2

The propellant consists of six sticks. of which two are
slightly shorter than the other four. The four longer
sticks are located by & supporting grid which is a push-fit
in the venturi assembly. The other two sticks are sup-
ported on the twe primary igniters aitached internally to
the walls of the rocket motor.

The ignition system consists of two iznition charges.
one at sach end of the propellapt. and a primary lgniter,
The primary igniter is in the form of two copper tubes.
each screwed internally over the end of sne of the steel
guiding studs which pass through the motor body at the
rear end. A brass rod, insulated by a rubber sleeve,
passes through the guiding stud and bears against a brass
contact inside the copper tube. This contact passcs
through the tube into a small cardboard container hold-

COPPLR DISC

1 NOSE PIECE
T STRINER
e 17 BRASS THIMBLE
COMPOSITION A
covwoson - ——
COMPTEITICN O

FOUR PELLETS

£57 O™

180 (i
g )

7 PLUNGER

9 PRING

19 KREW

11 RING OF FUSILE METAL
MELTING POQINT APPROX 159* C

Figure 3.—lnternal arrangement of fuzing system irn 8-em HE
projectile,

Figure ¢.—~Racket motor and tail assembly of 8.cm HE projectile.

ing a loose composition charge of gunpowder, Wires
from the contact to the walls of the copper tube serve to
ignite the charge. The circuil is presumably formed by
two leads. one 1o the brass rod in each guiding stud, and
is grounded (earthed) to the rocket body.

2. Technical Data.
GENEnAL e
Nature of projectile_._

Single axial-venting, non-rolat-
ing, fin-stabilized pusher
rocket,

Caliber 78 mm.

Filled weight (complete round}_ 15 pounds 3 gunces,

Overall length (complete 2 feet 4.3 inches
round). .

Nature of fuze_ ... _________._ Thermally armed nose percus.

sion. ’

Nature of filling.cooco o . . __ Pressed flake TNT.

- -H\
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Figure 5.~Lisassembled rocket motor and tad assembly of %-cm

HE projectile.

WAREEAD
General shape_ oo _____.__ Crlindrical with ogival nose ter-
minating in evlindrical nose-
fure hedy.
Malerial _ Steel.
Dimensions:
Over-afl length_ ... __ -- B inches.

Over-all diameter
Wall thickness_._.__.....___ _.______.

[-B.102

Weiglus:

--- 1 pound 3.3 vunees.

- Pressed flake TNT.

—-n Three pellets approximately
equal in length, ’

--- ! pound 5.3 ounces.

--- None.

Thermally armed nese percus-
sfon,

Weiglhts:
Complete fuze___.___________ 3 ounces {approx.).
Detonator, composition (A)__. 008 zran:.

Detonator, composition gram.

Detonator, compesition (C1 ... .30 gram.

Detonator, composition 1Dy .__ (L7 gram.

Pellets in exploder tube______ 126 srems {tetal),
80rm  dio —
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-3-5{32% Agprar. |
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Figure 5—Drawing of rocke: motor for 8-cm HE projectite.

. Composition (C)

[-B.1u2

Analysis of uxplosive contents:
Composition (4)___________ Mercury fulminate, 12 pereent.
Patassium chlorate, 52 percent.
- Antimony sulfide, 34 percent.
R . Cround glass, 2 percent.
. Composition (B)_.______.___ Lead azide.

" Composition (D) __.
‘Peilets in exploder tuhe. _ TNT 386 percent.
- PETN 4L+ percent.

Density 132 gm,'ce.

Fusible ring in base melts
{melting point approximately
189 degrees C, or 356 degroees
F.} under heat from propel
fant and allows exploder tube
to go forward to the armed
positionr.  Fuze set off on im-
pact by rearward movement of
nose striker onto detonator in
exploder trhe,

Action

78 mm 107° dia,
72 mm 2.891 dia, %
] e <
- ™ 1.5 mm Pitch
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=
2
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78 _mm 307" dia.
tTube ! Moateriol Sieel

Figure 7.—~Drawing of rocket motor twbe jor 3.cm HE projectile,
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Figore B-—Drutcing of venturé assembly jor $oom HE nrajectife,

2 Venni

Markings __
AvavrTer
Ceneral shapeo_______ .. e Circular plate recessl o both
upper  and  Jewer  surfoces
Upper Range female tapped
and  lower fange nmle
threaded. “ Lo llow  centzal
Dimensions: spizal estending downwards,
External diameter.______.____ 3.07 inches.
Overall lenath_ . ——- L37 inches.
3pigot diameter. - 078 inch.
Wall thickness. =pigot________ Q059 inch 12,5 miy.
Rocxer Motow
Ceneral e rrm e memmn e Singe, central, oy ergentadiver

gent venturi; non-rotating., fin-
stabilized pasher moror,  Six
mone-perforated prapellant
sticke supported at rear on

Body tube: malti-perforated zrid.

Materiad oo . . __.___._. Stesl.

Dianverer, center. 3 inches,
Diameter, bearing 307 inches.
Internal dizmeter_ 275 inches.
Length.__ - 12.8 inches.
+ pounds,

5 aunces,

A
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MATERIAL CARDED ARD

CLOTNG DI
Figure 9.—Drawing of grid end closing disc jor 8-cm HE
projectile.
Venturi:
Materal oo . ______ Steel.
Length 748 inches.

-~ 5.31 inches,
7.87 inches.

Ontside length of ﬁn.s..__
. Rear diameter across fins {ex

ternal).
Rear diameter across fins {in- 3.34 inches.
ternal}.
Weight _.__ 2 pounds, 025 punce,
Inlet:
Maximum diameter._._.... 2,48 inches.
Minimum diamerer.___.. ... 0.782 inch.
Length 0.92 inch.
Throat: ~
Diameter.. ... _________ 0.782 inch.
{No length).
Qutlet:
Minimum diameter - 0.782 inch.
Maximum diameter.._ 1653 inches.
Length 3.54 inches.
Grid:
Steel
2.72 inches.
~ 051 inch,
3 ounces,
Propellant:
Material _______ .. ... Double.base powder in meno-
perforated stick form,
6

I-B.102
Number of sticks.o_.._______ Six.
Total weighr__ —-~ 2 pounds, 3.75 ounces.
Diameter_.____ 0.87 inch,
Diameter of perforation_______ 0.23 inch,
Length (four long sticks)____ 11.1 inches,
Length {two short sticks)____ 10.45 inches.
Maskings o . _______ ______ ..
Chemical analysis:
Nitroceflulose (12.1 percent 63.05 percent.
N}
Nitroglyeerine _____________ 28.04 percent,
Graphite --- 0.1 percent.
Carbamite. _._. - 5 percent.
Diethyiphthalate _ —-- 3.2 percent.
Ash . --- 0.25 percent.
Volatile material. ——— 0.5 percent.
Method of ignition:
Tnitiator ocee o . Two electrieally fired gun-

powder charges each weigh-
ing 0.75 gram, contained in
copper tuhe and attached to
guiding studs at rear of motor.

Firing ecurrento. . _________ _______..
Ignition charges
NalL e e e Gunpowder.
Weight .. Base: 10 grams,

Head: 9 grams.
Porous rough cloth bag.
Positioning_.._____________ Base: attached to grid.
Head: around spigot of adapter
plug.

3. Performance. No details of the perfnrmance of this
rocket are knewn at present,
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72 mm 2829 dia. dn:
E
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Figure 10.—Drawing of closing plug and propdfdm fm' 8-cm HE
projechile.
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Figure 11, —Drawing of electrical contact, guiding stud, and clec-

trical igniter for 8-cm HE projectile.
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Clased End laniter
Figure 12 —Drawing of forward and rear ignition charges for

&cm HE projeciile.
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8-tm Raketen Nebelgranate,

(8-cn Smoke Projectile. )

Fired from: 8-em Raketen Vielfachwerfer and possibly
also from aircraft.

No specimen of this projectile has yet been received.
Tts existence has been nssumed from a captured German
document which brackets this rocket with the 8-cm Rakeren
Sprenggranate (3-cm HE prajectile) in an allotment of
ammunition to the 8-cm Raketen ¥ielfachwerfer. In the
absence of confirmatory information, it is reasonable to
assume that this projectile is similar in construction and
zppearance to the HE rocket, but with the HE charge
replaced by a smoke flling and probably a smail burster.

e VU
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8.8-cm Raketen Panzerhiichse Granate $322.
(8.8-em Antitank Hollow-Charge Projectile.}
Fired from: 8.8-cm Raketen Panzerbiichse 54.

L' Description. "a. General. This antitank rocket pro-
jectile is fired from the 8.8-cm Raketen Panzerbichse 54,
which is the German equivalent of the American “Ba-
zooka.”  The projectile has been recovered in two forms;
one of these is for normal temperature limits {5 degrees

to 140 degrees C.) and is fuzed with the dulled steel 4.2,

5085/1 nose percussion fuze.  The other is designed for .

winter use (temperature limits —40 degrees to 17 degrees
C.) and has the Gothic letters “arks™ stenciled in white on
the motor tube. This projectile takes the 4.Z. 5095 nose
percussion fuze, which can be distinguished from the
AL 5095/1 by its shape and its light blue eolor.. Figure
2 shows the box label for the projectile designed for winter
use. The projectile consists hasically of the hollow-charge
nose, the motor tube, and the tail-fin assembly.

b. Hollow-charge nose. The nose assembly coemprises
the nose fuze (either 4.Z. 5095 or 5095/1), a spacing

piece, and the cup holding the charge, whick has a cavity

about 2.875 inches in diameter. A hooster charge is
located at the rear of the main charge.

c. Motor tube. The motor tube is a metal cylinder
sealed at the forward end where it is screwed into the tail
of the cup holding the bursting charge. The propellent
charge is held in place between the two grids. A stick of
transparent fast-burning material through the central pro-
pellent stick transmits the ignition flame from the firing
squib to the ignition charge at the forward end of the
prapellant,

A lead from the firing squib passes out through the
venturi driliing and is connected to a plug which is in-
serted for firing inte a socket on the launcher. The other
electrical connection is formed by a spring-loaded contact
o the inside of the launching tube which bears against a
solder block on the side of the tail assembly.

d. Tail-fin essembly. The tail-fin assembly consists of
& collar screwed over the rear of the motor tube, Six
stabilizing fins are attached to the collar and strengthened

1-B.104
by a supporting sleeve. The inside of the collar is shaped

to form & simple convergent-divergent venturi drilling,

and is sealed by a metal cap, which is blown out when the

projectile is fired.

8.8. cm R. Pz. B, Gr, 4322
A.Z2.50951 | 57 [ 7R

Digl. R.P.-9.5-200-i1.6/5.6-R57
rdf. 1943/Ursuia

Tpn. 22, 11.43, D

Nur verschieBen bei
AuBentemperaturen von

=40°C+15°C

Figure 2—Box label for 8.8-cm rocket for winter use.

Fignre 3.—Nase assembly of 8.8-em antitank .'lm'!ow-cku“t:g-e“ .
projecriles.

2. Technical Data,

GENERAL

Nature of projectile_.__________ Single axial-venting, non-rotat
ing pusher mator.

Caliber o 8.8 cm.

Filled weight (complete round)_ 7.11 pounds.

Overell length (complete 258 inches (fuze: 4. Z. 3095/1).
round; . 25.75 inches (fuze: 4. 2, 5095).

Nature of fuze___ Nose percussion.

Natnre of filling_ RDX/TNT.

Hotlow-CHarce Nose

General shape.____ ... ___ Cylinder conicaily reduced at
each end to cylindrical tube.

Steel.

Material

Figure -
_charge. .

Dimensions:

. Over-ail length_ oo ________ __ .
Length of main cylinder—_____ 2.35 inches.
Diameter of mein erlinder..__ 3.45 inches.

Weighta: )

mmemmememe o 60440 RDX/TNT.

Winter type._ .. _______._.__ Black stencilling on main tylin-
der:
97 um 51143 D
Lm
4322
elg 4.1143
Exterior puintsd  deep  olive
green.
Summer type_ ..o __._____ Black stencilling on main eylin.
det:
Tpn 10644 97
Lm
4522
Exterior painted deep olive
green.
Fuzrs
Winter type. .o . A. Z. 5093, instantaneous nose
percussion,
Sommer type.-_..._..______. | A Z. 3095/, instentanesns nose
percussion,

MoTor Tuez
General shape__.
Malterial
Dimensions:
Over-all length
Diameter_ ...
Weights:

---- Tube threaded at ends.
- Steel.

---- 11 inches (approx.).
---— 128 inches,

-- 0.28 pound,

- Seven.

—Propellent assembly of 8.8-cm antitank hollow-charge
nozale seal and electrical firing squib, rear grid supporting ring,

projectile. Internal components of the motor tube (left to right} are:

rear grid, propellent charge {seven sticks), front grid, and ignition

Diameter oo . ..
Diameter of perforation....._ __.._____.
Method of ignition: .
Initiator oo __ .. Electrical :quib grounded o
motor tube and with one free
lead connected to launcher.
Transparent, fast-burning ma-
terial along perforation of
central propellent stick to
ignition charge.
Igrition charge;
Nature
Weight . __
Container
Positisain
Markings __
TALL-FIX AsSEMBLY
Dimensions:
Over-all length
Weight .. ____
Number of fins.______ Six.
Length of Ans____ [
Diameter across fins.c-.______ 3.15 inches.
Venturi:
Inlet:
Maximum diametar...
Minimum dizmeter__

Diameter. ___.______.._____ _____.__.
Cutler;

Length.___

3. Performance. u. Firing test procedure.  Firing
tests were conducted at Aberdecn (Maryland) Proving
Ground with the winter-type 8.8-crm antitank hellow-charge
projectile. Three rounds were used in this program.
Two rounds were fired from the launcher against armor

7
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plate.  The third round was taken apart for examination
and photography; after examination, the motor was fired
on a static firing block and the head statically fired in
contact with armer by a dynamile cap placed in the hele
in the fuze fring button.

For the twa rounds fired from the launcher, firing was
done with a hattery located in a concrete shelter. Two
16-mm motion picture cameras running at 123 frames per
second recerded the firing of the launcher and the fight
ol the profectile. A high-speed (8,000 frames per secend)
camera recorded the collision and detonation of the round
against the plate. '

The trajectory of the two fight rounds formed an angle
af about 10 degrees with the perpendieular to the plata,
The first Hight round was fired against 6-inch face-hard-
ened armor.  The second round was fired against the
same 6-inch plate hacked by two sheets of 2.25-inch class
B homogeneous armor. The statically fired head was
fired into the same G-inch plate backed by two sheets of
clase B hemogeneous armer plate.

b. Duta. The following data were obtained from the
tests:
rLr Statieally fired rocket motor:

Weight of complete loaded 7.11 pounds,
round.

Weight of propeilant__.__ 0.28 pound.
~ 6,810 pounds per square inch.
1,716 pounds.

87 pounds per second.

ceure, thrust, and impulse are doubtinl

Muximum pressure.
Maximum thru

[npules
(Figures on pre:
beezuse of pussible gauge error.)
Propellent lemperature_.. 41 degrees F,
1 Htatically fired shaped-charge head:

Armor arrangement______ 6-inch face-hardened armor
backed by Lwo sheets of class
B homegeneous armer each
2.25 inches thick.

Standolff oLl 6.5 inches tapprox.).
Hele diameters:
Gemel plate .o .. Front: 0.84 inch.
Rear: 044 inch.
First 2.25.inch plate____ Front: 0.70 ineh.

Rear: 025 inch.

The heie was smooth, symmetrical, and only gently
lapered; very goeod performance. Hole came o end just
at rear surface of first 2.25-inch plate. Second 2.35.inch
plate only slightly pitted.

121 First Hight round:

Armor arrangement. _____ 6-inch sheet of face-hardened
armor, unbacked.

Seandoff oo 6 inches (approx.).

Hele diameters__________ Front: 113 inches.

Rear: 0,70 inch.
Propellent temperature__. 55 degrees ¥,
Burning distance_________ 7 feet (approx.).
Fuze functioning time {im- Less than £.00014 second.
pact to delenation).

I-B.104
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0
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Figure 5.—Drawing showing difference in markings of summer
(left) and winter (right) closses of 8.8-cm projectiles.

Yelocity of round.—-___ 340 feet- per second {approx.).
The boie made by this round was symmetrical, smoath,

and slightly tapered. The slug had passed with plenty of

clearance to spare. ’ :

{4) Zecond flight round:

Armor arrangement_.... 6-inch iace-hard_enec! armor
backed by two sheets'of class
B homogeneous. armor, each
225 inches thick.

I-B.103

Standof ... 6 inches {approx.i.
Hole diameters:  f-inch Front: 123 inches {minimum).
plate. 1.35 inches (maximum].
Rear: 0.
£One elliptical hole.)
Propellent temperatnre__. 33 degrees F. {approx.).
Burning distance_._.___._ 7 feet Lapprox.i.
Fuze functioning time____ Between 000014 second and
0.00023 second.
Veloeity of round_______ 330 feet per second lapprev).

This round produced a maiformed hole.

I-B.103

B.8-em Raketen Panzerbiichse Granate 1992,

12.8-cm Antitank Hollow-Charge Projectile.)

Fired from: 8.8-em Raketen Panzerbiichse 54 and 3.3-cm
Raketen Panzerbiichse 54.1.

No specimen of this projectile has been received 1o
date, and evidence of its existence is purely documentary.
The projectile apparently is basieally similar to the 8.8.cm
Raketen Punzerbiichse Granate 4322 but has a ring con-
tact for the electrical firing connection.  According to a
Cerman document, it can be fired from both the 8.8-cm
Ruketen Panzerbiichse 34 and from a newer type of
launcher, the 3.8-em Rakecen Panzerbiichse 54,1
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8.8-cm Raketen Panzerbiichse Granate 4312.
{8.8-cm Antitank Hollow-Charge Projectile.)

Fired from: 8.8-cm Reketenwerfer 43.

This projectile (Figure

1. Description. a. General.

1} is fired from the mobile antitank rocket launcher
'StS-cm Raketenwerfer (I-F.103) and is similar in ap-
. pearsnce to the 8.8-cm Raketen Panzerbiichse Granate

4322 (I-B.104}. The projectile, which is fin-stabilized,
consists basically of an HE head, a motor tube, and a
tail-fin assembiy. ’

b. HE head. The head of the projectile (Figure 2)
consists of the body containing the cyclotol hollow-
charge located by a cavity liner and an impact cap. The
impact cap is flanged at the rear end to bear against the
cavity liner and is fitted at the forward end with an
adapter, threaded to receive either of two nose percus-
sion: fuzes, the 4. Z. 5095 or the 4. Z, 5095/1.

Twao pressed flanges at the forward end of the body
secure the impact cap and the cavity liner. The rear end
of the hody is conical in shape and fits over 2 tail adapter
which forms the junction with the motor tube. A rein.
forcing sizeve is pressed into position over the cylindrical
portion of the body and pravides the forward bearing
surface of the projectile.

At the lower end of the cavity liner is a Aash tube
below which is located the gaine; this consists of an
aluminum cup containing a charge of PETN and wax
and a detonator. The gaine is separated from the motor
tube hy a wocden plug which acts as a buffer and which
also provides the necessary thermal insulation between
the motor and the gaine.

¢. Mator twbe. The forward end of the motor tube is
sealed ard threaded to screw into the tail adapter, The
rear is screwed into the venturi block.

Figure 1.—8.8-cm antitank kollow-charge projectits (4312). 7
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Figure 2.—Interngl construction of 8.8-cm antitank kollow-charge projectile (43121, Al dimensions are given in {nches.
HE Hesp

The propellant consists of a single stick with 14 small
longitudinal perforations and a single axial drilling of
larger diameter. Three lands around the outside of the
stick keep the propellant from touching the inside of the
tube and ensure an external burning surface. Twe grids,
one at each end, are used to support the propeilant; each
grid is a triangular metal platform on three legs. At the
rear there is & wire mesh between the grid and the pro-
peilant to prevent any unburnt particles from blocking the
venturi drillings.

Between the grid and the propellant at the forward end
is an ignition charge mounted so that it is free to burn
on both surfaces. A celluloid tube, containing a thin
strip of what appears 1o be nitrocellulose powder, is lo-
cated in the axial drilling of the propellant; both ends
of the tube are capped with a block of black powder.
This train serves to transmit the flash from the primer
to the ignition charge at the forward end of the motar
tube. ;

d. Tailfin assembly. The tail-fin assembly consists
of a venturi bioek, stabilizing fins, obturator, and per-
cussion igniter.

The ventari block, which is serewed oaver the end of
the motor tube, his six venturi drillings parallel to the
axis of the projectile. These are each formed by two

drillings of different diameter; instead of taper there is
a sudden step from the smaller to the larger diameter.
The block is drilled and tapped in the center to receive
the firing-pin adapter. A collar on the rear of the firing-
pin adapter holds the obturator in pasition around the
rear of the fin assembly. A percussion cap is mounted
in the forward end of the firing-pin adapter, immediately
in rear of the quickmatch train. The adapter is ma-
chined down to a separation point near the rear end;
when the projectile is fired, the adapter severs, and the
rear pertion remains in the breech together with the
obturator.

The six stabilizing fins are mounted in three pairs
areund the venturi block 2nd are strengthened by a sleeve
fitted around the fins and under the forward lip of the
obturator.

2. Technicnal Data.

GENERAL

Nature of projectile..____.____ Multiple-venting, non - rotating,
fin-stabilized, pusher motor.

Caliber - _ 8.87 en.

Over-all length {complete round) . 19.4 inches.

Tetal weight (complete round) -_ 5 pounds. 13.6 ounces.

Nature of fuze_____ - Instantaneous nose percussion,
Nature of filling__. --- Cyelotol,

Gene

ral shape_ .o .. __

Dimensions:
Over-all length. .. _.________
Diameter of bearing surface___

De

pth of cavity Bneroo._oo.__

Wall thickness, main body._..
Wall thickness. impset cap___
Wall thickness, cavity liner._.
Forward diameter, impact cap.

Weights:

Fillinge o
Markings:

Cy

lindrical portion of body__.

FIN ASSEMALY
3 PAIRS /

I-B.106

R
== ] o558
FIAING BUSHING PRIMER FIRING PIN
PN AQAPTER
’ CARTAIDGE CaASE
BUSHING ORIFICES 6
PRIMCR FIRING PIN ADAPTLA DaT 3 Da1 47
' PRIMEA Yy,
WQOD PLUG CELLULOIC BISC
-I FIBER WASHER
5P HS

Cylindrical main body: srun.
cated, conical impact vap and
rear section,

1047 inches,
3.494 inches,
3.67 inches.
©.045 inch.
0.090 inch.
0.06 inch.
1.356 inches.

4 pounds, 0.75 ounce.
1 pound, 7.}4 sunces.
Cyclotol,

Stencilled in purple:
Fad
424
Stencilled in black:
Tpn 2.3 4D
LA 4312
Stencilled in white:
43 fee
47
Either 4. Z. 5095 or A, Z. 399571
Instantaneous neose percussion
fuzes.

9
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Gawve

Welght oo 0.36 vunce.
Filling. --—- PETN/wax.
Markings - ool

Method of assembly__ —--- Alominum eup in lower end of

flash tube below cavily liner.
Racker Moron

General..__________

—<—— Multiple annular-venturi, non-
rotating, fin-stabilized, pusher
motor attached to rear of hol
low-charge HE head. Single
propellent stick located be-
tween forward and rear grids,

Moator tube:

Qver-all length
Inzernal length
Extemal diameter___
Internal diameter.,
Weighe
Markings .

——== +.91 inches.
== 475 inches.
~w-- 114 inches.
-- 0.96 inch.

-~ Stencilled in black nn hody:
FadA37
Ton 23 HD
Verturi block:
inches,
2 inches,

inch,
-- 0.39 inch,
—- Q.17 inch.

Inlet, leagth_.
Outlet, dizmeter.

Ouiler, length inch.
Tail fins:
MNurmber___. .
Length, interng ~- 2 inches
Length, external - 1.3 inches
Diameter across fins._._._____ 3.51 inches.
Obsturator:
Di - 3.74 inches,
Length extending forward over 0.23 inch,
fins.
Prapellant:

One.

14 small, one central,

Diamerer n(cﬂnlrﬂlperfurauon_ 0.28 inch.

Diameter of stick____________ 3.85 inch. -
4.95 inches.

Number of sticks

Methed of ignition:
| LHET1) U, Pearcussion igniter mounted in
center of ventur block, ig-
nizer sleeve machined down to
seperation peint for fracture

on firing.
Length - 1.57 inches,
Diameter oo 0.49 ioch
[gition charge:
Weight 0.06 cunce.

Grid forward of propellaat.

Location -

3. Performance. No figures on the performance of
this projectile are available at present.
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13-cm Wurfgranate 41 Spreng.

{15-cm HE Projectile.)

Fired from: I5-cm Nebelwerfer 41, 15-cm Panzerwerfer
42, 21-em Nebelwerfer 42 fitted with guide
rails, and 30-em Roketenwerfer 56 fitted
with guide rails,

1. Description. a. General, This projectile (Figure
1} consists of a ballistic cap, a forward compartment con-
taining the propellent charge, and a rear compartment
which holds the HE filling.

b. Ballistic cap. The ballistic cap, which is ogival and
has no filling, fits over the forward end of the propellent
compartment.

¢. Propellens compartmeni. The propellent compart-
ment is a plain steel cylinder, closed at the forward end,
where it fits into the ballistic cap, and open at its lowar end,
whete it fits in the rear explosive compartment,

The propellant consists of seven monoperforated sticks,
six of which are arranged around a central identical stick.
A length of quickmatch is enclosed in a celluleid tube in
the drilling in the central stick and serves to connect two
igniters, one situated above, the other below the propellent
sticks. The upper igniter is an aluminum box of flash
composition with a layer of initiating composition. The
igniter, located over the venturi jets, is a celluloid ring
containing gunpowder. Below the lower igniter is a sheet

of metal foil which is perforated by the initiation of the

primer.

d. Filling compartment. The lower compartment con-
taining the explosive filling is in the form of a cylinder
closed at the lower end. At the upper end it is joined by
a sleeve to the propellent compartment.. Around the lower
periphery of the sleeve and outside the circumference of
the lower compartment are 26 venturi jets through which
the propelling gases are ejected.

The explosive charge is composed of TNT and weighs
4.4 pounds.
and a base fuze screwed into the base of the compartment.

2, Technical Data,

GENERAL

Nature of projectile_—_________ Multiple, clrcumfcrenua.l - vent-
ing tractor mck -

Caliber e 15 em - -

Filled weight (complete round) - 76 pounds 13 ounce:

Over-all length {complete round) . 364 inches. - 7. K

. Base fuze.
-~ TNT.

Nature of fuze.
Natore of filling.
Suere (flling comparnment}
General shape__
Material ___

-~ Cylindrical with munded base.
- Steel, painted green or khaki,

It is initiated by means of a standard gaine

Figure I.—15-cm HE projectile.

Dimensions:
Overall length {inciuding ven- 318 mm.
turi union assembly),
Over-all diameter (excluding 123 mm.
venturi union assembly}.
" Wall thickness_._

-Weights:
Enmpty
Filling.______ 4.4 pounds.
Filling_.. TNT.
Markings e M} Ze 60142 P
Ze 101142 0

42 (#) ar 82 5.K4

I-B.107

Fuze \

Nature of fuze and ballistic cap. Base graze fuze Zdlg.C/98 Np

if any. type at rear of shell. Pressed
steel ballistic cap at head of
propellent compartment for-
ward of shell

Weights .

Action.o_. _ The striker is freed by the ae-
tion of centrifugal bolts in ac-
cordance with the normal Ger-
man practice with this trpe of
fuze.

Markings oo oooooiio L. Rdz DOV. Ballistic cap bears
marking 42 aks 19, and cagle
surmonnting encircled Swas-
tika  (ordnance  inspection
mark),

Gaxe

Weight ____ —

Filling. __ 33.8 grams PETN/wax.

Markings - _ Zdlg C/98 Np.

. Received by rear of bursting
charge container and recessed
at rear to receive fuze.

Method of assembly

Motor

Genmeralooamoo oo ... AMultiple  annularventusi, cir-
cumferentially positioned in
rear of the propellent com-
partment and forward of the
filling compartment. Seven
tubular, monoperforated sticks
supported an cast-iron grid.

Bady tube:

Material _ - Mild steel.

- 24 pounds 123 ounces.

Markings _____ - Dighn. kez 194271
Base:

Cver-all external diameter__.. 157 mm.

Weight ______ . - 180 pounds 13.75 ounces,

Method of assembly ... Screwed to rear nf bady tube,

Venturi:

Namber and positien_._._..._ 26 in annuler ring in base of
venturi union assembly which
{forms the attachment between
the rocket mator and the fll-
ihg compartment.

Angle of canto .o ______.___ 15 degrees (approx.) to give
right-hand spin viewed from
rear,

Inlet: i

Maximem diameter, ... .. 7 mm,
Minimum diameter.
Length_ oo

Throat:

Diameter. oo oaeee 35 mm.
Length S mun.

Outlet:

Maxicum diameter. - 12.5 mm.
Minimum diameter—_.______ 55 mm.
Length 20 mm.

L
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Grid:
General oo Cast iron “wheel shape" with
six “spokes” and central hole.
124 mm.
112 mm.

Over-all diameter.
Diamerer outer ring_._

22 mm.
1 pound, 3.25 sunces.
Tgniter:
Nature_, Gunpowder.
Weight . Base: 43.8 zrams.
Head: 85 grame.
Container ____ ... __________ Base: Celluioid ring.
Head: Cardboard.
Positioning.__.______________ Base: On felt base on cast sieel
ring abave grid.
Head: Retained by metal cup
heid above split ring by a
Range.
Markings oo ______ None,

Chemical analysis of propeliant:
Volatile matier (results calcu- 1.2 percent,
lated on V. M.free mate.
rial).
Nitrocellulose _ - 61.1 percent.
Driethylene glyeol dinitrate?___ 33.3 percent.
Stabilizers { probabiy akardite) . 2.1 percent tapprax.).
Graphite_. (.24 percent.
Ash {carbonated) - .75 percent.
Error and andelermined____._ 2.31 percent.

*Calculated o theoretical N.content of 14.3 percent. The un-
determined maierial probably arites from impurities i the criginal
materiul. .
Pacxing

The complete projectile is housed base downwards in a cylin-

drical fiber contsiner with metal end capy, of which the tp cap

is hinged and has one fastesing cuich. To the inside of the cup

is attached a carton contsining the clectrical injtiator.
3. Performance. a. British tests. (1) Conditions of
firing: The 15-cm HE projectiles were fired in British tests
with the rockels divided into three sections and fired at
three quadrant elevations: section I, 6 degrees 30 minutes;
section II, 30 degrees: and section II1, 45 degrees. The
mean temperature in the tent where the rockets were kept
between 1300 and 1700 was 113 degrees to 120 degrees T,
In this trizal, section I was fired between 0930 and 1105;
section IT between 1330 and 1315, and section 111 between
1525 and 1600, the rounds being left exposed to the sun
throughout the trial. Tt is clear, therefore, that the charge
temperature, which was not known, increased during the
trial. No corrections were made for meteorological
conditions.

(2} Summary of observations: The number of rounds
iﬂ Each SECtion WerEe!

Included

Section Fired Qbserved  in means
10 10
4 4
H 5

Disassembled 15-cm. HE pra}er:u'.!e.

I-B.107

Position of mean point of fall;

Time of flight
Mean ~

Mean deviation Renge
Section (seconds) {=econds) (yards)
B P 9.9 12 2,934
31.0 [t 7,675
m o 44. 5 1.1 8. 446

Dispersion (mean deviation {rom mean point of fall in
horizental plane} :

fnrange Larerally
Section tyards) {yards)
I o4 1T

- 142 37

- 127 34
Time of burning:
Section I ... . 0.9 second.
Section II___ _- .83 second.

Section 1. _ 0.35 second

The decrease is probably due to increasing charge
temperatures.

Remarks: The scund of projection is very similar to
that of a British 3.inch rocket, whether heard from the
firing point or near to graze.  The hurst is not impressive,
and a crater about 6 inches deep and 3 feet in diameter is
left in stony ground. A number of small high-speed frag-
reents are probably produced, but the only fraements 1e.
covered weighad between 1) ounce and 4 onnces. The
lube splits into long knife-like portions which travel com-
paratively slowly for distances up te 130} vards from the
burst. Numbers of larger pieces of the thicker machined
portions were found. Evidence that spin persists 1o graze
was provided by marks on the ballistic cap of one round
which was recovered.

b. Tests at Aberdeen (Maryland] Proving Ground.
(1) Firing tests: Twenty-four rockets were fired to de-
termine range, velocity, and dispersion. [n addition, data
was obtained on burning time, burning distance, and revo-
lutions per minute by means of the Hickman enmera.  Haif
of each rocket was painted white to obtain revalutions per
minute. The average results obtained were as follows:

Quadranﬁ elevation 20 degrees;

Average range. 5,880 vards.
Maximum deflection__ 181 yards.

Minimum deflection_ . 0.

Average deflection.__ 72.6 yards.

(Quadrant elevation 43 degrees:
Maximum rangea oo 7,625 yards.
Average burning distance._____ 130 feet,
Average vver-all burning time. 0.577 second,
Average velocity. 1,120 feet per second.

Figure 3-~Result of static firing at 140 degrees F,

Rounds 1 te 17 and 24 were fired singly from the same
tube of the projector. Rounds 18 to 23 were fired by
means of a ripple firing switch at intervals of 1% second.
All rounds were ignited by means of a 110-volt AC field
generator.

{2) Propellent powder test: To determine the pressure-
temperature relationship of the propellent powder the HE
charge was removed from 12 rounds. Twe 3.2-inch holes
were drilled and tapped into the rocket body to take
copper-ball gauges. Rounds complete with gauges were
allowed te soak at the desired temperaturs for at jeast
18 hours prior to firing. The maximum lapse of time
between the removal of the rounds from the lemperature
control unit and firing was 3 minutes. The rounds were
buried in the ground up to a poini 6 inches below the
venturi jets. Packing the earth tightly around the body
prevented rotaticn when the rocket was ignited. An at-
tempt was made to take electrical strain.gauge measure-
ments, but the intense heat from the rocket caused this
to be discontinued.

IL
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Figure 4. —Result of static firing at 140 degrees F.
Individual data by rounds:

Average copper
ball pressure
Tempera-  (pounds per
ture square inch)
(degrees F.;
2,475
2,650
3,324
2,975
2,150
2,025
3,725
4,500
4,975
3,375
12 —— [ 2, 000
U, —40 1,700

Insufficient rounds were fired to ascertain the exact
separation (blow-up temperature) but it is probably be-
tween 120 F. and 140° F. as both rounds fired at
140° F. separated. The maximum pressures related to
these temperatures, and consequently the maximem pres-
sure the motor will stand, are hetween 4,000 and 5,000
pounds per square inch. There was no noticeable hang-
fire, chuffing, or after burning with the round fired at
—40° F.

12
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The following conclusions were drawn from these

tests:

The maximum range is about 7,625 yards,

The average velocity is 1,120 feet per second.

The maximum deflection was 181 yards and the
minimum deflection O yard {at 5,380 yards).

The average burning distance was 450 feet.

The over-all burning time was 0.5377 second.

The rocket has a low temperature limit below
—40° F. )

The rocket has a high temperature limit between
120° and 140° F.

I[-B.1ng
153-em Wurfgranate 41 Nebel.

{15-cm Smoke Projectile.)

Fired from: 13-cm Nebelwerfer 41, 15-¢m Panzerwerfer
42, 2l.em Nebelwerfer 42 fitted with guide
rails, and 30.em Raketemwerfer 56 fitted
with guide rails.

1. General Description. This projectile is similar in

appearance and construction to the HE projectile. 15-em

Furfgranate 41 Spreng, and consists of a ballistic head.

a forward compartment containing the propellent charge,

and a rear compartment containing the smoke compo-

sition filling.

2. Technical Data.

GENERAL

Nature of projectile.._.._._.._. Multiple circumferentinl-venting
tractor rocket,

Caliber oo L 13 em.

Filled weight icomplete Tound)_ 78.1 pounds,

Gver-all length tcomplete round) _ 39.8 inches,

Nature of fuze . Base fuze.

Nature of flling_ 30/7C pomice/sulphur trioxide.
Maximum range.
Seect (hlling compartment)
(reneral shape
Material -

Cylindrical with roanded base.
Steel, painted green or khaki,

Dimensions:
Over-all length {including ven- 433 mm.
turi union assembly).
Over-all diameter (excluding 124 mm.
ventuti union assembly.

Weights:
8.5 pounds.

UG e e meem 30,70 pumice/sulphur tricxide.
Markings

tancilled. .. ff 1 38 Nb Grr. 10741 Ze

15/9/42 41-6k.1-22
Stamped oo S.rr. 041 Nb.

Fuze

Mature of {uze and bailistic cap Base graze fuze Zdig.C/98 Np

tif any), type at rear of shell, Pressed
steel ballistic cap at head of
propellent tube forward of
sheil.
Welghts e e
AcHOn oo The striker is freed by the ac-

tion of centrifugal bolts in ac-
cordance with the normal
German practice with this

type of fuze.
Markings Bd:. DOV, - Ballistic eap hesrs
. marking 42 aks 19 and eagle
surmournting encircled Swas-
N tika. {Ordnance inspection

mark.)

1-8.108
Gaxe
Weight oo .. .
Filling 33.8 grams PETN/wax.

2dlz C/98 Np.
-.Received by rear of burster.
charge assembly,

Markings ._._
Method of assembly_____.

MoTon

This projectile uses the same motor 2s that incorporated in the
15.cm HE rocket, I5.em Wurigranate 4! Spreng, Multiple, an-
nulac venturi, circumferentially positioned in rear vf the body
tube and furwand of the burster container; seven tubular 1.65.inch
o 0.26-inch sticks supported on ¢ast iron grid.
3. Performance, No details concerning the perform-
ance of this projectile are available at present.

o,
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13-em Wurfgranate Gelbring,

{15-em CW Projectile, Yellow Ring.)
Fired from: Same launchers as 13.cm HE projectile.

“ Complete information about this prajectile is not avail-
.able at present. The following data has been obtained
from the examination of specimens consisting of the filling
compartment and collar forming the junction with the
rocket motor. It is believed, however, that, apart from
the contents of the filling compartment, this projectile is
almost identical with the 13-cm HE and smoke projectiles,

The filling compartment {Figure 1) contains approxi-
mately 3.5 liters (0.77 gallon) of H/MA and a burster
charge of 70 grams of PETN /wax. The burster, which is

b4

oAttt | |

F
Burster Charge bz

--36 cm.

-——25.5 em.

I-B.109

formed of four short eylinders of PETN/wax packed end
to end and svrrounded by waxed paper, is located axially
in the filling compartment. Below the burster is a small
gaine, marked Ki.Zdlg.3¢ Np and embessed with R on the

- base, and a base graze fuze, Bdz.DOV.

The chemical filling is a dark brown liquid containing a
ginger-colored sediment and smelling like mustard. On
examination it gave positive SD and Gutzeit tests. On
distillation in vacuum two fractions were obtained of
roughly equal volume which boiled at 97 degrees to 104
degrees C/8-mm and 110 degrees to 130 degrees C/B-mm.
Frem the first fraction, the sulphilimine derivative for H
was obtained and from the second the pentamethylene-
dithiocarbamate of MA,

____H
S ]

= Stenciled Yellow

- YE“OW BOI‘Id

Mr., 11.2.44. -

= Yellow Printing

Detector Paint

Figure l.—I5-cm chemical warfare projectile, yellow ring.

I-B.110
15-cm Wurfgranate Griinring.
{15-em CW Projectile, Green Ring. )
Fired from: Same projectors as 15-cm HE projectile.

No detailed report on' this projectile has yet been re-
ceived, and the following data are therefore incomplete and
tentative.” The projectile is similar in appearance and
basic construction to the 15-cn HE projectile and uses the
same rocket motor.. The filling compartment, which is
also similar to that of the 15-cm HE projectile, contains
approximately 2.5 Liters {0.35 gallon) of KN-3 and a
large burster of 14 kilograms (3.0836 pounds} of
PETN/wax. .

The burster charge, marked Gr.KA.Ldg.32.D0V, con-
sists of four cylinders of PETN/wax placed end to end
and surrounded by waxed paper. The charge fits into a
plastie reducing collar screwed into the tail of the pro-

36 cm 34

Gaine

Burster Charge

] ™ ‘ Base Graze Fuse
| 13 cm'_..{
}4-7 cm"{

I-B.11¢

jectile. A base graze fuze, Bdz. DOV, screws into the same
collar and has a simall gaine, Kz.Zdlg.c/98 Np, immediazely
above it, which fits into a recess in the lower eylinder of
the burster.
- The chemical filling consists of approximately 2.5 liters
{0.35 gallon) of an almost colorless liquid with no appreci-
able oder. On examination it gave a permanent blue
coloration to AIP paper and a red precipitate with Dragen.-
dorffs reagent thus indicating a nitrogen mustard. For-
mation of the picrate in benzene solution gave yellow plates
{melting paint, 1353 degrees to 138 degrees C.}. These
were identical in appearance and melting point with an
authentic picrale of HN-3. Tt is assumed therefore that
the filling is HN-3.

In addition to the markings shown in Figure 1, the
rocket had a green ring and the fgures “38” on the
hallistic cap.

F = Detector Paint

- - Stenciled Green

8 - -

- =Stenciled Green

=| = -Painted Green

AP

LK. 11.2.43. = |- = Painted Green

= = =Detector Paint

Figure [.—I3.cm CIF projectile, green ring,
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15-cm Wurfgranate Griinring-Gelb.
(15-cm CW Projectile, Green Ring Yellow.)
Fired from: Same projectors as 15-cm HE, projectile.

Complete information on this projectile is not at pres-
ent available. The following data have been obtained
from the examination of specimens corsisting of the £l
ing compartment and the collar forming the junction
with the rocket motor, It is believed, hawever, that
apart from the contents of the filling compartment, this
projectile is almost identieal with the 15-cm HE and
smoke projectiles.

The rocket tails were found stored in the open and
bore no labels {possibly an experimental munition). The
burster container was empty and closed with a plastic
plug. The basic color of the round is gray-green and
the markings are as shown in Figure 1. The dimensions
of this container are the same as those of the container

- used in the “‘green ring” projectile, where the buister
consisted of 1,400 grams of PETN/wax. The charge in
this case will therefore be either identical with or at least
very simiiar to that of the “green ring” rocket.

The charge consists of 2.5 liters (0.572 gallon} of a
light brown, non-viscous liquid smelling of H, It gave a
positive SD test and a negative Gutzeit test. On vacuum
distillation, 2 small amount of low-boiling (20 degrees
C/8mm) material came over, after which the remainder
boiled at 100 degrees to 104 degrees C/8-mm. The
distillate was confirmed as H by the sulphilimine de-
rivative.

I-B.111

Detecter Paint —

Bursfer Chdrgz

Green

Green

38

Grezn

b

" Yeltow

SN

.. Detector Paint -

Figure _1.'—-154m'=CW"prc,i¢crile, green ring yeilow.

I-3.112
2l-em Wurfgranate 42 Spreng.
(21-cm HE Projectile,)
Fired from: 2l-om Nebelwerfer 42 and aircraft (see
1-B.302},
1. Description. o. General. This projectile (Figure
1) resembles an artillery projectile in appearance and
consists of a forward filling compartment and a rear
compartment containing the propellant.  All metal com-
ponents of the rocket are of mild steel, machined inside
and out.
b. Filling compartment. The filling compartment has
o mild steel body with fairly thick walls and is serewed
into the forward end of the rocket body. A hollow ogival
nose fits over the forward end of the body.

o
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A point-detonating percussion fuze is fitted to the body
below the ogival nose. This fuze may be set for either
instantaneous action or for short delay by a setting screw
which is reached through a drilling in the wall of the

riose. A wooden actuating rod, extending from the top
_ . of the nose to the fuze, conveys the force of impact to the

" firing pin. An adapter in the forward end of the body
locates the gaine immediately belsW the fuze.
¢ Rocket motor. The body of the rocket motor is
stightly reduced diametrically in the center and has a
bourrelet surface at each end. The tail is closed by a
. motor closing plate in which there are 22 venturi driilings
and a central drilling to Teceive an electrical igniter,
The propellant, which consists of seven monoperforated
sticks, is located at the rear by a metal grid. The pro-
pellant is fired by two ignition charges, one at each end

of the body.
2. Technical Data.

' GENERAL
Nature of prajectile. ___________ Multiple base-venting, rotating,
pusher rocket.
Caliher. 213 cm,

Filled weight (complete round) - 242.7 pounds.

Overell length fcomplete 12255 mm (49 inches)
round).

Neturg of fuze___

Nature of hiling_ ~~— Amartol.

Maximum range . .. _______ About 10,000 yards.

SHeLs (filling compariment )

~-~ Optional delay action,

General shepe . _____._ _______ Truncated ogival with setid hase
threaded into tail.

Material Steel, painted olive green,

Dimensions:

Overall lengih fincluding 402 mm.
threaded portions.) .
-- 136.4 mm.

Over-all diamerer, nose___

Over-all diameter, base_ - 213 mm.

Diameler nose threed._ . 1124 mm.

Diameter base thread_._____. 1903 mm,

Dismeter (internal) fuze adap:- 8% mm.

er thread,

Wall thickness ... ____.___,
Weights:

D20, 7. 68.3 pounds,

Filling - 215 pounds.
‘Filling 40760 amatol.
Markings None.
Fuze

Nature of fuze and ballistic cap-- The fuze assembly (enclosed by
balistic cap) consists of 2 per-
cussion fuze with optional de-
lay of 0.15 seeond fitted with a
wooden actuating rod from a
special attachment in the nose
of the bailistic cap, The fuze
is atzached to the shell by an
adapter, which alw receives
the zaine holder.

T Weighis:

I-B.112

Fuze—Continued.

_______________________ 14 ounces. .
- 2 pounds 1 sunce.
- 4 ponnds 12 ounces,

Delay action, if required, is

"“selected by inserting = screw-
driver through the hole in
the side of the ballistic cap
and turning the slof in the
serew heed from the position
“07 1o the posiion “M-V”,
thus giving 0.15-second delay.
The fuze is armed as centri-
[ugai force withdraws five seg-
ments from beneath & flange
on the striker. Impact forces
a8 nos¢ plunger down on the
wooden rod, which, in turn,
forces down the striker.

Hbgr. 2. 35 K,
DIgn 223 nd. 6 mn43

--=- 3 ounces.

Markings

Method of assembly..________.. ________.

The gaine is contained in a steel cylinder which istreceived by
the base of the adapter.

Maoror

-~ Multiple base-venting, annular
venturi; seven tubularsticks
supported or  grid; total
weight 145 pounds.

General description

Body:
Over-all length ______________ 875 mm.
Length of propellent chamber__ 585 mm.
Main diameter . ._._________ 207 mm.
Bearing diatmeater 213 mm,

Weight unfilled. . _____.___ 87 pounds 2 ounces.

Markings . ._.._.___ None.
Bage:

Matedal . _________ Steel.

Over-all length 30 mm.

Weight __..____ - 1B peunds.

Method of assembly. . - Received by base of body,
Propetlant:

Materialo . ____ Diglyeol

Number of sticks. - Seven.

Total weight .._.______ 5,925 grams.

Length 406 mm.

Internal diameter. 6.4 mm.

External diameter 42 mm.

Markings ___________________ None.

Special features .. _______ Celluloid tube containing quick-

match runs the full length of
the central stick through the
perforation.

plete 21.cm HE projectil

e,
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Figure 4—Internal consiruction af 2I-em HE projectife.

Method of ignition: '
Initiater________________.____ Electrical puffer (U. 5. plag)
- in plastic mounting with metal
contacts. One conlact is a
metal band fitted around the
conical portien of the mount-
ing, which pushes into a ven-
turi outlet. The second con-
tact is cup-shaped, and located
at the rear of the plastic
mauniing; it receives a firing
lead bayonet,
Over-gll length _______.
Over-all diameter
Venturi;
Number and position________ 22 in annular ring at base.
Diameter of ring. 133 mm. -
Angle of cant___ 16 degrees to produce clockwise
rotation viewed from rear.

Inlet:
Maximum diameter ________ 11 mm.

Minimum diameter._ 8.5 mm.
7.5 mm.
8.5 mm.

Leaglh 3 1zm.

Qutlet:

Maximum dismeter-.. ____ 20 mm.

Minimum diameter -__.____ 8.5 mm.

Tength v 235 mm.
Grid;

General oo Reugh “gaszing” casting, with
six radial arms, central hole,
and two concentric rings. Ma-
chined on propelient-support-
ing sorface only, :

Over-all diameter__.________. 184 mm.

Cver-ail thickness_ - 19 mm.

Weight . ___ 1 pound 10 cunces.

Prapellant : .

Material

Number of sticks__ Seven.

Total weight 40.25 pounds.

Each stick: -

--- 556 mm,

--- 62 mm,
Diameter of perforation-.__ 7.7 mm.
Countersunk ench end to__. 10 mm .

Markings . None.

Method of ignition: . .

Tnitiator ..o ooem oo Electrical puffer (U. 5.: plug)

in plastic mounting with metal
contacts. One contact-is a

Over-all length __
Over-all diameter.

I-B.112

L
Head: Compressed gunpowder.
Base: Loose gunpowder.

Base: 2 aunces.

Head: flat, circular aluminum,
with open end toward pro.
pellant.

Base: ring of transparent plastic,

Contginer____..

Pesitioning. - oo ccmy oo ___ Head: supported by spring clip

in recess at head end of pro-
pellant tube.

Base: shaped to fit hetween ven-
turi infet and grid.

Markings. ___.._____

I-B.112

Special features_..__.._______ Flash from base igziter is passed
to head igniter via a lengsh of
quickmatch in celluloid tube, -

. with flash pot at either end,
and running the length of drill
ing in centrai stick,

Anazlysis of propellant._..._____ _____.__,
Pacxive

The complete round, fuzed and with ballistic cap, is placed
nose-first into & tolled paper cylinder, which has 2 fixed metal
cap with metal supporting rings for the nose at one end, and a
detachable metal cap with three clips at the other end, where 2
cartan containing the tlectrical initiator is clipped. The base of
the round and venturi are further protected by a metal cover
which fits closely over the bage. This cover has a cenvral handle
by which the round can be withdrawn. The container has four
lifsing handles,

Weights:
Filled .l 27625 pounds.
Empty__. ~ 3L25 pounda.
Markings -, -~ ‘Painted in white on cylinder of

container: Lrft. Mun. Beh.
4662,

3. Performance. No data available.
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28-cm Wurfkérper Spreng.

{28-cm HE Projectile.)

Fired from: 28/32-cm Schiveres Wurfgerdt 40 and 41,
28/32-cm  Schwerer Wurfrahmen 40 and
- » 28/32-cm Nebelwerfer 41. .

1. Descrlp!ion. o GeneraL‘_Thls is a spin-stabilized
projectile consisting of a large warhead with a rocket
motor of smaller diameter attached at the rear. The pro-
jectile is electrically fired from the wooden crate in which
it is carried or from a multiple launcher consisting of a

number of frames of similar dimensions. The layout of _

the complete projectile is shown in Figure 2.

b. Warhead. The warhead is a thin steel shell sealed
at the rear, where it has a flange threaded ta take the rocket
motor. Two raised bearing surfaces on the body locate
the projectile in the firing frame and also reduce lateral
friction.  An adapter in the nose of the warhead is
threaded to take a nose percussion fuze and a gaine holder.

c. Rocket mator. The rocket motor is in the form of a

" cylinder serewed into the rear of the warhead and closed
at the rear by a plug in which are a number of offset
venturi drillings.

The propeilant, which consists of a single stick, is located
at the forward end by a flanged metal spacing ring which
also contains the ignition charge, and at the rear by a metal
grid helding the rear ignition charge. The hase plug
screws over the motor body and has a central drilling
tapped to receive an adapter for the electrical igniter.

GOT4G2—48—3

Figure 1 —~28-cm HE projeciile in wooden crate in whu:h it is carried and from whick it may be fired. On the left are rthe nose percussion
fuze, gaing holder, and electric initiator used jor firing the projectile,

2. Technical Dara.
GENERAL .
Neture of projectile Mu.lu'p]e hase-venting, spin-st

bilized, pusher rocket.” -

Filled weight (complete round}_ 83 kl.lngrams (183 pounds)
Overall]engr.h (complete tound} 1,190 mm (46.41 inches).
Nature of fuze. . ___________ Nose percussion delay action,

Nature of filling... HE.
Maximum range__ - 2,339 vards.
WARHEAD .
General shape____.__._....... Cylindrical canister with round.’
ed ends, one of whick receives -
the fuze and the other the tail
unit.
Material .. __________ Sheet steel.
Dimensions:
Over-all lengtho .. . . __ 720 mnm.
Diameter._
Wall thickness.
Weights:
36 kilograms.
Filling. Amatol.
Marking: :
Onmost. .o o 28-cm k. Spr.
On body . 13 Mr. 5642, G.
Fuze
Nuture. et Delay action fuze received by a

plastic adapter at the nose
end of the warhead. No bal-
listic cap.

Weights - -

- Action e

- Filling__

I-B.113

Before firing, a safety pin which

L passes through the head of

LT = . the striker and protective cap

S " is withdrawn by hand. The
fuze is centrifugally armed

" during flight. -

I FerZ50+6md4217T W, A 732,

Caine- -
Wpighn

______ .. Penthrite wax at the top of
. which is housed a thimble-
shaped detonator, Oz tep of
the detomator are a paper
washer, leather washer, and
cotk ring. The aluminum
container is crimped down

over the leather washer.
Markings --co—- S, dmz ¥p 10 (= standard Ger-
man gaine for the 17-cm and

- 2l-cm artillery shell),
Method of assembly___.________ It is a push-fit in a gaine holder
threaded at the top and re-
ceived by threads in the nose
of the warhead.

3

Moronr .
Genpral . - Multiple, annular venturi at
. rear of tail; single stick of
propellant of diglycol di-
s nitrate, supported on & circu-
lar grid.
Body tube:
QOver-all length —— 475 mm.

23 pounds 14 ounces,
dbg 42/12 Nn 19. 10.42 M.
Base:

9 pounds 6.75 ounces.
Screwed aver rear of bady tube.

Method of assembly_
Venturi:

Number and position_. 26 in annual zing at base. In the
tropical round, the venturi zre
sealed over the outlets by a flat
tinned iron ring which is seldered
on eod which biows of on ignition.

Angle of cant______. 14 degrees,
Inlet:
Maximum diameter. 7 mm.
Minimum diameter. 55 mm.
5 mm.

5.5 mm.
§ mm,

Minizum diameter_ 5.5 mm.
Maximum dismeter_ 12.5 mm.
Length .__.. 20 mm.

Aunnular ring supported sbove a base
plate on six pillare.

I-B.113
120 mm.
82 mm.
- 5 mm.
Height above veptur 18 mm.
. block, -
Weight .~ | pound 1 ounce,
Propeilant: :
Material . Diglyeol dinizrate.
Number of sticks. One.
Total weight ___ - 14 pounds 6.75 ounces,

Over-all length _ - 413 mm.
Over-ull dismeter_.___ 124 mm.
Markings . __——..____ Dgp DOP 15 Fu (Digl. Ngl}
- Tp dbg 1942/2 or
DO FuP 15 (Digl) dbg 1942 12. R
Special features_____.. In one example there was a recess 11
mm deep at one end of the charge.
Six ceiluloid tubes nearly as long as
the stick are housed in the longi-
tadinal slottings around the ¢ircum.
ference of the charge. Another
celluloid tube, containing a length
of quickmatch with a gunpowder
pellet at each end, is housed in the
central drilling of the stick.
Method of ignition:
Initator:
A stperate electrical initialor cnclosed in an aluminum
tube and bakelite container, end which may be fired from a
4-volt battery, is acrewed inte the central drilling in the hese.
For firing single rounds, initiaters are provided, conmected
by 15 inches of .two-strand insulated wire to a plug, and
action is instantaneous on application of veltage, For firing
from the Wur/gerdt (fourframe srtand), four initiaters, ex-
ternelly similar in appearance, are provided, wired in series
One only (tagged “0} is instantaneous and the remaining
three {tagged “2”, “4”, and “6") imclude powder pellcts
30 as 1o fire after intervals of 2, 4, and 6 seconds respectively.

Ignition charge:

Nature. -owreroenn Heead: compressed gunpowder. Base:
nitrocellulose in powder in the form
of six-pointed, star-shaped flakes.
© Weight.___ Head:

Base: 10 grams.

. Head; flai, circular sluminum with
open end towards propellaat.

Base: porous, rough-cloth bag.
Positioning_ .o oouceee Head: in a pressedsteel honsiog sup-

ported by a flanged split ring.
Base: in center of grid.
Markings,.. ... ren Head: none.
Base: Wx. Mon. St. P (225/23)
de 1938/5 W0.7.8.42 F,

Container_. ...

Packve
Description of package and contents:
Projectile:

A wooden or metal open, rectangular crate contains four
bearing rails for the projectile. (In the wooden crate these
have melal facings.) A hinged and latched bar across the
forward end relains the projectile in position in transit. The

17
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wooden craie has four hinged lifting handles. The projectile
is transported assembled,
Components: .

Scparate boxes each containing 12 fuzes in separate plastic
containets, 15 gzines packed in a plastic container, cardboard
box containing 16 single initiators, and four gquadruple

initiators.
Weights:
Filled (wooden} ... . ________ 243 pounds.
Empty (wooden) ____________ 60 pounds,

3. Performance, g. Firing trigls. {1) Procedure:
Firing trials were carried out in the United Kingdom at
a quadrant elevation of 42 degrees 11 minutes (nominally
45 degrees). Charge temperatures were not known. The
trials lested from 0820 to 1230, and the rounds were ex-
posed to the sun throughout. No corrections were made
for meteorological conditions or for variation in quadrant
elevation.

_ (2) Summary of observations:

Number of rounds:
Fired-

Position of mean point of fall:

Mean. 20,9 seconds.
Mean deviation -- 0.5 second.
Range oo .. —— 2,339 yards.

Dispersion (mean deviation from mean point of fall in
horizontal plane) :

56 yards.

Laterally. o ____. 52 vards.

Mean time of burning.... ... 4 seconds.

T I-BI13
Remarks: The sound of detonation is similar to that of
the British 3-inch rocket U. The detonaticn is thought
to be imperfect in most cases. Only one birst came up
to expectation, this being the tropical round. In stony
ground the crater was about 1 foot deep and 6 feet in
diameter. The HE case was broken up inte fragments
which were hetween 1 and 2 square centimeters in size
and were found within 20 yards of the crater, Several
larger pieces of the thicker machined pertions of both
warhead and rocket motor were also found. The base
of the tube was blown off and the warhead end split and
splayed out. Seme fuzes were recovered intact,
b. Extract from officiel German range tables.

; Correcivn 0 pereent
Range Elveqtian Lengrh
I R 4 A e
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\ CLOSING DISG
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DUMMY PLUG

BASE IGNITER {BLKX PDWR)

IGNITER ADAPTER BOLT

IGNITER WICK

TRAP PLATE

PROPELLENT

MOTOR NOZZLE

L

£t
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/II%’

W

b
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HiGH EXFLOSIVE

BQOSTER & FUSE ADAPTER

BOOSTER CUP

BQOSTER CHARGE

HEAD IGNITER

H E HEAD DUMMY CAP

©

Figure 3—Detatled cons:rucﬂ'ﬁn of A, B, and C in Figure 2,
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Figure 2.—Internal construction of 28.em HE rocker
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- screw onto the forward end of the rocket motor.

30-cm Wurfkrper 42 Spreng.

.. {30-cm HE Projectile.) .
- Fired from: 30-cm Nebelwerfer 42 angl 30.cm Raketen-

* werfer 56.

-‘I.j‘-bescn;plion. a, General. This projectile (Figure
"1} is similaz in design-to the 28.cm and 32.cm rockets,

being spin-stabilized and consisting of a forward warkead

to the rear of which is attached a rocket motor of smaller

diameter.
b Farhegd, The warhead is constructed of two sec-

.tions of sheat steel, a nose piece and a tail, the four sections

being joined together by circumferential welds. A single
rib around the center of the projectile serves to reduce
friction against the side of the launcher.

The nose piece is threaded to receive a nose fuze, ¥ gr.
Z.50+ and u gaine, and the tail internally threaded to
The HE
filling consists of 96 pounds of amatal,

c. Rocket motor. The rocket motor is of conventional
design and consists basically of 2 cylindrical body end a
base plug incorperating the venturi and igniter assemblies,

* The body is machined iiternally and externally and is

. closed at the forward end, where it is threaded to screw on

the tail of the warhead. This end section is not Aat but is
slightly concave internally to permit a more even distribu-
tion of pressure. The rear end of the body is threaded
internally to receive the base plug which has 18 offset
venturi drillings and a central drilling to take an electrical
igniter.

The propellant, which consists of seven monaperforated
sticks, is Jocated by two grids, one at each end of the
motor body. A celluloid tube containing a quickmatch
train and plugged at eack end by a gunpowder pellet, is
located in the drilling in the central stick and transmits
the flash from the igniter to the ignition charge at the
ferward end of the motor, :

Figure 4 shows the layout of the complete projectile and
Figurés 5 to 13 show the individual component parts of
the rocket motor.

2. Technical Data.

GENERAL .
Nature of projectile......—.——__. Multiple base-venting, spin-sta-
bilized, pusher rocket.
Caliber e 30 cm.
Over-all length (complete pro- 48.44 inches.
jectile}.
Overall weight (complete pro- 278 pounds,
- jectile).

Neture of fuze_____ Nose percussion.
Nature of filling - Amaiol
Maximum range. oo o______. 4,976 yards (range tzbles),

I-B.114

WARHEAD .
General shape..o_..___________ Eliiptical with rovnded forwerd -
end and truncated tail. .
Materfal ______ .. ______ Shect steel .. - .
Dimensions: T R
Overell leagth____.________ 295 inchea. -l
Meximum  diameter. -—- 12,125 inches (acrosy rib).
Wall thickness --- 0.209 inch. )
Dinmeter at tail, external_____ 8.938 inches.
Diameter at tail, internal_____ 8.625 inches.
at nose_ -« 4563 inches.
Weights:
Empty oo oo 49 pounds 12 ounces,

-~ 98 pounds 6 ounces,

Figure 1~—Complete 30em HE prajectile.
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I-B.114
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4
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EXTERIOR PAINTED
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INSULATION
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Figure 2.—30-cm rocket markings.
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I-B.114 I-B.114 -
§\>\\\\\\\.\\‘_ 1
N f/‘ b
N 7
N ¢
V1
‘ 4% ‘ GRIQ B SPACER
§ ﬁ/ Ll emTER, Foaware
h ééL i AVIEKMATGH
Qg% = . PROPELLANT STIGK
N A o
ig//// IGNITER, ELECTRIG
§ %/ ' POWOER TRAP
§ '4’// i SPACER, IGNITER
§?% I: MOTOR BODY R .’. I
§¢%'I ” NozZZLE §‘\\\\\\<|
e
L\\\\’\\\\\\ PLATE, JET COVER
® ® ©
Figure 5.—Detarl of construction of A, B, and € in Figure £.
WaraEAD—Continyed Fuze
Filling. §0/40 amatol, Nature oo Point detonaling instzntineous
Markings: nose fuze Fgr, Z50-4-.
R AR . RIS } ) 2 Stamped on nose of head. ____ 23. Weight with adapter——...._.___ 1 pound.
Figure 3—Component parts of 30-cm rocket mator (Left to right, top) : motor tube, quickmatch trnin resting on pile of propellent sticks; Stemcilled in white approxi- d0-em FK 42 Sp. Action The fuze is armed in two steps:
(bottom) : forward grid, ignition charge container with elzctrical primer below, rear grid, and base plate, mately 4 inches helow fuze, by withdrawing & safety pin
. . Stencilled on rear center..__._ 13 Jg 29 9 42 before firing and by centrif.
Siamped on lower end 42, CKI. ugal action alter firing.
- Markings:
Stamped Wgr. Z50+bmy 42,
| a8 GAINE
) . Materinl Aluminum,
2 Lengih. 4.06 inches.
Di of body. 138 inches,
Weighis: -
Tota]l weight —-- 4.60 ounces.
RS Weight of detonator__ —-- 0.04 gunce.
§—7? ».?’;/‘:{;/‘/l_:///t////////[///]/,?/l/l‘ A o S A W:ight of booster____________ 3.93 ounces.
?é/ Zi?"ﬁ" AR .0'. R JF 2R XA S SN Filling:
ng//f ONPP A 5 : 0‘? K .’ - D S Not snalyzed, probably lead
N & & ;
§é’/;'l ||M=}m.“ % .ﬁt‘""’ %:VA" S8 < Booster Fg'}l;e-md WeE
7 | & a Rt SERSY ° Boeswero—eee i 3
17 1SR SRR PRI RAG SINERENRE N o Stempen an e of well: g,
N Temeam R e e e A , P
[ S RLESE SRR CRIISEIRCTIL & vz, ,
kﬁ%]l S < WW’ 0 R N \ Method of assembly. . _________ Screwed into nose piece of war-
5?,% | £’~. ESFEITEAE o8 N \ head; immediately below fuze.
N R R R Y e S Moron -
. §Z”j L. PN S Paace. General Cylindrical tube sealed at for-

Vi
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ward end and closed at rear
end by base plug with 1B ven.
turi drillings. Seven mone.
perforated  propellent aticks
supported between forward
and after grids. Total weight
129 pounds 10 ounces.
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Figurc 6,—30-cm rocket motor.
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Section On Al
Figure 8~~Rear grid of 30-cm rocket.

Charge (7 sicks)
Figura 9—Propellent charge of 30-cm rocket.
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I8 2.3 mm diam. « 7 sticks (2—45—0.35)
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Maintainer
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Holder
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|| [—
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9.7

|
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Hole, | mm dia.

o

Celluloid Tube

apn
(ad

I-B.114
(D MULTIPLE YVENTURS BLOCK' Daicih of Venivs
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Figure 7.—Base plate of 30-cm rockes.
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170 L 4.35
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L
-.L1-}° L. Pitch 4 mm
.2 Tube machined inside and eur (24 theeads)
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) Figure 10.—Motar tube o} 30-cm rocket.
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Figure 8.—Rear grid of 30cm rocket.

Figurs 9.—Propelient charge of 30-cm rocke:.

1-B.114
282
.45
149 N 1.50
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Pirch 1hmm
Figure 7—Base plate of 3-cm rocke:.
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Figure 10.—Motor tube of 30.cm rocket.
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Sheer Matal
{.04* Thick)

Ring Split Here

i Fignre 11.—Forward grid of 30-cm rocket.,
Body:
Material o Steel.
Over-all length e 2250 inches..
Lengtk of propellent chamber 1981 inches.
{internal).
External diameter, center. ... 8.34 inches.
Fxternal diameter, tear......_ 8.56 inches.
Internal diameter—___. -— 748 inches.
Wall thickness, center_ 0.33 inch.

Weight, empty_- . .-.

Markings: Stamped. .- .o

i

i Base plug:

E Over-all length cmmoeeean
Material oo

Over-all diametet oo
Diameter of threaded pertion.
Diameter of central drilling__*
Waight ool
Markings

76 pounds 13 onnces.
abh 42 3136 Wda %4,

11

1,50 inches.

Steel

7.87 inches.

7.40 inches.

1.06 inches.

16 pounds 6.5 ounces.

Vepmri: .
Number and position_———————_
+ Di of ring
Angle of cant e
Iniet: )
Maximum diameter._______
Minimum diameter.-
Length {axial) oo

j
;
-
:
:
!

22

18 in. annular ring.
6.10 inches.
12 dggrm 42 minutes.

0.82 inch.
0.365 inch.
0.96 inch.

I-B.114
Throat:
Diametsr v amemmec e 0.365 inch.
Length (axial) cceocoooeooo 0.25 inch.
Qutlet: R
Minimum diameter._ ... 0.365 inch.
Maximum diameter- ——- 0.82 inch.
Length (axial) o ______ 0.21 inch.
Supporting grids:
" Forward:
General shape___.___._____ Circular-metal-lattice work sup-
ported cn inwardly turned
. lugs.
Diameter __ocopmomaeeeeeeo 7.4 inches.
—— 0.90 inch.

- 12.75 ounces.

General shape_ ~-- Concentric ring type.

Diameter._.. —ow 74 inches,
Thickness. -e- 0.54 inch.
Weight cmmo oo 1 pound 8 vunces,

Is

Spat Welded

T.4%

[—— 2.0
o

Sheer Srael {04}
b

HOLDER FOR MAINTAINER

R
Bloacocese.

\/ Pdom-d N.C Pl
(18 hola—1 mm dia.) - , .
Figure 12—Ignition charge and support of 30-cm rocket.
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Figure 13—Igniter of 30-cm rocket.
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MAICHHERD e o Typeaa il Monuperforated sticks,
LOQSE ) 59.9 t nitroceilul
GUMPOWDER /72Ny N e T s o Material i o .9 percent nitrocellulose,
© .09 GRAM

35.4 percent diglycol dinitrate.

--- Seven. .

--- 33 pounds 3.75 ouncea.

Ve - Weight yer stick - _______ 4 pounds 12 ).
‘ 4 METAL FOIL SEPARATED BY INSULATION = oo pounds 12 sunces (approx
COMPRESSED GUNPOWDER ~ END VIEW WITH . T Eachsticks T .
31 GRAM ITEMS 14, 18, & 2 4 FUZE HEAD o Lemgtho . 18.4 inches.
END SPUN OVER AFTER ASSEMEBLY REMOVED -7 Diameter..__ ause 245 inches,
. . 18, A0 DIA, . S Diameter of perforation__.. 0.32 inch,
ASSEMBLY OF PRIMER UNIT ' 245 DIA: - ' .-t ¢ Markiogs . 0331 stamped on side near end.
. . 8 i 3 8 " Speeial features .. l...o_____ Celluloid tube, 19.7 inches long
' " " =t = - by 0.23 inch diameter, con-
1A=.005"" 18=.005 ! :ﬁ Tk A . taining quickmatch train and
—/ =36 DIA. o=of oy - seeled at each end with gun-
‘ BRASS CONTACT 045 DIA. HOLE . powder plug, running along
‘i MOULDED IN 165 DIA. . drilling in central stick.

i .269 DIA

Method of ignition:

Initiator o The initiator is in the form of &
© metal plug screwed into the

central drilling in the base

asaosc scontacr % 10 o I e
1A MATERIAL—ALUMINUM FOIL . 0.09 gram of loose gunpowder
1B MATERIALPAPER (WHITE) mgﬁfé?'ﬁ-gfig'g Py and 033 gram of compressed
=) X
. 2 . gunpowder. This charge
ignites the gunpawder plug at
BRASS CONTALT the after end of the quick
PITCH .75 MM matck train, and the flash is

transmitted zlong the eella.
loid tube te the ignitien
charge at the forward end of

10[‘9;/3\.
] f
24 DIA.EJ 4
o

z .,
O o
r
= J': : .52 DIA (NOM) . the propellant.
< -43 DAY PITCH .75 “MM Length LD inches.
= 36 DIA — 35 DlA (NOR)
015JL— . ' i F:‘_"f L ) Diameter forward_.________ 165 inches,
= RS m Diameter of threaded por- 1.02 iaches.
. — - tien,
2 RING a 1 17 DIA, .
. Ignition charge:
MATERIAL—BRASS PITCH 13MM4 NALUPE s Compressed gunpowder topped
026 by perforated nitrocellulose
STAMPED 1941 -27 DIA. e pellet.
dmw 103 (793 A3 AfF Weight complete.._________ & ounces.
Weight of charge__..____.. 3 ounces.
075 RAD. RECESS DOW Ci i Shallow aluminum dish, 2.57
. 5 N inches in di by 0.38
THREAD ON EACH SIDE inch deep, A
Positioning__—_______.____ Sheet.steel plate ftting across
forward grid.
Markings - oooeommmmoeemee L.
_MATERIAL—BRASS :
3 WASHER 7 SCALE 4/1 . & BODY 3. Perjol:manf& ) No detail.s cancerning the perform.
Figure i4—Igniter assembly of 30-cm racke:. ance of this projectile are available at present.

v 1-B.115

30-cm W;urﬂ:iirper Spreng 4991.
{30-cm HE Projectile.)

Fired from: 30-cm Raketenwerfer 56 and pmhai:ly also
30-cm Nebelwerfer 42.

No description of this projectile has yet been received.
Its existence is inferred from a report that HE projectiles
found with the 30.cm Raketerwerfer 56 were marked
“30-cm W. K."Spr 499I". These were fitted with the
lgr.2.23 nd (0.15) nose percussicn fnze. It is presumed,
pending further information, that this is a modification
of the 30-cm Wur[kdrper 42 Spreng (standard 30-cm HE
projectile} and that it may be fired also from the 30.cm
Nebelwerfer 42.°
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32-cm .Wurﬂdirper m.F1.50.

_(32-cm Ineendiary Projectile.}

Fired from: 28/32-cm Schweres Wurjgerdt 40 and 41,
28/33-cm Schwerer Wurfrohmen 40, and
28/32.cm Nebelwerfer 41, ’

1. Description. a. Genersl. The projectile (Figure
1) is basically the same as the 28-cm Wurfkérper Spreng
(28-ctn HE projectile) but has, instead of the normal HE
filling, a charge of gasoline and oil mixture in the
warhead. -

b. Warhead. The warhead is slightly larger than that
of the 28-cm rocket but is similar in shape and construc-
tion. The filling consists of 11,25 gallons of gasoline and
ol mixture, which is spread by a burster of penthrite-wax
surrounding the gaine container. The incendiary igniter
is contained in a soldered-tin-sheet cylinder located axially
in the shell, with one end bearing against the base of the
gaine container.
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¢. Rocket motor. The rocket motor used with this
projectile is the same as that used with the 28.cm HE
racket.

2, Technical Data,

GENEIRAL
Nature of projectile____. Mulriple base-venting, spin-stabilized,
pusher rockst.
[OF 1173 S — 32 em.
Over-all length (compiete 50 inches.
projectile)
Total weight (complete 174 pounds.
projectile},
Nature of fuze__—.----—-. Nose percussion.
Natare of flling__..————_ Incendiery.
Maximum range. 2,224 yarda.
WARHEAD
General shape_—._.———_. A cylindrical canister with rounded
ends, one of which receives the fuze
and the other the tail unit,
Materfal - —— Sheet steel.

Dimensions:
Qver-all length___ eeme. 32.1 inches.
Diamerer____..__ - 126 inches.
Wall thickness. - —un.- 0.07 inch,
Weights?
Emplyiuen-ocamemmmmu 13 pounds 12.5 ounces.
Weight of filling_ R
Filling___. . 11 gallons of gasoline and oil mixtuze.

.. 3%cm Fl. (Tropical shells wre also
marked Tp). .

-_. WgrZ.504nose percussion juze. This
is the same as that used with the
28.cm HE projectile.

[T R ——— Same as thet used with the 28-cm HE
projectile.

BussTER CHARCE

Generaloooo--v—v---.- This consists of a cylinder of penth.
ite wax surrounding the gaine cen-
lainer.

Di It -

Weight .

Methed of Jocation.

INcENDIARY IGRITER .

General oo oo cmmmeeeeme e A soldered-tin-sheet, cylindrical con-
tainer placed axially iz the war-
head, bearing againat, the base of
the gaine holder.

Sength o nememeen 24.1 inches,

i

Total Weightocmmcmeammae mmmmemes

Weight of charge--aocooc —ocoeaeer L
RockeT MOTOR-ccaaaa—- Since the same motor iy used with the

28.cm projectile, technical ‘data ‘are
Dot repeated bere, ~Refer to I-B.113.

3. Performance. u. Conditions of firing. -In firing
tests conducted in the United Kingdom, 32-cm incendiary
rockets were fired at a quadrant elevation of 42 degrees

Figure 2.—Component parts of 32-cm projectile.

2 minutes (mean nominally 45 degrees). No corrections
were made for variation in quadrant elevation or meteor-
ological conditions. The charge temperature was not
known. The trial was fired between 1825 and 1935,

b. Summary of ebservations.
Number of rounds;

Fired 10.

Observed_ __oeam i 9

Included in means 9.
Time of Hight:

Mean 19.8 seconds,

Mean deviation —- 0.8 second,
LT T —- 2224 yards.
Dispersion (mean deviation from

mean point of fall}:

In range 127 yards. -

Laterally . 45 yards.
Mean time of burning 33 is.

£ . -
. PP — ' - - FR

The-sound of projection is similar to that of the 28-cm
rocket. All rounds were unfuzed and water filled, but one
round functioned on graze, both its burster and igniter
operating. In flight, the rocket shows yawing character-
istic of lignid-filled projectiles,

-




_ I-B.117
_38-cm Raketen Sprenggranate 4581,

** . {38-cm HE Projectile.}

Fired from: 38-cm Raketenierfer 61.

1. Description. a. General. This is a spin-stabilized
projectile {Figure 1), basically of conventional design,
consisting of a warhead, rocket motor, and base plug.
The projectile is fired from the heavy launcher (Raketen.
werfer 61} mounted on the Tiger Model E tank chassis.
An unconventional feature of the projectile is the fitting
- of short splines on the rear of the rocket motor; these
engage with the rifled liner in the launcher and give the
rocket an initial stability which is continued during flight
by the rotatory effect of the offset venturi.

4. Warhead. The warhead is of two-piece welded con-
struction. An ogival nose piece is welded to the forward
end of the cylindrical body. The gaine® container and
fuze-adapter assembly .are welded into the nose of the
warhead. The fuze used is & nose percussion fuze,
A.Z.KM 8, which may be set for instantaneous or short-
delay action.

The diameter of the body is increased at the ends to
equal that of the rocket motor; the increase at the forward
end forms a bourrelet just below the welded joint with
the nose piece. The rear end of the body is threaded
internally to receive the rocket motor.

¢. Rocket motor. The rocket motor is a cylinder of

- uniform diameter screwed into the warhead and threaded

internally at the rear end to receive the base plate. Both

screw junctions are secured by two diametrically opposed

set acrews.  The forward end of the motor is closed and is
internally concave in shape.

The propellant consists of a central monoperforated
stick with an intermediate stick, which is in the form of a
sleeve fitting over the central stick, and 10 outer sticks,
also of the monoperforated type. A spacer ring at the
forward end of the prepellent chamber serves to locate the
ignition charge and also allows space for the proper igni-
tion of the forward elements of the propellant.

The hase plug has 32 offset venturi drillings and also a
central drilling for an igniter. The shoulder of the plug
bears against the end of the motor body and retains in
position the nine short splines let into the rear of the body.
A rear spacer ring is welded to the forward part of the
base plug and serves lo support the outer propellent sticks.
The central and intermediate sticks are positioned by four
radial arms inside the base piug.

Initiation of the propellent charge is accomplished by
the base igniter which is set off by a flash from the firing
mechanism in the breech of the projector. This flash is

fET{62—45—3
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transmitted to the igniticn charge at the forward ead of

the rocket motor by a powder train, consisting of three

bags in the perforation of the central stick. B

2. Technical Daia.

GENERAL .
MNature of projectilen oo Aultiple  base.venting, ' spin-
sinbilized, pusher rockel
Caliber o C 38.cm (19.4 inches).
Qver-all length {tomplete projec. 58.61 inches.
tile), ,
*(Over-all weight (complete pro- 761 pounds {subjeéct te 12
jectile) . pound variations}.
Nuture of fuze . ______.. Nose percusston, instantanecus
or short delay.
Nature of flingecooomoaaaoo HE.
Maximam Tange. oo omeeeee 6,452 vards at 50 degrees C.
{range tables), »
WARHEAD
General shape . Cylindrical  with ogival nose
piece welded to farwerd end.
3 ETE 1) SO —— Steel.
Dimensions:
Over-all length o ____ 37.19 inches.
Length of nose piece_ --- 13.25 inches.
Length of body____ - 23.94 inches,
Length of bourrelet_ - 2,07 inches,
Length of wain body_ _ 19.71 ioches.
Lengik of rear junction 2.16 inches.

Diameter of adapter__. - 352 inches.
Dizmeter of bourrelet and rear  14.94 inches,
junction portion.

External diameter of hody____ 14.83 inches.

Internal diameter of body____ 14.23 mches.

Wall thickness_ .. ... 0.30 inch.
Weights:

Fotale e e e

Filling - o aimmnimmmmmmee e 270 pounds.

*Weight of individual rockets vaey considerably aboul the mean
761 pounds (345 kilograms), and cach rocket is stencilied with
its weight to the nearest 5 kilograms (12 pounds). A special
weight-correction table is used in conjunction with the firing
tables, :

Fillingo oo 50/50 amatol,

Markings - oocoeeoo s Caemmmmm e The projectile is painted olive
: green and has & white band
08 inch wide around the
bady at the cenler of gravity.
Stencilled on the ogive i:
the inscription: “Achiung!
Feuchtigheitsempfindlich. Ver
Regen und Wesser Zu Schuet
zen.” Trenslation: *Waraing.
Sensitive to damp. Prorect
from rain and water”. The
German explosive code num-
ber, L3A, is steacilled on the
agive in black.

F1.Jzz

Nature oo amaaae Nose percussion (A, Z. KAL &),
either instantsneous or short-
delay 10,12 second) action,

Weighis. -

-B.117

Figure 2.—Rase plate, propellent charge, ond forward spacer ring of 38-.cm projectile.

Action The fuze mey be set ai a safe
position during tracsit by ro-
tation of the fuze body. Be-
fore firing, the fuze body is
rotated to the regmired set-
ting. After being armed by
rotation, the striker je held
away from lhe primer cap hy
4 creep spring.

Markings o cdcmcae i mmmm————-

GrNg

Weighls - -

Fillivge aeee oo The whole assembly consists of
a standard PETN gaine and
an exploder consisting of six
PETN pellets 1.73 inches in
diameter by 13y inch thick.
In addition four PETN pel.
Jets are cast in the explosive
Lelow the exploder cantainer.

Markings - -

Method of assembly. oo The exploder conlainer is
welded into the nase of the
wathead. The gaine con-
lainer fits into the exploder
container immediately below
the fuze.

MoTtor

General oo oo oocecemceeo-.= Muliiple annuiar venturi al
rear of tail, Propellent charge
supported on forward and
after spacers,

Body tube:

Over-ail lengtho_._ 20.70 inches.

External diamete - 14.94 inches.
Internal diamerer.. 13.88 inches.
Wall thickness oo 0.33 inch.

Waeight - -

H
§
t
i
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Moroe—Continued
Splines:
Number oo Nine.
TP e Straight metal section let into
rear uf motor tube.
Lengthe oo 1.60 inches,
Width- .. - . 034 inch.
Height abeve motor ¢ . 115 inch,
Markings oo -
Base plug:
Over-all Jiameter 14.94 inches.
Diameter of threaded portivn__ 13.38 inches,
Length oo ocammmamma—— 3.4 inclhes,
Diameter of igniter drilling.._ 197 inches,
Weight oo oo mm s
Method of assembly.cooaoae Serewed intw tail of motor tube.

Junction Tocked by wo dia-
meerically opposed set serews.

Venturi:
Number and position.o..._... 32 in annuiar ring at base.
Angle of canlo oo oamm 14 degrees,
Inler:
Diameter.. . Stepped: 0.97 inch, 0.88 inch.
0.4 inch.
Length —mcumm e o 0.18 inch.
Throat:
Dizmetera oo ocearcmimmeee 0.4 inch,
Cutlet;
Mintmum diameter___ 0.44 inch.
Maximum diameter _ 080 inch.
Lenyth 207 inches,
Spacers:
Forward:
TYPE oo Metal ring with two crosspisces

to which is sttached the igni.
tion charge.

2.37 inches.

_ Metal ring mounted en forward
end of base plug. Supports
rear ends of intermediate and
outer sticks, central stick
bearing directly against base
plug.

Propellant:
Material

Number of sticks__

Weighta:
Central sticko_ . .oanaee 10.5 pounds,
Iatermediate stick-. 20) pounds.
Each outer stick. - 5.6 pounds.
Tatal _ - 84.5 pounds.

Central stiek: :
Length 16 inches.
Digmeter oo ooaammameee 4.063 inches.

Diameter of perforation__.. 1.375 inches.
Intermediate stiek:

Lengthom oo 13.313 inches.
Diameter..-—. _-- 7.25 inches,
Diameter of perforation..__ 475 inches.
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Figure 3.—Hasic nit‘mn_{lbm and internal lzyout of complete 38-cm projectile.
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Propellant-~Continued
Quter stick:
Lengtho oo 12.938 inches,
Diameter_ . _______ 3.188 inches.
Diameter ol perforation____ 0.438 inch.

Markings

Apadvsis L .
Method of ignition:
Toidater . A powder igniter is located in
the centra]l drilling in the
base plug. This is initinted
by a flash from the firing
mechanism in the breech of
“the launcher.  The relay
fromt this igniter ro the igni-
tion charge at the [orward
end consists of three bags of
powder in the drilling ol the
central stick.

Tgnition charge:

Nature. -

Weight 15 pound {approx.].
Container _______.____.____ Cylindrical.

Positioning oo ccomeo__ Tied to forward spacer.
Markings oo oo

3. Performance. . Firing trisls. No firing trials
have yet been carried out with this projectile.

b. Firing tables. The following information is taken
from a captured German firing table.

The projectile may be fired in both the upper and lower
registers, and the firing table provides for a range of pro-
pellant temperatures from — 40 degrees to +350 degrees C.,
 separate table being given for each 5.degree C. variation
within these limits.

Weights of individual rockets vary considerably about
the mean 343 kilograms (761 pounds), and each projec-
tile is stencilled with its weight to the nearest 5 kilograms.
A special weight.correction’ table is used in conjunction
with the firing tables. :

The following Tange limits are taken from firing tables:

—40 degrees C. . 4200 meters (4,593 yarda).
0 degrees C w-- 5,150 meters {3,532 yards),
15 degrees C 5650 ‘meters (6,159 yards) .

50 degrees C 5,90G meters (6,452 yards) .

The same range limits apply to firing both in the lower
and upper registers.




1-B.113
38-.cm Hohlladungsgranate 1392,
{38-mm Hollow-Charge Projectile.
Fired from: 38-cm Raketenwerfer 61.

No specimen of this projectile has yet been recovered.
Its existence is inferred from a captured German document
in-which it is bracketed with the 38-cm HE projectile,
The projectile apparently uses the same racket motor as

the 38.om HE rocket and is fuzed with an instantaneous
nose percussion fuze, 4.Z.KM.I0.

ANTIAIRCRAFT PROJECTILES

7.3-cm Raketen Sprenggranate.

{7.3-cm HE Projectile.)
Fired from: Fhn Gerdt.

1. Description.
projectile (Figure 1) of conventional design, consisting of
& warhead and a rack motor. The projectile is essentially
the same as the 7.3.cm propaganda leaflet rocket (7.3.em
Propagandegranate 21, 1-B.101), except that a warhead
provided with a percussion fuze and seli-destroying detay
has replaced the leaflet container of the propaganda rocket.

The projectils is fired from the Féhn Cerdt, a 35-frame
launcher with fast elevaling and traversing gears. The
launcher is capable of firing 33 rockets simultaneously.
The self-destroying feature of the rocket plus the character-
istics of the launcher suggest that the projectile is intended
for use against low-flying aircraft in the form of barrage
fire. Launching sites have been found along river {ronts,
however, indicating that the projectile can also be used
against river crossings.

a, General. This is a spin-stabilized

I-B.201

b. Warhead. The warhead {(Figure 2} is ogival in
shape and open at the rear where it is threaded internally
to receive the rocket motor, The explosive filling is a
pre-formed charge of 280 grams of RDX/TNT/wax
pressed in a block and wrapped in wax paper.

The warbead is doubly fuzed, being fitted with a nose
percussion fuze and a self-destroying base fuze. The
nose fuze is the R.4.2.51 (Raketen Aufschlagsinder 51)
which is screwed directly into the nose of the warhead;
a cavity in the forward end of the explosive charge re-
ceives the primer detonator below the fuze.

In the base of the charge is a cavity which accom-
modates the self-destraying delay, located in a tube
screwed into a metal plug in the forward end of the
motor, The delay consists of a quick-fire igniter, initi-
ated by the motor ignition charge, and what appears to
be a tracer composition. When the tracer composition
burns out, it Aashes through an orifice into a primer-
detonator which detonates the main charge.

¢. Rocket motar. The rocket motor (Figure 3) con.
sists of a plain cylindrical body and a cup-shaped base
plate. The body is screwed into the warhead at the for-
ward end and into the flange of the base plate at the rear.

The forward end of the rocket motor has a flange be.
lnw which is located a metal closing plate which sepa-
rates the warhead from the prapellent compartment and
also holds the rear end of the self-destroying assembly for
the explosive charge. Below this plate is a stamped metal
supporting ring containing the ienition charge for the
propellant.

The base plate, which serews on the rear end of the
body, has seven outer offset venturi, seven straight venturi,
and a central drilling for a percussion primer.

The propellent charge consists of a single cylindrical
stick with u central perforation and eight outer perfora-
tions. Raised ribs around the circumference of the pro-
pellant serve to keep it clear of the motor body and per-
mit external burning. Two Y4-inch hlocks of powder,
cemented to the base of the charge. act as spacers and
keep the venturi free from obstruction.

The charge is ignited by the flash from the percussion
primer.. The flash is transmitted along a celluleid tube
in the central drilling to the ignition charge at the for-
ward end of the propellant. The celluloid tube is of
conventional German design. It contains a quickmatch
train and is closed at each end by a cylindrical block of
gunpowder,

2. Technical Data.

Nawre of projectilem.- - ... Multiple  base-venting, spin-

stabilized, pusher rocket.
Caliber. e 7.29 em.

I-B.201
Over-all length {complete projec- 11.09 inches.
tile] .,
Over-all weight ({complete pro- 6 pounds.

jectile).
Nature of filling HE.
Mature of fuze o ooveeocoe e Nose percussion and base self-

destreying.
Maximom range ool mmmeeme

Figure 3,—Component parts of 7.3-cm projeciile warhead.
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TWARHEAD
General shapeoonoooooooaaeoao Ogival, open at rear end and (uze
socket at {rant.
Material e cooooooaoiiiaano - Steel,
Dimensions:
Over-all Teagth oo ___ 4.22 inches.

2.83 inches.

_ 041 inch.

from .23 ineh aft w
032 inch forvani.

Maximum diameter ___
Diameter al nos
Wall thickness

Varies

Weights:

Empty it e
Weight of alli U.62 pound.
Filli The code number Jenating shell

filling marked on the charoe
is 93, which indicates RDX
TNT 60740

Huwever. there

Figure 3,—C_ampanem parts of recket motor for 73-cm HE
projeciile.
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alse appears un the charge

wrapper H3-+Fp 02, which
would introduce 5 percent
wax to the mixware. Conse-

quently, it i believed that the
composition of the charge i=
as follows: RDX, 33 percent:
TNT. 30 percent; Wax 3

perceni.
Markings oo iieiicaaaooe The warlwad has a rusipre
ventive  coating  varving in

color fram dull, Jdark gray te
Adull black. There are no
markings,
Frze tpuset
Nature of fuze. oo.ococoooioo. Nuse-percussion,  ventrilugally
armed RAZ 31

Avtlun i On impact, the hring pin sels
off the primer-detonator which
in turn defonates the maia

charge.
Markings ceevomomo el RAZ 31
AMoTor
Generalo oo iiian Multiple, aanutar venturi. buth

at D
Fingle nmli-perforated  pee.
pellent stick.

alfxet amd  straight

Body tube:
Over-all length ..
Over-all diameter
Wall

_ 6.34 inches.
2.6 inches.
. 0.1 inch.

Weight .

Markings - _ Stepeilled  in whiter  flek
1¢.R12.44 So. Yellow band
approximately 1 inch wide
immedistely below bourrelet.

Baye:

2.86 inches.
- 1.29 inches.

Over-all diameter
Over-all height

Weight .

Method of Sereweid over rear nf body,
Veniuri:

Number and position.______ it

7 offset onter venturi.
7 straight inner venturi.
An aluminum loil dise: is placed over the ianer end of the
venturi drillings to prevent moisture and dirt from entering
the propellent chamber.

Outer set:
THPE o cmmmm e cmmm e Divergent, offsel,
Length cocmceeeeo o -~ .36 inch.
Minimum diameter . - 012 inch.
Maximum diameter oo §.27 inch.
Angle of cantococoooooo. .- 45 degrees.
Radivs of centers___

--=. L14 inches.

Inner set:
- ... Divergent, axial.

. 049 inch.
Minimum diameter .- .——.. .12 inch,
Maximum diameter —-____.. 0.25 inch.
Radius of centers_ ... . 0.69 inch.

137 DIA [-B.201
59" DIA
— r— RAZ 51 FUZE
1 %I-_ 81" DIA /.”.,
‘ /\ (X 7 AL /
‘ T ) /’ 587 DIA. 24 TP X P |
1 I | 2,00 !
i 175" [__ 254" DA qgn OG||VAL CAP
l 3.23"
'*_ 31" DIA. | 4227
_L —e= I-F BOOSTER
‘ | [ SELF DESTROYING
101 Io1s” Eadl 54t N DELAY ELEMENT
| 1A ¥ DiA, LY SELF DESTROYING
. ‘ 2857 DIA. | .23* = 1.79" Dla
: 113" ™ ;.I
14 1 STEEL PLUG
! ; 06" — L 1. B~ —
! ; &0 .36" 3 L
‘ w0 T 4B P FLASH PELLET :t:' 1
| 2.66" DIA. FLASH PELLET
. .60 DIA. , I
10.3% _—_— 25 TP t 1.137 DA,
| RLEE - o4 %
i
i i R - 2.60" DIA. i R PROPELLANT. 300
| ! 8 HOLES .30” DIA, [] 2267 DIA. L
4574 REGULARLY SPACED 4
63" FROM |
THE CENTER e BODY !
L
! 377 DiA, jmo" DlA.
240" DA, FLASH TUBE
I u 26 1Pl 1]
Heh 14,1244 Sa s Din \ BASE CAP
R ey J
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awd ;
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SECTION A-A
THROUGH BASE CAP
T
p— SSD
1.38" DIA. )v
204" DIA,

a2 4]

T HOLES REGULARLY SPACED A

37
Figure 4.—Interna! layout of 7.3-cm projectile.
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Crid:
Ganeral e cmm e Metal disc supported on four
thened-over Lu g s Tgnition
charge in metal container in

center of dise.
Over-all diameter.
Over-all depth
Weight

Propellant:
Manerialo oo e
Number of sticks.._ One.
Weizht i _. L5 pounds.
Overall length . 3.28 inches,
Over-all dizmeter__.. - 231 inches.

Diameter, main hody. inches,

Diameter, ceniral perforation__ (.38 inch.
Diameter, onter perforation_._ 0.2 inch.

Markings __

Methed of iznition:

TAMIBIT o e e o= A perenssion primer is placed
in central drilling in the base
pluz and is struck by a firing
pin in the breech mechanism
nl the launcher, A relay

B train, consisting of a celluloid
tube centaining @ yuickmatch
composilion and sealed at the
ends with gnnpowder plugs,
transmits the flash te the igni-
tinn charge at the forward
and,

tuaition charze:

Diameter_ . oL o
[eyth
Weight

Composition

3. Performance. Nodetails of the performance of this
prujectile are available.

1-B.202
8.6-em Parachute-and-Cable Projectile.

i German nomenciature net known.)
Fired from: 8.6-cim AA rocket launcher.

1. Description. a. General. This is a spin-stabilized,
low-altitude antiaircraft projectile {Figure 1) intended for
use in large numbers to form a parachute-and-cable bar-
rage against low-flying aireraft. The projectile consists
of a parachute container, projectile body (including a
cable container I, and a rocket motor,

b. Parachute container, The parachute container (141
is of light metal and is constructed in two halves, divided
longitudinally, which fit into the projectile body (1) and
which are retained in pesition by two strips of adhesive
tape. The parachute is made of yvellow silk with a bright
red strip running down the center of each gore. Wkhen
opened, it is 3 feet across and 20 inches deep.

¢. Projectile body. The projectile body (11 is a eylin-
der of thin sheet steel 0.03 inch thick and open at each end.
The lower end is slightly increased in diameter and is
threaded internally to receive the rocket-motor body (3.
Near the center of its length the body is pressed to form a
bearing surface (2). The upper part of the hody houses
the cable container (123, which is made of steel and con-
tains the coiled cable. One end of this cable is attached
to the base of the container. and the other is aitached to the
parachute {13). Below the cable container is a wooden
block (101, on the upper surface of which is an expulsion
charge 11+, A tube (41, screwed at ite lower end into
the rocket body, is located in a central drilling in the
wooden block and contains 2 black-powder train.

d. Rocket motor. The rockel motor is of conventional
design and consists of the rocket body and a base plate.
The rocket hody is closed at the forward end where it is
screwed into the rear of the projectile body, and it is
threaded externally at the rear end to receive the base plate.
The hase plate contains eight offset venturi drillings and a
central drilling which takes a percussion cap. The pro-
pellent charge is a solid cylinder filling the whole of the
propellent chamber. It is primed at the rear end by &
block of mumpewder which is initiated by striking the per-
cussion cap. The base of the motor is protected during
transit by a pressed-on cover of thin sheet metal.

2. Technical Dﬂjﬂ.

GexNenaL

Multiple hase-ventinz, »pin--ta-

Nature of prnjeclile__”
bilized, pusher racket.

Caliber .. _accno 8.6 cm.
Overall lengt -- 163 inches.
Over-all weigitoo oo _camean 11 pounds.

over ¢ Removed
Figure [ —internal {aveut o 8.5-cm porachute-and-cable projecrile.

1-B.202

43G mm




Caste CONTAINER

-- + inches.

2.9 inches.
_ 373 pouands.
_. 310 ieet

Diameter...
Weight complete.
Length of cable

PROPELLANT

Length. . . 4 inches.
Diameter 75 Inches.
Weight.._. ~. 173 pounds.
Composition_ .o mias e

3. Performance. No details of the performance of this
projectile are at present available,
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8.6-cm Raketen Sprenggranate 400.

(8.6-cm HE projectile.
Fired from: 8.6-cm AA rocket launcher.

1. General Description. This is a spin-stabilized pro-

- jectile {Figure 11 consisting of an HE-filled head and a

rocket motor. The rocket motor is very similar to that
of the 8.6-cm parachute-and.cable projectile but slightly
longer. Since the venturi block is also similar. this
molor must work at a somewhat higher pressure in view
uf the increased length of the propellant. The ignition
syatem for the mator consists of a percussion primer let
into the base and an ignition chaige at the forward end
of the propeilant. The head of the projectile contains an
HE filling which is actuated by a base fuze, screwed into
the forward end of the rocket motor and initiated directly
by the burning propellant.

2. Technical Data.

GENERAL

Nature of projeetile .. Multiple, base-venting, spin-sta-
bilized, pusher rocket,

Caliber _______ . _ 8.5 em.

Dver-all length.__ 16.253 inches.

Dver-all weight_. 17 pounds I3 ounces,

Nature of filingec e o oooL.

Nature of fnze.._

9.53 inches.
3.35 inches.

Weight
Weight of flling.
Type of flling_ .

Roeker MoTon

Length - 6.7 inches,
Length of propellent chamber.__ 6.08 inches.
External diameter oo oo_____ 3.18 inches,
[nternal diamster . ___________ 2.94 inches.
Weight of flled motor__.__.____ 6 poands 12.25 ounces.
Propellant: .
Length____ . _.__ 3.90 inches.
Diameter. 2.78 inches.
Weight 2 pounds 7.75 ounces,
Analysis:
Potassium nitrate_. 75.5 percent.
Carbon ... 15.35 percent.
Sulphur__-._. - 9.15 percent,

Volatile material_ 0,96 percent.

3. Performance, No details of the performance of this
projectile are available at present, but it is estimated that
it would reach a maximum height of 8,000 feet if fired
at a quadrant elevation of 90 degrees.
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Figure 1.—8.6-cm HE Raketen Sprenggranate 400.

[-B.204
3.6-cm Raketen Leuchigranaie.

{8.6-cm [lluminating Rocket.)
Fired from: 8.6-crm AA rocket launcher.

1. General Description. This is a spin-stabilized pro-
jectile (Figure 1} consisting of a head. containing s star
and parachute, and a rocket motor. The star and para-
chute are ejected by an expulsion charge initiated directly
from the burning propellant. The metor is very similar
to that used with the 8.6-cm parachute-and-cable rocket.
No details of the internal consiruction of the projectile
are available at present.

2, Technical Data.

GeNeRAL

Nature of projectilec oo . itultiple.  buse-venting, spin- .
stabilized, pusher rocket.

Culiber 8.6 cm.

Over-all length - 16.7 inchas,
Over-all weighto .. 11 pounds 7.23 sunces.
WARHEAD

Diameter. ...
Weight
Rocxer Motok
Length
Diameter, bod
Weight
Weight of propellant.___.___._. 1 pound 10.75 ounces.
Analysis of propellant:

Potassium nitrate.

8.8 inches.
3.3 inches,

- T6.I percear.

Carbon . - 14} pereent.
Sulphur.. .4 percent
Volatile matter o 0.87 percent.

Celeulated on volatile matter free material.

3. Performance. No details of the performance of this
projectile are at present available, but it is estimated that
it would reach a maximum height of about 8,000 feet if
fired at a quadrant elevation of 90 degrees.
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Figure }.—8.6.cm Raketen Leuchigranate.

15.2.cm Parachute-and-Cabie Projectile.

(German nomenclature not known.)

Fired from: Special frame attached to lower half of cable
housing (not yet recovered).

1. Description. «. General. This projectile (Figure

1} is of the “‘aerial-wire-barrage” type and is used to pro-

ject 2 steel cable into the air by means of a rocket. One

end of the cable is fixed to the ground and the other to a

large support parachute and a smaller drag parachute,

When the cable has paid out, the parachutes are pulled

from their housing. The projectile is fin-stabilized and

consists, from nose to tail, of the rocket malor, parachute

housing, and upper and lower cable housing.

b. Rocket motor. The rocket motor (Figures 2 and 4}
consists of a motor body, which is screwed into the para-
chute housing, and an ogival nose piece containing a TNT
destruction charge. The motor body is a cylinder closed
at the forward end and open at the rear. There is no base
plate, but the propellent gases are allowed to escape
through four venturi drillings in the forward end of the
parachute housing (Figure 2). The prepellant is a single,

. cylindrical, multiperforated stick and is ignited by means

of an electrical base igniter, a train along the central
drilling; and an ignition charge in a grid at the forward
end. Leads to the electrical igniter pass through one of
the venturi drillings. A delay fuze in the forward end
of the motor body ignites the destruction charge in the nose
piece.

¢, Parachute housing. The parachute housing, which
is a cylinder closed at the forward end, serves not only to
house the large main support parachute and the smaller
drag parachute, hut also as a hase plug for the rocket
motor. The forward end has four venturi drilled ahliquely
in the sides of the hody. .

I-B.203

At the forward end of the parachute housing is a TNT
destruction charge enclosed in asbestos, Although this
has 2 primer, there is no means of initiation; it is assumed,
therefore, that this charge is set off by sympathetic detona-
tion from the charge in the nose of the projectile. Below
this destruction charge is the main parachute wrapped in
asbestos and below it the small drag parachute.

d. Cable housing. The cable housing is constructed in
two separate halves. The upper half is attached to the
base of the parachute housing and accompanies the pro-
jectile on its flight. The lower portion of the housing has
a flanged base, which fits into the mounting and remains
on the ground. The finned-tail unit is spot welded to
the upper hall and fits over the lower portion. This
maintaing the projectile in positien until it is fired. A slot
is provided in two of the fins through which a wire is
passed, helding the lower section in pesition; this wire
should be removed before firing.

A continuous length of approximately 930 vards of
Ls-inch steel cable is coiled in equal lengths inside each
portion of the cable housing, The end of the cable in the
upper portion is attached to the parachute, and the other
end passes through 2 hole in the bottom of the lower por-
tion and terminates in an eyebolt secured to the launching
frame.

e. Operation. The actual barrage consists of the sup-
port parachute, drag parachute, and cable (Figure 3V.
The projectile is evidently launched from some kind of
frame (ne specimen of this had vet been recovered), to
which the lower portien of the table housing is fixed.
When the propelient charge is ignited, the projectile
climbs until, theoretically, the whole of the cable has
paid out. The drag parachute and the main support
parachute are then withdrawn from the parachute hous-

Figure 1.—13.2-cm pargchute-and-cable projectile.
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Figare 2—Internal construcrion

ing, and the main unit continues on its course. leaving
the cable suspended in the air.

When the propellant burns out. the destruction charge
in the nose piece, actuated by the delay fuze. destroys the
rocket motor and parachute housing. It is presumed
that the charge in the forward end of the parachute hous-
ing is at this point set off by sympathetic detonation to
assist In this destruction,

2, Technicnl Data.

GENERAL

Nature of projectileooooooooo « Multiple circumferentiai-venting,
nea-rotating, tractor rocket.

Caliber _______ . 15.2 em (ballistic head).

Overall lenzth {complete projee- 58.2 inches.

tile). -

Weight (complete projectile) ... 150 pounds.

Nature of filling___.s_________ Parachutes and cables.

Range Ivertical) ,ooooeoo .. Theoretical maximnm of 2.850
feet flength of cable),
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THIS PCATION REMAINS ON THE

Ruecker Moron tineluding nose
pisce)
Nose piece:
Length___ _ 5 inches.
Diameter_ . 6 inches.
Weight __ 4 pennds 12 onnces.
Weight of filling 2.3 pounds.

Type of flling

Bady fube:
Length oo e
External diameter. 5.31 inches,
Internal diameter _ 5.2 inches,
Weight oo 27 pounds 11 ounces,
Propellant:
Shape . Cylindrical with four longitudi-
’ nal spacing ribs on outside.
Perforations oo oo e Nine, one central and eight
outer.
Length_. - 117 inches.
Diameter. -

Weight oo 11 pounds 10 sunces,

of 13.2-cmn parachuie-and-cable prajeciile.

GROUND

Propellant—Continued

Analysis:
Nitroveliulose ___________.. 37.7 percent.
Diglyeol dinitrate_o_.._._.. 381 percent.
Dibatyl phthalate_ ..ooo.._. 2.7 perceni.
Akardite. 0.4 percent,
Ash .__ 0.0 percent.
Craphite. 0.3 percent.
Volatile matter. 0.83 percent.

ParacreTe Housine

== 28 pounds 1 aunce,

Weigh

Ventori:
Number <= Four.
Diameter. -

--- Silk, diameter approximately 11
feet, Colored green, white, or
blue. Eight shzouds.

~ Linen, diameter § inches.

--- 2 pounds TNT.

Main suppport purachute

Drag parachute_ __.,

Destruetion charge_

Figure J.—Sequence of operation of }5.2-cm Ad racker: Uejt 1o
right. top) ready for firing, the cable unwinds; (bottom) drog
parachute emerges, and finally support parachute emerges.




Propeflant,

Motor body.

Delay train.

Elucreieaf {xniter, Farwirrd ignitinn charge amt grid. Delay fuze,

Figure 4—Campanent parts af rocket motor.

CaBLE Hovsise
Lengih of upper portivn. ..o ____ 11.5 inches.
Length of lower portivna--____ 13.23 inches.

Length of finned uait__ .- 123 inches,

Diameter of housing T inches.

Diameter uf fine. -. 14.25 inches.
Weight, including fins__________ %0 pounds -} nunees,
Cablea oo The cabie ennsists of fve layers

wound on 2 fiber core, each
consisting of lour s(ramis i
steel.  Each strand is O.M7
inch in diameler and has a
breaking tenzion of 30 pounds
weight. The cable as a whle
has a diameter of 118 inch
and & breaking tension aof
1,500 pounds weight,

BLTALI—d4h

o

tomplere mator,
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20-em Parachute-and-Cable Projectile.

{German nomenclature not known. |

Fired from: Same type of frame which has not vet heen
racovered.

1. Deseription. a. General. This projectile (Figure
L3, for which no projector has vet been recovered, is an
AA wire-barrage device whereby a cable can be projected
vertically and suspended from a parachute. The round
consists of a rocket motor at the forward end; a center
compartment containing the parachute; and a cable hous-
ing, surrounded by a finned sleeve, atr the rear. The
design’'is similar to that of the 15.2-cm parachute-and-
cable projectile but is crude by comparison.

b, Operetion.  On firing, the cable housing remains
attached to the ground while the moter, parachute con-
tainer. and finned sleave are projected vertically. towing
the cable. which uncoils from its housing. When the
cable has completely uncoiled. the parachite is pulled owt
through the finned sleeve. The separation of the para-
chute and motor operates a pull igniter which initiates
a demolition charge contained in the central tube of the
motor,. The motor is of special interest in that it con-
tains an HE churge surrounded by the propellant,

2, Technical Data,

Over-all length

4.3 inches.

Length of rocket mator, - 1.1 inches,

8 inches.

Diameter across fail fins oo L0 inches.
Diameter of tail unit oo 5.6 inches.

Tatal weight 139 pounds 3 oimces,

11 ponnds 9.5 nanees,

NC/DGDN.

Preliminury analbysis._________. Ether soluble (XC and iour-
zanic consbituents) 383 per-
cent, DGDXN pereenl.

ket motor o ___ Finsabilized: 12 asnular ven.
turi:  concentrie.  evlindrical
charges supported on a arid:
electrically initiated.

Cable. thicknrss o ooooooo L 0.092 inch.

Breaking stressoo oo _oooi._ 60 pounils weight.

Weight of propellant

Type of propellant..__

1-B.208

———

—

\ 12 Veniyn,

equally spaced.

643" &

— %\ Electrical connection.

«—Tail Unit.

12 Fins.

@ Body painted
f“‘ 5.6”—-{ deep clive green

Figure 1.—20-ctnt paruchute-and-cable rocker.




1-B.301
AIRCRAFT PROJECTILES

8-cm Raketen Sprenggranate.
Fired from: Aircraft and 3-em Raketen Flelfachwerfer.

This is a fin-stabilized projectile with an appearance
tvpical of that of small caliber aircraft rockets.  The pro-
jectile is described in detail under 1-B.102. but is included
in this section since it is an air-to-ground as well as 3
ground-to-ground weapon. When used on aircraft, the
projectile is launched from rails under the wings.
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NOMN.STANDARD AND UNCONFIRMED
PROJECTILES

1-B.302

21.em Wurforanate 42 Spreng.
121.cm HE Projectile.)

Fired from: Aircrait and 2f.cm Nebelwerjer 42. -
v.3-em Propagandagranate b1,

(7-3-cm Leaflet Rocket.
Fired from: 7.3-cm Prepagandawerjer,

Although this projectile Is basically @ gzround-to-ground
rocket {described under 1-8.112), mention of it is made
in this section since it is believed to have been used as an

Apart from the fact that it was a. General,

air-to-ground weapon. 1. Deseription, The projectile 1Figure

launched from some kind of framework suspeaded frum
the wings of the aircraft. no details of the launching

21 consists of two stezl tubes, screwed into a central joint.
The lower tube contains the rocket motor and the upper
tube serves as a container for the leaflets.  The projectile
is spin-stabilized and is fired from the Propagandawerfer.
which is a single launching tube.

b. Rucket motor.  The rocket mutor is formed by the
lower tube and a screwed-on hase plug,

mechanism are available.

The base pluy has
12 venturi set in two rings: those in the inner ring are
straight and those in the outer ring are offset. A copper
percussion cap is located eentrally in the base of the plug.

The propellant consists of a cylindrical stick with nine
longitudinal drillings, Cne of these is central, and the
other eight are in a ring around the central drilling.  An
ignition charge is located in a holder at the forward end
of the propellant. This is fired by the fAash from the

6 7 8 9 10

&80 ([

6. Propeilant,

I-B.101

percussion eap passing up the central hole of the iro-
peliant,

The upper tube is closed by a
The leaflets are contained within

c. Leaflel congainer.
bakelite ballistic cap.
a evlinder split langitudinally and are wrapped around
Below
the leaflets and two cardbuard and one bakelite wushers
1 delav train which

a steel spring which is kept under compression.

is the bursting charge, incorporating
is fired by the heat from the ignition charge for the
propellant,

d. Operation.  The uperation of this projectile is vers
simple.  When the heat from the ignition charge ignites
the bursting charge, the contents of the upper tube are
cjected; as the split evlinder emerges, it falls apart and
allows the compeessed spring to seatter the leaflets packed
argund it.

2. Technical Data,

Weight twithout Yeafletsr .o .. T opounds 3oinoes,
14,1 inches,
_§ pound 1 oanmee,

3 pouneds appres_t,

Lenath overall ..
Weight af prope|lant

Weight of propellent unit_._
Maximum diameter (st central joint)__ 2.23 inches.

P

—12

1. Base plate. 1l Washers.
2. Motar body. 7. lgnition charge: 12. Split cylinder,
3. Junction piece. 3. Supporting grid, 13. Spring.
4. Forwerd tube. 2. Deluy train.
3. Plastic cap. 10. Bursting charge.
P
Figure 1.—Component parts of leaflet rocket. ;\/
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Figure 2—Internal censtruction of 7.3-cm leaflet rocket.

15-¢cm Raketen Scheinsignal Geschoss.
(13-em Pyrotechnic Rocket,)

Fired fram: Special single launching frame.

This projectile, launched vertically from the woeden
vrate shown in Figure 1, is used to project a flare into the
ait to simulate targer-marking flares dropped by attacking
aireraft.  No fuoll report on the internal arrangement of
the projectile has heen received. but it is known to censist

I-B.402

basically of a forward compartment containing a colored
candle and a rocket motor and finned tail anit. The
rockets, which use white, vellow, red, or green candles,
are usually used collectively in an installation consisting
of 16 launching crates. They are fired from a remote
coatrsl reom.
The following are brief characteristics of the projectile:

Over-all Jength_ ——m- & inches.

Tatal weight.._.__. -- 545 peunds.

Weight ol candle section_ o ... 36.875 pounds.

Figure 1.—15-cm pyrotechnic rocket resting on [rame from which it is {aunched.

[-B.403

High-Altitude Antiaireraft Projectile.
{Unconfirmed.)

The first tangible substantiation of the numerous air-
crew abservations of rockets at high altitudes has now heen
provided by a reliable report of an HE racket of about
20-¢cm caliber. Tt is thought that this projectile may have
a warhead of zbout 50 peunds, of which about a quarter
would be HE content. giving a lethal radius of burst of
ahout 85 feet. Iis ceiling may be In the region of 25.000
feet, Alse, there may pessibly be a muilti-barreled version.

It is open to question whether many of these weapons
were ever brought into service, but they may well have
been deployed experimentally, which would account for
some of the aiterew observations in the past.

o ——
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Section III

FUZES

CONTENTS

[-C.oui
1-C.o01

WerZ30+ . 1-C.005
I-C.ong
i-C.007
1-C.003
1-C.009
[-C.010

Introduction,

With the exception of certain spectal fuzing svstems,
such as the thermally armed fuze in the 8-cm Raketen
Sprenggrapare (1-B.102+ and the expulsion and demoli-
tion charges in the parachute-and-cahle projectiles which
are initiated by delay trains from the propellant. the fuzes
used in German rockets are restricted 1o nine types.  Three
of these are types used on standard artillery projectiles.
Apart from the Bd=.DOV ., a base graze fuze used on the
I5.cm projectiles. all fuzes are of the nose percussion
variety, These fuzes are of conventional design and do
not exhibit any features of special interest. Although a
great deal of time was devoted to exparimental work with
proximity fuzes. particularly for ground-air projectiles.
these were intended for use on guided missiles, and as
such do not fall within the scope of this publication,

1-C.om
List of Fuzing Syvstems.

The following table shows the types of fuzing svstems
used on all rocket projectiles included in Part 1.

Projecite Fuzing Srstem
Ground projectiles:

7.3-cm HE prnjectile Mot known,

8-cm Roketen Sprenggranate.. Special thermal fuzing system:
deseribed under projectile.
8-cm Raketen Nebelgranate.__ Not known.
8.8-cm Raketen Panzerbichse A.Z. 5095 or A.2. 309541,
Granate 4322,
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8.8-cin Raleten Punzerbiichse Nuolknown: prohaily us abnve.
Granute 4992, -

$.8-rm Raketen Punzerbiichse 4.2.3005 or A.Z. 3063,°1,
Granie 4312,

Liwm Furigranate 41 Spreng. BUZ.DOV : Dase graze fuge.

L3eeme Wurfaranate 4 Nebeli__ B2 0DO1

Prem ¥urigranate Gelbring_ . BdZ 00T

Liem Warigranate Grinring__ (42 .DOI

e Wurigramute Grinring. HdZ. .00V
el

Slevme Wurtgranate 42 Spreng.

28-cm Wurthorper Spreng. . 2 .

e W urflirner 42 Spreng__ Wer 230+,

-em Wurikoeper Spreng furZ33aA.
A90F

A2 Wurpledrper mFLS0_ . WoarZ 50 =,

cm Rubeten Sprenggranae 4 2K,

Hoblfudungsgrunare 4.2.K 110,

Antiaireraft proiectiles:
A Ruketen Surenggranare. B.AZ.51.
Rbecm parachute-amd-cable pro- Explosion charge iznited by e

jeetile, lay train.
ifiem Rukerer Sprenggramnte Base fuze. nitiated by burning
470, propeflant.
&.0wcm Rufreten Lenchigranate. Expulsion cherge ignited by de.
lav train.
13.2-cm parachute-and-cable Destruction charge ignited by
projectile. delay train.

20-em parachute - and - cable  Destruction charge initiated by
pull igniter attached to para-
chute,

projectile.

1-C.002
AZ. 5095.

IInstantaneous Nose Percussion Fuze. )

Used on: 8.8-cm Raksten Panzerbiichse Granate 4322,
A.8-cm Raketen Panzerbiichse Granate 4312, and
probably 8.8-cm Raketen Panzerbiichse Granate
40992,

1. General Description. A drawing of this fuze is
shown in Figure 2. The action is very simple. The safety
cotter pin is withdrawn before the round is loaded. When
the round is fired, the force of sethack causes the sethack
ring to miove to thz rear, bending the twe prongs of the
stirrup spring which then rise and engage in the inside
groove of the ring, preventing it from returning forward.

The striker needle has so far been held away from the
primer-detonator by a flat cuiled clock spring held inside
the setback ring. As the sethack ring moves to the rear,
the clock spring unwinds and expands against the inside
of the fuze body, This movement, which arms the fuze,
also provides a short delav in the arming process. On

1-C.on2

impact. the striker needle moves directly tw the rear and
actuates the primec-detonater in the hase of the fure.

The luze has two safety features.  The first is the safely
eotter pin which secures the sethack ring in position and
which is withdrawn hefare the projectile is loaded. The
second is the slight delay in the clock-spring arming of
the fuze,

=3O -

Fizure | —tomponent party of Juze. A.2. 35, shawing eft to
righty primer-detonator. serenedin  base prece  with  getbael:
springe sethneic eing und cluck spring, fze bodv, and Chefuer

sefuly votter pin,

Stisrup Spring

[-C.on2
2. Teelinical Data.
Overall lenzih - LT9 inechies,
Qrerall dameter. . LIB2 incliew,
z -. 35 eunee
Fuze functimming tme___ wo Between 00000 und 000023
aevoml,
Clere e Painded lizht Dl
I-C.03

A 309571
!nstantaneous Nose Percussion Fuge.:
Used un: Same projectiles as 4.2, 5095,

This fuze is almost identical with the 1.2, 3093 and is
uzed on the same projectiles. The unpainted steel fuze
may be distinguished by its oval zhape and doll color.
[n addition. it Jues not have the deep neck of the 4.2, 3003,
Sinee the 4.2, 5093 1 is used on projectiles intended for
use within nermal temperature fimiis. and the 4.2, 5093
is designed for use at low temperature. it scems probable
that the Tormer will have a slightly lunger ltnetioning
time,

Safety

Cotter Pir\

Needle
Primer
Datenator Clock Spring
\,7 —_—
- — _
A\ — —
/ 1 4

; 1.79

Set-Back R]ng

Creep Spring

Strilcer (P‘qsfic)

Figure 2.—Cross section of fuze, 1.2, 5093,
7
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Hbgr.Z.35 K.
1 Nose Percussinn Fuze.)
Used on: 2{-cm Wurfgranate 42 Spreng (HE projectile).

This is a centrifugally armed. nose percussion fuze which
may be set for.an optional delay of 0.10 second.  The fuze
is designed for use under a ballistic cap and is used in the
2l-em HE rocket.  Basically. the fuze is of normal design
and consists of a striker and inertia peilet which are held
away from the detonator by centrifugal segments which
bear against a shoulder on the inertia pellet. A delav ele-
ment is located in the lower half of the fuze body and is
included in the train when a centrifugal bolt is locked in
position; for instantaneous action this bolt is free to swing
outwards and leaves a clear passage for the flash from the
detonator.

The primary feature of this fuze is the use of a rod
which connects the fuze to the point of the ballistic cap
under which the fuze is located. This rod serves to trans.
mit the force of impact from the nose of the projectile to
the end of the striker and so fire the detonator.  The lay-
aut of the fuze is shown in a drawing of the complete
projectile under I-B.112.

1-C.003
Wurfgranatziinder 30+ (Wgr.Z.50+).
Used on: 28-cm Wurfkérper Spreng, 30-cm Wurfkdrper
42 Spreng, and 32-em Wurlkérper m.FL50,

I. General. Two types of this fuze have been encoun-
tered. They are similar in principle and appearance but
differ in detail. Thev have been designated Type A and
Tvpe B for the sake of comparison. The arming mecha-
nism consists of centrifugal bolte which unlock an inertia
pellet and striker at an estimated rotational speed of 1.800
revolutions per minute for Type A and 1.300 revolutions
per minule for Type B. The fuzes havza adapters which
fit the standard German 3-cm fuze hole. The adapter for
the Type A is zinc alloy, and that for the Type B is plastic.
2, Tvpe A. The action of this fuze iz as follows: The
safety pin and cap are removed before firing. In the un.
armed position, the striker and inertia pellet are locked
together by two centrifugal bolts, which are held in posi-
tion by two spiral springs. During acceleration. the set-
back of the striker is sufficient to hold the centrifugal bolts
in their original positicns.  When the centrifugal force is
sulficient to overcome the {riction between the bolts and
the striker. as well as the resistance of the springs. the
bults move outwards, leaving a clear path for the striker
which is held forward by the creep spring.

Upon impact, the striker and inertia pellet move toward
ane another. and the sirikzr needle contacts the igniferous

1-C.005
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detonator, If the impact is obligue. the conical inner sur-
face of the inertia ring bears against the base of the inertia
pellet and drives it forward.

The following are the brief technical characteristics of
this fuze:

Weight of fuze o= 6 wunces 13 grams,
Weight of adapter. - 11 vances 13 grams.
Length of fuzeo oo oooaeoaee 287 inches.
Length of fuze and adapter._ 3.03 inches.

3. Type B. This fuze differs from Type A chiefly in that
the centrifugal bolt spring is a circular-wire type which
allows the fuze ta arm at a much lower rate of spin.  The
action of the fuze is otherwise identical with that of the
Type A.

Technical characteristies:

Weizht of fume.ooocai Tommees,

Weight of adapter. aes 2 ounees b ograms,
Length of fuze.... ——— 287 inches,
Length of fuze and adapter__ 3.03 inches,

Jer.Z.23.nA. I-C.inio
{ Nuse Percussion Fuze.

Used on: 3-cm Wurfldrper Spreng 4591,

This is an inslantaneous or delav-aciion, centrifugally

* arnfed fuze, which is gencrally issued set for delay action,

It consists of a striker and spring. a detonator and detona-
tar holder, and two centrifugal bolis which hold the
striker and detenator apart.  Centrifugal forve cavses the
bolis to mave outwards, leaving the striker and detenator
[ree to move tuward each other on impact.

The delay mechanism consists of another centrifusal
bolt 1o which is attached a shutter. When set for delay,
the bolt is held rigid and the shutter causes the flash from
the detonator to be diverted through a delav composition
before entering the magazine. By manipulating a smali
screw near the base of the fuze. the centrifugal bolt is
released and is free to swing outwards. taking the shutter
with it.  This leaves a channel direct [rom the detonator
to the magazine. and the action is instantaneous.

ALY 1-C.on?

| Nose Percussiun ['uze.)

Used on: 38-cm Raketen Sprenggranate 4581 1HE pro-
jectiles,

No complete report on this fuze has heen received.
It is a centrifugally armed. nose percussion fuze with an
oplional delav of 0.12 second.  The fuze is carried in the
“safe™ position and set lo either instanlaneous or defay
action before firing.  Certain of these [uzes are painted

1-C.007

with a red ring: this is reported to indicate that the fuze
is “travel safe” in the bore {U. S.: bore safer. Details
of the internal construction of the fuze are not known but
it is known to he of the nermal design in which the fuze
is armed centrifugaily, and thereafter the striker is kept
away from the detonator by means of a creep spring.  1tis
reported that when using this fuze, ricochets may occur
if the angle of impact is less than 14 degrees. and that the
projectile may break up in such instances when the ground
is hard.,  Fur this reason. the fuze is set for instantaneous
action when firing at low elevations iless than & degrees 20
minutes) or azainst buildings.

AZKM.10. [-C.008
[ Nuse Percussion Fuze, i
Used on: 38-cm Hohlladungsgranate 4592 thollow-charge

projectiler.

Neither this fuze nor the projectile for whick it i
designed has been received.  Iis useis known only from
captured documents.  The fuze i5 believed to be of Lhe
usual eentrifugally armed type, probably similar 1o e
AZKM.E. but without the vptional delay.

RAZSL 1-C.o09
{ Nose Percussion Fuze.)

Lsed oa: 7.3-em Raketen Sprenggranare (HE projectilej.
1z centrifugally

This fuze is of conventinnal desizn, heht

armad and having an instanlanesus action upon impact,
The fuze presentz no features of special interest and war.
rants uo [urther comument.

Bdz.DOY. [-C.010
I Baze Graze Fuge. s
LUsed on: All 13.cin projectiles.

This iz a hase {uze of extremels simple design.  The
fuze consists of a base piece. which screws into the rear
end of the projectile. and the fuze body. A recess in the
cenler of the base piece houses the inertia pellet and needle
which are cast in one piece.  Five pivot pins on the upper
surface of the base piece serve 1o locate five centrifugal
segments which are retained in the inner position by an
expanding spring ring and which bear against a shoulder
on the inertia pellet. Above the striker is an igniferous
detonator in a reczss at the forward end of the fuze body
which is screwed uver the base piece.  The striker is held
awav from the delonator by a creep spring.  The [uze is
centrifugally armed by the five segments which move oul-
wards and leave the striker free to move forwards onto the
detonator on impact,
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PROPELLANTS

I-D.101
Conventional (Extruded) Propellants.

This section consists merely of notes of a general na-
Detailed infor-
mation, such as size. weight, and chemical compaosition of

ture on standard German propellants.

the propellants used in individual projectiles, are given in
zn analysis included in I-G.000 (Tabulation of Technical
and Ballistic Data}.

All propellants used in standard German rockets take
the form of cylindrical sticks extending the length of the
rocket motor and usually bearing against metal support-
‘ng grids at each end.  ln most cases several sticks of pro-
pellant are used, one in the center and the others equally
disposed around this central stick. While a single stick is
sometimes used in fin-stabilized rockets, spin-stabilized
projectiles generally employ a number of sticks; this is
probably due to the fact that several sticks of compar-
atively small diameter are less likely to break during rota-
tion than a single stick of larger diameter.

These propellent sticks are all either mono- or multi-
perforated and generally consist of a double-base powder;
the two forms of poswder most used are nitrocellulose/
diglycol dinitrate and nitrocellulose/nitrogiycerine. The
standard means of igniting the propellant is by two ignition
charges, attached to the rear and forward supporting
grids, and connected by a celluloid tube containing a quick-
match train located in the drilling in the central propellent
stick.” During the seguence of firing, the rear ignition
charge is initiated by the igniter, which may be either
electrical or mechanical, and the flash is transmitied along
the quickmatch train te the forward ignition charge.
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Experiments with Cast Rocket Propellants.

[t has been known for some time that the
Germans were interested in the development of a cast pro-
pellant.
the exzmination of a powder plant { Wolff and Company,
It mav be expected that further
information on this subject will be forthcoming when other

1. Ceneral.
The following information was obtained during
Bamlitz) in Germany.

experimental plants in Germany have been theroughly
processed.

As early as January 1941 experiments were begun in
the development of a cast rocket propellant which could
be used to conserve the consumption of DGN [diethvlene
glyeol dinitrate’,
many variants. a standard composition (Giessling Pulver)
was evolved in 1943, and it was decided at the end of that
vear to erect a plant for the large-scale manufacture of
The present composition of Giessling

After the production and testing of

this propellant.
Pulver is:

Trinitratoluene. pure  (melting  point:
80.6 degrees C.0.

33 percent.

17 to 18 percent.
28 1o 20 percent.

Nitrocellulose (N content: 12,2 percent)
lacquer grade.

Diphenylamine (DPA) o ___._

Centralite I. {Carbamite)

The method of manufacture consists briefly in slo:vly
adding moist crumbled NC/DGN paste to stirred molten
TNT; water and air are removed by vacuum, and the
molten charge is then injected into steel molds from which
it ean be removed after cooling under centrolled con-
ditions for 24 hours.

2. Mixing Trials. The early mixing trials were with
batch weights of 2 1o 3 kilograms {4.4 to 6.6 pounds),
later scaled up to 30 kilograms (66 pounds), and finally,
in two specially adapted pots, to 160 (333 pounds) and
200 kilograms (441 pounds! respectively. A consider-
able number of molds capable of producing cast charges
up to 26 cm in dizmeter and 150 cm lang have been re-
covered. These molds appear to be about 10 percent
longer than the final charge. The charges were trimmed
to length by means of a rotary cutter (wet) and in the
case of sticks up to 130 mm in diameter were inspected for
flaws by means of visual X-ray apparatus.

3. Large Secale Production. Ten thousand charges for
the 15-cm rockets were produced for testing. All the
charges were inspected by X-rays. They were 120 mm in
diameter and had nine perforations: eight cuter (7.5 mm
in diameter} and one central {25 mm in diameter). Field
trials were carried out with these charges; it was reported
that they produced too much smoke, and that abeut 1.3

I-D.102

to 2 percent of the 600 rounds fired at 20 degrees C. gave
“bursts.” The 15-cm charge was rejected, and no further
work was done on it.  Some earlier trials had given 25 to
30 percent "bursts™ at — 235 degrees C. and at 10 degrees C.
The charge was clearly too brittle at low temperatures and
ton soft at high temperatures and broke up in rotating
rockets. The Germans intended to trv the charges in

fin-stabilized rockets.

In zpite of these apparent failures. a considerable amount
of serious develupment work proceeded with ATO {as-
sisted titke-off ) charges and with ultra-Jarge charges which,
it is assumed, might have been used in Y-weapons, Dur-
ing January and February of 1943, many ATO charges
were made. The dimensions of two of these are as follows:

Diameter ... ___ 330 mm 330 mem.
Perforation diameter______ 230 mm 130 mm.
Length . __ 1.500 mm 1,000 mm.

Weiyht __ _ 283 kilograms 272 kilograms,

There is obvicus potential hazard in the method of manu-
facture. since the charge in the melting pot is maintained
at 70 to 90 degrees C. for periods up to 644 to 7 hours.
Seientists responsible for this work are divided concerning

the danger of this pracess.

4. General Properties. The performance of the cast
propellant is only slightly lower than that of the normal
solventless diglyeol rocket propellant. Tty density is 1.33
gm/ec end its calorimetric value 740 to 730 cals/gm.
Measurements have been made of the hardness and impact
strength of the material. At 30 degrees C. the impact
strength is about the same as that of the diglycol propellant.
but at 10 degrees C. it is only about 0.5 and at —20
degrees C. about .23 of thz value for the normal pro-
pellant. Below 10 degrees C. the cast propellant is harder,
but above, softer than the diglycol propellant. The rates
of burning of the two propellants were said to be verv
similar.

5. Alternative Compositions. A number of attempts
were made to reduce the smoke from the propellant by
the inclusion of a proportion of potassium nitrate or per.
chlorate. The results were unsatisfactory, and the pro-
pellants were too sensitive te small-arms fire. The in-
clusion of flake aluminum or 10 to 20 percent of nitro-
guanidine was tried, but ease of manufacture was reduced,
and the propellant was less stable than the standard
composition.

6. Improved Physical Properties. Attempis were
made to reduce brittleness at low iemperatures by the
inclusion of polyvinyl acetate; a less brittlé propellant
resuited, but the performance was lower.

1-D.2o1
FILLINGS

HE Fillings.

The HE fillings used in standard German rocket projec-
tiles are fairly consistent.  Smaller caliber projectiles zen-
erally have an RDX TNT. pressed TNT, or evelatol charge,
while larger rockets use amatol either 40,60 ar 30,50,
The ouly use of shaped charges has been in the 3.3-cm
hollow-charge antitank rockats and in a 38-cm anti-conerete
projectile: nu specimen of the anti-concrete rocket has
been received. and details of the charge are not known.

Details of the weights and size of the charges used in the
individnal projeetiles are given in a filling analvsis in-
cluded in [-G.000 (Tabulation of Ballistic and Technical
Data),

1-D.22
Chemical Warfare Fillings.

Oniy three projectiles with chemical warfare Allings
have bzen identified. These are the three 13- rockets
which have the following markings, indicating the chem-
ical composition of the allinz:

Yellow ring_ . .

Green ring_____
Green Ring Yellow.

1-D.203
Other Fillings.

Apart from the three parachute-and-cable rockets and
the one leaflet-filled projectile, the only rockets having
fillings other than HE or war gases are the 13-cm smoke
and the 32-cm incendiary projectiles, The smoke compo-
sition used consists of 3070 pumice/sulfur trioxids. The
incendiary filling is a gasoline and oil mixture.
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Section V
FIRING SYSTEMS
GENERAL

As is the usual practice with rockets, German projec-
tiles generally employ electrical firing systems which lend
themselves readily te firing from a remote control posi-
tion to the flank of the launcher. The electrical firing
systems used on the 15-cm, 2l.cm, 28.cm, 30-cm, and
32-cm rockets are described in detail under [-E.101. No
other method of firing is used which warrants descriptien.

I-E.101
ELECTRICAL FIRING SYSTEMS
This section is a collation of informatien concerning the

firing mechanisms of the following standard German
ground projectiles, all of which are fired electrically:

" 15-cm Wurfgranate 41 Spreng, 13-em Wurfgranate 41

Nebet, 15-cm chemical warfare projectiles, 21-cm Furf-
granate 42 Spreng. 28-cm Wurjkirper Spreng, 30-cm Wurf-
kérper 42 Spreng, and 32-cm Wurfkdrper m.FL30.

General.

In all cases the firing current is supplied by a hand-
operated magneto-generater in a remote control positior,
connected to the projector by a cable. The rockets are
fired either singly as ordered or singly in succession for
barrage fire, but never simultaneously from one projector.
Figure 1 shows the sequence of firing and the type of
initiator used with each projector.

It will be noted that, although the 28/32-cm Schweres
Wurfgerit and the 28/32-cm Schuwerer Wurfrahmen five
the same projecties, different rypes of initiators are used
for ench projector.

Circuit.

Rockets launched from the 28/32-cim Schweres Wurf-
gerdt 40 and 28-32.em Schweres Wurjgerdt 41 irames
are fired individually at 2-second intervals, the time lag
between adjacent rounds being controlled by delay ele-
ments in the electrical initiators. Four initiaters which
flash after delays of 0, 2, 4, and 6 seconds respectively
are connected in series and operated by a single impulse.

With five other projectors—I5-cm Nebefwerfer 4,
15-cm Panzerwerfer 42, 2l-cm Nebelwerfer 42, 30-cm
Nebelwerfer 42, 28732-cm Nebelwerfer 41, and 28/32-cm
Schaerer Wurfrahmen 40—the magneto-generator is con-
nected bv a multilead cahble to the junction hox on the

o6t Dia. ]
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projector. This cable contains one lead for each rocket
and one common return lead. With the standard gen
erator, one round is fired each time the handle is turned.
The 2-cecond interval is left to the judgment of the firer,

Ignition Svstem.

The train by which the prepellant in the rocket motor
is ignited may be divided as follows: electrical initiatar,
internal primary igniter. quickmatch train, and maintainer.

1. Electrical Initiator. The 15-cm, 2l.cm, 28.cm,
and 32-em projectiles all use separate external initiators.
{These are described on pages 39 and 40.) On the 15.cm
and 2l-cm rockets the initiator is inserted into one of
the annular venturi. On the 28-cm and 32.cm rockets the
initiator is inserted into the central hole in the venturi
block. The 30-cm projectile is issued with an initiator
already screwed into the center of the venturi block at
the base of the rocket.

All initiators consist basically of a low-tension fuze fired
electrically. This fuze produces a Rame which is trans-
mitted to a perforated pellet of gunpowder. either directly
across a gap or through a delay unit (Schweres Wurfgerdt
40 and 41).

2. Internal Primary Igniter. The primary igniter,
used in zll except the 30-cm rocket, is placed above the
venturi block where it can be ignited by the flash of the
initiator. In the 15-cm and 21-cm projectiles this consists
of a celluleid ring conlaining gunpowder, resting on the
venturi block above the annular venturi. In the 28-om
and 32-ecm projectiles it is a cloth bag of nitrocellulose
flake, resting on the venturi block above the central hole.

3. Central Quickmateh Train. This is similar in all
rockets, It consists of a celluloid tube Rlled with quick-
match and has a gunpowder plug at each end. It extends
the length of the rocket motor at the center. It is ignited
by the internal primary igniter, except in the 30-cm rocket
where it is ignited directly from the gunpowder pellet
of the fixed initiator.

£, Maintainer. The inaintainer is present in all
rockets, 1t is situated at the forward end of the moter
unit and consists of a Aat metal container holding a Aash
composition with a surface layer of priming composition.

Initiators,

1. 15-cm and 2l.cm Projectiles. These projectiles
use the standard external electrical initiator, Elektrische
Randdisen Zinder (£.R.Z. 39). The initiator is inserted
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into one of the annular venturi on the rocket.  An insu
lated spring-toaded hook at the rear of the projectile barrel
rests on the zine base cup of the initiator. and the circuit
ground ! return from

is completed by an earth (L,
the zine bady ring on the initiator 1o the venturi block,
£ach ammunition box. containing one roumd. has one
initiater in a waxed eardboard cvlindrical container
clipped inside the box.

The E.R.Z. 39 has a plastic body. and 2 zine body ring
and base cup.  Abave the electrical fuze are three per-
forated gunponder pellets. each weighing 0.13 zram. The
initiator appears to function reliably with a current of 0.3
ampere.  The zine contacts are liable to corrade but can
be cleaned easily; the initiator as a whale, however, is aot
sealed against moisture and will deteriovate on exposure,

2. 30-cm Projectile.  This projectile 1s iseued with the
electrical initator contzined in the primer unit serewed
into the center of the venturi block.  In the event of 2 mis-
fire this primer was unscrewed from the rocket and re-
placed with a new one. so that hoxes ol spares were foand
with the 30em rocket equipment,

3. 28-cn and 32-cm Projectiles. These rockels alsu
use external initiators.  The initiator itself is the same for
all projectors but is issued in three ways. which differ only
in the external electrical connectivns and the incorporation
of defay units in one case.

a. Steckziinder #).  This i= a single initistor with a
simple plug at the end of two insulated leads 13 inches
Jong. It is used with these projectiles when they are fired
from the 38, 32-em Nebelwerfer 41 or the Schwerer Fur-
‘frahmen 40 1 Type A) projectors,

b, Glihatindkette 40 m. ¥, This consists of four initia-
tors connected in series at distances of 24 inches along an
insulated lead, and with 12 inches of lead at each end
tending with one inch of bare wirei. Three of these
jnitiatars incorporate varving lengths of delay composi-
tion between the electric fuze and the gunpowder pellet,
Thus. the fuzes in all four initiators are set off when the
current passes through the eircuit but the rackets are fired
at intervals of 0. 2, 4, and 6 seconds. Four metal tags
embossed 4, 0, 2. and 6 respectively are attached to the
insulated lead. one above each initiator, indicating their
delay. These are used on Farfgerat 40 and 41 projectors,
" ¢ Drickknopfzinder 42. This is a single initiator, with
a metal press stud at the end of each lead. which is 28
inches long and insulated. This is used on the Wurfrah-
men 40 1 Type 81, The Glithziindkette and Driickknopf-
ziinder merelv incorporate different methods of attachment
to the ends of the initiator leads. The initiator used is
the same.
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L. Initintor 28 32-em. The body of this nitiator
is plastic, A steel insert projects at the front and is
threaded externally so that the initialor mav be screwed
into the rocker.  The exposed end of the initiator is oy
vred by a heavilv waved cardbeard cap which has 1o e
removed before use.  Earlier models had a plastic cap
which screwed on the projecting steel insert in the body.

An aluminum wbe containing the electric fuze and zun-
powder pellet is held in the body and extends 112 inches
bevand the steel inzert.  The electrical fuze is similar in
design to that used in the E.R.Z. 39 although differcnt
igniferaus compositions are used, There is a space he
tween the electrical fuze and the 0.08-gram perforated
sunpowder pellet at the top of the aluminum tube. This
space is emply in the initiators intended for instantanenus
[unctioning. and contains one of three lengths of delay
units. manufactured for .. 1o, and 6-second burning time,
in the initiators for delayed functioning. The end of the
delay unit nearest the gunpowder pellet 15 a red and brown
compuosition of lead oxides and nitroceilulose.

The whole initiator is well protected against damp and
should stand up well under exposure, [ is prohably
designed to function with a minimum current of 11
ampere.
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LAUNCHERS
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I-F.101
GROUND TUBE-TYPE LAUNCHERS

3.8-cm Raketenpanzerbiichse 54.
|8.8-cm Antitank Rocket Launcher.}
Projectiles fired: Raketen Ponzerbichse Cranate 3321,
and Reketen Panzerbiichse Granale
4902 ihollow-charge antitank projec-
tiles ).
1. General Description. . Construction. This weap-
on is similar to the C. 3. launcher M9AL and fires two
tvpes of hollow-charge antitank rocket projectiles. The
tauncher iFigures 1 and 21 consists of a steel tube into
which are pressed three shallow longitudinal grooves form.
ing guide ribs extending the length of the tube. The
backsight is fixed and is welded to the left-hand side of
the tube. just forward of the cocking lever and irigger
mechanisn:. The fovesight frame is also welded to the
wube, but the foresight itself is adjustable for elevation.
Two holts retain the forésight at the required selting. and
a screwdriver is required to muke any alteration in the
setting for elevation. There is no lateral adjustment. and
the ranges are not inscribed on the sight.

At the rear end of the tnbe is & circular protecting
guard, and just forward of the trigger and firing mecha-
nism is a shield Atting around the tube.  Three types of
chield have been issued: all are rectangular in shape and
have a circular clamp for attaching to the tube. In each
shield there is an observation window on the left of the
frer. One of the shields examined was fitted with a clear,
colorless, plastic window,

A projectile-retaining cateh is located at the rear end
of the tube to prevent slip-back. and a spring-loaded
plunger, which projects into the interior of the tube. is
positioned to engage the front end of the tail unit and so
prevent the projectile from slipping forward before it is
fired.

A housing is located on the left-hand side of the tube.
at the rear. This carries a socket. and approximately be-
low the housing. projecting into the interior of the tube.
is a spring-loaded contact,

Figure I.—8.8-cm antitenk rocket lnuncher and projectile.
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Fiunre 2—Laveur of 88vm rocket lnnncher,

The firing mechanism is lovated underncath the tobe.
Cannected to the cocking lever is a spring-loaded rod,
which is drawn forward when the cocking lever is oper-
ated, compressing the spring and finally being held in
position by a huok at the top of the trigger.

[mmediately to the rear of and in line with the spring-
loaded rod is a cvlindrical compenent, about 224 inches
long and 114 inches in diameter. This houses a coil

through which a small magnetized rod travels freely, Two
thin insulated wires lead from the rear of this component
to the housing containing the spring-loaded contact.  One
wire is connected to the socket and the other to the spring-
loaded contact.

b, Loading. The projectile is inserted in the rear of
the tube and s maintained in the correet position by the
projectile-retaining cateh and the spring-loaded plunger.

Figure to—Cocking and fring mechanism of the 8.8-cm lawncher,

+1
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When it is so positicned. the tail unit is connected by 2
spring-loaded contact and the wandering lead is inserted
inte the spring socket in the housing,

¢. Cocking and firing, When the cocking lever (Figure
3} is pressed, the spring-loaded rod is drawn forward and
away {rom the cylindrical component. During travel, the
spring is compressed, and the hoak at the tep of the trigger
retains the rod in the forward positien.

When the trigger is pressed, the rod. under the influence
of the spring, flies to the rear and strikes a sind located in
the center of the cylindrical component.  This causes the
magnetized rod to pass quickly through the coil. gen-
erating a current which is passed to the tail tube and
ignites the propellent charge.

2. Technical Data.

Gver-all length of complele weapon.... 3 feet 4.3 inches.
Gver-all length of tube only__ 3 teet 2.5 inches,

External diameter ol tube 3.7 inches.

Internal diameter of wibe. _ 3.5 inches,

Length of rear guard__._ 1.7 inches.

Size of protective shield 14 by 16 inches {approx.).
Weitghl v oo 20,53 pounds.
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8.8-cm Raketenpanzerbiichse 54/L.

{3.8-cm Antitank Rocket Launcher.)

Projectiles fired: Reketen Panzerbichse Granare 4997
(hoilow.charge antitank rocket projec-
tile) .

This launcher is basically similar to the original antitank
rocket launcher, 8.8-cm Ruketenpanzerbiichse 34, de-
scribed in I-F.101. Figure 1 shows the two launchers
tozether. The two fundamental differences between this
launcher and the Modei 34 are the reduction in length and
the use of a slight!y different electrical contact at the rear
of the tube. The Model 34/1 is designed for firing the
hollow-charge projectile, Raketen Panzerbiichse Grunate
4992, which has a ring contaet for the firing connection.
The reduction in length is about 11.8 inches and the
launcher is about 2.5 pounds lighter than the Model 34.

Figure |.—Ruketenpanzerbiichse 54/1 (top}, and Raketenpanzer-
biichse 54 (botrom).
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8.3-cm Raketenwerfer 43.-

{8.8-ern Antitank Rocket Launcher. ]

Projectiles fired: 8.3-cm Raketen Panzerbiichse Cranate
4312 (hollow-charge antilank projec-
tile).

1. General Deseription. a. Tactical use. This is a
front-line infantry antitank projector (TFigure 1+, consist-
ing of a smooth-bore barrel and breech mechanism
mounted with free traverse on a two-wheeled carriage with
a single box trail and spade. It is ordinarily fired with
wheels removed and resting on two skids. but it may be
fired from its wheels if necessary. The German instrue-
tional pamphlet emphasizes that the weapon is designed
for pesitional warfare, and that positional changes during
baule are possible only under very favorable visibility and
cover conditions. The weapon, not sufficiently robust to
be towed by motor transport, s usually towed behind small
harse carts or hauled on a truck. The maximum effective
range is stated 1o be 220 yards, and all types of tanks may
be engaged. The launcher may be broken down into
seven pieces.

b. Construction. The menobloc is 63 inches long and
3 mim thick at the muzzle end. It is secured to the breech
ring by a type of interrupted thread. and is held in
position by a spring plunger located on the forward
bracket of the cradle. A clip secures the flash hider to
the muzzle.

The brezch ring is boited to the cradle and is prepared
to receive a square breechblock operated by a conven-
tional type of breech lever. The black, which is only
15 mm thick, slides to the left, freeing itself from six lock-
ing lugs, and then opens to the left and backwards, like a
screw-type block, The firing mechanism is the percussion
type. and cocking is accomplished in the last movement of
the opening block, or by hand. There are two safety de-
vices. A tripping piece cannot be rotated to release the
hammer until the breech is fully closed, and a milled knoh
on the rear of the breechblock may be set at safe by hand.
The trigger is on the right handgrip to the left rear of the
breechblock. An extractor operates on the last movement
of cpening the breech. ‘

The cradle consists of a flat rectangular sheet of metal
on whick are mdunted the handgrips at the left rear, the
breech ring, and, at the forward end, a bracket on which
the trunnions are located. On top of the bracket is the

" barrel-retaining plunger.

The saddle {U. S.: upper carriage} consists of a simple
U-hracket pivoted on the axle tree.  Lugs for carrying the
shield are located on the forward cheeks.

e Ret
Fignre }.—8.8-crn Raketenwerfer 43 in position for firing.

¢. Elevation and traverse. Elevation and traverse are
free, the weapon being contrelled by the handgrips.  An
elevalion damper, consisting of a emall hydraulic evlinder,
is mounted on the left-hand side of the weapon. The evl.
inder is attached to the saddle, and the piston rod issecured
to a lug on the breech ring. By depressing a spring-loaded
plunger on the top of the piston rod, the rod may be lifted
upward and freed-from the hreech ring.

d. Trail. The single-leg trail is integral with the axle
tree. At the rear are a spade, two hand grips, and a de-
tachable trail arm with traversing handle and trail eye.
A clamp for locking the piece in traveling position is
mounted on the trail leg.  Underneath the axie tree at each
end is an oval skid. At each extremity is a spring-loadad
plunger to retain the wheel. The wheels are metal through-
out, except for a rubber band on the inner side of the metal
tire.

e. Sights. The sights consist of a U backsight mounted
on the front part of the spade grip and a foresight secured
to the cradie bracket. The backsight is a vertical blade
graduated from 180 meters to 700 meters (197 to 765
yards).

2, Technical Data.

Total weight
Length over-all
Length of wbe..__
Width of carriage..
Diametsr of wheels..

—w- 334 pounds.
- 9feet 10 inches.
5 feet O inches.
_ 3 feet tinches.

o~
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15-cm Nebelwerfer +1.
{153-cm Multi-Barreled Launcher.)
Projectiles fired: 15-em Wurfgranate 41 Spreng {HE pro-
jectile), I3-cm Wurjgrarate 41 Nebel
{smoke projectile}, 15-cm Wurfgranate
Gelbring, 15-cm Furfgranate Griinring,
end 15-cm Wurfgranate Griirring-Gelb
{three types of chemical warfare pro-
jectiles) .
1. General Description. Since this launcher is the
best known of the German tube-type launchers, 2 complete
description of the whole equipment is included. The de-
tails of the tube construction and firing mechanism will
apply equally well to the two other 15.cm multi-barrelled
launchers, the 13-cm Panzerwerfer 42 and the 15-cm Nebel-
werfer Zehnling 42, and to the 21-cm Nebelwer fer.

a. Projector. The projector {Figure 1} consists of
six tubular barrels set with their center lines equally spaced
on a pitch circle 41.4 cm in diameter. The barrels are
steel tubes 3 mm thick, 18.35 cm in mean internal diame-
ter, and 130 cm Jong. -

Each barrel has three internal rails to support the round,
the rails consisting of 3-mm angles with unequal flanges.
One fange, 20 mm wide, is attached to the barrel by L0
rivets, and the free flanges appear 1o have been machined
after assembly, so that the bearing surface for the round
i35 very true. The rails are equally spaced arcund the
circumference, one being at the top. The barrels are as-
sembled infv two tube plates, T mm thick, spaced 61 em
and 123.5 em frem the muzzle, and each tube plate is
relieved by a central hole, 16.3 cm in diameter, to save
weight and reduce blast reaction. Steel collars, 2 mm
thick, are welded on to reinforce the barrels at the paints
of attachment to the tube plates.  The forward band is 4

cm wide, and the rear band which extends te the breech
end of the barrel is 7 cm wide.

The attachment to the

B R a I 4
Figure 1.—15-tm multi-barreled launcher with front leg roised and
trails closed.

.
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Figure 2.—Front view of 13-cm multi-barreled launcher.

tube plate is made by three §-mm bolts on each barrel,
fitting in small angle brackets welded to the plates. At
the muzzle end, adjacent barrels are bolted together by
single 8-mm bolts and tubular spacers.

Stout back stops are fitted 1o the barrels, spring con-
trolled so that they swing forward clear of the rounds for
breech loading, and swing back against rigid stops under
the weight of the rounds. They have extensions outward
su that they can be released by hand if it is necessary 1o
unload a round. Barrels are numbered from 1 to 6 clock-
wise when viewed from the breech end, No. 1 being at 1
o’ciock.  On the top of the projector between Nos. 1 and 6
barrels a bracket js welded to the front tube plate, having
a machined and scraped face fer use as a clinometer plane,
This surface is protected by a cover plate held en by two
balts,

The complete projector assembly is pivoted on trunnions
42 cm from the breech end, and 7 cm below the center
line of the assembly. Connecting straps are attached on
one side to Nos. 2 and 3 barrels, and on the other side to
Nos, 4 and 3 barrels, and the trunnion pins are meunted
on these straps, The barrels are reinforced with collars
at the paints of attachment of the straps. The trunnions
are held in split bearings, with hinged caps and single-holt
fastenings for quick removal. The trunnion bearings are
supported by a saddle fabricated from pressings and
mounted on a bearing for traverse.

Elevation from —3 degrees to about 45 degrees is car-
ried out by a pinion-and-tooth quadrant, supported at one
end on a bracket attached to the front tube plate and at
the other end by a strap between barrels 3 and 4. The
arc of traverse is 27 degrees.

A few degrees of traverse on each side of the center line
are provided by a tangent screw, and this movement is
locked by a gquick-action, ratchet-operated clamp on the
bearing plate. Elevating and traversing handles are

I-F.104

Figure 3.—Rear of 15-cm launcher tarrel assembly, shawing spring-
loaded plungers whick make contuct witk the rocket igniter.

grouped on the lefi-hand side of the saddle for convenient
operation by one man.

b. Electrical circuit. The projector is fired, one barrel
at a time, from a remote contral point by means of & hand.
operated magnets. From this a seven-core cable runs to
a junction box mounted just behind the front tube plate
between barrels 1 and 2. A quick-action hinged lock
secures the cable in the box. From this junction box, con-
ductors in heavy conduits are led to the breech ends of the
barrels, where they terminate in spring-loaded plungers
with hooked ends, which make contact with the rocket
igniters (Figure 3). The plungers lie axially along the
barrels. To make contact they have only to be pulled out
until the hooked ends clear the breech faces of the barrels,
and swung around until the pointed ends will register in
the puffers {U. 5.: plugs) which are inserted. one in each
round, into the exit cones of the venturi, The circuit is
completed by a ground return through the projector to
the junction box.

The magneto is a low-tension instrument, As the
handle was missing from the one examinad it was not pos-
sible to form any estimate of the voltage which it will give.
[t is possible that special precautions may be necessary to
ensure a good electrical contact between the body of the
round and the projector rails.  One turn of the magnets
handle fires one round. the locatian of which on the pro-
jector is indicated by a moving disc on the magneto
apparatus.

Provision is made for circuit testing by inserting puffers
(U. $.: plugs) into conical holes bored in the back tube
plale near each barrel and engaging th: hooked contacts
in themn. Tests were made on some spare puffers included
in the equipment, and their characteristics were found to
be closely similar to those of the British fuze electric ¥. 33:
resistance 1.3 ohms, minimum firing current about 0.30

I-F.104

ampere, For the F. 33 fuze the corresponding figures are

" 1.3 ohms and ©.33 ampere.

One of the great advantages of magneto firing is that no
safety switches of any sort are necessary, and, in fact, none
are fitted on this projector.

c. Sighting mechanism. The projector is equipped with
open sights, consisting of a plain, blade foresight on a
folding bar attached to the muzzle end of barrel No. 3,
and a V backsight in the plane of the trunnicns.  The back-
sight slides on a vertical pillar, the lower end of which fits
into a groove machined in a block forming an extension
of the left-hand trunnion pin. The pillar is graduated
from 200 to 2,000 (presumably meters) ; the graduations
are about 11 mm apart. The total height of the pillar is
18 em, and the distance between backsight and foresight is
85 cm.

Besides the pillar carrying the backsight, there is an
extension piece, 39,53 em long, ftting at its lower end into
the groove on the base block, and having at its upper end
2 similar groove into which the backsight pillar can be
fitted.

As the full movement of the backsight on the graduated
pillar is only 11 cm for a change of range from 200 to
2,000 meters, it seems clear that the graduations cannot
be valid for the same projectile when the extension piece
is in use. With the graduated pillar alore, the marked
ranges are consistent with a burnt velocity of some 900
feet per second, assuming a short burning time, With
the extension piece in place, this burnt velocity would
correspond to a range of 6,000 meters (6,380 vards) with
the backsight on the 200-meter mark.

Figure +— Close-up of contact arm on 13-cm launcher,
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Figure 5—Firing junctian box for 15-cm launcher.

Beneath the backsight bracket is a milled head operating
a worm which tilts the sight transversely through about 3
degrees on each side of the vertical. There are no gradu-
ations for this movement, but the zere is indicated by a
notch.

A sighting board is included in the equipment, but its
use is not clear, It consists of a graduated seale, 1 meter
long, divided into ten parts lettered from A 1o L, each part
being subdivided inta five.

d. Carrizgge. The bearing plate, upon which the pro-
jector is mounted, is carried on a eross tube. 10.8 em in
diameter, through which pass torsion bars for the suspen-
sion of the road wheels. These are carried on trailing
cantilever arms which have extensions ta the rear ! muzzle 1
end fitting in a tubular lifting bar. The carriage is fitted
with a support foot under the muzzles, hinged to the bear-
ing plate by a V bracket of 76-mm tube. and locked in
cither the up or down position by spring-loaded bolts
operated from either side by a cross camshaft and hand
levers,

The split trail consists of twe 76.mm tubes hinged 10"

the ends of the cross tube and connected together at the
towing ends by a register peg and hinged latch which is
locked by 2 swinging catch; the cateh is in turn locked
by a spring-loaded bolt, and the laich can be locked in its
open position by a similar bolt.  In the same way the trail
arms are latched to the cross tube in either the split or the
towing position by spring.loaded bolts on the trail arms,
" To go into action, the sequence of operations is as fol.
lows: The trail is split, and the support foot dropped. The
carriage is then lifted onto the foot by pushing the lifting
bar anto each of the extension pieces of the suspension

)N O [

cantilevers in turn. and pres

ing down the free end.  After
tatching the loot in the down position. each whéel in turn
is raised by the lifting bar and retained clear of the around
by a cam-operated bolt on the carriage. These bolts are
one of the few features of the equipment which are def-
nitely unsatisfactory. for should une of them be inad-
vertently left extended while towing. it would very Likels
be damaged by the muvement of the suspension cantilever.

The ends of the wrail arms are ftted with spades which
are vonsiderably lighter than gun spades. bul it is thought
that on all but the hardest ground the equipment should e
reasouably stable. Fur traveling. the elevation is locked
by latching the barrel assembly to the raised suppuort foat.
Rubber buflers are fitted as limit stops for the suspension,

e. Conclusions.  This appears to bea well-desiyned and
soundly constructed rocket launcher. with simple and effi.
cient fastenings and controls.  The ease with which the
barrel assembly can be removed for replacement ar repair
is ecpecially noteworthy. The electrical installation is
particularly simple and robust. and pravided no troubles
arise with the ground return circuit. it is difficelt to see
how therz can be any risk of misfire due to the electrien]
cireuit.

Figure L—Trutls of 13vm funacher in untacked position. Locking
piece vap be seen vn right trail,

2, Technical Data.

Overall welghi___ 1.232 pounds,

Overall length _ 11 feet 8 inches,

Over-all heipght in raveli 4 fert 6 tnuhes.

Overall height in firing position with 6 feer.
‘maximum elevation.

Over-all width__

3 feer 5 inches.
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15-em Panzerwerfer 12.
{Self-Propelled 153.cm Multi-Barreled Rocket Launcher.}
Prajectiles fired: Same as the [5-cm Vebalwerjer A1,

L. General Description. This is a development of the
I5-em Nebelwerfer 11 and fires the same projectiles.  The
ten tubes {Figure 1) are mounted in two banks, cach of
five, and trunnioned to the two vertical arms of a U-shaped
bracket pivoted on the rear of the vehicle. The tubes and
firing mechanism are identical with these used for the
15-cm Nebehwerjer A1; firing is accomplished from inside
the cah of the vehicle, which is the Opel 2-ton Maultier
half-track vehicle., The tube assembly is of normal design,
and, apart from the fact that it is mounted on a vehicls
instead of on the original two-wheeled carriage, this
launcher is of no particular interest. It represents merely
a logical development from the more static 13-cm Nebel-
werfer 41, The launching assembly is known as the 73.em
Nebehverfer Zehnling and the term Panzerwerfer covers
both the launcher and its mounting.

2. Alternative Mounting. This 10.harreled lzuncher
has been found mounted on the armored Schwerer Wehr.
macht Schiepper shown in Figure 2. The launching as-
sembly is almost identical with that of the Panzerwerfer
and is mounted on a revolving turret helow which the
gunner sits.  The rockets are fired singly from inside the
tucret, where the number fired is indicated on a window
on a control bax.” The vehicle is armored with T3z-inch
Plate and is of the same general design as the standard
German armored half-track vehicles.

[-F.106
2)l-em Nebelwerfer (No Model Number).

{21-em Rocket Launcher., )
Projectiles fired: 21-con Wurfgranare 42 Spreng (HE
projectilei.

This launcher is inciuded for inlerest value only. It
was a scaled-up version of the six-barreled 13-cm Nebel.
werfer 41. It was produced in 1942 but never appeared
in large numbers. It was soon abandoned in {avor of the
21-cm Nebelwerfer 42, which has only five barrels. It is
presumed that this launcher was found unstable and was

- scrapped for this reason.

Figyre }.—15-cm Panzerwerfer £2.
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2l.cm Nebelwerfer 42.

{2).em Rocket Launcher.}

Projectiles fired; 2-em Wurfgranate 42 Spreng {HE

projectile}.

1. Description. a. General. This is a five-barreled,
field rocket launcher on a bwo-wheeled carriage with a
split trail {Figure 1), The Germans used this weapon
for altacking area targets; instructions for its tactical
employment included a warning that the atack of point
targets was not in accordance with the characteristics of
the weapon. except in the case of clase-range defense. The
Germans also said that, to be effective, a fixed minimum
number of rounds must be fired from the launcher, and
every effert must be made to get into acticn quickly and
achieve the highest possible rate of fire.

b Launcher tubes. The equipment consists of the five-
tube assembly on a mobile carriage. The tubes are ar.
ranged in a circle like the chambers of a revolver and are
located by two trapsverse plates, one at the breech end, the
uther approximaltely midway between braech and muzzle.
The plates are formed with a ring of cireular openings to

receive the tubes and a further central opening for light-

ness. Spring-loaded retaining catches are fitted ar the
breech end of each tube to maintain the loaded round in
position at all angles of elevation. The tube assembly is
provided with trunnions which rest in phosphor bronze
bearings under quickly detachable cap squares each side
of the saddle {U. 5.: upper carriage) .

c. Carriage. The carriage is constructed almost en.
tirely of steel tubes and light metal pressings welded to-
gether to form a light vet robust equipment. The axletree
consigts of a large hollow tube through which torsion bars
pass to give independent springing to the two G.00-by-20
prewmnatic-tired wheels.

Twe tubular split trail legs are pivoted to the rear of
the axletree while a pressed steel platform is welded to
the front. The platform supports 2 saddle which has a
bearing about a center pin.  Tilt of pivet is prevented by
three clip plates engaging in a prepared surface ou the
platform.  Additional stability during firing is provided
by a foot piveted to the front of the platform which may
be locked resting on the ground or in a traveling position,

Traversing and elevating are carried cut from two
pressed steel handwheels on the left of the saddle. The
elevating arrangements consist of a simple shaft drive
through a worm and wormwheel to an arc and pinion
underneath the projector tubes. The traversing mech.
anism is even simpler. A worm on a short, obliquely set
shaft engages with a wormwheel provided with a pinion
for engagement with a rack.

d., Electrical circuit.  The electrical cireuit is extremely
simple and robust. The rounds are launched singly from
a remote-cantrol pojat, the firing current being provided
by a hand-operated magneto-generator, The generator is
connected to a junction box on the right of the tube assens-
bly by means of a 20-meter multi-core cable. From the
Junction box, conductors. protected br heavy conduis.
are led to the rear of the tubes where they terminate in
insulated spring-loaded plungers with hooked ends. The
cireuit is completed by merely drawing these houks ta the
rear and engaging them in the appropriate igniter or puffer
UL 5. plugr. Ground return to the junction box is used.
One turn of the generator handle fires one round. the
location of which on the projector is indicated by & moving
dizc en the generator,

2, Technical Pata,

Weight in actionoo.o.__._______ 605 kilograms £ 1334 puundsr,

Caliber of each tube__ 2115 cm 18,15 inchess.

Length of each mibe. 4 feet 3.3 inches.

Elevation_______.____. —3 degrees 1o 43 degrees.

Traverse -~ 12 dezrees right and lefi.

Maxbmum range Vlrom German 7,830 meters 18,330 vards},
range tables).

A maximum range of nearly 20,000 vards was obtained
during trials in ¥orth Africa.
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J8-cm Raketenwerfer 61.

{Self-Propelled 38-cm Rocket Launcher.)

Projectiles fired: 38-em Raketen Sprenggranate 4581 (HE
projectile; and 38-cm Hohlladungs-
grunate4592 thollow-charge projectile)

1. Description. a. General. This is a new type of
weapon and consists of a launcher mounted on a modified
Tiger Model E chassis (Figure 11, The folluwing details
are hased on an examination of one specimen in fair
condition,

The projector is a completely new Lype. embodying
many interesting features made necessary by the [act that
a pure rocket of large caliber is breech loaded and launched
frem within the fighting compartment of an armored ve-
hicle.  Apart from loading the heavy projectiles. the main
difficulties to be overcome were the exclusion from the
fighting compartment of the rearward flow of propellent
gases normally assoelated with a rocket projector; and
ensuring that the propellent gases have an outlet on firing.
in order to reduce recoil siresses to a minimum in the
absence of a recoil mechanism. The first difficulty was
overcome by using the initial propelling gases to actuate
a flat steel obturator band fitted to the front face of the
breechblock, while the gases were given an escape channel
by forming an expanzion chamber 1.3 inches in depth all
the way around Letween tha rifled liner and the jacket with

an outlet at the muzzle,
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This consists of a
The

liner is rifled with nine grooves having a right-hand twist

b. Construction of projector tube.
Louineh rifled steel liner and a fulllength jacket.

with a pitch of approximately one turn in 17.6 calibers.
To facilitate engagement of the driving segments of the
projectile. a considerable lead is provided on the non-
driving edge of the groove.  [n order te provide a space
between the liver and the jackel the liner is suppotted at
the rear on four equally spaced steel blocks. and at the
front on a bearing ring bored with 31 holes and inserted
between liner and jacket.

The jacket appears 1o be constructed of two parts.
At the
muzzle end are four projections integral with the jacket.

securad together and lovked by 2 kev at the wp.

Two are square-shaped, vne above and one below the piece,
and are 9.5 cm deep, 11 em wide. and 7 em thick.  The
other two are cylindrical. 8 am in length, and are placed
one on each side (Figure 21, The purpoze of these pro-
jections is not known. but a prisoner of war declared that
similar self-propelled racket launchers with a much longer
projector exist, Tt is quite possible that if an extension
tube is fitted thess projections are machined to serve as
ancherage.

A large mantlel curving rearwards is formed on the front
portion of the jackel. The rear portion of the jacket ex-
tends into the Aghting cempartiment, where it forms the
breech end. It is suitably slotted to carry the thin sliding
block and is fuced to provide a bearing surface for the
whturator.
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ny

Figure 2.—Muzzle of projector on self-propeiled 38-cm rocket launcher,

¢. Breech mechanism. This is a horizontal-sliding
block, rack-and-pinion operated, and is fitted with a trip-
action. percussion firing mechanism. The block. which is
really a large steel plate, slides to the right on opening in
grooves machined in the rear of the jacket. The operating
mechanism consists of a simple rack and pinion, the rack
being screwed to the lower edge of the sliding block while
the crank-handle-operated pinion is carried in a bearing
on the lower side of the breech end.

The firing mechanrism consists mainly of a striker, main-
spring, and lanyard-operated firing lever contained in a
Block which slides vertically in a slideway built up by
screwing undercut bars to the rear face of the breechblock.
This “sliding-block™ firing mechanism is provided to
enable the block 1o be lifted while the breech is open for
the insertion of a percussion tube into a chamber bored in
the rear of the firing-hole bushing, The rocket is fired
by a flash directed at its igniter situated centrally in the
base plate.

The obturator deserves special mention. It fils inte a

circular recess in the front face of the breechblock and
consists of a flat ring, accurately machined to bear against
& corresponding surface in the breech end: an inner ring;
and an adjusting ring. The obturetor ring is L-shaped
in cross section and is fitted with an inner ting bored with
80 half-inch holes communicating with the inside face of
the obturator ring in order that the gases may fozce the
The obturator ring
An ex-

ring against its seating to give a seal.
is a very close fit on a llange of the inner ring.
amination of the breech spare.parts box reveals that six
adjusting rings are provided, varying slightly in thickness.
One of these is fitted behind the obturator ring, adjustment
being necessary to compensate for wear on ring or seating,
sliding surfaces of breechblack or jacket, or slight irregu-
larities in manufacture,

d. Safety arrangezments. The firing lever cannot be
operated until the breech is fully closed, when a projection
on the lever may enter a recess in the breech face.  Applied
salely is present in the form of a thumb eatch which locks
the Aring lever when turned.
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e. Round retaining plunger. A plunger, bevelled on its
front edge, is fitted into the lop of the bore at the breech
Iis function is te drop behind the round to prevent
slip back at angles of elevation and maintain the rocket at
the correct distance for firing {approximately 3 inches
from face of the breechblock). A bracket, cut with a cam
zroove and bolted to the top of the breechblock, forces a
lecking plunger over the retaining plunger as the breech
closes,

}. Elevation. This Is carried out by means of an are
bolted to the left of the rear bracket (see supporting ar-
rangemenlts) driven by a pinion through worm and worm-
wheel gearing, The handwheel is o the left.
is fram O degree to appraximately 85 degrees.

end.

Elevation

g. Traverse. Traverse is 10 degrees to left and right
and is carried out by & similar gearing with the pinion,
worm, and wormwheel bolted above the breech opening
to the top of the jacket. A short arc is fixed to the top of
the rear bracket. A pointer and scale plate graduated
from 0 to 200 mils {10 degrees) on each side are provided.

The center of gravity is apparently unaffected by the
loading of the rocket, as ease of elevation and traverse
remains the same. The handwheel is above the breech
opening.

k. Sighting arrangements. The optical portions of the
sight were missing. The sight bracket is bolted to the
inside of the superstructure {ront plate and is operated
by an adjustable motion link from the left trunnion, Itis
presumed that a rocking mechanism and range scale have
been removed, or that they were incorporated in the eptical
portions. The sight bracket at the top is provided with a
deflection mechanism, consisting of 2 worm and segment,
which gives a deflection of 10 degrees on either side. Itis
operated by a milled handserew on the worm spindle, and
the deflection is recorded on a drum in front of the hand-
screw, graduated from O to 100 mils and used in conjunc-
tion with another scale engraved frem 0to 2 {on both sides
of a zero line in hundreds of mils).

i. Projector supporting arrangemenss.  The projector
is mounted in a large cast bracket secured to the inside of
the front superstructure plate by six wedges welded in
position, The supporting bracket is hollowed out to re-
ceive a spherical casting, which forms the cradle, and is
provided with trunnions which ride in bearings placed on
each side of the supporting bracket to give elevation. For
traverse, the projector is given two verticel bearings in its
spherical cradle.

Another rearward directed bracket is bolted to the rear
of the spherical cradle. This carries various fttings, in-
cluding elevating and traversing arcs, and traveling, trav-
erse, and elevation lecks. [t appears to be enlarged to
give balance.

I-F.108

Figure 3.—Breech mechanism of seli-propeiled 38-cm rocker launcher,

j- Dimensions |approximate) :

Caliber
Thickness of Jine
Length of liner..
Length of projector___
Distance from Lliner to inside of
breech face.

Thickness of breechiblock
Depth of rifled groove_ 3 mm (02 inch),
Width of rifled zroove_ __ 10 mm 0.5 inch).
Width of lead to rifling_ oo ... 27 mm 11.06 inches!.

k. Loading arrangements. The rocket is loaded by
hand with the projector at ¢ degrees elevation from a load-

38 em (13 inches).
. 13mm (03 inch).
188 cm (74.23 inches).
206 em (81.12% inches).
475 mm (1.87 inches).

39 mm (231 inches).

ing tray mounted on tubular supports from the faor. The
tray is fitted with six steel rollers and folds into the floor
of the fighting compartment when not in use.

The roof of the fighting compartmeant is fitted with a set
of overhead rails to carry a hand-operated winch which
may be run from side to side to place rockets on the loading
tray and assist in stowage.

L. Ammunition stowsge. There are stowage arrange-

ments for 12 rockets in the vehicle, six on each side of the
fighting compartment. [t Is probable that in action a
13th rocket was carried in the projector.  The rockets are
stowed horizontally and held in position by collapsible
cradles,
- A hand-operated ammunition-stowage crane is sup-
ported in brackets welded to the offside of the superstruc-
ture rear plate. [t enables rockets o be lifted from a
supply vehicle and lowered through the roef ammunition
hatch into the fighting compartment.

I-F.201
GROUND FRAME-TYPE LAUNCHERS

7.3-cm Multiple Fortress Rocket Projecior.
Projectiles fired: 7.3-cm rocket.

1. Description. a. General. Theprojector (Figurs 1)
consists of 28 projector rails mounted in four rows of
seven rails each at the forward end of a long and low
carriage. The German nomenclature, type of ammuni-
tion, and role are not known, but from the general arrange-
ment and the low minimum elevation it would appear that
the equipment has a dual purpose,

h. Projectors. The projectors are constructed of
welded T-section steel bars, the bearing surfaces of the
guide rails being formed from the stems of three bars
equally spaced.  Each row of seven projectors is a separate
assembly and is bolled to an inclined, welded-steel super-
structure built abave the carriage.

¢. Carriage. The carriage consists of a framework of
U-section steel extended well to the rear, wherz it termi-
naltes in a protected control point containing the elevation
handwheel, the firing cable, and two handgrips for the
free traverse. The shield covering this point is 1 em thick
(.39 incht ard has a front plate 19.5 inches by 16 inches
with additional side aud top plates giving 2 total coverage
of 34 inches by 20 inches.

A U-section axletree is fitted and carries two metal-
rimmed. rubber-sprung detachable wheels isimilar to
Piippchen wheelst 27 inches in dlameter. No other
springing is provided, and the wheels are evidently only
to be used for manhandling the equipment and for trans-
porting it short distances.

A small shield, 3 mm thick, designed to protect the laver
from blast. is fixed to the carriage at a point 35 inches in
front of the control point.
inches.

d. Firing arrangements. Firing is by percussion. Each
row of seven projectors carries & bar which extends
underneath the whole length of the row.  This bar holds a
firing hamumer and striker for each projector. Each
striker bar has a cocking lever on the right which, when
rotated to the rear against a spring, cocks all seven strikers.
Anv number of rows may be cocked, but all strikers are
releaszd by one pull of the firing cable from the control
point,  The eocking mechanism of each row is extremely
simple, consisting of a bar which, during the cocking mo-
lion, moves upwards over 2 spring-loaded plunger. to
engaze the plunger in a hole at the cocked porition. On
firing, this plunger is withdrawn, thus allowing the bar and
the strikers to move forward under the action of a spring.

e. Traversing arrangements. ltappears that the equip-
ment can be traversed about a fixed center pivot or about
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B-crn Raketen Vielfachwerfer.,
13-cm Multiple Rocket Launcher.)
Projectiles fired: 8-cm Raketen Sprenggranate {HE pro-
jectiles and 8-cm Raketery Vebelgranate
{smoke projectilei.
No specimen of this launcher has been recovered and
the following information has been obtained from docu-

ments.
Nomenelatire.________._____.__ f-cm R-Vielfac frwerier.
Weight in actien:
Without ammunition.co..... 6.200 kilograms 113,669 pounds).
With twe safvos______._____. 6853 kilngrams (13.108 pounds).

- 78 mm.
LUp to 37 degrees 7 minutes (660
mils).

Actual caliber.
Eleation

Traverse 360 Jegrees.

Maxihpum range. 5300 meters ¢ 35,795 yards).

Ammunition allotment_____...__ S-em R.3prenggranace: 232
rounds.

8-ein R. Nebelgranate: 36 rounds.

Frow this information the following ded uctions may be
macde: By reason of its weight and the fact that it has a
360-degree traverse, the launcher is probably sell-pro-
pelled. The nawme shows it to be 2 multiple projector.
The weight of a single salve of ammunition is 326.5 kilo-
grams (719.6 pounds). Since the weight of a single
round is known te be 6.9 kilograms (15.2 pounds), this
gives some indication of the number of rounds in each
salvo, although the uncertainty as to whether the weight
given includes ammunition containers makes it impossible
to give an accurate estimate.

The following estimates are possible:

Saive of 32 rounds. oo Packing weight 324 percent of
{Nine salves in ammunitien  round and packing.
ailotment},
Salvo of 40 ronnds_ oo .. Packing weight 143 percent of

{Seven salves and eight spare  round and paacking.

rounds in ammuaition allst

ment}.
The second estimate appears to be the rmore probable.
The construction of the projectile indiacates that it is

launched {rom guide rails and not from ba xrels.

I-F.203

28/32-cm Schweres Wurfgerdt 40.

(25,32-cm Rocket Launcher.} -~
2§-cen IFurfkorper Spreng IHE projec:
tile1 and 32-em Wurfkdrper m.fl.30
fincendiary projectile’.

of a weeden frame-

Projectiles fired:

This launcher (Figure 11 consists ; len frame:
work fram which the 28-cm HE and 3Z-cm mcendm;;y
The rockets are fired from the

jectiles are fired. i
projectiles a es being laid on

crates in which they are carried. the crat
the framework of the launcher.
wav to the 28,32-cm Schuweres ¥
exactly the same but is construcie

\\'ﬂ(]d.

This launcher s0om gave
urfgerit 41, which is
d of metal instead of
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28/32-cm Schweres Wurfeerit 41.
(23/32-cm Rocket Launcher,
Projectiles fired: 28-cm Wurfkirper Spreng (HE projec-
- tile} and 32-cm Furfbdrper m.FL30
{incendiary projectile}.

This launcher is identical with the 28/32-cm Schieres
Wurfgerdt 40 described in I-F.203 exeept that it is con-
structed of metal instead of wood. Like the Model 40,
this launcher scon zave way to a more mobile model, the
28/32-cm Schwerer Wurfrahmen and later to the 28/32.em
.‘\"ehelh‘cr}er £1 {I-F.206].

GOTHUT—A43:

28/32-em Schwerer Wurfrahmen,

i Zelf-Propelled 28,32-cm Rocket Launcher. |

Projectiles fired: 28-cm Wurjkérper Spreng (HE projec-
tile) and 32-cm Wurfkérper m FL30
{incendiary projectile).

This launcher represents a logical development of the
28/32.cm Schweres Wurfgerdt Models 10 and 41, both of
which were found to be too static for use sther than in
fxed defenses. In this case, the crates from which the
projectiles are fired are hung on launchers mounted on the
sides of a half-track armored vehicle. Three launchers
are mounted on each side.

Each launcher consists of two parts: the carrier plate
halted to the side of the vehicle, and a bracket to take the
crate in which the projectile is carried and from which it
is launched. The bracket is provided with a clamp and
an elevating scale to enable the launcher to be laid at the
correct elevation. This launcher has the obvious advan-
tage over earlier models of increased mobility and was the
first fully mebile rocket launcher to appear.

Figure 2.—Crates mounted on carrier plates of 28/32.cm Schwerer Wurfrahmen.

by B2, M S mpar i L

Figire 1.—28/32-cm Schwerer Fur{rahmen, showing carrier plates.
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28/32-¢em MNebelwerfer 41,

128,/32-¢em Rocket Launcher,)

Projectiles fired: 28-em Warfkérper Spreng (HE projec.
tile} and 32-cm Wurjkérper m.FI1.30
(incendiary projectile).

This launcher (Figure 1} is a2 mobile version of the
Schweres Wurfgerdt and consists of a framework designed
to hold six projectiles mounted on a two-wheeled carriage.

" The carriage is provided with a trail and is wowed inte

position where it is detached frow the vehicle and laid in
the same way as an artillery piece. The launcher is
usually towed by a half-track vehicle, which also serves as
an ammunition earrier.

Elevating and traversing gears of normal design are in-
cluded as is also the standard electrical firing mechanism,
In this case the projectiles are not fired from the crates in
which they zre carried but are removed from the crates
and loaded into the launcher fram the forward end. In
addition to firing the 28-cm HE and 32.cm incendiary pro-
jectiles, this launcher will also fire the 15.cm rockets: to
enable these to be fired, a lincr, shown in Figure 1, is
inserted into the launching frames before loading.

FOR USE WITH
28 Ch ACCKET

Figure §.—28,32.cm Nebeluerjer 11
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30-em Nehelwerfer 42,

{30-crm Rocket Launcher.)
Praojectiles fired: 3-em Wurflérper 42 Spreng (HE pro-
jectiled and 3f-cm Wurfkérper Spreng

) 4991 {HE projectiler.

This launcher is almost identical with the 28,/32.cn
Nebelwerjer 41 but with slightly smaller launching frames
designed 1o fire the 30-cm projectiles.  Like the 28 32-cm

Nebeliwerjer, this launcher also consists of six metal frames

mounted on a two-wheeled corriage.  The launcher pos-

sesses no features of purlivalar bderest.

I-[.200

30-cm Raketenwerfer 56.
{30-cm Rocket Launcher.}
Projactiles fired: 3thom Warfkérper Spreng 4991 (HE
projectile) and probably also 30-em
Wurfkorper 42 Spreng tHE projectiler.
This launcher is similar in construction tn the 28/32.cm
Nebelwerfer 41 and. particularly, to the 30-cm Nebelwerfer
42, The main difference between the Raketermwerfer 36
and the 30-cm Vebehverfer 42 lies in the carriage. The
Raketenwerfer carriage appears to be a copy of the mmount
for the German stendard 5-cm antitank gun. The trail
is of the normat split design and has a towing eye at the
end. A second towing eye at the rear of the launcher
suggests that an ammunition limber or another lzuncher
can be attached,

[-F.501
ANTIAIRCRAFT ROCKET LAUMCHERS

7.3-cm Fihn Gerit.
{7.3-cm Muliple Antiaireraft Rocket Launcher.
Projectiles fired: 7.2-cm  Raketen Sprenggranate (HL
projectilel.
I. Tactical Use. This is the only lype ol multiple anti-
aircraft rocket launcher recovered from the Germans, It
was intended primarily for use in large numbers to forin
a rocket barrage against low.fving aiveralt. vet several
launchers observed on river banks and sited to give defen-
sive fire indicated that the weapon could have been uzed
in a ground role.  The use of a cembined ground and
antiaircraft sight confinns this belief,

The launcher consists basically of a framewark carrying
the launcher racks: a pedestal mount: a shield protecting
the firer; and elevating. traversing. and firing mechanisms,

The varivus specimens examined were either emplaced
statically, with the pedestal bolted to a prepared founda-
tion, or were mounted on a ciceular folding platform car-
ried on a two-wheeled trailer,  The projector can be fired
frum the trailer, but in this case the traverse is limnited.
and to achieve the full 360-degres traverse it is necessary
to remove the launcher from the trailer, support it on the
jacks provided, and fold down the circular metal platform.

Figure 1.—73-cm Féhn Gerégt.

[-I".301

2, General Deseription. «. Launching racks, The
35 launching racks are suppurted on pipes which run
horizontally and verteally and which are ftted o & metal
framework trunnioned to vertical arms extending upwards
from the pedestal base. Lach launching vack is provided
with a percussion-type firing pin mounted on 2 horizontal
AlL33 Rring

pins are actuated by a single trivzer. and there 2 00 pro-

pipe. each pipe having five pins so mounted.
vision far firing single vacks nr rows. A single vocking
handle on the left-vear side cocks all firing pins at the same
time.  The launching racks are 31 inches long and ap-

Ty S DL
proximately 3 in

S Hjlarc.

b. Elevation and traverse. Free traverse through 360
degrees is provided. with a lock 1o secure the framewnrk
in any desired position. The elevalion scale is marked
fram —10 degrees to 90 degrees; the projecter frames
examined, however, could nat be depressed below 0 degrees
The elevating handwheel

or elevated above 30 degrees.
(Figure 3} has 30 holes around the circumierence into
which a locking plunger can be fitted to lock the projector
in elevation.

c. Sighting. The sight bracket is mounted on an arm
which is attached to the projector frame so that the sight
is elevated or depressed in coincidence with the launching
racks. There is an open sight with rear V notch and
triangular front post sight. A main sight of the pivoting-
ring type is also provided; this is graduated for beth
ground and antiaircraft targets. The range limits are
500 and 1,200 meters (50.5 and 1.311.6 vards), of which

I-1T.301

Figire 3. —Left-hand side of protective shield, showing sighting
grmeir und olevwting meehanism of T.2cm Filn G,

500 to T30 meters {s indicated as ¢overing the round-fire
lmitations of the lanncher.

d. Safety. Twe positive safety rdevices are provided.
There is a plunger butten located on the trigger handle
which must he released before trigzer linkuge can be com.
pleted,  There is alzo a safety lever on the rear of the racks
which, when zel at safe. causes a metal surface to hlock the
trizzer linkage.

e
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8.6-em Antiaireraft Rocket Launcher.
{ German nomznclature not known.}

Projectiles fired: 8.6-em parachute-and-cable projectile,
3.6-em  Raketen Sprenggranate 400
{BE projectile}, and 8.6-cm Raketen

Leuchtgranate {illuminating rocket}.

1. General Description.  a. Launcher. This launcher
{Figure 1} consists of a covered frame incorporating sight-
ing gear and elevating and traversing mechanism and 2
tubular mounting. The weapen is simply and sturdily
constructed and appears to bz intended for static use. The
lavncher is constructed of four guide rails of V-angle iron
welded to form a square, the bearing surface for the
rocket beinyg formed by the bases of the four rails. The
top and sides of the launcher are coversd by thin steel
plate bolted into position, probably Lo -protect the am-
munition. when loaded, fram rain and the direct rays of
the sun. Blast and flash protection is afforded by a largz,
actagonal eliminater welded to the front.

Figure l—8.0.cim antiaireraft rocket lnuncher.

b, Sighting arrangements. Two light pressed-steel
arms are bolted teo the left of the launcher. The forward
arm carries a fixed foresizht in the form of a notched plate.
The rear arm carries, at the end, a frame which {olds along
the arm when not in use, and which is raised to a vertical
position for firing. The frame carries a sliding back-
sight which is locked in positien by a spring elip. The
frame is graduated from 1 to 8. presumably in hundreds

of meters, giving a maximum sighted ceiling of 2,623 feet.”

For transporting, the sights are unbolted from the launcher
and carried separately.

I-F.302

e. Elevating and traversing mechanism. A rotatable
spigot, which rests on the top of the mounting tube, gives
the launcher a 260-degree traverse. This traverse may be
limited 10 a confin=d angle by a fixed bar on the mounting
lube and two circular collars on the spigot which may be
locked in any desired position. A traversing clamp at the
top of the mounting tube serves the dual purpose of reduc-
ing the diameter of the tube {which is split at the top) and
locking the traverse.

The launcher can be elevated ahout an axis pin an the top
of the traverse fork and may be locked in any position by
a serew clamp bearing against an arc attachzd to the lower
side of the launcher. The elevating arc is graduated from
—10 degrees to 90 degraes in sleps of five.

d. Firing mechanism. A hammer is pivoted at the
base of the lower end.of the launcher. This is brought
forward by puiling a lanyard attached to the lower end.
The hammer normally rests in its rearward position due
lo gravity and can he secured in the forward position for
transportation by means of a elamp.  The robust nafure
of this clamp suggests that when the striker is clamped
in the forward position, rapid fire. as for a mortar, is
possible, but no evidence of this has been found.

13.2-¢

Projectiles fired: 13-cm parachule-and-cable rocket.

m Antiaircraft Rocket Launcher.

No spzcimen of this launcher has been recovered. It
probably consists of some kind of metal or wooden frame-
work in which the rocket is placed in a vertical position
and from which it is launched.

I-F.301

20-¢m Antiaircraft Rockel Launcher.
Projectiles fired: 20-em parachute-and-calle rucket.

No specimen of this launcher bas been recovered. 1L
probably consists of zone kind of metul or wouden [rane
frem which the rocket is launched. ‘The frame will ve-
quire some method by which the cable housing, which
remains on the ground. may be attached and also some
method of securing the ground end of the cable.

1-F40L

NON-3TANDARD AND UNCONFIRMED
LAUNCHERS

7.3-em Propagandawerfer.

(7.3-cm Leaftet Rocket Launcher.)

fired: 7.3-em Propagendagrancte (lealiet
rocket) .

Projectiles

This launcher is simple in the extreme and consists of a
launching rack and a base piece, The launching frame is
constructed of a length of angle iron, which forms the
lgwer guide, and a metal bar which farms an upper guide
rail for the projectile. These two guides are held in posi-
tion by four circular iron supporting bands, spaced at
equal intervals along the length of the launching rack.
The striker pin is fixed to a metal plate at the lower end of
the rack, and a catch on the lower guide rail prevents the
projectile from slipping down onta the firing pin unul it
is to be fired. The launching rack is supported near the
forward end by a tubular monopod attached te the hase
The base piece is a tubular metal Iramewsrk with three
spades attached underneath,  The length of the launching
rack is abaut 30 inches, and the weight of the whaole
launelier is 27 pounds,
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ANTIAIRCRAFT PROJECTILES

STANDARD GROUND PROJECTILES .
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PART II. JAPANESE
ROCKET WEAPONS*

Section I

REVIEW OF DEVELOPME!?

T
GENERAL

To appreciate fully \he existing stage of development of
Japanese rocket weapons it should be borne in mind that
Japan started the production of this class of weapons com-
paratively recently and has hardly had time to produce
anvthing comparable to those used either by the Germans
or by the Allies. Consequently. Japanese rocket weapans
are still in the early stages of development and are only
now beginning to pass through the transitional stage from
extreme infancy to the production of proven models. This
statement is made, not in an attempt to prove that the
Japanese are capable of producing or will produce any-
thing revolutivnary in this field. but as a reminder of the
fact that. with very few exceptions. the specimens so far
encountered represent experimental and not production
models of rocket weapons.

It should be remembered, also. that the fapanese have
recently had at their disposal the results of German experi-
mentation in this field.  Although the extent to which the
Germans have assisted the Japanese is not known, Japanese
rockets are already beginning to exhibit definite signs of
German influence. [t may be expected, therefore, that
provided the war continues for a sufficient length of time,
the Japanese will continue their experimentation and wilt
produce projectiles analogous to, if net identical with,
those developed by the Germans. '

GROUND PROJECTILES

The earlier tvpes of Japanese ground projectiles were
very crudely designed and consisted mainly of improvisa-
tions. Tvpical of these makeshift designs were the 19-cm
rocket motors—Type 10 and Type 3—uwhich are used to
propel a 60-kilogram (132.pound} aircraft bomb out of a
launching ramp and so give it the initial impulse necessary
for its fiight. Baoth these motors are fin stabilized and
consist of a rocket motor body to which is attached a crude
divergent venturi tube. The firing system is equally
crude, consisting ot two leads from an ‘explodar to 2 small
powder charge in the nose of the motor.

A further development of this weapon, and representa-
tive of the improvisation stage, is the 30-em rocket. which

*This =study was written before the surrender of Japan.
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consists of a 230-kilogram (330-poundi bomb with the
tail assembly replaced by a rocket motor.  This projectile,
which employs an electrical firing system similar to that
used with the smaller rockels. is also fired from a erude
trough-shaped metal launcher. supported at the forward
end by a bipod.

The first indieation of u Jupanese attemplt to produce a
projectile having any degree of accuracy and, incidentally,
the first evidence of the influence of German design, was
the appearance of the Navy 20-cm spin-stabilized rockat.
Although an impravisation, vonsisting ul a cul-desn Navy
shell with rocket moter attached. this projectile showed
that the Japarese were beginning to consider the use of
spin stabilization as a possible preference to the fin stabili-
zation of the earlier projectiles. Thz propelient lavout and
the method of ignition (percussion igniter and charge
attached to the forward supporting grid) also showed that
grealer attention was being paid to the design of the rocket
moetor.  Further influence of Cerman design is shown by
the appearance of the first Japanese tube-type launcher,
which replaced the original framz-type launchers used with
the Navy 20-um projectile.  Although this launcher is
crudely constructed, it shows hat the Japanese appreciate
the advantages of a tube, as compared to a frame-type
launcher, for securing initial control over the flight of the
rocket,

The first projectile that appears to have heen stamd-
ardized is the Army 20-cm rocket which is fired from thz
Type 4 launcher. This is the first lagncher to which a
type number has been given and presumably, therefore, the
first production moedel. It is now believed that bath the
Navy 20-cm projectile and its launcher were experiments
in the production and development of the Army rocket.
Thz Army rocket, with a range of just over 3.200 yards and
an accuracy comparable to that of a mortar, has proven a
most satisfactory weapon and will prebably render un-
necessary the production of another rocket of this caliber.

Onlv one heavy Japanese rocket projectile has so far
appeared. This is the 43-cm Navy spin-stabilized rocket.
Although the accuracy of this projectile is limited by its
frame-type launcher, the motor is well designed and the
rocket functions rzasonably well, considering its weight
and the conseguent dificulties of stabilization. One fea-
ture of interest in this rocket is the use of convergent.
divergent venturi, typical of almost all German spin-sta-
hilized rockets. The earlier Japanese spin-stabilized pro.
jectiles (20-cm Navy and Army rockets) were fitted with
convergent-parallel venturi.

In addition to the above projectiles, which represent the
series of ground rockets so far recovered, the Japanese
have developed two other types of projectiles. One of
these is the 12.cm incendiary shrapnel rocket, a =pin-
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stabilized projectile having a warhead flled with white
phosphorus incendiarv pellats which is ignited by a delay
train from the propellent chamber.  Although this projec-
tile was developed originally for use on suicide craft, it
apparently is also fired from a multiple launcher to form a
barrage against low-flving aireraft.  The other projectile,
no specimen of which has yet been recovered. isan antitank
rocket, Early this vear. the Japanese broadeast that an
individual weapon of this class was being produced at a
rate of one million per month.  Although doubtless a zross
have been show-

trates that the;

cragget ation, this dans
ing an interest in z projectile of this type. Tt is believed
that this weapon, when it appears, will prove to be an
adaptation of either the American “Bazooka” or the Ger-
man equlvalent.

It seems problematical whether the Japanese will pro-
duce muliiple ground launchers similar to those used by
the Germens, A recently captured document includes an
illustration of a multiple antiaireraft launcher for use on
ships, It seems more likely than not. however. that the
launchers uged for the fower caliber ground projectiles will
be confined to the single-tube type, which can be broken
down and pack loaded. This type probably lends itself
better to the generally rough nature of the terrain upon
which they are to be used. At the same lime. it would
appear cqually probable that the heavier class of projectile,
such as the 43.cm Navy rocket. may bg fired [rom static
multiple launchers incorporated in beach defenses to
supplement mortar fire,

ANTIAIRCRAFT AND AIRCRAFT
PROJECTILES

Although numerous and conflicting reports have been
received from air crews of the use of air-to-air rockets, no
specimens have been found as yet. Initial experiments
indicate that aircraft rockets will probably prove 1o be of
the conventional fin-stabilized type launched from under
the wings of fighter aircraft.

Apart from the use of the 12-em incendiary shrapnel
rocket as an anbiaircraft projectile. no direct evidence
exists as to the nature of other types of rockets employed
inthis role. If German influence is extended from the field
of ground rockets to that ol antiaireraft projectiles, then
some form of parachute-and-cable projectile may appear.

CONCLUSION

The stage of development of Japanese rocket weapons
may be summed up by the statement that they are only on
the brink of large-scale production and, given a sufficient
extension of the war, the future can be expected to reveal
considerable Japanese progress in this field of armament.
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11-B.101
STANDARD GROUND PROJECTILES

19-cm Type 10 Rocket Motor.
{ Used for launching G0-kilogram Type 97 land bomb.)
Fired from: Metal trough-shaped launcher.

1. Description. a. General. This rocket moter cen-
atitutes the first attempt by the Japanese to produce a racket
weapon and may be considered as obsolescent if not
already ohsolete. The rocket motor differs from those
used in standard projectiles in that it does not form an
integral pail of the projectile, There is no permanent
connection between the rocket motor and the bomb and
the motar serves merely to propel the bomb out of the
launching trough and impart the initial impulse, After
ths rocket moter and bomb have traveled a short distance.
the motor generally drops off, leaving the bomb to com-
plete its trajectory.  Figure 2 shows the rocket motor with
the 60-kilogram {132-pound) bomb and the metal trough
from which it is launched.

Figure 1.—1-em Type 10 rocker motor,

Alhengh the original bemb with which this rocket
motor was used is the 60-kilogram Type 97 land homb. a
later version of the motor, the Type 3, is used.with both
this bomb and the 63-kilogram ordinary bowb.  There-
fore. it would appear reasonable to assume that anv con-
veniently sizad bomb weighing about 130 pounds could be
used.

b Constructian. The rocket motor is of the single
axial-venting, fin-stabilized type and consists bagically of
the propellent chamber, closing plate. and a tail assembly
incorporating a single venturi tube. The propellent cham-
ber i¢ closed at the [orward end by a nose cap. drilled
centrally 1o receive the electrical igniter. Fitting over the
izniter is a wooden spacer with four longitudinal grooves
which engage in the tail of the bomb. A forward support-
ing plate behind the nose cap serves to locate the propellent
and also contains the ignition charge. The motor closing
plate fits over the rear end of the propellent chamber and
forms the junctian with the tail assembly. A rear support-
ing plate is localed between the end of the chamber and
the inside of the closing plate. The tail assembly is.a

II-B.101

single venturi tube with four fins welded to it. It fits into
1 collar inside the wmotor closing plate and is appareatly
spot welded in position. The propellant consists of three
monoperforated sticks located by the forward and rear
supporting plates.

¢. Firing mechanism. A silk bag containing an igni-
tion charge of approximately 47 grams of black powder is
attached to the inside of the forward supporting plate.
This bag is sewn in five sections, consisting of a central
section and four vuter quarters, and is attached so that
the center section is opposite the inner end of the igniter.
The igniter consists of an alectrical bridge surrounded by
approximately 4 grams of hlack powder and encased in a
heavy metal cylinder. It tgnites with a minimum current
of 250 milliamperes. supplied by a small exploder con-
nected to the igniter leads.

B, Technical Data.

GENERAL

_ Single axialventing, fin-sa
hilized rocker mntor, sepa-
rate from warhead.

Natire of projectile_

Caliler _ oo cmmmmmmmmm e

Trtal weight teomplete round)

Tutal lenzth tcomplere round) cooae -
Filling e ccaamammmmmmmrmsmm = HE.

MNose Cap

11-B.101

Figure 2—Type 10 rocket motor with fnuncher and #0-iidogram bumb.

Expiosive Compartment

Jet

Base Cap

E=,

Propeﬂant

7 77 B Pl

Boaster Charge

Figure 3.—Internat lnvout of Tvpe 18 rechet motor.
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1I-B.101
Rorgzr Moton
Dverall length - &5 enu
Propellent chambe
Tength o oo mimmee 20.2 oo
Internal diameter - 178 em
External diameter .- ~ 189 em.
THameter of nose cap_cccmoomoaen 0 em.
Venturi:
Throat diameter 295 em.
Final diameter . . 3.82 em.
Tail fin:
243 em.
303 ent.
Propellant:
Tutal weight oo amcccemaaee o= 283 Kilograms,
Sinale atick:
Weight_. L.9A kilagrans,
Length._.... 26 o
Diameter. 793 em,
Dizmeter of perforation__ . 108 em.
Compesition:
Nitraglycerine - . 13.3 percent.
Nitrocellulose_- 34.7 pereent.
Tniter:
Lengtte oo 3.7

External diameter. .

Internal diameter.. L85 em.

3. Performance. The only available data on the per-
formance of this rocket is the following range table taken
from 4 Japanese document.

Angle of Eleration Range Birife
{degrees) imeters)
00 to B30 -

730 to 900
300 to 930
850 to 1.100
_ L000 10 1200

I-R.a02

19-¢em Type 3 Rocket Motor.

{Used for launching 60-kilogram bombs.)
Fired from: Wooden trough-shaped launcher.
I. Description. a. General. This rocket mator is a
later version of the 19-cm Type 10 rocket motor te which
it is hasicallv similar in construction. Like the Type 10
this rocket motor does not form an integral part of the
complete projectile and is also used merely to propel the
bembs out of the launching trough, after which it falls to
the ground. The two types of bombs with which this
motor is used are the 60 kilogram Type 07 land bomb and
the 63-kilogram ordinary bomb. The main difference
hetween this rocket motor and the Type 10 lies in the
increased length of the propellent chamber. This moter
also mav be considered obsoleseent if not already obselete.

b. Construction. The motor has the appearance of a
flat-nosed bemb and consists basically of the propellent
chamber, moter closing plate, and tail assembly. The
propellent chamber is a evlindrical steel tube clozed at the
forward end by a nose plate in the center of which is a
No wooden
spacer was found with the single specimen recovered;
however, the spacer used with the Type 10 motor will fit
this rocket also.
supporting plate which contains the ignition charge, con-
sisting of a silk bag filled with black powder and an
jgniting squib. ’

The rear end of the propellent chamber is threaded
externally to receive the motor closing plate. A rear
supporting plate, located between the end of the propellent
chamber and a shoulder on the inside of the closing plate,
locates the propellant at the rear end. The propeilent
charge consists of three monoperforated sticks of a deuble-
hase powder, tied together fore and aft with strips of silk
cloth. The single venturi tube screws into the end of the

drilling tapped to receive an electrical igniter.

Behind the nose plate is a perforated

motor closing plate. Four tail fins are spot welded to the
tube and braced by four struts. A cardboard disc. secured

Figure 1.—18-cm Type 3 rocket motor gnd 60-kilogram bomb an
launching ramp ready for firing.

11-B.102

in the after end of the venturi tube. serves to exclude
moisture from the rear end of the propellent chumber.

¢. Firing mechanism. The igniter body contains no
charge but serves merely to close the igniter well and act
as a guide for the igniter leads which run through the
igniter body to the squib in the ignition charge. The
leads are connected to an exploder and the rocket fired
from a flank position.

d. Markings. The motor is painted blue-gray and has
a red band around the after end of the motor closing plate.
A label on the propellent chamber reads “Type 3 rocket
launcher {for No. 6 land bomb1.”

2, Technical Dala,

GENERAL

Nature of projectile. oo oaeoo. Single axiul-venling, fin-stabil-
ized rocket moter. separate
from worhead.

Cabiber e 19 cm. .

Total weight (complete round) - 102 kilograms (approx.i.

Total length (complete round) -~

1 T

Rocker Motor

Over-all length

Alaximum diameter.

Propellent ¢hamber:
Length
Diameter
Wall thickness.

Motor tlosing plate:

Length 13 em,

Venturi and tail assembly:
Length of lail assembly.-
Iength of venturi tube. ...
Final diameter of venturi tube. 5.97 cm.
After thickness of venturi tube. 0.28 cm.

1
w
©w

1o
o
3

Width of tail fina. e 276 em.
Length of struts__
Width of struts._ . _-..- 234 cm.

Figure 2.—Disassembled Type 3 rocket moior and 60-kilsgram
bomd.

IGNITION CHARGE
CONTANER

GRID

PROPELLANT

IMTERMNAL PARTS

Figure 3.—Internal camponents of Type 3 rocket motor.

Weights:
Rocket motor empty . —oceo 29.936 kilograms.
Propellanto..._. - 11.7 kilograms.

_ 0.064 kilogram.
- 41,70 kilograms.

Ignition charge_
Tutal weight

Propellant:
Number of sticksoooo oo Three,
Single stick:

DiamettTaee cameen -
Diameter of perforatien.... L12 em.
Iznition charge container:
Diameter.
Number of perforati
Diameter of perforations..__- 1.83 om.
3. Perjormance. Nothing is known concerning the
performance of this rocket mator, but the increased length
of the propellent chamber should give 2 corresponding
increase in range over that of the Type 10 motor.  The
range can be expected to be in the region of 1.300 meters
{1,960 vards).
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20-em Navy Projectile.

Fired from: Metal trough-shaped launcher, wooden single
and triple launchers, and tube-type launcher.

1. Description. u. General. 'This rocket, the first
spin-stabilized projectile to be produced by the Japanese,
appears to consist of a cut-down 3-inch naval shell with
a rocket motor attached to its base. Although it seems
o be an improvisation, the projectile exhibits the basic
design features of conventional German spin-stabilized
rockets and represents the first German influence on Jap-
anese tocket design. This influence is further demon-
strated hy the replacement of the original wooder and
metal trough-shaped launchers for this projectile by a
tube-type launcher, the first of its type to be used by the
Japanese.

The projectile consists basically of the warhead and the
rocket motor. The thin wall of the warhead and the
scale on the launcher suggest that this projectile was de-
signed as » short-range weapon (maximum range about
1,900 yards}, relying for effect upon blast rather than
upon fragmentation. Also, it seems probable that the
rocket was intended to serve as an experiment in the
development of the 20-cm Army rocket.

b, Warhead. The warhead appears to be a cut-down
8-inch naval shell, but has a thinner case and a higher
charge-weight ratio than is usual with naval ammunition.
The body has parallel sides and anr ogival nose with a
socket threaded to receive a point-detonating fuze, The
base of the body is closed by a male screw plug which is
flanged to give it the same diameter as the warhead and
threaded below the flange to receive the forward end of
the rocket motor. A shipping plug with a dummy wooden
gaine is serewed into the fuze socket in transit; the fuze
is carried separately.

Figure 1.—20-cm Naur projeciile,

T 462459

TH 235 &%

Figure 3—20-em Navy rocke: projectile and 1rough-skaped louncher.

The base plug is locked in the warhead body by a
single set-screw.  The filling is Type 91 explosive (trini-
troanisol) which is cast directly into the lacquered interior
of the warhead. Figure 5 shows the warhead with the
base plug removed and the cast filling visible.

c. Rocket motor. The rocket motor i in the form of
a parallel cylinder with raised forward and after bearing
surfaces. [t is threaded internally at the forward end for
screwing onte the lower haif of the warhead base plug
(Figures 3 and 4). A mator closing plate threads inside
the forward end below the warhead base piug and sep-
arates the base plug from the combustion chember. Be-
low the motor clesing plate is a perforated cup contairing
a hlack-powder ignition charge in a silk bag. The cup
has 19 evenly spaced perforationa.

At the lower end the rocket motor body is threaded
internally to receive the motor base plug. A metal grid,
screwed to the uvpper surface of the moter base plug,
reduces the space inside the body to the length of the
propellent sticks so that they fit closely.

The propellent charge is made up of six sticks located
around an identical seventh stick (Figure 5). The seven
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sticks form a reasonably tight fit inside the body and are
positioned at the forward end by the perforated plate hold-
ing the ignition charge and at the rear by the metal grid
above the motor base plug.

The maotor base plug is made of hardened steel and has
six offset venturi and a central drilling threaded to receive
an igniter. The forward end of each venturi is splayed
out toward what is the leading edge of the opening as the
rocket spins. The outlet is parallel.

Ignition is accomplished through the percussion igniter
in the motor base plug and the powder ignition charge
in the perforated cup at the forward end of the propellant.
The perforation in the central stick serves as a flash tube,

2. Technical Data

GENERAL

Nature of projectile_ ... Multiple base-venting, spin-sia-
bilized, pusher vocket.

Caliber oo 21.05 cm.

QOver-all length (complete round) . 1671 cm.

Total weight (complete round) .. 90.7 kilograms.

Nature of fuze .. Nase p ion.
Trinitroanisol.

1,800 meters {1.968 vards:.

MNature of filling.
Maximem range.

I1-B.103

WaRHEAD

Ceneral <hape _ Cvlindrical with ogival nuse.

Marterial coo__.. Steel.
Dimensions:

Overall length (less 38.80 cnw

Diameter. e 2

Wall thickness_..

Rading of ogive_. i calibers.
Weights:

26.0 kilograms.
6.4 kilograms.
_ 17.5 kilograms.
49.9 kilograms.

Budy tess furer.

Filling. . Trinitroanisol.

Markings

Painted marcon  with 34+mm
green band a1 the nose and a
9-mm yellow band a1 the junc.
tion of the warhead and the
rocket motot.

l.abel on nose fuze sockel:
Type of explosive. Type 21.
Lot 933.
Cast ouo_icmeanan June 44 ar
Kure.

Frae

NAIITR e ce oo meememmm R Type 4 impaet rocket fuze (cen-
trifugally armed, nose percus
sion) screwed into fuze pockel
in nose of warhead.

- B07.2 grams.

_ The striker is freed by the ae.
tion of centrifugal force in ac-
cordance with nermal practice
in centrifugally armed fuzes.

GAINE « o m oo Metal cup screwed inte base of

fuze body and containing in-
jtiating charge and booster,
Described together with [fuze
under -C.002.

Weight .

Figure 3.—Base plate, motor body, propellent sticks, and nose
Juze of 20cm Navy rocket.
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Motor body:
Overall lengthe oo
Length of propellent chamber.
Main diametet, e
Diameter of bearing surface___

Motor base plate:
i

Angleof cant .. ____
THPE rmm e mmmmmmmmmmmmm o
[nlet;

Maximem dismeter —u---—-

Mini diameter

Length

11-B.103

Multiple base-venting annular
venturi, Seven monoperfo-
rated propellent sticks. Total
weight 40 kilograms.

46 cm.

39.5 em.
21.05 cm.

1 em.

9.1 kilograma.

181 cm.
8 em.
9.1 kilograms.

Six in anoular ring at baze.
25 degrees.
Convergent-parailel.

15 mm.

Outlet:

15 mm.

Two appular rings supported
ghove motor hase plate on
three arms.

Diameter of outer ring_——_. ... 130 mm.
Diameter of inner ring. —— 45 mm.
Forwatd projection from motor 35 mm.
hage plate.
Weight ool 526 grams.
Petforated cup:
o] 175 mm.
Number of perforations.._.__— 19,
Diameter of perforationa__ ... 25 mm.
Weight oo lcce e 4521 grames,
Propellant:
TYDE  momieemm e e e 240 DT 2,
Number of sticks Seven, rforated.
Length e 290 mm.
1,1 58 mm.
Di of perforati 11 mm,
Weight of each stick (varies 1.162 kilograms.
slightly}.
Total weight oo oneee 8.3 kilograms.
Composition:
Nitrocellulose __ . .. 65 pereent.
Nitroglycerine. 30 percent.
Sodium chloride. e - 2 percent.
Centralite. 3 percent.

Method of ignition:

General

58

The propellant is ignited by the
percussion igniter in the cen-
ter of the motor base plate and
the ignition charge at the for-
ward end of the rocket motor.
The petforation in the central
stick scrves as a Bash tube.

II-B.103

2.30 DlA,

12 THDS.
PER INCH

21.88

8 THDS. }
PER INCH

COLOR BAND

7.94 Dia.

8 THDS,
PER INCH

7.84 DA —

g3l
8 THBS.

I Ry ey e 1 7 e e

7.94 DIA,

437

ALL DIMENSIONS IN INCHES

32 THDS.
PER INCH

Figure 4.—Interior layous of 20<m Navy projectile.
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Method of ignition—Continued.
Tgnition charge:

Weight 50.6 grams.

Material Black powder.

Composition oo emomammmee oo
Markings:

The rocket mator is painted maroon over-all and has no other
color markings. A label attached to the forward end of the
motor base plate gives the following information concerning

the propeilant:
Commeon propelling charge:

Y L — 240 DT 2.
Lotommm-. _ 39 grade (illegible}.
Powder weight__ _ 8.5 kilograms.
Powder manuinctured ___ March 1944,
Toaded ————oeeeeeonmme 24 June 44 at Kurc“A>

The black-powder ignition bag hsd no marking except a Kure

anchor.
3. Performance. 4. Firing fests, No test figures are
available for the performance of this projectile.
b. Range scale. 'The markings on the arc of the pendu-
lam scale of the trough launcher are as foilows:

Elevation Range

(degrees) (meters)
10 450
20 1,500
30 1,450
40 1,650
50 1,800
60 1,600

This gives a meximum range of 1,800 meters, any

further elevation sbove 50 degrees setving to decrease

the range.

¢. Range table. The following data have been taken
from & captured Japanese document dealing with Navy
rockets. Although the figures supplied do not agree with
the range scaie calibrations on the trough launcher, it is
believed that they apply to this projectile for the follawing
reasons: The weight and length of the projectile agree to
within 1 percent. The weight of the propellent charge
agrees to within 2 pereent. The type of filling agrees and
is not the same as that used in tbe Army rocket of the
same caliber; nor does the weight vary considerably.
The type of fuze specified is used only with the 20-cm
and 45.cm Navy projectiles. The terminal velocity s
considerably lower than that calculated for the Army
rocket. The ranges definitely do not agree with those
abtained during firing tests with the Army rocket.

The Japanese document is headed “Type-4 (1944)
20.cm Rocket Gun Model 1.”  This heading is confusing
2nd would not appear to support the conclusion that the
range table applies to the Navy rocket. However, it
seems probable that both the Navy projectile and its tube-
type launcher were steps in the development of the Army
rocket and the Type 4 {1944} launcher. The “Model 1”
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is probably a mistranslation of “Mark 1,” indicating the
initial launcher of this type. The Type 4 (1944) Jauncher
is not equipped with the necessary firing mechamism
(striker hammer) to fire the Navy rocket, and an entirely
different set of range tables has been eaptured which
almost certainly apply to the Army rocket.

The Japanese document gives the following information
concerning the rocket (believed to be the Navy 20-cm
projectile) :

) T — 1,085 mm.

Fuze. Type 4 impact rocket fuze.

B charge___ Type 91 explosive (Trinitroani-
gsol}, 15.7 kilograms.

Propelling charge. 240 Special DT6, 8.15 kilograms.

Burning time. 2.5 d

Terminal velociy oo 125 meters per second.

of i

Figure 5—Component parts of 20-cm Novy projectile.

11-B.103
Range Table
[Thia cbart is bassd on elevation for foating targetsl
Eevusion Ran Timaof | Degiarion
(degreest merem | (S Comen)
B e e 39 0.3 -2
6.. T 3.9 -4
T.. 115 L3 -3
8.. 156 | LT -7
9. 198 2.2 -8
18, 42 26 —1a
1., 288 3.0 —12
12.. 336 3.5 —14
13. 386 +.0 —-15
14. 438 4.4 -17
15... 491 4.9 -18
16.. 545 5.4 —20
17.. 600 59 —21
8. 655 6.3 —22
19.. 711 6.8 —-22
.. 766 7.3 —23
21.. 821 1.8
22 . 876 8.3
23, . 930 8.8
24.. 982 9.2
25.. 1,032 9.7
26. 1, 081 10,2
27.. 1,128 10.6
28. . 1,173 11.1
29.. 1,216 | 11.5
30.. 1,257 12.0
3L.. 1,296 12.4
3z.. 1,333 12.9
33.. 1,368 13.3
34.. 1,398 13.7
35.. 1, 426 14.1
36.. 1,452 14.5
37 1,475 15.0
38 1,495 15.4
39, 1,512 5.8
4. . 1,527 16,2
41.. 1,540 16.5
42.. 1,551 16.9
43, . 1,559 1.3
44, . 1,365 17.6
45.. 1,568 18.0
46. . 1,568 18.3
47.. 1,566 18.7
48.. 1,562 19,0
49, 1, 555 19.3
50 1, 545 19.6
51 1,533 19.9
52.. 1,519 20.2
55.. 1,502 20.5
54.. 1,482 20.8
55.. 1, 460 211
56. . 1,436 213
57.. 1,409 216
58. . 1,380 '21.8
59.. 1,349 22,0
60 1,316 22.3

1I-B.104

20-cm Army Projectile, Older Type.
{Straight-Sided Rocket Motor.)
Fired from: Type 4 {1944} launcher.

1. Description. a. Ceneral. Two, types of Army 20-cm
spin-stabilized projectiles have been recovered; since the
correct nomenclature is not yet known, these have been
designated the oider type, straight-sided rocket motor, and
the newer type, bourrelet rocket motor, since the most
apparent ealernal distinction is the shape of the rocket
motors. These projectiles are similar in many respects,
and both are fired from the Type 4 (1944) launcher.
The rocket is a conventional spin-stabilized design and
consists basicailly of explosive head and rocket motor. It
apparently has been developed from the Navy spin-
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stabilized projeetile of the same caliber; however, the
relative size of the tocket mator in the Army projectile
has been increased to give the projectile greater range.

b. Warhead. The warhead is a thin-walled cylinder
with an ogival nose terminating in a fuze-adapter socket.
The rear end of the warhead body is closed by a male
base plate, internaily concave to permit a maximum ex-
plosive flling of cast TNT. The warhead is transported
separately, and the exterior threads of the base plate are
protected by wax paper.

¢. Rocke: moror. The rucket motor consists of the
motor body, hase plate, and forward and rear supporting
grids. The motor body is a parallel steel cylinder
threaded internally at the forward end to fit onto the
warhead base plate and similarly threaded at the rear end
to receive the motor base plate.

straight-sided rocket motor.
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Venturi—Continued

Outler:
Diameter.

Supperting grids:
Forwatd:
Thickness.

- 178 ¢m {approx.).
wem 2.05 kilograms.

s o AR SR
Figure F—Forward and rear supporting grids of rewer lype 20-em
rockes motor.

11-B.105
Supporting grids—Continued
Rear:
Thickness._________
Diameter. _. 17.5 cm (epprox.).
Weight_____ - 1.36 kilograms.
Prepellant __. The propellant used in this rocket

motor is the same &s that used in
the older type. (See [1-B.104.)
Methed of ignition._________ ignition plug, screwed into base
plate and ceslaining ignition
charge, and pull igniter. The
charge and igniter are the same
as those used im the older type
rocket and are described under

T-B.104.

Markings. - oo coomocooaeoo. The following is a translation of the
stenciling on a recovered rocket
motor:

42 K 630 “Su” {Weight: 42.63
kilegrams)

Loaded October 44 at Osaka Army
Ordnance Branch Depot. “Ex-
perimental.”

3. Performance. a. Test firing. (1) Procedure: Fir-
ing tests were carried out on Luzon with six 20-cm Army
rockets, including both old and new types. The tests
were performed using the standard Japanese Type 4
(1944} launcher, which was laid with the aid of the
regulation sight used with the Japanese 8l-mm and
90-mm mortars. The projectiles were fired using the
standard ammunition components,

The weights (in kilograms) of the projectiles fired
were as follows:

Round Number Type Motur Warhead Complets
38.575 83. 585

38. 300 24
38. 650 23. 660
39, 560 81, 750

39.120 82.

38, 800 5

Elevasion R Time of Fli
Round Number prcs Fison ) i
300 2, 660 240
800 3, 040 24.3
800 3, 075 25.5
800 Dud |..........
800 3,290 25.5
800 3,130 25.5

*The firat rocket was fired with oneshaif of the center propel-
lent atick removed from the motor. This apparently shortened
the range approximately 400 yards. All other rounds were fived
with full propellent charge.

Figure 6.—Comparison of ignition plugs used on the two types of

II-B.105

It was noted that there was excessive moisture con-
densation, due to improper field stoerage conditions, in
some of the motors, which probably caused range dif-
ferences, The maximum range differences, however, on
the same {old) type of rocket at the same elevation was

20-cm Army rockeis.

1I-B.105

90 yards, On rounds 1, 2, 3, and 6 there was a very
noticeable hangfire which is characteristic of the cld type
rounds. The range of round 4, a dud, was not deter-
mined because the evidence of a hit and the point of entry
zould not be located.

Rounds 2, 3, and 6, all old type rockets, fired with full
ctharge at the same elevation and azimuth, hit within an
area 100 yards in width {lateral dispersion} by 90 yards
long. The new type rocket, No. 5, had a 160-yard
greater range than No. 6, which had the longest range
reading of the old type rockets. The lateral dispersion of
rounds 1, 3, and 5 was almost nil, the rounds being line
shots. Regarding lateral dispersion, no aiming stake was
used, and the launcher was not checked for movement in
azimuth between rounds. Therefore it is probable that
less lateral dispersion would have been observed if the
azimuth had been checked. No range corrections were
made for the type or weight of round fired during the
range firing tests.

The 20-cm rocket craters had the usual daisy cutter
appearance, the short grass being cut or blasted in an area
75 to 100 yards in diameter. The average crater was 1.8
feet deep by 7 feet in diameter. Fires were started up
to 50 yards from the bursts,

{3) Recent test. The following is taken from a pre.
liminary report of a firing test conducted recently:
Rounds fired ooooe Four older type.

Two newer type.
Ballistic data:
Burnt velocity oo umean 570 feet per second.
Time of burning 1.9 d

- 540 feet.
_— 4,600 feet at 310 mils elevation.

The above results represent an average for all six
projectiles.

b. Fire missions. A U. S. unit used the Japanese Type
4 launcher, firing 20-cm rockets, on tactical fire missions.
This rocket fire was quite accurate. On one mission 20
rounds were fired at a Japanese concentration point; it
was noted that all rounds fell in an area approximately
100 yards wide by 150 yards long, starting several fires.
A careful analysis of all tactical fire missions failed to
disclose any erratic rounds. The propellant of the motors
was generally checked prior to firing, and if any excessive
condensation of moisture appeared, it was removed. i
this moisture was not removed, the rounds fell slightly
short. Examination of a large number of rounds dis.
closed that several of the rocket motors centain 14 haif
sticks of propellant of the type normally used only as the
center stick or increment. It is believed that this would
not cause any appreciable range difference. During tac-
tical firing missions it was necessary to use (. 3. “Ba-

63
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z00ka” shell squibs for igniters due 1o the shortage of the
Japanese pull-type friction igniters for use in igniting the
propeliing charge of the rockets.

¢. Range tables. The following range tables and table
of characteristics were taken from a Japanese document
and are believed 1o be intended for use with the 20-cm
Army rocket, Although the upper range limit is con-
siderably less than that obtained during test firing, the
table is included here to illustrate the extent to which the
Japanese recommend corrections should be made when
firing the 20-cm rocket.

Table of characteristics of rocket gun tType 4 launcher?)

Gnn barrel:

203 mnw

Lanvard percussion  hammer
iype.

Collimator Lype.

Projeciile characteristics:
Maximum range 2,500 meters.
Main charge ... ._ 16.5 kilograms izpprox.}.
Charge i propellent weight... 9.6 kilograms (approx.}.
Charge 11 propellen weight__ 8.9 kilograms {approx.),
Charge I propellent weight. 8.2 kilograms {(approx.).
{un in position:

Elavation oo ooooammmer o 40 to 65 degrees.

Traverse (elevation 45 de- 150 mils right and left Cap-
grees). prox.}.

Total welght_ oo 228.3 kilograms.

[

et Bt i
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{[-B.105
Experimental 20-cm Rochet Shell
Caarce L
{Six long sticks, two shoct)
£
Correction far | Meter gt . e
Angle of Bl ! Time of Secord Crma Wind “_,':"?: ‘au-
Angle of B | Drife tanila} Fright . | Tncrease of Pro-
{scconds} . ud | pedlens Tempera-
Range Angle of Ele prnkini
(metcre) vation {mila)
486 16 14.8 22.8 1.4 Lo —19.2
520 19 15.9 217 8.3 L1 —19.9
562 23 17.1 19.8 9.0 1.3 —2¢.6
613 29 18, 4 16.7 9.6 1.5 —-21.3
48l 37 20,2 12.1 0.0 1.7 —-21.9
728 43 213 9.1 10.1 1.4 —-221
901 75 25.6 -7.1 9.8 26 =211
952 93 26.8 -1t o 9.6 2,8 —=20.2
1,022 131 28. 4 —15.3 9.3 3.1 —18. 4
1,076 162 29.7 —18.3 9. 9 3,4 —16.7
1,121 95 30.7 —20.6 87 3.6 —-15.1
1, 162 23 3L 6 —22.5 8.5 317 -13.5
Cruagrce [T
(Six long sticks, one short)
Correaion for 1 Mewr per o g
B Time of Second Crons Wimt il Gueree
o ey | Pk i Fliah Moty por Sar. | Tnereaseof Prox
L L] [ b I o, T~
Pt Wi e I wre {oaith)
[
: 169 12 12,9 26.4 as 12 -17.2
‘700 : 504 15 13.9 25.9 9.6 14 -17.9
‘800‘ X 547 20 15.1 22.7 10.3 1.6 —18.6
'900: : 599 26 16.4 19.1 10.9 1.8 —~19.3
00 667 35 18,2 132 L2 2.0 ~19.9
000 . 942 94 25.4 —9.5 8.7 3.2 -17.8
'900. 1,058 137 26.9 —1.8 T4 3.5 —-15.8
'300 1, 113 78 28.0 —12. 4 6.4 3.6 —14.0
:700 1, 162 27 29.0 —11.9 3.4 3.1 —12.2
Charce [T
(Six long sticks}
o
ection for 1 Meter per Ran .
oot e | Time of Second Crars Wind s I:lhbrgm
eon {aviay | Drife tmila) Flight nerease of Pre-
ea {seconds) - Anaicof Ele. | 04 Aonge Find | pellent Tempera-
| (meters) oution (mils) fre (eila}
i
489 1t 1L7 28.1 4 10.8 L —1s.
531 18 13.0 ¢ 25.5 1 1.6 1. —l&.
584 24 4.4, 0.9 ¢ 12.2 2. —1iT
654 33 16.2 13.6 12.5 2. —171.
1.023 ¢ 91 238 —6.5 6.7 3 =14,
1, 106 56 25.3 —6.0 4.2 3 —12.
Pl 104 26,47 —34 2 39l —To.
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30-cm Special Mark I Rocket Motor.
Fired from: Metal trough-shaped launcher.

1. Description. a. General. This is a fin-stabilized
motor of simple design used for launching either of two
types of 250-kilogram bombs. This rocket motor is in
many respects a scaled-up version of the 19-cm moters,
Types 10 and 3, but in this case the rocket motor is
directly attached to and not just resting behind the bomb.

Only one specimen of the projectile has been captured;
this comprised the rocket motor and the Navy 250-
kilogram Fype 98 land bomb. According to a Japanese
manual, the rocket motor used in conjunction with this
bomb is known as Type 21, and when used with the 230-
kilogram Type 99 ordinary bomb, it is designated Type
22, Since the actual rocket motor appears to be identical,
this variation in nomenclature can be accounted for only
by the different method of attaching the motor to the
bombs. The projectile is launched from a trough-shaped
metal launcher.

b. Warkead. The warhead is either the Type 98 land
homb or the Type 99 ordinary bomb, in both cases with
the tail assembly remaved. The basic difference between
the two les in the adapter assembly which attaches the
warhead to the rocket motor. The exact nature of these
assemblies is not clear but the following brief descrip-
tions, taken from a rough sketch in a captured document.
give some idea of the basic layout.

(1) Type 98 land bomb: An internal base plate is
slipped into the tail end of the bomb and is held in place
against the explosive by the motor adapter, which is in
the form of a sleeve fitting inside the bomb and riveted
around the circumference. A eylindrical spacing ring,
welded to the base plate, separates the base plate from
the nose of the rocket motor. [n Figure 1 this has been
buckied by the force of impact; it is helieved, however,
that normally the attachment is flush with the warhead
and the rocket moter. Drillings in the spacing ring and
the adapter sleeve enable the leads from the igniter to be
connected to the exploder used to fire the projectile.

{2) Type 99 ordinary bomb: The sketch found in a
captured document shows that the type of adapter used
to connect this bomb to the rocket motor consists of a
sleeve fitting inside the bomb and over the end of the
motor. Na spacing ring is used, but a circular dise is
welded inside the sleeve, approximately in the center, to
streagthen the adapter. The rear half of the adapter is
drilled for connecting the igniter leads to the exploder.

. Rocket motor. The rocket motor is of simple cen-
struction and consists of the moter body, the motor clos-
ing plate, and a tail-fin assembly incarporating a single
venturi, The body is clased at the forward end by anose
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cap which fits into the rear end of the adapter sleeve. A
central drilling is provided in the nose cap to receive the
electrical igniter. It is not known whether a forward
supperting grid is used to locate the propeliant. altheugh
a rear grid is used to maintain the propetlant in pesition
at the opposite end. Screwed into the body behind the
rear supporting grid is the motor closing plate; this is
in the form of a hollow truncated cone threaded in-
ternally at the rear to receive the tail assembly.

The tail assembly consisis of a single venturi screwed
onto the closing plate and has four fins spot welded
aronnd the cireumference. These are strengthened by
thin strips at the end of the fins.

d. Fuzing and firing mechanism. The projectile re-
covered, tncorporating the Type 98 land bomb, was fuzed
with the A-3 {a) impact fuze with a green tipped A-3
gaine {0.025-second delay). An electrical igniter was
serewed into the forward end of the rocket motor. The
leads from the igniter were passed through the drillings
in the adapter assembly and connected to a small ex-
ploder. According to the !lapanese manual, the igniter
contains an ignition charge of black powder weighing 150
(grams?). Assuming this figure to be in grams, it is
eatimated that it would Are with a minimum current of
250 milliamperes.

¢. Markings. The projectile recovered was painted
blue-gray over-all, although an iltustration in the Jap-
anese manual shows that the rocket motor is of a much
lightar color, possibly yellow or white.

’ = y

T

Figure 1.~30-em Special Markf rocket marr atiached lo
’ 250.kilogram bomb.

BET462—45—F

2. Technical Data.

GENERAL
Nature of projeetiles oo

Caliber:

Reenvered specimen. ..o

Japaness manuni __.._.___l__.
Over-all length:

Recovered specimen ...

Japanese manual
Total weight.__...
Nature of fuze__
Nature af flling_
Maximum range ...

WARHEAD

General________ . oo

Over-all length .
Mazimom diameter
Wall thickness. . _____
Di of base plate

Thickness of base plate__.____.
Di r of spacing ring -
Weight of filled bomb, adapter,

and base plate.
Weight of Allinga o oooameoon -

Rocker Motor

Over-all length:
Recovered specimen__
Japanese manual ..__

Diameter:
Recovered specimen_._. -
Japanese manual S

Wall thickness (recovered speci-
men),

length of tail assembly (re-
covered specimen).

{ength of venturi iube ive
covered specimen) .

Length of tail fins {recovered
specimen).

Diameter acress  fins  {hath
SONrCes) .

Weight less propellant (recov-
ered specimen).

Weight of propellant (Japanese
mannal).

Total weight 1 Japanesc manual) .

I-B.106

Single axialventing, fin-stabi-
lized, pwsher rocket.

200 em.

309.3 cm.

3925 kilograms fapprox.},
Nose percussion.

HE.

5,850 meters.

The only figures available for
the warhead are those nb-
teined from the captured pro-
jectile and apply to the Navy
Typr 98 land bomb. Those
for the Type 99 ordinary
bomb will presumably be the
figures applying to the com-
plete projectile, with the
equivalent reductions.

- 1008 vm.

30.3 em.

127 em.

28 cm.

0.97 em.

11.65 cm.

197.5 kilograms.

96.5 kilograms.

198 cm,
i85 cm,

403 em.

30 em.

0.95 em.

63 cm.

83 wm,

35.8 cm.

45.8 em.

114. kilograms.

81 kilograms.

190 kilograms.

3. Performanee. Although the Japanese credit this
rocket with a maximum range of 10,000 meters, the maxi-
mum recorded range is only 6,850 meters (7,480 yards),

[I-B.106
——— TaAlL STRUT

YENTUR! TUBET - 4— TAIL FIN

TAIL STRUT — ..

BASE CAP

GRID

NOQ
——— MAIN BODY

PROPELLANT

e

RECOVERED

LIFTING LUG ———(g
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Figure 2—Internal layout of 30-cm projectile (diagrammatic only).

iI-B.106

at which aceuracy is very poor. The flight of the bomb
is erratic, being affected by wind currents. The rocket
has a distinctive “bubble-whistle” sound in flight, making

recognition easy.
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45-cm Navy Projectile.
Fired from: Wooden ramp mounted on wheeled carriage.

1. Description. a. General. This is the second of two
types of Navy rockets to be captured; the first was the

. 20-cm projectile described under 11-B.103. The 45-cm

rocket is basically a scaled-up version of the 20-cm pro-
jectile and has the same conventicnal layout (HE filling
forward and rocket motor to the rear) and a percussion
igniter in the center of the motor base plate. Like the
20-em rocket this projectile is nose fuzed.

Only one type of launcher has been recovered. This
is 8 heavy wooden ramp, mounted on wheels and pro-
vided with a firing hammer at the'rear. Although based
on the 20-cm projectile, this rocket is of cruder construe-
tion, This fact, together with the rough nature of the
launcher, tends to reduce its ballistic stability. The
weight of-the rocket makes it unlikely that a tube-type
launcher will be developed.

Figure 1—45cm Navy rockets.

b. Warhead. The warhead consists of a cylindrical
body welded into a conical nose piece. Both the body
and the nose piece are of sheet steel, rolled and welded.
The junction between the warhead and the rocket motor
is formed by a sleeve coupling fitting into the body of
the warhead and secured by internal and external welds.
The rear end of the sleeve is threaded externally to re-
ceive the rocket motor body and internally to take a
wooden disc and a metal warhead base plate which is
sealed with & gas check (Figure 2},

The forward end of the nose piece is drilled and tapped
to receive either of two types of nose fuze. The MNavy
rocket nose fuze used with the 20-em Navy rocket may be
used, threaded directly into the fuze socket, or an adapter

-may be inserted for the Army Type 100 mertar fuze.

When the adapter is used, the Navy gaine well in the
charge is fitted with a picric pellet recessed for an Army
game.

¢. Rocket motor. The rocket motor is of conventional
design and consists of the mator bedy, base plate, and
forward and rear supporting grids. The body of the
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Figure 2.—Internal tayour of 45-cm Navy rocket.
W azneao—Continued

motor is a steel eylinder threaded internaily at the forward
end wheré it is screwed onto the sleeve attached to the
rear of the warhead body. The rear end of the body is
closed by the motor base plate (Figure 3) into which six
offset venturi tubes are welded. These are of the con-
vergent-divergent type and are the first of their kind to
be encountered in a Japanese rocket projectile. A cen-
tral drilling in the base plate is tapped 1o 1ake an igniter
carrier containing a percussion igniter.

The forward supporting grid is a square metal plate
having 19 peripheral perforations. The edges of the
plate are turned over and serve to hold the plate clear of
the gas check to the warhead base plate. The ignition
charge is contained in a cloth bag attached to the plate.
The rear supporting grid is formed by three annular rings
and a central boss mounted above the motor base plate,

The propellant comprises 32 monoperforated sticks,
which are either dark red or dark green. In earlier speci-
mens of this projectile there were 30 red and 9 green
sticks and they were arranged in a definite order. Later
rockets, however, do not appear to conform to this order,
A label attached to the base of the. rocket states that this
propellant is known as “240 Special DT6,” but it is not
clear to which color of stick this designation refers, since
the two types differ in composition.

d. Fuzing and firing mechanisms. Two types of fuze
may be used, either the Type 4 impact rocket fuze, which
is used with the 20-cm Navy projectile, or the Army Type
100 mortar fuze.

The method of ignition is similar 2o that used on the
20-cra Navy projectile. A percussion igniter in the ig-
niter carrier in the base of the rocket is struck by a
hammer pivoted at the base of the launcher. This action
causes a flash to pass along the perforation in the central
propellent stick to the ignition charge at the forward end
of the propellant,

2. Technical Data,

GENERAL

Nature of projectile__________ Muitiple base-venting, spin-sta-
bilized, pusher rocket,

Caliber i 45.085 cm.

Over.all length {complete round) . 171.45 em.
Total weight {complete round) . 682.29 kllngnms

Nature of fuze. Nose p

Natre of filling . ____.__ Type 98 explosive.

Maximum range_______________ 2,000 meters (approx.}.
WARHEAD

General shape_ oo Cylindrical with conical nose

piece terminating in fuze
socket, Closed at rear by

base plate.
Rolled sheet steel.
10i.87 cm,
45.085 cm.
Distance from maximum diameter 35.81 cm.
to nose.
Wall thickness. oo oo 1.97 em f(approx.).
Nose fuze socker:
Qutside dizmeter oo oooooo 2.39 cm.

Length of threaded portion____ 127 cm.
Threads per inch (U. 3. Sed.}_ 12

Adapter pocket:
Qutside diameter—___ 4.78 cm.
Length of threaded portion___. 127 cm.
Threads per inch (U. 5. Std.) . 12

Bage plate:
Quiside diameter____________ 37.93 em.
Length of threaded portien___.. 3.86 em.
Threads per inch {U. S, Std) . Six.

Weighta:
Empty with coupling_.———____ 19%.58 kilograms.
Base plate_ . oo 44.19 kilograms,
Filling 180.45 kilograms,
Totel o ommmmmmmememeee 42422 kil::grams.

Filling. 18045 kilograms of Type 58
explosive.

Markings M over-ull  with nose
painted green/ An arabie
numeral is stenciled in white
on the nose.

FUZE oo Either MNavy Type 1 Impact
rocket fuze or Army Type 100
mortar  fuze. See I[-C.001
and 1I-C.002.

GAWNE oo . Incorporated in fuze assembliea.

See I[-C.00I and II-C.002.

Rocker Motor

General. e Multiple annular venwrd  at
base; 3% monoperforated pro-
pellent sticks located between
forward and tear supporting
grids. Tolal weight 258.073
kilograms.



Rocker Moror—Continued
Motor body:

Length of prepellent chamber_
External diameter..
Inlernal diameter.
Wall thickness.
Weight . __—_
Motor base plate:
Length, including venturi and
grid
Length, excluding venturi and
grid.
Diameter__.
Weight, including grid_
Threads of base plaie:
Qutside diameter ...
Length of threaded portion._-
Threads per inch (U.S. Sed.)
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G8.58 em.

A7 cm fapprox.).
45.09 cm.

40.39 cm.

21 em.

12105 kilograms,

18.7 em fapprox.).
36 cm {approx.).

424 cm {approx.).
73.36 kilograms.

41.91 cm.
3.08 cm.
Six.

Figul;; 2,—PLropotlont and ignicon charge of 45-cm Navy rocker.
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Venturi:
Number and position___ Six in anoular ring at base.
Convergent-divergent.

12 degrees 30 minutes.

Maximum diameter._ 67.34 mm (approx.}.
Minimum diameter __ 41.15 mm (approx.}.
Length e 22.45 mm lapprox.).

$1.15 mo: (apprux.).
NiL.

Minimum diameter ._
Maximum dizmeter__

41.15 mm {approx.).
52.37 mm {approx.).

Length oo 104.75 mm (approx.).
Supporting grids:
Forward:
Type s Square steel plate with corvers
turned over.

i Lt
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iy ot L an

Figure 4.—Rear view of $5.cm Novy rocket showing base plale removed.

Supporting grids—Continued Propellant--Continued
Depth e 3.63 tm (approx.). Weight of each stick- 1.517 kilograms.
Size _ 37.3 em by 373 em {approx.). Total weight - 59.18 kilograms.

442 kilograms. Composition:

Rear: Red oo Believed to be 240 Special DT6:
Mesn diameter, outer ring._ 35.16 em {apprex.). Nitroglycerine, 37 percent;
Mean dismeter, intermediate 2607 cm {(approx.). pitroceilulose, 60 percemt;

ring. stabilizer, 5.8 percent.

__. Believed to be 240 Special DT2:
-Nitroglycerine, 20.I percent;
nitrocellulose, 65,1 petcent;
stabilizer, 5.8 percent,

Mean dinmeter, inner ring-. 1738 cm (apprex.).

Diameter of - section of all 1.58 ¢cm (approx.}.
three ringa.

Central boss, outet diameter- 10.25 cm {approx.}.

Central boss, inner diameter. 7.11 cm (approx.),

Maximum height above base 5.45 cm (approx.),
plate. ’

Propellant :
Type:

According to label on base 240 Special DT 6.
of rocket motor.

According to range table 240 Speeial DT 6.
believed to refer to this 240 Special DT 2.

rocket.
Number of sticks oo 39 (30 red and nine green in
earlier projectiles).
3.3 ) R — - 38735 cm.
Di 5.867 cm. Figure 5—Base plate, showing venturi and rear supporting grid

Diameter of perforation._.... 1041 cm. of 45-cm Navy racket.
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Cross Sectan of Notzle
Figure 6.—Venturi and rear supporting grid of 45-cm Navy rocket.
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Method of ignition:

General oo Percussion igniter located in
igniter carrier in center of
motor base plate and ignition

N charge at forward end of
rocket motor. ’

96 cm (approx.).

39 em {apptox.}.

Diameter of fash chacnel__. 1.02 ¢m (approx.}.

Type not known; believed to be
a cap fitting over the threaded
end of the igniter carrier.

0,083 kilogram.

The rocket motor, like the re-
mainder of the projectile, is
paioled maroon. A label at-
tached to the base of the mo-
tor gives the following data
on the propellant:

Common propellant

Kind _________ 240 Special

nTs.

Lot number.__ 9 P.

Manuofactured_ September 1944,

Loaded_____ November 20, 1944,

Lot Kure A,

ignition charge, weighi-

Markings

3. Performance. a. Firing Tests. (1) Pacific: One
rocket was test fired from the standard launcher in
Manila. The projectile was fired at an elevation of 43
degrees, took off well and few well until the latter part of
the downward trajectory where it seemed to lack sufficient
spin and wobbled badly. The impact of the projectile
could not be observed but the range was estimated at
about 2,000 yards. On the basis of a vacuum trajectory,
this gives a final velocity of 440.6 feet per second {the
same as the 20-cm projectile} and an effective gas velocity
of 4,806 feet per second. The nozzle constant is 443.

{2) Aberdeen (Maryland) Proving Ground: The
[ollowing is taken from a preliminary report on a firing
test conducted recently,

Rounds fired oo Funr.

Ballistic data:
Buarnt veloehty . _________ 460 fert per zecomd.
Time of buming. . 3 secand:.
Burning distance -—— 650 feet.

Range 5,000 feet at 440 mils elevation.

b. Range table. The following range table was taken
from a Japanese document and is believed to refer 2o this
projectile for the following reasons: The document deals
specifically with Navy rockets and other range znd trajec-
tory tables have been captured which almost certainly refer
to the 20-cm Navy rocket. The Type 98 explosive men-
tioned in the trajectory table which accompanied the range
table is used in the 45-cm rocket and not in the 20-cm
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projectile. The characteristics agree with those obtained
in recent laboratory tests. The date of issue of the tables
agrees with the date of manufacture of all rockets of this
type captured 1o date.

Japanese Range Table for 45-cm Novy Rocke:

Flevution Kirind Rar Time of tasi

(degresi) e || oo o iatin
205 3.4 -5
263 3.8 -6
321 4.2 -7
a79 4,7 —8
437 5.1 -9
405 5.5 — 14
353 5.9 —~11
611 6.3 —12
668 6.8 —14
725 7.2 ~15
781 .17 -16
836 81 —1?
491 8.6 —13
945 9.0 -1
9498 9.5 —20
1, 050 9.9 —21
1, 100 10.4 —22
1,148 0.9 ~23
1 194 il.4 —24
1,238 1.9 —25
1,280 2.4 26
i,319 12.9 -2t
L, 356 13.4 —28
L, 390 . 13.9 —30
1, 422 14, 4 -n
1,452 14,9 F—32
1, 480 15,4 -34
1,505 15.9 —35
1,528 16.4 —37
1, 549 17.0 —-38
-1,568 1.5 —40
= 1,585 18.0 —42
I, 600 18.6 —dd
“1,612 19.1 — 44
1,622 10.6 —ag
1631 22 —50
. A 29, —52
1, gg o 2.3 —54
1, 646 21,9 —36
1,648 22,4 —58
1,648 3.4 — &0
1. 646 3.6 —62
L, 642 241 —64
1,637 24.7 — 06
1, 630 25.2 —68
1.621 25.8; -1

[I-B.200
ANTIAIRCRAFT PROJECTILES

Although numerous reports have been received from
aircrews of the use of antiaircraft rockets, no specimen
of this type of projectile has yet been captured.

A recently ecaptured document gives brief details of a
shipborne multiple antiaircraft launcher (see II-F.301).
The 12-cm antiaireraft incendiary shrapnel rocket which
this launcher fires appears to be identical with that de-
seribed under [1-B.402. According to the document, this
is intended for use against torpedo planes and dive
bombers. 1f German influence is felt in this field, the Jap-
anese can be expected to produce a type of projectile sim-
ilar 1o the German parachute-and-cable rockets, intended
for use in large numbers to form a parachute-and-cable
barrage against low-flying aircraft. Therefore, for low-
altitude antialrcraft fire, we may reasonably expect to en-
counter this 12-cm incendiary shrapnel rocket with an air-
burst fuze and possibly a parachute-and-cable racket
simjlar to those used by the Germans. It should, of
course, be remembered that the parachute filling of this
type of rocket can be replaced by a high-explosive charge,
as was the case with the German 8.6-cm parachuie-and-
cable rocket. The Japanese may develop a similar
projectile. .

in high-sltitude fire, a gt;ided projectile fitted with a
proximity fuze is probably most effective. While it is
known that the Japanese have for some time shown in.
terest in acoustic and sonic fuzes, it is not considered
probable that this type of projectile will make an ap-
pearance for a considerable time, if at all.
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AIRCRAFT PROJECTILES

dircraft Rocket Projectiles.

Although it is known that the Japanese are employing
air-to-air and air-to-ground rocket projectiles, no speci-
mens have been found. The following is typical of the
reporis received of the use of such projectiles:

“The rockets . . . from fighter aircraft . . . erigi-
nated from 1. 3, and 11 o'clock and were usually released
in pairs. ‘The trajectory was relatively flat and the pro-
jectiles had a fire trail. . . . It is estimated that the pro-
jectiles were released from a range of about 1,000 to 1,200
yards.”

Aircraft Rocket-Assisted Bambs.

According to the documentary evidence available, a
certain amount of experimental work has been carried out
with various types of rocket-assisted bombs, though it is
not believed that any standard -weapon of this type has
yet appeared. A Japanese document, which is a series
of Jecture notes on aerial armament, refers to' four types
of aerial bomb under the heading “Air Technical Branch—
Bomb Section.”

1. Rocket-I'ype Bomb, Mark 4. It is not certain
whether this is an actual type of rocket bomb or whether
it refers to both the 325 Mark 4 and the #50 Mark 4
homb, but it is believed to be a type of s own. The
extract from the Japanese document is as follows:

Propellant for Mark 4 bomb:

Liyuid rocket ... Can be adjusted by means of a valve.

Duyration long. Requires an oxygen
bottle—steel.
Solid fuel rocket__._.._ Has oxygen but does not use a bottle.

Short duration.

This seems to be a general note on the theoretical side
of rocket propulsion. References are made to pressure
and explosive temperatures. It seems possibie that the
designation “Mark 47 refers to rocket-assisted bombs as a
class of projectiles and not as a specific bomb.

2. 25 Mark 4 Bomb. Tesis have been carried out
with this bomb, a 15-em AP projectile designed for use
against shipping. Tests showed that the bomb penetrated

* 120 mm at a range of 800 meters, diving at an angle of

60 degrees.
Extract from Japanese document:

NVNC 150-mm AP bemb:
Impact speed_______. . __. 3,200 m. s.
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1,000 meters.
120 m. s
Propellant __ 2 tons required (TN:
Thrust? 7).
Operaling time. oo 2 seconds.
Capacity of propellent case__ V=149 |
Uses a propeilant DC pressure.
Internal pressure______.._. 100 kilograms per square ten-
limeter or less.
Propellant .. 12,13 d ombustion fime.

¥ 305 m, s.

3. =30 Mark 4 Bomb. This is a 24-cm AP bomb

designed for use against battleships. It apparendy re-

quires 50-kilograms of propellant. It is of interest to

note that the production of an Army rocket of this caliber

has been mentioned in recently captured documents.
Extract from Japanese decument:

NVNC 240-mm AP bomb:

Impact speed frequired) ... 380 m_ s,
Operating time 1 second
Delay peried a d
Air speed. o 106-120 m. s

Propellant necessary.. -~ 1L3 tons {TN: thruat??).

Amount of propellant__.... 50 kilograms required.
Uses a propellant 37-176 DT.

130 mm x nozzle D.
) 5 TR 90 kilograms per square cm,
R R, 115 roms (thrust).

4. Mark 19. A Japanese document makes the following
comment concerning this rocket: “Amount of main
charge of rockets under tests is 500 gr™ (?). A bomb-
ing velocity of 500 meters per second is quoted. This
may be & small ealiber rocket launched from aircraft
against ground targets.

[1-B.40lL

NONSTANDARD AND UNCONFIRMED
PROJECTILES

68-mm Projectile.
Fired from: Metal launching frame mounted on tripod,

1, Description. a. General. An incomplete specimen
of this projectile has been recovered, together with a
launcher consisting of & metal framework meunted on a
tripod. The zbsence of any explosive compartment sug-
gests that this rocket may possibly be used as a line
throwing device.

b. Rocket motor. The incomplete rocket moter which
was captured consisted of three parts: the ogival nose
piece, the propellent chamber, and the motor closing plate.

The agival nose is hollow and fits over the forward
end of the propellent chamber, where it is located by
three screws with large heads which serve to guide the
rocket in the three rails of the launcher.

The propeilent chamber is a steel cylinder, very slightly
conical in shape, into the rear of which is screwed the
motor closing plate. The entire body of the propellent
chamber is filled with the propellant of which no analysis
is available at present.

The motor closing plate is a truncated cone serewed
into the rear of the propellent chamber. Through the
conical face of the closing plate are four venturi openings.
These are drilled so that they are focused on a cone-

‘shaped recess in the center of the propellant. The ven-

tari are not canted and, therefore, the projectile is not
spin-stabilized.

There is a central drilling in the rear of the closing
plate; it is presumed that either a fin assembly or a lire
adapter of some kind is fitted into this recess.

¢ Fuzing and firing mechanism. No fuze is fitted to
the rocket and there is no indication of the method of
ignition either on the launcher or on the projectile.

2. Technical Data.

Over-all leagth, as received
Forward diameter.
After diameter .o

e 266 cm.

Length of nose piece ...

Length of propellent chamber__ .- 135 em.
Length of motor closing plate__ ... 5 em.
Ventori, di - ) £.79 em.
Diameter of drilling in closing plate_______.___ 0.55 chn.
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Figure 1,—Sketck of rackes motor for 68-mm projeciile,
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12-em Navy Incendiary Shrapnel Projectile.

Fired from: Lawmcher on suicide boat.

1. Description. a. General. This is a spin-stahilized
projectile fired from the Japanese suicide craft. The
rocket consists basically of a warhead filled with 2 number
of incendiary pellets, a warhead adapter containing an
explosive charge, and a rocket motor of conventional
design.

b. Warhead. The body of the warhead is formed by
a steel eylindrical tube with a steel ogival nose piece welded
at the forward end. The cavity under the nose piece is
filled with a wooden plug,

The rear end of the body is threaded internally to re-
ceive the forward end of the warhead adapter. Inside the
warhead body is a metal canister containing 62 metsl-
encased, incendiary (WP) pellets. Rurning the length
of the cylinder and centrally located is a small burster
tube containing five picric acid cylinders. The lower end
of the canister is centrally perforated to form a connection
between the booster in the warhead adapter and the hurster
charge in the canister.

c. Warhead adapter. The warhead adapter is in the
form of a steel cup threaded externally fore and aft to
screw into the warhead and rocket motor respectively.
Between the two threaded portions the adapter is flanged
to the same diameter as the two components. Inside the
adapter cup is an explosive charge consisting of a cylin-
drical block of picric acid with a central drilling in which
is located a tetryl booster. This booster surrounds the
gaine of the base fuze screwed into the base of the cup.
The cup is closed at the forward end by a metal plate
having a central perforation containing a picric acid pellet.

d. Rocket motor. 'The rocket motor is of conventional
design with a motor body, base plate, and forward and
rear supporting grids. The motor body is a parallel cylin-
der threaded internally at both ends to screw over the
warhead adapter and motor base plate.

The motor base plate {Figure 3) is a eylindrical steel
block in which are drilled six convergent-divergent ven-
turi, offset at an angle of approximately 21 degrees. On
the forward surface of the base plate are three equally
spaced studs which suppert the rear grid. At the end
of one of these studs is a button which fits into a recess
in the grid and positions the internally threaded hoss of
the grid in line with the central drilling in the baseplate.
This central drilling receives the igniter sleeve. The out-
lets of the venturi are covered by a celluloid disc which
fits over the rear end of the igniter sleeve.

The rear supporting grid is a circular metal plate with
six peripheral holes and a central hoss threaded to re-
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ceive the forward end of the igniter sleeve. The grid is
supperted on three studs in the forward face of the motor
base plate.

The forward supporting grid is a square metal plate
the four corners of which are bent over to keep the plate
clear of the warhead adapter. The grid has one central
and six outer drillings. A silk bag, containing the igni-
tion charge, is attached to the forward side of the grid.
The bag has a hole in the center to correspond with the
centval drilling in the grid. The base fuze for the war-
head passes through these drillings and is screwed into
the warhead adapter.

The propellant consists of one short and seven [ong
moroperforated sticks located between the forward and
rear supporting grids.

e, Fuzing and firing mechanism. The fuze threads
into the rear end of the warhead adapter and is, in effect,
a powder train. Into the forward end of the fuze is
threaded a small gaine containing a high explosive, which
is actuated by a delay train honsed in the body of the
fuze. There are no moving parts in the fuze.

ROCXFT [;IIJNCHER

Figure 1.—I2-cm incendiary shropnel racket and lagncher.
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Tke powder delay element is initiated by a small black
powder bag, which is crimped to the rear end of the fuze
and is in turn initiated by the primer. Field reports in-
dicate that the delay train allows the racket to travel 2,000
to 3,000 yards before the main charge is detonated.

The firing mechanism consists of the percussion igniter
in the igniter sleeve in the motor base plate and the
ignition charge attached to the forward grid. Since the
central propellent stick bears against the rear of the base
fuze for the warhead, the flash from the percussion igniter
presumably passes along one or more of the outer sticks
and through the corresponding drilling in the forward
grid to the ignition charge. This would not appear to he
as satisfactory as the normal procedure whereby the per-
foration in the central propellent stick serves as the flash
tube.

2. Technical Data.

Nature of projectile____.._____. Maltiple base-venting, spin-sta-
bilized, pusher rocket.
Caliber oo . 12.06 cm.
Overall length {complete pro- 75.08 cm.
jeetile).
Total weight.____ -- 228 Lilograms.

Neture of fifling_______________ Incendiary peliets and explosive
charge.
Nature of fuee_ . _______ Delay train frem propellant,
Maximum range. 2,000 to 3,000 yaxds.
WARHEAD
Shape _____ Cylindrical with ogival nose
piece; contains  incendiary
canister.
‘Materia] — Steel.
Dimensions;
Over-all lengtho____________ 254 em.
Length of cylindrical body___ 18.09 cm.
External diameter __________ 12.06 cm.
Internal diameter_ - 1111 em.
Wall thickress . ... 0476 cn.
Thread at base:
Quzstde diameter- oo 1063 em.

Lengih of threaded portion_._ 190 em.
Threads per inch {right-hand) . Eight
Woaden nose plug:

Length .
Diameter—_.
Canlister:
Tength oo 18.89 cm.
Diametero o oo, A 968 cm.

Diameter of burster webe hole_ 1.59 cm.
Incendiary pelleta:

Number. 62.

Diameter oo imon o
Birrster tube:

Length ____ 17.94 cm

Digmeter oo 111 em.
Weights:

| 2] 2.86 kilograms.

Wooden nose plug—.——____ 0.076 kilogram.
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Figure 2-—Interral construction of 12-cm incendiary shrapnel
rocket,
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Weights—Contizued
Canister (complete) mmmmmmnnm 1.83 kilograms,
Incendiary pellets..._ [
Burster tube. 0.031 kilogram,

Total.

Markings .

7.77 kilograma,

Painted black over-all with one
th.inch yellow band 3%
inches aft of the junetion of
the body and the nose piece.

TWARHEAD ADAPTER

Dimensions:

5.58 em.
12.06 cm.

Threads fore and aft:
Outside diameter. . ooooeooo 10,63 em.
Length of threaded portion... 1.90 em.
Threads per inch (right-hand) . Eight.

Fuze socket threads:

Qutside diameter . ____. 2.86 cm.
Length of threaded portion... 1.5% cm.
Threads per inch (left hand) . 15.

Metat plate:

D

9.63 ¢m.’
Diameter of central drilling___ 0.95 ¢m.
U TS T S —— 0.65 em.

Weights:

Weight of adapter plug_____ 1.53 kilograms.
Weizht of metal plate________ 0.37 kilogram
Weight of explosive charge_._ 0.14 kilegram.

* Total weights accemeemeemmoee 2,04 kilograms.

Markings . oo The following is a iranslasion
of a label on the explosive
charge in the adapter: “Tem-
porarily designated 12-cm in-
cendiary shrapnel rocket sheil
bursting charge; Lot No. 224;
Mig. June 1944; Navy Arse-
nal #3; Cast .November
1944; Type of powder-picric.”

Fuzz

Nature. Powder delay train leading frem
propellent chamber to expio-
sive charge in the warhead
adapter.

Ditmensions:

Length. 9.52 cm.

Ds. 3.49 cm.

Weight e e 0.40 kilogram.

Length of delay train chenmel ..

Diumeter of delay train chep- ool
nel.

Length of delny train o o-om coemmmee.

Composition of delay train
Warhead adapter threads:

Outside distmeter o oeoeen 2.80 cm.

Length of threaded portion_—_. 1423 cm.

Threads per inch {left-haad). 15.
Gaine recess threads:

CQuiside d

Length of threaded portion__- .
Threads per inch

11-B.402
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Figure 3—Component parts of 12-em incendiary shraprel
projeciile.
Rocket MoTor:
[0 1 £ 1 A — Multiple annular veaturi at base.
Eight monoperforated propel-
lent sticks. Total weight 28
pounda 924 ounces (excluding

faze}.
Motor body:
Weight oo 6.16 kilograms.
Length __

Length of propellent chamber. 3%.53 cm.

External diameter. .. 12.06 cm.
Internal diameter. .. 1111 em.
Wall thickness. 0.276 cm.

Threads fore and aft:

© Quuside diameter ___oeeeeeen 1064 am.
Length of threaded portien__. 222 cm.
Threads per inch (right-hand)_ Eight.

Base plate:
Weight oo 2.2 kilograms.
Length 603 cm.
Di 1222 cm.
Supporting studs, length. .- 143 cm.
Supporting studs, diametex_._. 0.95 cm.

[[-B.312

Motor body threads:

Qutside diameter—————— 12.22 cm

Length of threaded portion___. 2.22 em.

Threads per inch (right hand) _ Eight.

Igniter well, depth- _- 333 cm.

Igniter well. dizmeter- .. 5.35 em.
Yenturi:

Number and position—______ Six in annular ring at base.

Type Convergent-slightly divergent.

Angle of cant. oo 21 degrees (approx.).

Inlew:

Maximum diameter__
Minimum diameter -
Length _. -
Throat:
Diameter_ ..
Length
Gutlet:
Mipimum diameter
Maximum diameter
Length
Forward supporting grid:
R T Y S — 0,056 kilogram.
i 8.39 om.
0.16 c¢m,
159 cm.
One central and six outer.
Diameter of central perfora- 4.6 cm.
tion.
Diameter of outer perforations. 2.06 em.
Rear supperting grid: :

Weight __ 0.26 kil
Diamet: 1¢ cm.
Thickness. e cmemmrmrmmmmm 0476 cm.
Forward projection from-base 2.06 cm.
plate. .
Perforations, number . Six,

Perforations, diameter___ .- 1.9 ¢m.
Igniter aleeve threads:

[1-B.402

Propeilant:
eeeee 150 Special DT6.
Seven long and one short.

Length of short stick___ ooeem 26.67 em.
Length of long stickoooooamnn 35.56 cm,
Diameler 2.23 cm
Diameter of perforation.—.—._ 0476 cow
Weight of short stick__ 0.38 Lilogram.
Weight of long stick_ 0.49 kilogram.
3.84 kilograms.

- Smuokeless powder, chemical
compusiticn not kpown.
Method of ignitiea:

General oo Percussion igniter in igmiter
sleeve in base plate and igri-
tion charge aitached to for-
ward supporting grid.

Percussion igniter oo~ Type used is not known since
no igniter was present in the
recovered specimen.

Tgniter sleeve:

Weight oo mmmacemeeem 0.099 kilogram.
Length oo 571 cm.
Di 254 cm.
Forward threads:
Outside diametero———— - 2,06 cm.

Length of threaded portion... 254 cm.

Threads per inch-_ Nine.
Rear threads: .
QOutside diameter .ommeee——— 2.06 cm.
Length of threaded portion-.. 0.95 em.
Threads per inch. .vanemmmeee- Nine.

Ignition charge: .

——emm—e Black powder.

0.028 kilogram.

__ The focker motor is painted
black overall and has a
14.inch yellow band ait of the
flange on the base plate.

Qutside diameter - oooeeeemo 2.06 cm. . . L.

L:n:1h of Lh:e:;ed portion___ 2.06 Zm. A label in the rocket motor gives the following infor-

Threads per inehoeeeem— Nine. mation:

Experimental Incendiary Shropnel Rocket
N ~ Propeltant Bursting charge Tncendiary powder Special conexiner

Powder TFPe. . . covvvnrnnnn s ' 150 Speciat DT6. . ... .. Special Compound . . . |

he e MP BB e
Bowder Bag. . . ..covvvvoviiriin s K 390 ... .......... L HOK2M. o
Manufactured:

L Sept 1944 . ... ... Dec 1944,
Sagamino Yard. ... ... Kure Yard.

Sasebo Navy Yard Dec 1944 SA 9

[P GUIpP ISP

" 3. Performance. A Beld report stales that the pro-

jectile travels 2,000 to 3,000 yerds before the main charge
is detonated. There appears to be a bangfire oi 2 20 3
seconds. When the warhead bursts, the pellets are scat-
tered over an ares approximately 600 feet forward and 60
feet 10 each side of the point of detonation.
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Antitank Rocket Projectile (Unconfirmed).

Although it is fairly certain that the Japanese are pro-
ducing, or possibly have aiready produced, some kind of
antitack rocket for use in a launcher similar to the Ameri-
can “Bazooka,” no specimen has yet been recovered and
no report has been received of the use of such & weagon
against our armor. Three factors, however, substantiate
the belief in the existence of a weapon of this class.

A Tokyo broadcast early this year announced that an
individual antitank rocket launcher is being produced at
a rate of 2 million per month and is being issued to all
householders. While this is undoubtedly a gross exag-
geration it does show that the Japanese are conscious of
the possibilities of such a weapon,

Enformation from a German source indicates that the
Japanese have an antitank rocket laencher similar 1o the
German Panzerschreck. (The Panzerschreck fires an 8.8-
mm hollow-charge antitark projectile described under
1-B.104.) The only available information on the
launcher indicates that it fires & 70-mm projectile.

A recently captured Japanese document, published by
the Tateyama Naval Gunnery School, refers to an experi-
mental rocket launcher weighing 31.5 pounds and having
a maximum range of 1650 yards, Two rocket projec-
tiles are mentioned. One.of these is an 8-cm rocket for
which a penetration of 80 mm of srmor plate is claimed.
The other rocket is 10 cr in diameter. No other details
cancerning it are given.
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Section IIT
FUZES

Introduction.

This section is concerned only with those fuzes which
are used in complete rocket projectiles and daes not in-
clude those which are employed in bombs launched by
detached rocket motors or bombs forming the warheads
of rocket projectiles.

The fuzes used in Japanese rockets are of conventional
design and present no features of particular interest, Only
two types have been identified so far; these are the Army
Type 100 mortar fuze, which can be used for either in-
stantaneous or shoxt delay action, and the Navy Type 4
impact fuze which is a plain point-detonating fuze. These
are described under 11-C.001 and [1-C.002 respectively.

11-C.001

Army Type 100 Mortar Fuze.

{Instantaneous or Short-Delay Action.)

Used on: Army 20-cm projectiles and Navy 45.cm pro-
jectiles.

1. Description. a. General. The fuze consists of a
nose, body, and gaine, all made of brass, The body is
screw-threaded internally to accept the head housing the
striker and detonator. The bady carries the mechanism
in the form of a rotor for setting the fuze for instantaneous
action or delay. The base of the body of the fuze is
screw-threaded internally to accept the gaine.

The over-all length of the fuze is 3.14 inches; it is 1.26
inches in maximum diameter, and the weight of the empty
fuze is 6.45 ounces.

An anodized duralumin cup, with a deep cylindrical
projection in the base, fits neatly into the head of the
fuze. A small copper-shelled detonator container filled
with fulminate of mercury slides easily into the base of the
cup. Tt is held in place by an aluminum sticrup which
bears two lugs to engage in slots in the walls of the cup.
A shoulder inside the nose has two slots cut at diametri-
cally opposite sides to allow the lugs of the aluminum
stirrup to pass through. The whole assembly is rotated
H) degrees after insertion so that the lugs engage in shal-
low recesses. machined in the underside of the same shoul-
der. Tn this way the detonator is locked by the mechani-
cal pressure exerted by the shoulder an the stirrup.

" I-C001

A creep spring holds the detonator and stirrup up
against the base of the cup and is itself held by an anodized
duralumin striker consisting of a flat head and ceniral pin.
The striker head completely covers the floor of the cup and
the central pin projects down toward the detonator.  An
inverted anodized duralumin cup closes the fuze and fits
inside the other cup and maintains the whele assembiy in
position. A copper shear wire, soldered at one end to
hold it in the fuze, maintains the two duralumin cups
in positicn. Positioned below the detonator and carried
on a shoulder of the fuze body, below the recess for the
fuze head, is a brass disc with seven Hash holes.

It will be noticed that the cup, striker, and detonator
assemblies are identical with those of the fuze for the
81-mm and 90-mm Japanese mortar bombh.

b. Direct action and delay mechanism. The delay

mechanism consists of a rotor which can be set for in-

EASE ELASH

i AND TINEQIL B15C

- FULING OF

i
WASHER ~——

SCREWED PLUG. RETAINING |
i CONTENTS OF GAINE .. I
- FELTED CLOTH WASHER 5 ;

LEFT HAND THREADS
GAINE

FINE WHITE POWDER
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stantanecus action or slight delay. The rotor fits into a
semicircular groove, formed in the middle of the bady, and
is held in position by a brass plug. The rator is cylindri.
cal and is 20 mm {0.79 inch) long. and 8 mm (0.3 inch)
in diameter. It weighs 0.48 gram, Through the rotor
are three holes, twe diametrically opposite and the third
spaced equally between these two so that they join up to
form a T channel, when a cross section is viewed. The
holes diametrically opposite each other form a flash chan.
nel and are not filled: the third hole carries gunpowder.
For direct action the unfilled channel is vertical and the
flash passes directly downwards. For slight delay, the
rotor is moved through 90 degrees so that the fash chan-
nel is horizontal, and the gunpowder channel is under-
neath. The flash now enters the rotar through the sides
and has to pass through the gunpowder channel. In-
stantaneous or delay action is achieved by turning the

e LW

o

K

KEY HOLES FOR
BOTH PLUGS

Figure | —Army Type 100 martar fuze.
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rotor by means of an external screw, which is covered by
tinfoil. A stop screw in the side of the body engages
in a groove in the rotor so that movement beyond 90
degrees is not permitted.

¢. Booster pellet. This is a perforated gunpowder pellet,
9.65 mm (0.38 inch) high and 5.33 mm (0.21 inch) in
diameter. It weighs 0.13 gram. A perforated brass plug
screws below the pellet and halds it in position.

d. Gaire. A brass gaine, tubular in form, has an
enlarged screwed head (left-hand thread) 17 mm in di-
ameter for insertion in the base of the fuze body. The
saine is closed by a perforated screwed plug below which
is a perforated cloth washer and a tinfoil disc. The gaine
is 34 mm (1.34 inches) in length and 12 mm (0.47 inch)
in diameter. When empty it weighs 0.91 gram. The
filling is in two increments. The top filling consists of
a small amount of lead azide. It was not possible to

- analyze the lower filling.

e. Fuze caver. The fuze cover is a thin metal envelope,
apparently mainly aluminum, which fils over the fuze, and
it is presumed that there is a waterproof seal between the
base of the cover and the body of the fuze. A thin brass
wire fits in 2 groove formed at the base of the fuze body,
and the end is completed in the form of a ring. This
facilitates the removal of the cover. ’

The cover is intended to render the fuze waterproof and

ensure that the duralumin cup at the nose of the fuze is
not damaged during transport, A steel stud fits in a small
hole in the base of the cover, and this prevents the cover
from undwe rotation due to rough handling. It may be
noted that the rotor cannot be adjusted without removing
the cover, and any misplacement of the cover is clear
evidence to the gunner that the fuze hag been tampered
with.
2. Action. On impact with the target, the shear wire
is broken and the striker pin is driven inward. At the
same time the inertia of the detonator forces the stirrup
forward against the creep spring, so that the striker im-
pinges on the detonator, The flash passes through the
rotor and the booster pellet to the gaine.

The method of obtaining direct action or short delay
is new and it seems doubtful whether it is entirely satis-
factory, as the mechanism might not be correctly posi-
tioned if the rotor were set hurriedly or carelessly.

GAT462—AT 10
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Navy Type -+ Impact Fuze.
Used on: 20-cm Navy projectile and 45-em Navy pro-
jectile,

1. Deseription. a. Fuze body. The body of the fuze
is constructed in two parts, a lower bady and an upper body
or nose piece. The lower body is threaded internally at
its upper end to receive the nose piece and both internally
and externally at its lower end.  The external threads en-
able the fuze to be screwed into the fuze socket in the
nose of the proiectile and secured in a slot cut in the
upper threads. The internal threads receive the gaine,
which is screwed into the fuze with a left-hand thread.

The lower body is bored in two diameters, the lower
one being the larger. This lower portion contains the
striker guide, which screws into the fuze body, centrifugal
detents with their pivot pins, and the detent spring. The
upper and smaller diameter drilling supports and provides
& guide for the striker. The upper fuze body forms a
housing for the striker extension and constitutes the nose
of the fuze.

The striker is constructed in two parts: the lower por-
tion oy striker proper, and the upper portion which is
known as the striker extension. The striker extension has
a fat disc at the top which fits just below the copper cover

COPPER COVER
STRIKER EXTENSION
UPPER FUZE BODY

INITIATING PELLET

SUB BOOSTER
OF TETRYL

GAINE -

BOOSTER
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in the nose of the fuze. The lower end of the extension
fits into 2 drilling in the nese of the striker proper where
it is [ree to move for a short vertical distance like a
piston. The extent of this vertical movement is limited
by a shoulder on the striker extension. The striker
proper i in two diameters.  The upper and larger section
receives the striker extension. The lower end of this
larger diameter section has a shoulder where the diameter
decreases to form the lower section which terminates in a
needle-type striker. ln the unarmed position the shoulder
rests on the five eccentric detents, each of which is piveted
about a detent pivot pin located in the upper surface of
the striker guide.

These five detents pivat inward and interlock, with the
exception of the master detent which will clear the others.
This master detent is the key element in the arming of
the fuze. The detents are surrounded by a circular de-
tent spring which tends to hold them in the locked position.
In this unarmed position the detents engage the shoulder
on the striker and positively prevent any downward move-
ment. This assembly is mounted on the striker guide,
which screws into the lower fuze body and is drilled
axially to take the striker and provide a guide for i
immediately above the gaine.

LOWER FUZE BODY
DETENT SPRING
CENTRIFUGAL. DETENTS (5)

ANTIMONY TRISULPHIDE AND
POTASSIUM GHLORATE

BLACK PAPER DISC CONTAINS
LEAD AZIDE

11-C.002

5. Gaine. The gaine used in this fuze is of standard
construction and resembles the usual Japanese projectile
zaine in appearance and design. The gaine is screwed
into the lower fuze body and at its upper end has a
screwed-in cup containing the upper gaine charge, which
consists of the initiating pellet and a sub-booster. The
initiating pellet consists of three layers of explosive ar-
ranged with the priming mixture of antimony trisulphide
and potassium chlovate at the top, a black paper disc con-
taining lead azide in the center, and tetryl a1 the bottorn.
The sub-booster is tetryl. Below the sub-booster is a
booster in the form of a fnger of high-grade picric acid
contained in vellow waxed paper.

2. Qperation. As the rocket moves forward, the
striker moves back upon the centrifugal detents and, to-
gether with the detent spring, prevents their outward
movement. As soon as the propellant has completely
burned, the rocket decelerates and creep begins. The
striker then creeps forward away from.the detents, which
swing out in sequence under centrifugal force and expand
the detent spring. When the detents have all swung out-
ward, the striker channel is clear and the striker is free
to be driven forward on impact and pierce the initiating
pellet, causing the detonation of the main charge.

3. Tabulated Data,

Source 1 Source 2
Weight of fuze complete oo aueoe 8072 grams  G92.3 grams.
Weight of gaine complete. —-— 221.6 grams 100.2 grams.
Weight of picric booster__ - 285 grams 285 grams.
Weight of striker complete_ 23.9 grams.

Weight of one detent_.. 2.2 grams.
Weight of detenl sprin 1.5 grams.
Length of luze over-all, with gaine__ 132 mm 134 mm.
Length of fuze over-all, less gaine.. wooeeeon. 68 mm.
Length of gaine.._..- - T0 mm £6 mm.
Maximnm diameter of fuze. . _—on 58 mm 54 mm.

Fuze threads:
Length of threaded portion.
Outside diameter ...
Threads per inch (U. 8. Std)__.. 12
Gaine threads:
Iength of threaded portion
Outside diameter_. .o .-
Threads per inch (1. 8. Sed)___ 16

4. Marking. A label on the fuze gives the following
informatien: .
Fuze for 20-cm Rocket Projectile

Loading Mot oo commmmm o Kure AAA

M 56,

Pawder manufactured_ February 1941,

Fuze manufactured. oo June 1944 at Kure Arse-
nal.

Instructions: Do not open except for actual use or
lesting.
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Section IV

PROPELLANTS AND FILLINGS

1. Propellants. a. General. All Japanese propellants
so far encountered have been of normal cylindrical mone-
perforated construction and manufactured from a con-
ventional dauble-base powder. Similarly the methods of
igniting the propellants have shown no features of interest
and consist simply of mechanical or electrical igniters and
an ignition charge attached 1o one of the propellent sup-
porting grids.

b. 15G Special DT6. Following are the characteristics
of this propellant, which is used in the 12-cm incendiary
shrapnel rocket.

Type Monoperiorated.
Color -

Length of stick— ooooeamemeem 2667 cm.

Di 333 cm.
Diameter of perforation oo -———-— 0476 em.

C iLi --- Not known.

e. 240 Special DT2.
20-cm Navy projectile.

This propellant is used in the

Type - S Monoperforated.
ColoT e e e ammm——
P31 T — 29 cm.
Diameter. 5.8 cm.
Diameter of perforation .- 11 cm.
227 S —— | - 31 SR L
Density. 1571 gm/cc.
Composition :
Nitrocellulose __...—-- 65 percent.
Nitroglycerine - oo n 30 percent.
Sodium chloride. - 2 percent.
Centralite . come- -——— 3 percent.

It is believed that the green sticks of propellant used in
the 45-cm Navy projectile are also designated 240 DT2.

Composition:
Nitrocellulose — oo —ammcm e 65.1 percent.
Nitroglycerine..- ~ 29,1 percent.
Sabilizer oo oo amm e 5.8 percent.
Densily «mmom—mmmm e mm e mm e 1503 gm/cc.

d. 240 Special LTo.
45-cm Navy projectile.

This propellant is used in the

TYPE - mmmmm e mmmmmmmmm o am Monoperforaled.
Color - Dark red.
Length of stick. o oomeemormmm e 38.735 ¢m.
Diameter. - -ocoeor - - 3.867 cm.
Niameter of perforation.. —- L0341 cm

-- 1517 kilograms.

........... 1,503 gm/ce.
. 60 percent.

37 percent.
5.8 percent,
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¢. Propellant jor 20-cm Army projectile.  The nomen-
clature of this propellant has not been determined, al-
though a Japanese document, referring accurately to the
weight of propellant used in the Army 20-em projectile,
designates the propellant as “#5324 cylindrical grain

powder.”
B Monoperforated.
Color. -
Length of stickeoo o cmommcmme - 34 em.
J ST R ——— icae- 5.8 cm.
Diameter of perforation..o—ooo - 1.05 cm.
Weight ommmmmemem --- L.36 kilograms.
DEnSiY o cmccemcmmemm e m e m 1.563 gm/ec.
Composition:
Nitrocellulose o oammmmmem e 65.4 percent.
Nitroglycerine - oo —eemmvn —mw 32.1 percent.
StabilizeT oo 2.5 percent.

f. Propellant jor 19-cm Type 10 racket motor. The
Japanese designation for this prapellant is pot known.

Type _ _ Manoperforated.
Color_-- e -
Length of stick .« oo 26 cm.
Di 795 cm.
Diameter of perforation. .- 1.08 cm.
Weight _ 1.96 kilog
DenBitY o am e e mmmm e mmm s m e 1548 gm/ce.
Composition:
Nitrocellulose oo cmocmemmeeeme 43.3 percent.
Nitroglycering oo ewmoeeee e emm 56.7 percent.

g. Propellant for 19-cm Type 3 rocket motor. The
Japanese designation for this propellant is not known.

Type Monoperforated.

Coloramae o —aam

Length of sticke oo mmoammmeeee 51 cm.

Diameter. 1.75 cm.

Di of perforation 1.12 cm.

Weight oo oo 3.9 kilograms.

Density. - 1,36 gm/cc.

CompOSition. oo mmmmm e —smmmmmmmmm Double-base powder; per-
centage composition net
known.

2. Fillings. Only two types of fillings have been iden-
tified. These aie tie Type 7L cxplosive (trinitrosnisol},
which is used in the 20-cm Navy rocket and the Type 98
explosive used in the 45-cm Navy rocket. No analysis of
the Type 98 is available.

"II-E.000

Section V'

FIRING SYSTEMS

The Japanese have produced no firing systems com-
parable in intricacy of design to the electrical igniters and
initiators used by the Germans (I-C.000). The earlier
types of rocket motors, 19-cm Types 10 and 3 and 30-cm
Special Mark I, all used a simple ignition, charge fired by
a current supplied from & hand exploder. The 20-cm
Army projectiles utilize a simple pull igniter and the three
types of Navy Tockets employ a percussion igniter.

II-F.000

Section VI
LAUNCHERS
CONTENTS

Introduetion,

Ground Tube-Type Launchers:

Launcher for 20-cm Navy Projectile__ .-~ II-F.101
Type 4 (1944) Launcher .- I1-F.102

Ground Frame-Type Launchers:

Launcher for 19-cm Type 10 Rocket Motar__ 11-F.201
Launcher for 19-cm Type 3 Rocket Motor_. 11-F.202

Launcher for 20-cm Navy Projectile .. ___ II-F.203
Launcher for 30-cm Special Mark I Rocket

T F e S 1I-F.204
Launcher for 45-cm Navy Projectile .._____ II-F.205

Antigircraft and Aerial Launchers:
12-cm Shipborne Multiple Antiaircraft Rocket
Launeher . oo oo II-F.301

Launchers for Non-Standard and Uncon-
firmed Projectiles:

Launcher for 68-cm Projectile_ . oc-—- 11-F.401
Lauscher for 12.7-cm Navy Projectile- - 11-F.402
INTRODUCTION

The earlier types of rocket launchers, like the earlier
projectiles, were essentially crude models improvised from
materials available. They consisted of metal or wooden
troughs, The first tube-type launcher was the one used
with the Navy 20-cm racket; although this was somewhat
crudely designed and constructed, it showed a definite im-
provement over the original trough-shaped launchers for
this projectile and represented the initial effect of the
influence of Cerman design.

The Type 4 (1944) launcher for the Army 20-cm rockets
is the only launcher so far encountered to which a type
number has been given and represents the first production
model. This launcher is not copied from any German
rocket launcher, but appears to be a pure Japanese de-
sign, although, of course, the principle of employing a
tube to launch the projectile is originally German.

It seems doubtful whether the Japanese will produce a
muitiple launcher of the German Nebelwerfer type, since,
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generally speaking, the terrain is not favorable for the
employment of multiple-type launchers, which cannot be
manhandled over distances as easily as a single launcher,
which may be broken down into pack loads. At the
same time, it is highly probable that in static positicns,
such as beach defenses, multiple launchers may be used

" io supplement mortar and artillery fire. Tt would seem
probable that the heavier projectiles, such as the 45-em
Navy racket, will be used in this rale.

I1-F.101

{L-F.101
GROUND TUBE-TYPE LAUNCHERS '
Launcher for 20-em Navy Projectile.

I. GCeneral Description. This launcher (Figure 1),
the first of the tube type to be captured fram the Japanese,
consists basically of a barrel or tube, from which the
projectile is launched, and a light two-wheeled carriage
with a fixed trail.

The barrel is an open smooth-bore tube about 614 feet
long and fitted with a reinforcing band at the breach end.
1t is trunnioned to the saddle about 50 cm.from the
breech end, Elevation and depression are effected by
means of & lever and quadrant arm attached to the left
of the barrel and riding in an elevating arc on the saddle;
the barrel is locked at the required elevation by means
of a securing clamp (Figure 2). There is no traversing
mechanism, and the trails must be raised and reset for
every change in azimuth.

Inside the breech end of the barrel {Figure 2) and on
the underside is a spring-loaded retaining plunger which
is depressed as the projectile is londed. ~When the pro-
jectile is fully hotue, the plunger rises and prevents the
rocket from sliding to the rear.

The firing mechanism (Figure 2) consists of a hammer
pivoted about a short horizontal shaft mounted on the top

Figure 2—Rear view of louncher for 20.cm Navy rocker, showing
aperation of eleveting clamp and firing mechanism.

{I-F.101

of the breech end of the barrel. A short arm, 1o which
a firing lanyard is secured. is attached to the end of the
chaft, When the lanvard is pulled, the hammer rotates
in a vertical plane and strikes the percussion cap in the
base of the projectile.

The carriage for the firing tube, shown at maximum
elevation in Figure 3, consists of a saddle (U.5.: upper
carriage) mounted om a cross-member and a light trail.
The arms on each side of the cross-member carry the axle
and wheels of the carriage. The wheels appear to be
fitted with heavy solid-rubber tires and appacently have
no brake drums or spring suspension. The trail consists
of two tubular metal arms joined by two cross-members
and fitted with heavy spades. No sighting mechanism
appears to be fitted to the carriage.

2, Technical Data.

Over-all length, carriage and tube_____ 3.18 meters.
Totel weight oo e 236 kilograms,
Maximum elevation .. 75 deg
Maximum depression ..o omcm—enn 5 degrees.

8 VL T None.

-- 187 meters.
- 91 kilograms.
2 meteTs.

Carriage length .-~
Carriage weight. oo
Barrel length.

Barrel weight, - 74 kilograms.
Batrel d 203 mna.
Whee] diameter. - 0.68 meter.
Wheel weight-. 70 kilograms.
Wheel track - 0.85 meter.

B

Figure 3.—I:auncflcr for 20.cm Navy rocker at
maximum elevation.

11-F.102
Type + {1941) Launcher.

Projectile fired: Army 20-cm rocket,

1. Cenernl Description. a. General. The Type 4
launcher {Figure 1) is used for launching the two madels
of the Army 20.cm spin-stabilized projectile, and is the
first launcher to which a Japanese type number has been
given. It is, for this reason, of particular interest since
it represents the frst proper production model. The
launcher is similar in appearance to any standard mortar
and consists basically of a barrel, biped, and base plate.
The whole assembly weighs about 230 kilograms (507
pounds) and may be transported either in one piece or
broken down into the three component parts.

b. Launcher twbe. The barrel or tube (Figure 3) is
made of machined steel with a 1.inch wall thickness
throughout and is constructed jn an upper and lower
section. The upper section of the tube is supported at
the forward end by a tube clamp which is attached to
the bipod (Figure 1}. The lower section is split longi-

Figure 1.—-Type 4 {1944) iaun.che'r for Army 20-cm rocket.
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II-F.162

Figure 2—Type 4 launcher in action.

tudinally, permitting the upper half, which is hinged at
the forward end, to be raised for loading the rocket into
the breech of the launcher (Figure 3}. After the rocket
is placed in the tube, the hinged section is lowered and
secured in place by feur locking clamps, two on each
side. Two studs in the lower sectien of the tube prevent
the rocket from sliding to the rear after it has heen
loaded. As shown in Figure 3, the rocket is loaded by
the use of two-handled loading tongs. The hottom half
of the lower section of the tube has two hinged shutters,
one on each side, which swing down to accommodate the
tongs while the rocket is being loaded (Figure 3}). The
shutters are grooved at the top and are locked in the closed
pasition by the hinged upper hall.

The hinge of the upper part of the lower section is con-
structed of %%-inch steel stock, and the machined steel
hinge bolt is 7.38 inches long by 1144 inch in diameter.
A machined steel hoop, 4 inches wide by %% Inch thick, is
riveted and welded 1o the top of the lower part of the
tube. The upper half of the hinge is welded te this
hoop. Three ¥-inch toggle bolts, which fasten the upper
and lower sections of the tube together. are also welded
to this hoop.

A wooden buffer is fastened to the midéle of the hinged
section to support the tube when the segment is raised
to the open position. Two wedge-shaped steel studs
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Figure 3.—Type 4 launcher with rear cover raised and prbjectile
in position. Note tongs used i¢ carry prajeciile. The spades
on the base place should be jorward of the breech and not to
the rear, as shown here. !

TI-F.102

made from %4-inch bolt stock are inserted into drilled
holes located % of an inch from the open breech end of
the fower tube section, These studs are spaced 4.5 inches
apart, and extend 1 inech into the tube. The studs are
secured to the outer surface of the breech by a 34-inch
bolt, The base of the rocket rests against these studs
when it is loaded into the tube. A heavy steel stud is
riveted and welded 4 inches up from the breech end of
the lawer segment of the tube. To this is welded the
spherical projection which fils into the socket of the base
plate. The upper tube section is 28.25 inches long and
is machined in one piece. The upper and lower tube
sections are beveled and machined to fit at the junction
point. They are clamped together by the three J-inch
toggle bolts which fasten into adapters on a hoop fastened
to the lower end of the upper tube section.

Provision is made for rapidly carrying the entire tube
assembly. One carrying pole adapter is placed at the
muzzle end and two are placed at the breech end. These
allow the fitting of three carrying poles for rapid move
ment of the assembled tube. Another pole adapter at
the top of the lower tube section permits that section to
be carried by three poles when the tube is disassembled.

c. Base plate. The base plate (Figure 4) is 15 inches
long and & inches wide, with 2 reinforced raised socket
8 inches high. The base plate is bolted to an open
framework constructed of four pieces of angle iror. The
outside dimensions of this framework are 31.5 inches by
28.25 inches. Two spades of the standard artillery type
are driven through brackets at the front corners of the
outrigger, These spades can be clamped into position
across the framework for transport.  The base piate with
the raised socket is fastened almost at the extreme rear
of the framework. © The main portion of the framework
extends toward the bipod. Firing tests have shown that
if the driven spades are placed behind the tube, the
rocket blast will dig out the spades.

d. Bipod. The biped (Figure 53/ contains an ele-
vating and traversing mechanism which appears to be
almost identical with that of the standard Japanese trench
mortars. However, the cross-leveling device is not the
standard japanese type, but consists of a horizontal screw
which, instead of lengthening one leg, tilts the elevating
screw holder.  This system is very similar to that used
on the German Sl-mm mortar. The elevating and tra-
versing gears are buttress type. The elevating crank is
located on the front of the elevating gear case.  The crank
has a 3-inch arm, with a ball counterbalance on one end.
The traversing gear handwheel is located on the left side.
and is equipped with a small 2-inch hinged hand-crank
extension.

L . o -
Figure 4.—Lower half of Type 4 launcher tube showing catches
for securing rear cover, rear carrying hundle, axd base plate.

The coltimator sight bracket is bolted o an extension
of the saddle (U. 5.: upper carriage). The saddle, an
integral part of the yoke, is, for the most part, made of
4 g-inch-by-3.125-inch rolled steel, with welded construe-
tion. The cross-leveling screw is located on the right
side, as in the Japanese mortars, sa the launcher can be
cross-leveled from the right, using the level built into the
yoke, but cannot be leveled by the operator from the left
side at the sight pesition. The hipod legs are 36 inches
long and. for the mest part, are manufactured of two
pieces of %-inch-by-L5-inch steel. The two parts of the
leg are hinged to each side of the elevating gear box.
The leg sections are fastened to extensions of the feet. 2nd
are braced at two puints between the upper and lower fas.
tenings. A 3G-inch chain is fastened to the lower portion
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of the bipud legs.  The legs end in cupped steel feet, with
spiked points. The cup is 6 inches in diameter.

¢. Firtug mechanism.  The firing mechanism is simply
a lanyard consisting of a 23.5-foot piece of ¥-inch rope
which is attached to a 23-inch section of doubled ¥4-inch
steel cable by means of a hook. A hook is fastened to
the far end of this cable for fitting into the leop of the
pull igniter. There are apparently no safety features to

prevent accidental discharge of the weapon once the lan-

vard is attached to the primer.

Figure 5.—Bipod joint and sight bracket of Type 4 launcher,
Note junction of upoer and lower halves of tube.

2. Tabulated Data.

1ength nf tbe 1905 em.
Diameter of whe . ________ 20.3 cm.
Length of upper part of tube___ 711 em.
Length of lower part of tube___ 1194 om.
9.4 cm.
38.1 cm.
19.3 em.

Weight of upper part of tube__
Weight of lower part of Lube_._
Weight of. bipod.
Weight ol yoke and sight_.
Weight of base plate.

31 kilograms.
86 kilograms.

20 kilograrns.
46.3 kilograms.
44 kilog

2273 kilograms.

Total weight

1I-F.201
GROUND FRAME-TYPE LAUNCHERS

Launcher for 19-cm Type 10 Rocket Motor.

Projectiles fired: 19-cm Type 10 rocket motor and G0-
kilogram aircraft borb.

1. Ceneral Deseription. The launcher (Figure 1) is
a V-shaped trough built in twe sections and made of
wood reinforced with sheet metal. The two sections,
carried separately, are locked together in position for
firing by a plate on the underside of the trough. At the
rear end of the trough is a sheet-metal cover which serves
as a molor-and-bomb pesitioner. This cover is hinged
in three places on the right of the launcher. It is closed
over the prejectile for firing.

The trough is supported by a bipod, hinged to the un-
derside of the plate locking the two sections of the trough.
A cable runs from the base plate to the base of each leg
and between the legs. This cable has a number of hooks
corresponding to angle of elevation for the launcher.
The required elevation may be obtained by attaching the
appropriate hooks to the bipod legs.

Two electrical leads are attached to the lefl side of the
launcher. The wires found with ane launcher were about

LOWER TROUGH
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[[-F.201

20 meters long and the igniter leads were uppusite the
connections when the malor was in positien.

The base plate is & rectangular metal plate with spikes
on the underside. The launcher is secured by a pin to
twet vertical lugs on the upper side of the base plate.
The cables leading to the bipod legs are attached Lo the
corresponding ends of this pin.

2, Tabulated Data.

Over-all lengtho__ 6 meters,
Length of Lase sectivn. 3.5 meters.
Length of front seetivn.. 2.5 meters.
Thickness over-ail..- 26 cm.
Thickness of wood.. 255 cm.
Height at —30 degrees range setting 3.3 meters.
Length of leg___ - 3.7 meters,
Diameter of leg_ - 275 cm.
Width, outside of trough al base_ - 254 cm.
Width, outside of trough at fromio_____ 19.1 cm.
Width, inside of trough at base___ 216 cm.
Width, inside of trough at frent__ 15.2 em.
Length of cable, hase plate to leg 6.1 meters.
Length of metal cover omomeee s 1.2 meters.
Thickness of base plate 12 em.
Width of base plate __commom 47.7 em.
Length of base plate___.___ . ._ 36.5 cm.
Number of hase plate spikes_ Six.
Length of base plate spikes_ ... 15.3 em.

SUPPORT'NG LEGS
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Figure L.—Launcher jor {9-cm Type 14 rochet moter,

PE-f.202
Launcher for 19-cm Type 3 Rocket Motor.

Projectiles fired: 60-kilogram Type 97 land bomb and
63-kilogram erdinary bumb.

The full description of this launcher is not available.
However, it sonsists merely of a single wooden ramp sup-
purted at the forward end by a bipod as shown in Figure
] of section 11-B.102 (page 56). As with the launcher
used for the 10-cm Type 10 rocket mator, the rocket motor
and bomb are loaded into the Jauncher and the firing
leads from the motor connected to an exploder in a flank
firing position.




I1-F.205
Launcher for 15-cm Navy Projectile.

This launcher (Figure 1} resembles a small axcart and
when it was used in test firing of the 43-cm tocket it fell
to pieces. The launcher contains two 12-foot beveled
timber rails, 3 inches by 4 inches, mounted on a two-
wheel carriage. The wheels are solid wooden discs ap-
proximately 36 inches in diameter. The wooden wheel
brakes and rail extensions are used to prevent movement
caused by blast. The rear view of the launcher (Figure
2) shows the firing hammer to which a lanyard is
attached.

Figure I.—Launcker for 45-cm Nevy projectile.

11-F.205

B e b s k
Figure 2.—Rear view of launcher for $5-cm Navy rocket, showring
firing hammer.

II-F.301
ANTIAIRCRAFT AND AERIAL LAUNCHERS

12.cm Shipborne Multiple Antiaircraft Rocket
Launcher (Unconfirmed).

1. General Description. A recently captured Japarese
docurent, emanating from the Yokosuka Naval Gunnery
School, gives brief details of this launcher, which is in-
tended for use against torpedo planes and dive bombers.
Marginal notes on the document indicate that it is te be
installed in battleships, cruisers, and escorts.

The launcher, which bears a certain external resem-
blance to the German Fokn Gerit, consists of a launching
assembly and a mounting. The launching assembly is a
rectanguiar box containing 28 launching tubes arranged
in four horizontal rows, each of seven tubes. Four
cables lead from a junction box on the side of the assem-
bly to the rear ends of the four rows of tubes. A common
lead from the junction box is connected to a switch bex
which appears to house a selector mechanism of some
kind. Details of the electrical firing mechanism are not
available, but this layout suggests that the projectiles
may be fired either in four salvoes, each of seven rounds,
or all 28 together.

The mounting consists of a standerd 25-mm triple gun
mount, with the launching assembly trunnicned to the
two vertical supports. An elevating handwheel is pro-
vided on the left support. No traversing mechanism can
be seen, but it seems probable that an electric motor on
the base of the mount is used for this purpose.

2. Technical Date.

Number of tubes__ 28.

Length of tubes_ 150 em,

Elevation . ________._ .. . 10 to 80 degrees {ne depression).
Traverse 360 d

Maximum range._.. 4,500 meters at 50 degrees.
Maximum heighe_ 2,600 meters at 80 degrees.
Loading time . _____ 3 to 5 minutes {estimated).

3. Performaonce. The projectile appears to be iden-
tical with the 12.cm incendiary shrapnel rocket described
under II-B.402, with the percussion igniter replaced by
an electrical igniter of some kind.  According to the
Japanese document, the projectile bas a maximum initial
velocity of about 240 meters per second and, with a delay
of 8 seconds, will burst at 1,500 meters. A note with
these figures states that with its present comstruction, a
28.round salve is “difficult.”

Detailed instructions for the use of this launcher show
that the gun crew must wear fireproof clothing, flying
shoes, gloves, and a gas mask for protection against the

H-F.301

blast. When firing against dive bombers, the second or
third plane is to be tracked and three or four salvees are
fired against each target. Against torpedo planes, in-
structions are to aim at the point of enemy torpedo launch-
ing at about 15 degrees elevation.
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LAUNCHERS FOR NON-STANDARD AND
UNCONFIRMED PROJECTILES

Launchel; for 68-mm Projectile.

1. General Description. This launcher (Figure 1)
consists basically of Jaunching rails, elevating and travers-
ing gears, and a tripod mount. Fer carrying, the
launcher is broken down irto two sections. The launch-
ing assembly consists of three rails, one on top and two
below, secured by two spacing segments and a circumfer-
ential locating ring at the rear.  The rear spacing segment
is trunnioned to two light metal supporis about which the
launching rack is elevated. These supports are mounted
on a circular disc which fits inte the top of the tripod and
enables the launching assembly to be traversed. Normal
elevaling and traversing handwheels are fitted. Open
sights are mounted on the forward and rear spacing seg-
ments. There is no firing mechanism included in the
construction of the launcher,

2. Tabulated Data.
Length of guide rails . ________ TO.8 en

Width of guide slote_. - 078 em

Depth of guide slots_ . __-. e 031 em.
Weight of triped 13.5 kilagrams,
Weight of launching assembly a- 26.9 kilograms.
Length of tripod legs ... _ 943 em
Approximate height of launcher__ - 1265 em
Traverse ... ——- 30 degrees.
Elevation Q to 90 degrees.

EFigure I.—Launcher far 68-mm projecile.

a0

T1-F.402

Launcher for 12.cm Navy Projectile.

Two types of launcher for this projectile have been
found. The twe are the same except that one is fixed in
elevation whereas the elevation of the other type may be
changed. The launcher (shown in [I-B.402, Figure 1},
consists of a wooden trough with metal brackets secured
1o the after and forward ends. The after-end bracket is
fitted with a pivoted striker, Until operated by a lan-
yard, the striker is held away from the primer cap by a
spring. A small wooden peg is inserted through the hole
in the forward bracket to secure the rocket in place, The
peg is remaved immediately before the rocket is fired.

1I-G.000

Section VII
TABULATION OF TECHNICAL AND BALLISTIC DATA

General Analysis

TYPE OF PROJECTILE | 12m incodiars Shomwnel | 30,00 Navy Projectile | Z0crm ey Pevjectile | A5 Navy Projectile
! ! .
1. Caliber... ... ... .. 12.06 7 21,05 20,30 5.0
3. Stabilization. . ... .. ... o Spin } Spin Spin Spin
3. Filling...................| Incendiary pellets and ‘ Trinitroanisul l Cast TNT Type 98 Explosive
charge
4. Fuzing.......... ... .| Delay train from prepel- i P. D, ' P. D. ; ' P. D,
lant H
5. Igniter ...l Percussion | Percussion Pull Percussion
6. Total Length (cm.). .. ... ! 5. 08 | 107.1 92.9 17145
7. Totai Weight (kg). ... .... 22 84 | 90. 7 ; 81. 63 682. 20
8. Maximum Range (m}. . ... 2000-3000 1800 3020 2000
9. Weapone from -which Fired, Launcher on suicide | Tube or frame type Type ¢ Launcher Wooden trough
craft I launchers launcher
. R
e
| i
. F
- \,—/
Weight Analysis P
L2<m Ineen- e
TYBE OF PROJECTILE ai..-%ic 5,;5::.:\ 2'},:‘; gi“:-‘. f Sngom Aoy | ddon Navy
1.Wcighf.ofFiHing(kg)..‘...H......,,,,,,,,H.....‘,.,H‘......‘. 4.83 17.3. 16.2 180.45
2. Weight of Propellant (kg). .................... 3.8 8.3 9.52 59.18
3. Motor Weight (complete} (kg). . . 12.9 40. 0 42. 43 258.07
4. Weight of Empty Projeczile (kg). ... ... ... 14.18 5.9 ,55.91 442. 66
S5 Total Weight. ... ..o 22,84 9. 7 81. 63 682, 29
. . . 1/5.18 1/5. 0 1/3.78
6. Rativ: ChargefTotal Weighr........ ... . ..o oo { ]é'f g%.,c {.;_3% i’gg‘?—r ! 2',65[%
. . 53 1.5
7. Ratio: Propellant/Total Wesght. ... .. ... ... .. ... .. ... ... ... { ]{g 3?7'? 1“‘9)_ ?7% 1{? ,‘??-B ! u 3 ?0%
i 14 1/4. i 1443
8. Ratio: Propellant/Motor Weight. ... . ......... . .......... ... El lé‘g g%”n I 12"3 g%& -‘il ;.;B E é’-—? gé;::
9. Ratio: Charge/Propellant. .. ... .............. ... E 1. 26/1 i 2. 1141 1. 69/1 i 3. 0471
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11-G.000
Tabulation of Technical and Ballistic Data—Continued.
Propellant Analysis
TYPE OF PROJECTILE 12-em Incendiacy Shrwpoel { - 20.um Navy Projecule o Army Projectile | 45.cm Navy Projeciile
: {a} 7long 7 (Central divided in
1. Number of Sticks. . ... ... _....... (B e, 7 [ b ! #
2. Shape and Perforations. ... . .....| Monoperforated Moncperforated 1 Monoperforated Monoperforated
{a) 35.56 ;

3. Length (con). . ... ..o { s 29.0 3.0 38, 735

4. Cuter Dismeter (cm}. .. ......... 3.33 5.8 58 5.867

5. Inmer Diameter (cm)............. 0. 476 1. 10 1.905 L. 041

6. Web (em}........ [ 1.427 2.36 2.38 2,413

7. Diameter of other Perforations Nil Nil Nil Nil

cm).

8. Total Weight (kg)............... 3.8 8.3 9. 52 59.18

9, Surface Avea{em?)............... 3085 5542 6384 40560
10, Volame (em?)................... 2351 5165 6088 39555
1. Density (gmfem?). .. ............. 1.6289 1. 6069 1. 5638 1. 4959
12, Compoeition.. . ... ..... ... .| Smokeless powder N.C./N.G. N.C/N. G. N.C./N.G.

L
Motor Design Analysis

TYPE OF PROJECTILE

12-cm. [acandiary Shrapoel
Aockat

em Navy Projectile

20-cm Army Frojectiie

45-qm Nuvy Projsctile

A. HMOTOR BODY

1. Weight (including baseplate and

gude) (kg).................. 8.676 29. 678 32.31 198.83
2. Wall Thickness {mm), . . . . . 4.7 10.0 B o wets P3|
3, External Dismeter (em). ........ 12.06 2105 P Bsed ! 45,09
4. External Length (em). .......... 43.97 46.0 48 4 68.58
5. Cobic Capacity (em?). ... .. . ... 3831 11259 9621 61745
6. Deusity of Loading. ... ......... 61.38% 45. 88% 63.29% 64. 08%

B. VENTURL
I. Namber....................... [ 6 6 6
2 Typo. o Couvergent/stightly | Convergent/parallel | Convergent/parailel | Convergent/divergent
divergent
3. Final Diameter Dy (man). ... ....| .......oooooo.. 15 15 52.37
4. Throat Diameter D), (mm)......| ................ 15 15 41.15
5. Ezpansion Ratio. ..............] ..o 1 1 127
6. Angle of Cant. . .. e 21° 25° 25° 18°30
£6T482—45——11
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APPENDIX A

GLOSSARY OF TERMS USED IN CONNECTION
WITH REACTION PROPULSION

Angle of cant: The angle formed by the axis of a venturi
tube and the longitudinal axis of the projectile in a
spin-stabilized rocket.

Angle of roll: The angle formed by the diametral axis of
a missile and the perpendicular to the vertical trajec-
torial plane.

Angle of pitch: The angle formed by the longitudinal
axis of the projectile and the trajectorial tangent.

Angle of yaw: The angle formed by the longitudinal axis
of the projectile and the vertical trajectorial plane.

Athodyd: Abbreviation for aerial thermodynamic duct.
See Constant flow pulsating jet.

Axial flow turho-jet: The main difference between this
type of jet and the centrifugal flow type lies in the con-
struction of the compressor. In this unit, air is drawn
in at the front and passes axially along the compressing
unit into the combustion chamber.

Axis of pitch: Diametral and perpendicular to the vertical
trajectorial plane.

-Axis of roll: Central and along the length of the missile.

Axis of yaw: Diametral and in the vertical trajectorial
plane.

Bifuel: A term referring to the propelling medium of a
propulsion system and indicating that it consists of
two separate media,

Burning rate: The rate at which a propellant is consumed.
For solid fuels this is given by the equation: My=Sp.
{pounds per second), where S=surface area (square
inches) ; p=density (pounds per cubic inch}, and
r=rate of surface regression {inches per second).

Burnt velocity: The velocity of a projectile at the moment
when the propellant is completely consumed.

Centrifugal flow turbo-jet: The principle of operation
of this type of jet is as explained under Turbo-jets and
the name is derived from the type of compressor used.
The type incorporated in this unit draws air in throogh
the front and expels it through circumferential ducts
leading into the combustion chamber.

Centrifugal or axial flow propellor turbine: This is
not, in the strict sense, a turbo-jet, but is a development
of the centrifugal ow and axial flow turbo-jgts with the
addition of a propellor on the front of the compressor.

Chuffing: The burning of a propellant at 2 sub-normat
pressure.  Either a smail ratio of the surface area of
the powder to the nozzle area or a low powder temper-
ature will produce this effect. This reduction in pres-
sure causes the propellant to burn spasmodically in a

series of cyeles. The small puff of smoke and flame
often observed after the main body of the propellant
has burnt is a mirer form of chuffing,

Coefficient of thrust: This is a dimensionless quantity
obtained by dividing the thrust by the product of the
chamber pressure and the throat area. See Thrust.

Constant low dnct: This is a true athodyd, that is it has
no moving parls, consisting merely of a double venturs
tube (open at both ends) with a combustion chamber
in the center. This method of reaction propulsion
represents the simplest form of jet. The disadvantage
of this system is that it relies entirely on an initial
forward motion for its air supply, and therefore, no
thrust can be obtained while this duct is in static
condition,

Control, electrical : The control of the flight of a missile
by a self-contained electrical unit. An example is the
use of the accumulated static charge on the surface
of a missile to contro] the fuel supply.

Control, homing: A system by which a missile steers it-
self towards a target by a self-contained mechanism,
actuated by heat, light, or sound, or by electromagnetic
waves emanating from the target.

Control, mechanieal: Control of the flight of a missile by
clockwork, airlog, gyroscope, or similar mechanism.
Control, radio: The control of a missile after Jaunching
by means of electrical impulses transmitted by radie
from the launching agency to a radio receiver in the

missile.

Ceontrol, wire: The control of a misaile after launching
by means of electrical impulses transmitted over a wire
circuit connecting the missile with the launching
agency.

Density of loading: Ratio of the volume of the propellant
to the internal volume of the propellent chamber.

Double hase: A term used in connection with propellent
powders indicating that the powder is composed of two
main constituents, such as nitroglycerine and nitro-
cellulese. '

Expansion ratio: Ratio of the final area of a venturi tube
te the throat area {R=4A,/4,).

Fin stabilization: In this method of stabilization, the
projectile is maintained on its trajectory by the fitting
of fins to the tail. A fn-stabilized projectile does not
rotate about its axis during flight. See Stabilization
and Spin stabilization.

Fissuring: An abnormal type of burning in which the
powder apparently ignites below the burning surface.
This causes a powder break-up, the exposure of fresh
burning surfaces, and the consequential rise in pressure.

Grain: Solid stick of propellant.
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