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GERMAN EXPLOSIVE ORDNANCE OP 1666

TaiL FIN BRAGCINGS

_ STRUT SLEEVE
TAIL GONE
FEMALE MALE

BASE PLATE BASE PLATE

FUZE FOCKET

SUSPENSION LUG

FUZE POGKET

FILLING DATE AND
LOCATION

h INSERTED
AL AGGEPTANGE

TYPE OF EXPLOSIVE

Figure 2—Paint Markings and Stampings
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GERMAN EXPLOSIVE ORDNANCE

OP 1666

BOMB BODY

LOCKING RING — : - ;

FUZE POCKET WALL

talpo

reduc

l a | p ure 3—Fuze Pocket in Bomb
The PC or armor-piercing bombs are used pri-

marily against ships and fortifications. They are
fuzed with a short delay for penetration. PC
ly stmmlmed wlth 8 heavy hose

imately 20 pement and are filled w1t.h a TNT wax
mixture. PG bombs may be identified by the pm
ence of dark blue paint on the tail cone.

bombs Have been used as SD’s for frﬂm tlon
fuzed instantaneouslygif so, the dark

be pye
e vely » reing.
bs -' va‘hlc r and

a lower londis

ey
BT. The'BT (bomben torpedo) was put into
production during the last 2 months of the war,

LOCATING RING

- FUZE

GAINE

but was never used operationally. It is designed
along the lines similar to a torpedo except for the
after section where there are three large tail fins.
e missile has ng propulsum except. that induced
AT oth:

'.m' { ERIME ve
percent. It was never used operatmnal]y ngamst
the allies.

Misc. Prane Destrovinag Boxss, The aircraft
towed paravane bomb is a small 2-kg bomb towed
by a plane. The plane destroying bomb is a small
charge with a pull type igniter and safety fuze.

Coloring

Bombs which are carried in internal bomb racks
(up through 500 kg) ure usually colored dark
green. Bombs which are carried in external bomb

reduced demo



BOMBS

"EYE" TYPE

Figure 4—5Suspension

to a carrying band or directly to the bomb body.
The SC 1000 and SC 1200 type bombs have been
using a U bolt secured to the carrying band on the
latest models.

Kopfring
ed in an athwartship fuze pocket Kopfrings (nose rings) are sometimes fitted to
extending the full internal dizmeter of the bomb. the nose of SC bombs to prevent excessive pénetra-

(See fig. 3.) The fuzfl is usually held in the t.op and to pr?xnt rrco;het

of lead azide and lead styphnate mixture is p0s1-
tioned in the top of this gaine. These pellets may
be of granular TNT. In bombs with powdered KEATRINS

fillings, & coluran of granular TN'T pellets is p
ngttudmalljll the bomb adjacent to the

Oty[., a I

steel tail, is usuall sndle 5 four pieces to form Figure 5‘:‘3“:’5’"“9
a cone with four fins. The fins may be unbraced, SC BOMBS

braced with tubular struts, or braced with a cylin-

drical strut (ring). e second type is of mag-
i i . The.ct _- foi ﬁns cast
br:
m rial

Bombs up to and including some of the 500 kg
types can be suspenfed either horizontally or ver-
tically. (Seefig.4.) The rems,lmng 500’s and all

000 K6
AND ABOVE
I } SC BOMBS
Li ./

kg series, and hy ans of an H-type lug for the
larger series bombs. The H lug is secured either Figure 5B—Kopirings

reduced demo




GERMAN EXPLOSIVE ORDNANCE

OP 1666

SC 50

SC 250

h.t arg used fi
spfr a 1y

dzﬂerent in constructaon Type I, which is used
only on the SC 250 kg bombs, is constl:ucted of &
conical cup and a dished plate welded to it. (See
fi. 6.
designe

e comcal cup is of 3¢ ingh steel and
&S ath over the nose of the

es in T, fi
st enmg
ths

(e cup. “-'m

e nose of the bomb .by means of a
threaded bolt which passes threugh a hole in the
apex of the cone.

to take s bolt for securing the entire assambly to
the bomb. -

a ¢ircular steel plate welded to the base
and a steel cup welded to the top. A threaded lug

is welded to the upper end of the tube and passes
through a hole in the cup. This lug screws into
the suspension lug socket at the nose of the bomb.

SteeL Rops

8D 50 8D 70 sD2s0 8D 500

Length of ROd.vneeeeoonn W B MR 4B,
Diameter of Rod. . ....coeeent . L 175, .... ZIET.___.. LR
Dismeter of Plate (5836)....... AT .. 437 0487 128",
Diameter of Cup (0B)-.coeeve avoeecamne 387 BT

Woooex Rop. The rod consists of the square,
center stick with two square pieces of wood nailed
to the base. Two U-shaped steel plates welded
together, are secured to the upper end of the main
ember by light oodscrews, A bolt, welded to
th  plates, is thres ded to screw mte the nose

Width of center fection...... .25 (square)

Smaller piece  Larger piece

WHILH of DBSE-. <uoreananame- 47 (sqnare) 4257 (square)

5D 50-TO

Figure 7—Dinort Rods
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BOMBS

FUZE POCKET

SD 250

EXPLOSIVE

, ;
A AN L

ot

e A
”-’4f//!///’li/-'?75’!//!/.’-’//#//#///%)4

SAWDUST AND
GEMENT

EXPLOSIVE

FUZE POCKET

SD AND HL HOLLOW CHARGE BOMBS The special nose device for nse wi.th SD 250

HOLLOW CHARGE NOSE DEVICE hombs consists of a hollow charge which is to be
attached to a bomb of stahdard type. This charge

ONSTRU ON In _sn 250 bombs havlg which weighs about 4 kg is detonated by its own
ity is semicire fuze located in the nose of the device. In order

e
n that detonation of hollow charge shall not damage
‘f e 8 the bomb, the space between the charge and the
g o bomb is filled with a mixture of sawdust and
The H. E. char as a metal lining for the cav- cement.

ity which is suppe ted on a flange and in order to : . ) ;
permit the formation of the jef, the flange is ?E\IQ\RK‘% ;Detalls dof Urese ti"f Bos Were-ohikained
locnted at a dlstance m the nose of the bomb of e o i e e s
: the diameter of the cavit

.um cms it .
greater penetrntmg power from low altitudes. It

armor plate or 350 eg_as of concrete.  The perform-
produces a hole in the armor through which bomb

ance figures for the 800 H. L. are not available but _
it appeurs that with an H. E. charge of 110 lﬁ it  can pass. Bomb has a short delay fuze so that

as hoped to etrate 100 cms of armor dstonation of bomb will occur inside the target.
ol gotierete. 4T Documents state that such & bomb will penetrate
: 60, 7 ems of armor plate.
d d d s
N




GERMAN EXPLOSIVE ORDNANCE OP 1666

Wall Thickness: 2.0 to 2.6 in,
Tail Width: 11.0 n.
Tail Length: 16.1 in.
Filling: Cast TNT, Amatol or Trialen,
Weight of Filling: 24.4 kg,
Total Weight: 55.5 kg.
TAIL FINS Charge/Weight Ratio: 43.75%.
Fuzing : Series 5 or 8,
Color: Dark gray or green over-all.

CONSTRUCTION. The Bi is a one piece cast

steel body machined down. All the fittings are
welded in place. It is very similar tothe Jaand L
ATE

Series.
The bomb is threaded at the base to take a male

base plate. A steel diaphragm with a central

hole is located 3%; inches forward from the base

plate. When the bomb is loaded, the filling charge

comes only to this diaphragm. (See ﬁg 9 )

e tail cone 15|

END PLATE

bo t.tom end of the pocket 18 secured to the opp031te
wall by a weld. It is long enough to accommo-
date the normal sized electric fuze and two picric

SUSPENSION LUG  pellets.
I In the nose female threads take an eye bolt for

vertical suspension. The bomb may include a
shock plate welded to the nose to help prevent
ricochet when used against water targets.

5C 50 GRADE I—Jq, L, and Stabo

DATA:
Over-all Length: Ja and L:43.3 in. Stabo:61.8

Ta;] Width : 11. 0 in.
Filling: Cast TNT: powdered amatol; or cast
trialen.
Weight of Filling: 21 to 25 kg.
Total Weight: 48 to 55 kg,
Charge/Weight Ratio: 46%.
Fuzing: 5; 8; or 25B; EIAZ (38) for water
targets. Stabo may also take 17 or 57.
CONSTRUCTION. The Ja has a one-piece
drawn steel body. The L is the same as Ja except
Body Dmmeter 79 in. ‘the body is of seamless tubular steel. The Stabo

reduced demo




BOMBS

Fuzing: Charging head—(49) Al, (49) Bl, tail 1s 2 feet 4 inches, large diameter; and 1 foot
{49) Bl. Ex.; Pyrotechnic—(49) A11, (49) 10 inches, smali diameter.
Bi1; Impact—(49) A, (49) A111, (49) B111.

CONSTRUCTION. The rocket container is at-
tached to the base of the bomb by a cylindrical steel
distance piece which is threaded internally on
both ends—one end threading over the bomb base
and the rocket container threading into the other
end. (See fig. 33.)

In the side of the distance piece is filled an el TAIL
ic fuze head marked (49) B1 mt.h chargin S
gBrs cor ng to 311 ¢ 1
Fuz a
SEY ts.
40\ s & Bl e ed ROCKET
into the base plate of he bomh, giving a fractional PROPELLANT

delay action to the bomb after striking the target.
Nineteen rockets are placed in the rocket con-

SUSPENSION. Horizontal. !;Bl;cgrscumc

OLOR AND ARKINGE; NL 6 40.
inb nthemd 0 W
FUZE
[49) BA III

1 foot 101nchm (smﬁll dmmeter)

Over-all Length :"8634 in, e

‘Body Length: 45 in.

Body Dlameber 1445 in.
i ‘ pure Ca NT in a inu
te layers o 5 or y TN

Total Weight: 987 kg.
Chg./Wt. Ratio: 599,
Fuzing: Charging head—(49) Bl (49) BA1;

PyrotechmI B11; Impact—49 B111l49

both ends; one end {k readmg over bomb base and
rocket container threading into other end. The Figure 34-—PC 1000 RS Bomb

699784 0—aT.

reduced demo



GERMAN EXPLOSIVE ORDNANCE

OP 1666

The rockets consist of candles contained in a
separate compartment at the base of the bomb and

PRESSURE
RELEASE
VALVE

JVENTUR| —

# BROPEL LANTE

BLACK
POWDER
IGNITERm

GQNUENSER

PYROTECHNIG
FUZE ]

H.E. FUZE —— | &

BHarciNg
o HEAD

PRE-GAST |
THHALEH ,ﬁ
CHARGES™

-
-

PURE CAST
TN

Figure 35--PC 1800 RS Bomb

30

“BOLOR AfD Mar£inNGs. G0t |

are held in position by spacers. This compartment
forms a pressure chamber from which the gases,
generated by the candles, escape through six pro-
pulsion venturi tubes, The tubes are sealed with
pitch until combustion is effected. The pressure
chamber is provided with a spring-loaded pres-
sure release valve at the base. (See fig, 34.)

It is stated that the rockets burn for approxi-
mately 3 seconds after ignition and leave a trail
of flame 150 feet long behind the bomb.

The bomb is usually of A. P. design, but instead
of the exploder pocket lying transversly with the
fuze head at one side, it is fuzed through the base
plate which lies ahead of the rocket compartment.

The pyrotechnic fuze ignites the rocket about
214 seconds after the bomb is released. Actually,
bomb can be dropped without the rocket being
ignited.

SUSPENSION. Horizontal.

stripes between tail ﬁm Steamled

Napes? “Acltung vor Beiadung

ZSK Ausschalten '
Abwerf Z. S. K. . V. Schalten
unt 28,.5, 41
PC 1000 RS

PC 1800 RS
DATA:

Over-all Length: 107 in.
Body Length: §61; in.
~ Body Diameter{ 21 in.
Wall Thighnesss 14 # in. tapErmg :
Filling : Very pre cast®®NT in an: aiumumm
container in the nose. Two pre-cast Tzialem i
charges in thick cardboird cylindrical cartons .
which are waxed into the bomb casing, com-
pletes the filling. One specimen had 3 blocks
of nitroguanidine in nose and 10 blocks of
RDX/Wax/Al in two cardboard cylinders in
the body.
Weight of Filling: 360 kg.
Total Weight: 2,057 kg.
Chg/Wt Ratio: 17.5%.
Fuzing: Charging head (49) C1; Pyrotechnic
(49) C2; Impact (49) C3.




BOMBS

CONSTRUCTION. Typical rocket bomb con-
struction with single fuze pocket in distance piece.

Nineteen rockets are used--—-ten 2214 inches long,
eight 207 inches long and one 1114 inches long.
All have a diameter of 2154, inches. Rocket unit
weighs 422 kg, (See fig. 35.)

SUSPENSION. Horizontal.
COLOR AND MARKINGS. Bomb body and

tail are sky blue in color. Rocket unit and distance
jece are olive @rab. Stenciled on body:
Konusp o]
u @ ), I

g vor beladung
Zsk Aussenalten

redu ce

Body Length: 4 ft. 614 in.
Body Diameter: 11 in.
Tail Length: 2 ft. 614 in.
Tail W:dth ft. 11 in.

kg (approx.).
Charge Weight Ratio: 6,4%.
b uzmg AZ (49) P

Total Weight : 5

5 o7 y ..
pass from the cha.rgng head to t.he fuze wh:ch is
found in the base plate. (See ﬂg 36.)

The magnesium alloy tail unit is screwed toihe
ase of the bon:‘thh 24 screws,

REMARKS. The bomb is stated to be intended

for attacking armored targets, especially warships.
It is dropped in horizontal flight from a height
of a1 least. 11,500 feet.

The penetration of armor is stated to be 514
inches, increased in Inter models to 614 inches. It
is of two-piece construction. The leads from the
charging head traverse through a machined hole
in the drawn steel bomb bedy.
ploys an H-type carrying lug.

AL

AZ49P5 FUZ

BASE PLATE

ELECTRICAL LEAD
TO FUZE

BRACKET

CHARGING HEAD

————EXPLOSIVE CAVITY

Figure 36—PD 500-Kg Bomb

reduced demo
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GERMAN EXPLOSIVE ORDNANCE OP 1666
Ya-kg ANTIPERSONNEL PARACHUTE BOMB Wall Thickness: 3, in.

DATA: Weight of Filling: 1 oz,
Over-all Length - 414 in. - Total We:ght:.ls 0Z.
Body Length: 21 in, CHG/WT Ratio: 635%.
Body Diameter: 1% in. Fuzing : Pull percussion igniter.

PARACHUTE

CANNISTER
SECTIONS

SPLIT RING

STRIKER
RELEASE PLATE

STRIKER SPRING
STRIKER

PER

SH

DETONATOR

BOMB BODY

MAIN CHARGE

figure 37--'4 Kg Antipersonnel Parachute Bomb

reduced demo



BOMBS

TAIL UNIT

EXPLOSIVE CAVITY

GAINE

NOSE IMP FUZE

eI

Figure 38—5D 1-Kg Maortar Bomb

ONSTRUCTION. The assembly is com plate indicate 4 seconds delay for the pull per-
e bomb and the canlster cussion igniter.
iy th 1—kg $D MORTAR BOMB, 5D 1, SD 1 FRZ
\ S DATA: 8D 1 FRZ

. Suspe! Over all Length__.. 87 in. &08 in.

I Body Length_ .. 4.25 1o, 3.75 in.

a cort}l} :;hlch :f a},ed tied hto alspht rlr;)g Tll;a Body Dismeter-—. 20 in. iy
parachute is attached to the split ring by eight  wy; Thjckness 0.4 tn. vose. 012 tn,

co'rds. The split ring is also attached to the pull 62 in. tail,
er:Fion igniter which[is threaded into the steel g

r'T
_ g s =1
OPERATION. On.. release of bomb, canister Nose impact mechanical.
comes apart and bomb falls clear, When the CONSTRUCTION: Both bombs have a steel
arachute opens, the shrouds pull the strlk body. The SD 1 tail assembly is of light metal.

The ';tnlmr is then fomed mto A tubular frame supports eight light metal fins
g S and a drum. Tail assembly screws into bomb.
The FRZ tail assembly also screws into base of
bomb. It is in the form of a cup with three sheet
- £ : —un-  metal pieces spot welded on to it to form six fins.
painted aluminum. “One red ba.r on closmg plate  Both sheet steel and aluminum tails were used.
indicates 2 seconds delay. Twored barsonclosing  (See fig. 38.)

reduced demo




GERMAN EXPLOSIVE ORDNANCE , OP 1666

SUSPENSION. SD 1: 392 bombs in AB 500-1 2-&9 “BUTTERFLY" SD 2A AND 5D 2B
container; 224 bombs in AB 250-2 container; 50 DATA -
bombs in AB 70-D1 container. ’

Packing is nose to tail with tail cup of each Over-all Length: 3.5 in,
forming a safety device for fuze behind it. Body Length: 3.1 in.
FRZ bombs are carried in AB 70-D1 container Body Diameter: 3.0 mn,
and packed in the same manner as the SD1 bombs, ‘g‘;}l} ThiéknessT:N?::% in. w
1 3 :
COLOR AND MARKINGS. SD1 yellow, FRZ— . sprelive st b
Body ls mustard color. Tail (sheet steel) black, Weight of Filling: 7.5 oz.

inum) natural color. Ogivlls ke Total Weight: 4.4 Ibs.

atgl s “k“‘ CHG/WT Ratio: 11.4%.
v Fuzing: SD 2A; (41) (airburst or impact).
SD 2B: (41) A (Airburst or imppet) (67)
Stengil (Delay 5-30 min.) (70) B (Antidisturb-
ance).
AK 1927-12-38—Stamped CONSTRUCTION. The body of the bomb is a

cy!mdncal cast iron cas*mg A fuze pocket is

e FRZ is a French bomb used . :
C e 2A and SDwRE

SIDE WINGS

REMARKS.

ARMING SPINDLE

END WINGS

WINGS
COLLAPSED

PINBLE

FUZE

EXPLOSIVE GAVITY

Figure 39A—5D 2-Kg "‘Buiterfly” Bomb Figure 39B—3SD 2-Kg “Butterfly” Bomb

reduced demo



Chapter 3
GERMAN ROCKETS

INTRODUCTION war. The rocket motor consists of the combus-
tion chamber sealed at one end and the base plate
General which threads into the open end of the combustion
The value of the rocket as a weapon of war has  chamber. The base plate has a series of holes in
been proved dumng the COl'lﬂ]Ct. of the past 5 3’& it some of which are parallel to the axis of the
Gven with oun e that has rocket and some of which are inclined 45° to the

, there axis
r n perfecting i A
ingt : e 1 ] w:l:; !:i ProPeLLANT. The propellant used at this time
ﬁeld has brought _ ut. the fol]owmg improve- 18 the so_lld nit.m:?i_giyml type. Its advantage lies
ments over the old types: in the high calorific value and smokelessness, also
in the slow rate of burning. Its density is 1.5

1. The accuracy has been increased by rotating lr. 3 bl der, but
the pm]ectlle Thls s effected by using skew g/m w ch o i t.hn “k b i -

3 The range has been increased by using a mcket is used only ugamst ]ow level attacks,
greater weight of propellant in addition to the As long as long range is not required, powder

development of a new powder: mt.rodngl may be used for rocket propulsion. Tt must, how-
his new pow .IS more eﬂiclent than blnck ever, be remembered that powder rockets are
1 heavy (heavy combustion chamber) and that the
charge weight ratio is small. An attempt might

| therefore be made to develop powder rockets of

' light construction, by using some arrangements

for reloading the combustion chamber so that a

larger weight of propellant may be carried. This

should increase the range. Experiments on these

lines havé been carried & t in Germany, but it
' g elia

effect a greater ml of fire. Beloadlng these new
projectors is carried out mechanically.

When these first new eﬂ‘nns proved successful,

ith rocke pmpu sion were tried out; and at the
peak of the research program came the radio-con- StarmwizaTion. The foundation for the method
trolled long range rocket which was still under  ©f stabilization was the spinning shell. By plac-
development atgthe end of the war m Europan ing the ventureis askew to the main axis of the
. ' : rocket produced a sufficient spin. This action
gives rise to a gyroscope effect and tends to resist
all external disturbing forces. This method has
iven very good results and is greatly superior to
the fin stabilization, which is inherently subject

to wind errors.

reduced demo




GERMAN EXPLOSIVE ORDNANCE OP 1666
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Figure 192—140

CENTRAL EXPLODER TUBESY =

WARHEAD
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OP 1666

GERMAN EXPLOSIVE ORDNANCE
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ROCKETS

C. PERFORMANCES: Individual Parts:
1. Control Room :

Two Batteries: 27 volts, 20 ampere hours.

One “Kommande” Battery: 50 volts, 1.3 am-
pere hours,

Firing Circuit: 27 volts.

Three Invertors: DC/AC 3-phnse.

Invertors: Motor: 27 volts, 12 volts, 10,000
r. p. m.

Generator: 40 volts, 500 cycles, 180 watts.

volts,
Turbines:
Capacity Ca.: 21 kg/sec
Revolution: 3,

()utput pressure : 18.7 atm.
Output Ca.: 72 kyg/sec.

B-Pump: Revolutions Ca.: 3,800 r. P,
Output: 270 hp n

=T} Chamber 25 atm.
Steam Prodnced: 2.3 kg/sec.

Fresh Steam Temperature: 385° C
Setting : 31 at

Heut Exchanger Elow. 0.3 kg/sec. of A-
Stoff ; 2.3 kg/sec of steam.
Tempemture of Outflow: 280° C.
of A- Stofl_(After Going

Three Regulators for Invertors: Regula-
tion 1 perdent.
. : .
2, ini 1 k: '

Fuel Consumption per Second in Main
Stage:
A-Stoff Ca.: 72 kg.
B-Stoff Ca.: 58 kg.
Total Ca.: 130 kg.
Mixing Proportion: B:A: 0.81.
Fuel Injection Pressure into Motor: 18 atm.
Pressure in Combustion Chamber: 14.5 atm,
Temperature in  Combustion Chamber:
2,000° C.
Exit Velocity of Gases Ca.: 2,000 m./sec.
Inner Efficiency (WA/WA TH=Actual to
Theoretical Exit Velocity): 95 percent.
Thrust: 25,700 kg.

. Total Apparatus:

Shooting range Ca: 300 km.
Ceiling Ca.: 80 km.
“Brennschluss” heaght Ca.: 28 km.
liBm o

Angle w:th Perpend:cular At “Brennschluss”:
47°,

Greatest Impact Pressure: 810,000 kg ;
sq/meter (Reached in 45 sec at 12 km :
height at 650 m/sec).

Highest heating of the Skin: 300°-500° C.

Lifting Acceleration Ca.: 1g. (9.81 m/sec?).

Maximum Acceleration (at Top of 25-ton
thrust) Ca.: 6g.

D. OTHER DATA—TOTAL APPARATUS,
Evaporation Out. of thé Filled Device of the

ours.)

Rigidity of the apparatus:

Untanked : up to 23 m/sec wind speed.
Tanked : up to 35 m/sec wind speed.
Transportation.

Height of the Device : 4.2 meters.
Transportation.

Width of the Device: 3.22 meters.
Transportation.

Length of the Device : 14.7 meters,

reduced demo
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ROCKETS

The apparatus with full A-Stoff can stand up to
6 hours without impaired function.

The servo-motors must warm up 30 minutes
before shooting. Taking into consideration the
insulation condition of the wiring system a de-
tanking of A-Stoff can not talke place in the mean-
time, since in most cases an undesirably high de-
terioration of the condition of the wiring system
is unavoidable as a result of the sweating. The
insulation coefficient for the 27 volts wiring sys-

X4

GENERAL DESCRIPTION. The X4 is a fin-
stabilized guided missile with a proximity fuzed
warhead developed specifically for use by fighter
planes against enemy bomber formations. (See.
figs. 19TA and 197B.)

Stabilization is obtained hy four large fins fitted
symmetrically to the body and steering is achieved
by ruke spoilers operating in four small tail fins
which are interdigitated with respect to the large

tem measured atythe break-away plug at termimals o fins, In appearance, it is quite similar to *Fritz
uga? ;tha Y_is 10,000 b t” except that it is much smaller, the warhead
. I ! ._;"/

Figure 197B—X~4 Missile

reduced demo
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GERMAN EXPLOSIVE ORDNANCE

OP 1666

weighing only 20 kg and the total weight being
60 kg, It is launched without assisted take-off
from fighter planes. It can be either wire-con-
trolled by an operator in the fighter plane or it
can be used as a self-steering target seeker by the
use of acoustic homing. If it is wire-controlled,
some sort of rocket propulsion is to be used;
while if acoustic homing is used, it is proposed to
dispense with the rocket pmpulsion unit.

OPE TIONAL ASPECTS. incipal
erat o, would hter

S '-.' ey bomber fo s, Of

i ; {. wou itate

ity in

of th mi le this

would m En sermusly restrict its maneuver-
ability. On the other hand, if acoustic homing
were used, the X—4 could be launched and the

rent plane conld immediately execute an evasive

1N Ver.
u is ex
aa e
e an , th

operat.mg range of “Kranich.” The effectiveness
would undoubtedly be increased if the power plant
were dispensed with and the payload doubled, a3

would be the case if acoust)c homing Were atilized.
t 4 > e homing

coftjung¢tion with'a pls the M ype,
d 1 formidable wea ounter
y ber tions,And goul ly be

ta.ctlcal purposes as well,

DETAILS., Amrrame. The airframe of X-4
indrical body 190 cm in length and

Rotation about the longitudinal axis achleved
by small trirff tabs attached to the four large stubi-

lizing

s. These give a rotatiomlgi\e&d of 114

B
e
Z
i

weapon is to be used, it is not expected to attain

216

diameter on which are mounted

INTELLIG NCE A

a velocity of greater than 240 m/sec before it
reaches the target.

Steering is effected by means of rake spoilers
located in the tail fins. These spoilers vibrate at
a rate of 5 cycles per second, control being effected
by making the period during which the spoiler
projects from one side longer than that during
which it projects from the other. When the two
periods are equal, ne centrol is applied. This
method of steering has the disadvantages of ap-
preciable drag and a certain amount of delay, but
has the advantage of simplicity and instantaneous
mechanical response.

DESIGN DATA: C
Launching weight: 60 kg.
Weight less fuel: 50 kg.
Wing surface: 0.56 sq. m.
ng loading : 200 kg/m. 2.
efd in honmntal flight at 6,500 m

POWER PLANT. The Bi-fuel liquid propellant
motor is the BMW 109-548 rocket motor using o
mixture of Salbei (98 to 100 percent nitric acid)
and Tonka 250 (57 percent crude m-xylidine with
43 percent triethylamine). This motor is capable
of delivering an initial thrust of 150 kg which
drops to about 25 kg after 30 seconds.

The solid propellant which it was proposed to
use was “Mixture 1677 by Whasag. Initial thrust
is 120 to 140 kg which is also reduced te about
25 kg after 30 segonds.

In all the proposed versions of X4, the missile
rotates and therefore only one gyro is needed.
When wire control s used, the principal purpose
of the gyro and commutator system is to translate
the right-left and up-down signals into the proper
pulses to feed to the rake spoilers in the tail fins.
The gyro is spun up while the missile is still
attached to the launching aircraft. During the
flight of the missile, the gyro is not power driven.
The gyro was made by Th. Horn. Leipzig.

duced demo
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The wire control system consists essentially of  propellers of enemy aircraft. A small lyre nr-
a small joystick control unit mounted in the air-  rangement is attached to the vibrating system in
craft, e pair of control wires and a receiving unit  such a way as to broaden out the mechanical
in the missile consisting of a gyroscope and & pair  resonance curves of the individual components of
of relays. The control unit contains two drums  the system. The composite curve of the acoustic
which revolve at a rate of r.p.s., one drum con-  system with the 15-wire lyre attached is practically
trolling azimuth and the other elevation. The  flat from 200 to 400 cycles. The wire mesh screens
control wires consist of 2 insulated single strand  attenuate the slow nir pressure variations about
Swedish spring-steel wires of 6,000 m length and 40 or 50 db, whereas the sound vibrations of 200
022 mm dinmeter. The receiving unit in the  to 400 ¢ycles are attenuated only 1 db.
missile is quite simple consisting primarily okr As the X4 rotates, if the missile is homing di-

arlzed re]ay azmmth ccmtml and unpo rectly on the target, the output of the microphone

i evation o ill be constant and there will be ne modulation

output and consequently no steering corrections,
If the missile is not aimed directly at the target,
ere will be generated a modulation frequency
o of 11 cycles per second, the rotation speed of the
rent, regardless of its polarity. In this way, both  X—4. This modulation frequency of 114 cycles
azimuth and elevation control signals can be  per second is used to transmit information to the
transmitted simultaneou§ly over the same pair of spo:]ers th pugh the gy pcommutator system For

.  fins, th the tator
" ¢ e af h . 1

and up- down slgnnls into the proper pnlses whnch The mod lﬁcatmn of X4 with “Pudel” and also
are to be fed to the solenoids actuating the spoilers.  equipped with the “Kranich” acoustic proximity
The power supply is & small 9-volt dry battery  fuze when launched from a fighter plane of the

ted in the af bod}v of the missile. N ME 262 type appears to be & weapon of great
5 ; 2110 detnmen romise, since after launching, the fighter pilot

Bhirnulati can immediately take evasive action. The range
' of the acoustic homing device is expected to be
bb about 1,000 meters, so that if it were Jaunched =t
on srent range of 2,000 meters, the first 1,000 meters of

plane s:m:ltaneously Wire control was selected  its flight would be uncontrolled.
primarily because, compared to radio remote con-  WARHEAD AND FUZE. When X-4 was orig-

trol, it is pract.ically jamproof. inally mnc‘ved it was expected to use a 20-kg,
o ing theex]uswe mate- _

acoustic pmxlmlty fum “Krumch G 4 oonsasts uttnched to t.he afterbody by wood screws and hn.d
essentially of & mica and 0.03 mm aluminum foil an adaptor for the nose fuze attached to the nose
diaphragm connected to a carbon microphone, the  in the same way.
output of which fed to 8 smgle stage amplifier The fuzing system consisted of the acoustic prox-
Y0 5 ms ; imity fuze “Kranich” which forms the nose of the
missile, an impact and graze fuze, and a self-
destroying fuze which operates 33 seconds after
ries e Nies lease. The acoustic and impact fuzes are urmed
ate differences of air pressure seconds after release. The acoustic fuze consists
due to rotation but not the sound of motors and  of a light diaphragm actuated mechanism which

reduced demo
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ROCKETS

responds to the sound of aircraft propellers at & ers. Suggested locations for launching sites were
range of 15 meters. This fuze has a time delay of  along the French coast and the approaches to
Y50 second to make it more effective. A complete  major targets of bombers,

description of “Kranich” has been given in B. The launching site requires much equipment,
other Intelligence Reports. Specimens have been  and, althongh mohile, would thus be subject to at-
shipped to Naval Research Laboratory, Washing-  tack. Lack of maneuverability against relatively
ton, D. C,, on Consignment Tag No. 3980. slow airplanes would have inhibited its effective
LAUNCHING DEVICES. Originally the X-4 U5
was being carried only by the Focke-Wolf 190. ~ C- The Wasserfall was expected to be both
Horwever, it was Iater planned to use it also in con-  ¢heaper and more effective than ovdinary flak for

£60 \nth ME: 262 and DO 335. The missilg is the results obtained. Only operational use could
prove this point,

Concrusions, The Wasserfull was not com-
pleted and thus offers no immediate possibilities
as & weapon without much further work on the

ontrol system.

Recommenvarions. Tt is believed that an in-
tensive study of the Wasserfall will yield much
information on the principles and the use of a

) ESCRIFTION.
] bles a

e . : half- slzeVE with small win The approxi-
where 1t would be exploded st il lsereatinn: wes & e

C. The Wasserfall resemb!e_s a half-size V-:Q Length: 7,800 mm,
with small win 1t has a similar motor an :
nched in mu the same manner. Its mnﬁ Caliioem: 8 moan;
i ) Wing span: 1,880 mm.
; Tail span: 2,500 mm.
* There are four small biconvex dorsal wings at
he center of gravity to assist in making turns.
n line with these wings are four stabilizing fins
at the tail. Control surfeces are fitted on the
stabilizing ﬁns both in the air stream and in the

its speed had drop to about 350 meters per
second. Its maximum fighting ranges were: 18
kllometers in he:ght and26 kilometers in horizon-

ithsta neu-_.
;
roaching
ai ing
plann incor-

to ' fuze t mgned for supersomc speeds. However, the
500: t.c»:hl:rl?:;:nl::-}; . expiode the mespon transition from zero speed at launching to the

With these e i supersonic range is not ins_tantnnesous n.r_u:l ‘some
5 r;other missI: i):b:f:: dq:wf :r:;;nlfe:;ﬁn ¢ additional control is desirable during this inter-

@ . This is supplied by the gas stream fins which

- I are present for the first 5-15 seconds of flight.
the ground lga.lnst :

reduced demo

Foe 4 ream fins supply sufficient control while the jet
| was planned for use from  stream fins add a drag. Consequently they are
T targets, specifically bomb-  jettisoned at that time.



GERMAN EXPLOSIVE ORDNANCE OP 1666

The missile is designed to stand maneuvers up to B. CHARACTERISTICS

44 g. The wings will support a lift of 8,000 kg Thrust: 8,000 kg.

per pair to which the body, tail, etc., add about Total impulse: 360,000 kg.

another 4,000 kg making a total 1ift of 12,000 kg. Launching acceleration: 1.2 to 2.6 g.
The missile weighs about 3,500 kg at take-off, Final acceleration: Ca. 4 g.

but the weight drops continually to about 1,500 kg Fuel consumption: 41 kg/sec.

by the time the fuel is exhausted. Thus at take-off Specific impulse: 180 to 195 sec.

the luteral acceleration should not exceed 3 g, in- C. Desion Data. The general arrungement is

creasing to 4.4 g as the fuel is consumed. Toallow  jndicated in figure 198. The foremost flask con-
for this the control applied to the servo is made  tains nitrogen at a pressure of 200-300 atmos.
weak rst and is gradually brought up to its  This flask is 8 to 13 mm thick and is not wire
- % wound. The compressed gas passes through s
found  reducing valve to 30 atmos and is used to force
inthe  the liquids out of their stornge tanks, This flask
n docun ) tthe  and the two storage tanks are made of rolled and

els at Kochel shows that at least six dif-  welded steel.
ferent shapes have been tried out to get the best The forward storage tank contains about 400
aerodynamic results, kg or 430 liters of Visol. Visol is & rather vari-
C DESIGN [Mita. The mmnle is fahncnted from e fuel accordihg to tha mgredlents avnllable

pe the inte:
in percent
t er; 2
: I redien nelie
trol the lgmhon
(S;r‘;;f:::: tanl: (Drocklittbebaslter) Visol is a contracted code name’ for vmyhsobu-
. tylether. A Diesel oil may also be used in place

3. Visol tank: (Brennstoffhaelter) i o Visel.

4. gs: (Fluoge]) The rear tank contains about 1,500 kg or 1,100
Salbei tank $( Sulbeibg elter) liters of the oxidant Salbei. Salbei is a mixture
Chirs - : Salbei  of 90 percent nitric acid (including 3 percent
; W A N water) and 10 percent sulfuric acid. No attempt

” : uports moter (Brennkammer > tails is made to make the acid water free as it would be

(Flosse), air rudders (Luftruder), and jet rud- reabsorbed from the air before it was ever used.

3 S hiede ot The sulfuric acid was ndded to prevent corrosion
ers (Stahlrader) by the nitric acid of the steel available for the

D. Propucmon Dara. The following remarks
: : f the missile. The ounly pro-

same ncceleration as t| efuel its end is always
Estimates were drawn up for the men, material  covered by liquid. This design gives a light-
and spnee needed for the mass production of 5,000  weight removal system which removes practically
the last drop of liguid although the liquids are
being swished around,in the tanks. It is said
this system increased the maximum altitude ob-
tainable by 4 kilometers over a pump arrange-
ment that was tried. '
e L haeicd \LIng Both fuel and oxidant are passed through a
tric a‘”d) i i i valving arrangement which introduces both liquids
a chamber with a venturi nozzle. ' into the motor at the same time under full flow,

réduced demo
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Valves in the various pipe lines are opened simul-  lash to almost zero. Roll control is applied to all
taneously by explosive charges. Just before each  rudders.

liquid enters the motor there is a diaphragm. 2. Gyros. Three course gyros are used to pre-
These diaphragms stop the liquid until it hasbuilt  vent the missile from oscillating. The take-off
up to practically full pressure at which time the  cards on the gyros are positioned by the remote
dinphragm bursts and allows a full flow of liquid,  radio control to keep the gyros oriented with re-
from the start, to enter the motor. spect to the desired path.

The ratio of liquids by weight is Salbei to Visol 3, Remore CoxtroL Rapio Recrver.  This unit

from 5 to 1 up to 8 to 1 depending upon the netual  roceives command signals from the ground control

Visol mafrture being used. station to direct the missile towards the farget.

The Visol is fed directly to the nozzle head. fhe The “Strassburg” E230V is employed as the
nlbei first p through the cooling jacket o Teceiver.

YOr o R TORhe g2 - In 4. Reray TraneyrTTER. A transpondor trig-

f e Spibei | teted thraughl 00104 from the ground radar to indicate the angle

S WO I L mﬁ:‘ of roll of the missile by measurement of the polari-

° @t second Witer zation of the wave transmitted is known under the

contuct. An expansion ratio of 2.5 to 1 up to 8.9
to 1is obtained in the motor, The gas exit velocity
is approximately 1,850 meters. per second,

code name “Reuse.”

5. “MiscHeerarr”. An electrical computing de-
vice whicly receives signals from the control radio
g¥ro, mixes these signals, and h

. and the g .
sions ere fiad v S S . Sy
) . ut fo  various aT 11101 ..
. MING DEvICE evice to make
h IF use up all t ome indvery closeto thie targ Non:
off the motor by radio si sufficiently developed in the missile.

8. Turning off the motor at a predetermined  a prerequisite as the ground control is nét suffi-
velocity by means of an integrating accelerometer.  ciently accurate to gnide the missile close enough to

et
1, Lettin
2 fig

. the target to do damage.
NTEIGE £4AND CORIRUL BI8 7. Power SueerLy. Batteries, invertors, regu-
| gipTioN. (Manylsystems Intors, etc., to power the control system.
ied o cally differ- 8. Warngeap, Fuze, Fiune Circuir.  About 305
tu VR arin fuietio e kilograms of explosive were to be used. Of this
- sed™to prevent oscillations about™the ™ ahout 100 to 150 kg would be concentrated in

Sy Remot@radio control is used to g_ui.de the nose. The remainder would be distributed
the missile toward the target. A homing device throughout the body much in the form of primer-
is to be used in the final part of the chase to guide 4 my.s s distributed charge was necessary to
' idsair as it would be u

g missile in mi

2 : Wasserfal] re-
quired considerable ground equipment for the re-
mote control. Equipment is required not only for
the transmittal of control signals to the missile,
but also to track both the missile and the target.
‘The missile is guided so that it is always on the
line between the target and the ground observer.

Preferably the tracking is done optically, In
pa pis d ne this case, the operator has only to keep the missile
servo motor. The @rmatu and the target lined up in the optical field. How-
oscillates at 50 cycles a second to reduce the back  ever, radar tracking must be provided for the

reduced demo

B. Crarscreristice.  The control system must
be capable of guidinZ the missile very close to a
target which is making 2 g curves at a velocity of
meters pe nd.
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ROCKETS

many times that optical tracking will be inade-
quate. The radar tracking system and control sys-
tem known as the “Elsass” consists of the follow-
ing functional parts:

Mannheim radar—Radar set to track the target.
It ulso measured the distance between the target
and the missile.

Rheingold.—The Rheingold follows the missile
and measures the roll pesition of the missile by de-
termination of the angle of polarization of the sng-

als sent out By the “Ruese” relay transmitter i
7 i ndicaly 7S i io

Distance to ta et and mlsslle.
Roll position of missile.

Kehl control transma
fore the indicator a nd

ter—An operator sits be-

urg : 5 :
the operut.or may also ﬁre a fuze in the missile when

his indicator shows the missile is at the target.

TAIFUN BILIQUID ROCKET

indications, 1t
mental stage.
The projectile is a.ppmximately 2.1 meters long
and 10 centimeters in dinmeter. The greater part
is tuken up w1t.h th p uel tnnks whlch contain

1 mm th:ck (See ﬁgg 199 )
The acid tank is supported in the rocket shell by
two aluminum end plates bolted to its end flan

hese end platesiare perfornted 80 88 to conn
t pperend tostheartridge
d at th : ays. A
p ri s the hel
S |
Behind the sohd steel nose piece there is a hollow

chamber for housing the 500 grams of explosive,

DESCRIPTION.
“Feuerlilie” series of rocket-propelled guided
missile which the LFA (Luftahrtforschung-
sanstalt Hermann Goering E. V.) located at
Volkenrode/Braunschweig, Germany, was devel-
oping in order to obtain serodynamic data in the
near sonic and supersonic regions. Although the
primary purpose of the Feuerlilie series develop-
ment was to obtain aerodynamic data, some

the impact fuze, and the igniting