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I, INTRODUCTION,

. Terms of Reference of CIOS Team 367.

The "Terms of Reference" of CIOS team 367 were the study of
Guided Missiles, parficularly with respect to their design, and design
problems encountered., Further, to study any basic research whose
fundamental principles were applicable to the solution of Guided Mis=-
sile problems, and to study the design of ccmponents which were used
for Guided Missiles.

24 Exclusions.,

Before investigating any target or target areas, the team made
a survey of those Guided Missile projects which were either fully ex-
ploited, or which were reported to be in the process of exploitation.
The following exclusions were decided upon. The V-series of weapons
were considered to be in the process of exploitation by adequate
scientific personnel to exclude further study by this team, a&s was
Rheintokter, manufactured by Rheinmetal-Borsig. Ip was further decid-
ed that the field of Proximity Fuzes had been exploited by varicus
organizations such as ALSCS, OTIT, and other CIOS teas to such an
extent that further study would not be economical except to study those
Proximity Fuzes which were associated with actuel guided missile targets
or to study any basic research encountered whose ultimate apbplication
would be Proximity Fuzes.

e Additional Reports of Associated Investigations.

Many targets were investigated which were only partially
Guided Missile targets, and where it was considered that the investi-
gating personnel of this team was capable of thoroughly investigating
ard exploiting the other projects, a complete investigation of the
target was carried out. These assoclated pro jects are listed below,
and the reports involved are indicated. -

a. The wind tunnel installation ot Kochel was investigated by
Mr. FPaul R, Owen of R.4.E. 2nd a report of this investigation will be
issued as an R.K.E. report, & copy of whic will be sent to CIWS
and to A-2,Klectronics Intelligence, USAFE (REAR

b. A battery which was reported to have very high pertformance,
manufactured by "Martins" on the &lbe, is to be tested under the
supervision of Capt. J. i. Giles of A-2, Electroniecs Intelligence,
USAFE, and 4 re ort will be submitted to CI(OS and to A-2, Electronics
Section, USAFE (REAR),

¢, An infra-red homing device manufactured by Kepka works of
Vienna, the only model completed is nos being tested by RAE and TRE,
and a report on their findings will be submitted by Mr. R J. Lees of
TRE to CIOS and to A-2, Eleclronics Intelligence Section, USAFE, (RiAR).
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OUTLINE OF SECTION IT.

II. GENERAL DISCUSSION OF GERMAN GUIDED-MISSILE

PROJECTS :
A. A-Series of Missiles.

B, V-Series of Mi’ssi.les.

C. The Henschel Series of Guided Missiles.
D. The X.-‘.’_Veapons Guided Mjssiles.,

E. Flak ard Ground Cuided Missiles.

F. Unguided Mi'ssiles.

G. Development Missile Projects.
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II, _GENERAL DISCUSSION OF GERMAN GUIDED-MISSILES PROJECTS,

1. Appendix 1l to this report is a chart which lists Guided Missiles.,

This chart

is probably not complete but lists most of the types in the

German war effort.,

A - Series of Misciles,

- The complete A-series of weapons had 16 models designated A-O through
A-15, They are all associated with developments up to the V-2 or develop-
ments o! improvements of the V-2 as it is' known to have been used.

The first six A-series models resulted in the V-2 weapon :-

Ao - Was the first attempt to develop a rocket motor whose thrust

Al, —
A2 &
A3

AL -
A5 -
26, -
A7 &
A8.

A9 -

was sufficient to propel a 13.75 ton projectile, The Ao
was never capable of sufficient thrust, however, through.the
study of the Ao, Al, A2, the small version of the V-2 was
developed and became the A5,

Were additional attempts to develop the thrust units and fuel
for a V-2,

Development completed after the A5 had been successful. The
V-2 was the production model of the A4,

Was a small version of the V2, It was the first successful
attempt at large scale, long range rocket propelled projectiles
by Germany. Through hie experience gained from the A5 ard

its predecessors Ao, Al, A2 and A3, the A4 (V-2) was finally
perfected.

Were experimental developments of the A4 (V-2) with the
addition of wings so that the range could be incresed.

Was the result of work on the A6, A7 and A8, and was a V=2
with wings so that instead of following a normal Hyperbolic
trajectory, it would glide to earth after reaching a maxi-
mum height from the rocket propellent. Its range was in-
creased to about 600-km or about 375 miles. Thus, the pro-
jectile could be launched well inside Gemany, itself, and
still reach England.

A10 -Was an experimental model of an additional thrust unit which

was to be fastened to either the A4 (V-2) or the A-9 to give
an additional range. It was to carry its own fuel, and
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- when the fuel was completely burned the unit was re-
leased, ah the same time starting the normal thrust
unit in the A4 (V-2) or A9,

A-11,A12, -- Were development models & the A9 - AlO series attempt-

A13 & A1) to produce a long range rocket projectile for attacks
on the North American continent. The range strived
for in these and the Al5 model was 3500 miles.

Al5
- Was to have been a 3500 mile range projectile using
the A9 and Al10 developments. This project probably
never progressed beyond the drawing board stage.

B. V=Series of Missiles.

The V-series of missiles ,four known types, two being used by‘t&.
end of the war in Europe, have been covered by large numbers of technical
invesiigation teams whose reports are available; therefore, it was
decided that CIOS Team 367 would not make a complete Technical Investiga-
tion of thems However, all guided missile work in Germany was related
to the developments of these and the A-Series weapons since they were
projects which required much research work, the results, in many cases,
being applicable to all jet and rocket propulsion problemss Further,
the testing of most @uided-missiles was the resporfsibility of the scien-
tific group at Peenemiinde, and their evaluation and ideas were circulated
through most of the scientific and development personnel of Germany.

»

V1 - Was a jet propelled—ground—ﬁgmund missile which was
aerodynamically stabilized, It flew at sub-sonic
speeds ard could be overtaken by an airscrew propelled
aircraft, It was launched either from the ground,
or from a2 "mother-plane! Its maximum range was about
350 km, although this depended on wind. The war-
head was 830 kg for a range of 250 km but was later
reduced to 500 kg for longer ranges up to 350 km.
Maximum fuel load was 1000 liters. Speed between
620 and 650 km/hour. laximum altitude 2500 meters
but normal opersating altitude was 1000 meters or lower,
depending on cloud cover and wind conditions. Over-
all length 25-ft Li-ins, wing span 15-ft. The V-1
was gyro-stabalized and compass guided. Except in
experimental launchings, no radio or other external
control was used, The cut-off time was regulated
by the turning of a smgll airscrew on the nose of the
missile.

V2 - Was a rocket-propelled ground-to-ground missile which
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was not aerodynamically stablized., It flew at super—
sonic speeds. The missile was 45-ft 10-in long and
and 4-ft 5i=inches in dldmeter at the maximum bOdJ dia~
meter; however. the tail {'wns were 11-ft 8i-inches
from opposite tips. At Lhe time CIOS team 367 was at
Nordhausen, there were evacuagtion teams moving complete
V2 units back to England (snd the U.S.) for study, and
firing trials; therefore, very 1little detailed study
was made of the ejuirment. However, in the Technical
Analysis Section of this report is # short section on
Radio Control of V2. The V2 missile was radio-
contrclied, especially in its =2arly use, It had cyro-
control znd time-measurement control,

Ylas a lsrger version of the V1 with an ’ncznil'ry war-
ead instead of the HE as normslly used. Verv little
information is av ilahle concerning V3 control systems.

:3‘-_

Fe7]

C., The Henschel-Series of Guided }issilas.

Henschel's guided missile program was under the scientific
direction of Professor Wagner. The series of guided missiles includes
about 27 models for a wide variety of purposes and using several methods
of contrel. The models will be leted belovi, with & brief explanation.
cf their characteristics and refererce to their corfrol nethods. 4 more
complete explanation of their electrical and conbrol ejuipment is gilven
in the Technical apalysis Secticn of this report, The nissilesg are listed
according tc thelr serial numbers so that the nvulution of their control
systems can be logically followed.

H3-293-V2 - First experinentzl models 194C/41,  Glider without
rocket motor. Sterdard conirol systes employing
potenticmeters, Lateral control by flars, elevator
control by engine unit., DNo rudder. Recelver Strass-
burg 330, Filter end DC-anplifier. (Aufschaltgerdt
Strassburg) Power supply by betteries for 24 and 210-volts
Current approx. 30 aAmp. Humber of valves: 27,

High frequency: "Kehl" - frequency (Approx. 6-m band;
Control frequencies: 1000, 1500, €000, 12000 cycl/sec.
COHt?Ol—Sth&—Contdct—fr°1H@HC" . 10 cycl./sec.

HS 293 V3 - Liproved experimental model 1941, Rocket meter atiached.
ere . 0 . s O a
Wiring and separate &:paratus combined in unit. (SAG)

2L volt-supnly by accumulstor. 21C volts converter,
Production begun,

HS 293 Ac - FProduction model 1942. Improved 293 V3. Later eyuipped
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HS-293-A1 -

HS-293-A2 -

HS-293-B. -

HS-293 Cl-3 -

HS-293-D, =

HS—293—E. g

with relays instead of DC-Amplifier., Electric damp-
ing system by relays. Supplementary equioment for
remote control by wire was available.

Improved production model 1943. Receiver Strassburg

5-230 with relays in output stage. DC-relays—
amplifier ASG 230 Universal connecting unit SAG 230.
Number of valves reduced to 12. Total amount of 203
V2 - Al built is apprax. 12,000,

Latest preduction model 1944, New simplified con-
trol system. Control-stick-contact-frequency,
lateral: 16 cycl. elevator: 5 cycl. Lateral control:
new 16 cycl. filter and new potentiometer (6500 Ohms),
Wagner-flaps. For elevator control Wagner-flaps

were used which were operated by magnets energized
directly from the receiver relays. DC-gyrc. Forerun-
ner of 298/117 centrolling system. Ready for produc-
tion, but stoppdd by air ministry.

This d signation does not refer to a special glider
model, but indicates employment of a wire control
system which was started in 1941. Upon completion
of this development, all models HS-283 to HS-296
could be contrclled by either radio or wire, For
this purpose the receiver E-230 had to be charged for
the receiver £~237 (Duisburg) and in the carrier
rlane the transmitter FuG 203 or 206 had to be re-
placed by the transmitter FuG 207 (Dortmund).  Also
two coils had to be attached to the glider and two
more to the carrier-plane, Built as supplementary
equipment .

Glider was small edition of HS-294. Production only
in small quantity for experimental work and for
testing new control systems in 1942/43 such as the
system 293-E, 293-A2, etc.

Experimentel type. Glider like 293 but with telép
vision equipment. A small nurber was produced,trials
being carried out in conjunction with Forschungsan-
stalt der Reichspost and Fernseh A.G. Berlin 1942-4l.
Result: Prof. \lagner preferred "Fevi,!

Nodel for @ new remote control system based on a

turn-coil instead of potentiometers. Development

started in 1942. Trials with glider 293-C. Plan
then given up in 1942 in favor of 2 new potentio-
meter control system.
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HS-293-F

HS-293-G

HS=293-H

HS=293~1

HS-294~A

HS-294-H

Design of a tail-less glider. Modified controls of
293-A not built.

Experimental type. Glider and control system similar
to 293, but capable of vertical as well as horizontal
flight path, thus possessing the characteristics of
HS-293 and of the "Fritz X" (Dr. Kramer). For this
purpose & srecial gyro was constructed, which could be
tilted over 90 degrees from vertical to lateral axis.
Ten models built in 1942, then work stopped by air
ministry in favor of "Fritz X."

Glider 293 Al for use as anti-aircraft weapon. Epecial
radio equipment used for remote control of fuze by means
of 5th control-channel., Standard type 293-A-~1 could be
converted to a 293-H by exchanging receiver E-230 with
E-230 H/I and by attaching a special relays box. Small
quantity built in 1943/44 by conversion and use of supple-
mentary equipment.

Like 293-H but different amount of explosives. Only
planned 1943.

Special model combining glider with torpedo. Controls
like 293-A-1 but speciall fuze devices for blowing off
fuselage rear section and wings as soon as body touches
water surface, fuselage front section then cruising as
torpedo under water., Small quantity built for experi®
mentalpurposes 1941-43., (largest type designed by Prof,
Wagn,er °

Like 294~-A but equipped with AEG-controlling system., Only
planned 1942,

HS-295 & H5-296,Modifications of 293-A with the same electric equipment.

HS-297

HS=298

Only different fuselage front section and amount of ex-
plosives. Small quantity built 1942/43.

Special model. Anti-aircraft weapon for fighting planes
from the ground. First planned in 1941 but rejected by
air ministry as being a defence weapon. In 1943 ,urgently
requested and therefore replanned on large scale with the
designation 8-117. :

Special model. Anti-aircraft weapon carried by fighters
or bombers. First planned in 1941 but rejected by air
ministry, only work on receiver B-232 (Colmar) being car-
ried ons In 1943 urgently requested and therefore re-
planned on large scale production basis. New controlling

-0 -



8- 117 .
8-117C e
g =117 -
A-1 (A-2)
81178 -

system similar to 293-A-2 put simplified, Power supply
by generator with airscrew, Additional electric dis-
tance-meter for special fuze., =~ Experimental series since
1944, mass-production ready. Smallest type designed by
Prof, Wagner. (Competitor to Dr. Kramer's "X4"),

(Bechmetterling"). Continuation of design HS-297.

Special model launched from the ground for fighting air-
crafte Controlling system and electric equipment like
HS 298 but affording several additional facilities such
as igniting system for launching-rockets, speed-regulator,
special control-motor for gyro, etc. Experimental models
begun in 1944. Special production planned for 1945 on
large scale as "Fithrer-Notprogramm." (Competitors:
WNasserfall, Rheintochter and Enzian; but 8-117 was the
simplest design requiring the smallest amount of energy.

Development of 8-117 in autumn 1944. Equipped with re-
celver E-232 (Colmar)and distance-meter "Kakadu" or "Foxi

Production model. Latest model of 8-117 in March 1945,
Type ready far production. New developments: Receiver
for 6-m - band or decimeter-band (E-232 a/b Colmar or
Strassburg E-230/3 or Brigg E-531 Distance-Meter: Kakadu,
Marabu, Fox, or Mejse. Pilot~transmitter "Rise" for
radiolocation. Automatic detonation when control-system
fails, (Additional homing-apparatus planned)

Modification of 8-117 to be carried by planes as anti-
aircraft weapon. Improvement of the 293-H idea with the
advantage that the 8-117-H posses a rate of climb., Con~
trolling system and electric equipment resembling 298,

Late experimental types $

HS-293-V4 -

HS-293-V5 -

HS=-293-V6 -

HS-293-V8 -

Experimental model 1943 /L4 based on 293-A but elevator
engine replaced by magnets and Wagner-flaps,

Experimental model 1944 resembling 293-A but containing
alterations for use by Jjet-propelled carrier-planes:
Electrical features like 293-A-2,

Experimental model 1944 like 293-V5 but with electric con-
trolling system of 298.

Experimental model 194k like 293-A1 but equipped with re-

ceiver E-531 (Brigg) for testing the decimeter system

"Kogge,"

This. 1list does not completely cover 21l experimental and
= 10 =
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production types, but it contains all the outstanding mod@ which are of
any interest because of thelr controlling system and electrie equipment.

D, The X-Weapons - Guided Missiles,

The X~weapons were known to be in the process of being investi-
gated at the time CIOS team 367 was going to Germany, consequently no
complete technical investigation was carried out. The X-Series of
guided missiles was designed by Dr. Kramer of Ruhrstahl A.G., and were
used in combat with some success. The X-Series, like the Henschel
Series, were designed for a variety of purposes.

X1 - Primarily an Air-to-Ground (sea) missile also known as Fritz-
X or PC-1400-X, It was designed for either radio (Strass-
burg-Kehl) or wire control, and was adapted for launching from
normal aircraft bomb shackles, . Length_l0-ft 8-inches.,

Wing Span L4-ft 4-inches. No propulsion unit was used and the
speed was sub-sonic (280 meters per second maximum flying
velocity). Range 5000-meters,

X2 - Primarily an Air-to-Ground (sea) missile., It was very similar
to the X1 but designed for higher velocity (310 meters per
second liaximum flying velocity) but still sub-sonic.

Length and span same as X1, Length 10-ft 8-inches. Wing
span 7=ft L4-inches. Range 5000-meters, Used Radio or wire con-
trol. one produced. No propulsion unit. v ,

X3 - Primarily an air-to-ground (sea) missile. It was a super-
sonic version of the Xl or X2, (4OO-meter per second maxiimum
flying velocity). Length 12-ft 2-inches, wing span 4-ft 2 inches
The X3 has swept back wings and a small tail compared to the
Xl and X2, Radio or wire control. No propulsion unit.
None produced.

X, - Primarily an air-to-air missile., Its speed was sub-sonic
(240 meters per second) using 3 BMW, 110 kg maximum thrust,
liquid rocket propulsion units at the tips of its three wings,
Length 6ft 3-inches . Wire and gyro control was used.
Operating range 2000-meters approximately. None produced.

X5 - Primarily an air-to-ground (sea) missile, Only planned,
none built, Designed as a super-sonic (maximum speed 400
meters per second). Wire or radio controlled mssile. Range

10 to 15 km. Length 15-ft 5-inches. Three symmetrically

spaced wings. No propulsion unit. Uses A.P, warhead.

X6 <~ The X6 is exactly the same as X5 in all details edcept that a
H.E. warhead has been fitted. None produced.
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X7 - Primarily a ground-to-ground, or ground-to-air missile; is
also known as Rottkappehen., A small missile, length
32-inches, span 21£:inches, wire-controlled. Uses 2 WASAG
dry powder propulsion units. Range 1000 meters. Speed
sub-sonic (100 meters per second), Produced in small
quantities.

E. Flak & Ground Guided Missiles.

This classification pertains primarily to ground-to=-air
missiles which were designed for air-combat and their guiding and homing
devices are of special interest. It is to be noted that these missiles
were designed by established research agencies (with the exception of
Komet 2) and represent the best developments in propulsion, guiding and
homing systems. There is. a separate field of study involving homing
devices and a third involving proximity fuzes, and, since a homing de-
vice can be employed in several, if not all of the following weapons,
those encountsred by CIOS team 367 will be separately considered under
the Technical Analysis Section of this report.

ENZIAN - Designed by Dr. Wurster of Holzban Kissing #.G., and construc-
ted by Messerschmitt, There were five models. Models I,II,
IIT and IV will be considered together, and lModel V separately.

E
_MODELS - These models, also known as El, E2, B3 and E4, are all very

III, similar in mechanical censtruction, all being designed for sub-

III,IV. sonic speeds, Models El, E2 and E3 - speed 240 meters per
second, and E=4 - speed 300 meters per second. Length 13-ft
2-inches; span (counting baedy) 13=-ft 2-inches. A complete
technical analysis of Enzian, including flight test analysis,
is included in the Technical Analysis Section of this report.
The control system was radio(ground), radar or other homing
head. A discussion of the propulsion units and their pro-
pulsion problems is in the Technical Analysis Section.

VODEL - Alsog known as E-5, was a super-sonic ground-to-air missile

_V. = (maximum speed 660-meters per second). The wings were smal-
ler (7-ft 10-inches), while the length is greater than El to
By (17-ft 1-inch). However, four swept-back wings arepro-
vided symmetrically spaced around the body of the missile.
The propulsion units, aerodynamics and control mechanism is
discussed in the fTechnical dnalysis section of this report.
The guiding and control system was in an early stage of de-
velopment, and w.uld probably have been a homing device,per-
haps infra-red.
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WASSERFALL - Also known as C=2 I8 2 ground-to zir missile and is snall
V-2, It is very large for a flak rocket and was con-
sidered to be too big and expensive to be of préactical value
by some Cerman research scientists. It was 25-ft 10-inches
long with = wing span o 9-ft 5-inches, having four wings
spaced symmetrLcally about the body of the missile. Thls
missile is completely discussed in the Technical ~nalels
Section. Its control system was primarily by radio (Kehl-
Strassburg) with special sayparatus for zround control.

This special equipment is necessary since the C-2 missile
is launched vertically and must be,brought into colinear-
ity with the target by a pre-complgted course and system

of movements. This is accomplished by the "Einlenk Gerdt"

which is fully discussed. lasserfall had a maximum range
of 18 km. Totzl explosives 305-kg. lore produced for
ccmbat .

RHEINTCHTER - Two models I and III are known to have been devel-ped by
Rheinmetal-Borsig 3

MODEL I - 'es a super-sonic missile (maximum speed 360 meters per
second, develeped by Dr. Hennies of Rheinmetal-Borsig.
It was_2C-ft 7-inches in length and had six symmetrically
spaced wings measuring_7-ft 2-inches, from tip to tip of
opposite wings. The wings and tail were well swept.
back. Propulsion was by one Rheinmetal-Borsig solid fuel
jet engine mounted in the bod, of the mlSSlle. Range
12-km., Altitude (max_num; 6 ¥m. Jarhead 150-kg.

LCDEL III, lNodel III was & smaller mlSSlle than Ziodel I, and did not
include separate tail surfaces. It was a super-sonic
(rey1uum speed L419-meters per second) missile, using two
externally mounted propulsicn units burning solid fuel.
This unit was constructed by Eheinmetal-Porsig. The mis-
sile was designed by Dr. Hennies, Length 16=ft 5-inches._

&

The missile has four symmetrically spaced wings located
well back near the end of missile. The wings are well
swept back. ‘Wing span 7-ft. 3-inches. This missile

was not studied by CICS team 357 since it was known to be
adequately covered by cther technical investigation teams,

KQMET 2. - A ground-to-2ir jet-steered missile designed by Helmuth
‘ Rogge but never constructed. Length 4-ft 2-inches.
No wings. This missile isndescribed in the Technical
Analysis Section of this report., KUUET 2 is of General
interest only, ard is not of sufficient technical value
tc merit further consideratior.
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FUERLILLE

MODEL F-25 -

MODEL F-55 -

BV-1

This ground-to-air missile was built in two models -
F-25 and F-55 by LFA Braunschweig, designed by Dr.Braun:

Was a sub-sonic missile (220 meters per second) which was
never produced. It was designed to use a solid fuel pro-
pulsion unit constructed by Rheinmetal Borsig, Length
6-ft 8 inehes. Wimg Bpan 3-ft 8-inches.- Two wingss
Control surfaces on wings and tail, No warhead or explo- -
sive charge was included in its original design. The
control method was not decided upon, although gyro staba-
lization was used.

Was a super-sonic missile (maximum speed 40O-meters per
second), which is much larger than the F-25. The F-55
refers to a missile whose body diameter in 55-cms,while the
F-25 has a 25-cm body. F-55 is 15-ft 9-inches long and has
a span of 8-ft 2-inches . They were never produced in
quantity. An auxiliary launching propulsion unit was used
which burned solid fuel, while the main internal propulsion
wnit was a liquid fuel jet propulsion unit model SG-20
manufactured by Conrad. It was proposed to use Gyro and
radio control, but in the experimental models only gyro
control had been used.

Was an agerial torfedo glider designed by Dr. Zisker of
Blohm and Voss. <1t was designed specifically'es an air-
to-surface missile or a liquid fuel rocket powered glide
bomb. The flight path was a slow descent to a fixed
level a few feet above the surface of the sea, and then to
travel along at a fixed height until it strikes the target.
Its flight direction was to be controlled in azimuth

from the launching plane but this stage of development was
never achieved. There were about 100 constructed for test
flights but none were completely succéssful. Gyro control
was used for azimuthrand glide angle (10 to 20 degrees).
A variometer was used to control the glide at a fixed angle
until the proper height above the surface was reached.

Then the level was to be held constant by means of a Zeiss
polarized light altimeter; however, this method of height
control was never successful. Length 19-ft 8-inches;

Span 8-ft 2-inches. '

There were about 10 models of this glide bomb missile.

No propulsion unit was used. It was designed by Dr.Vogt
of Blohm and Voss,and was originally called - "Hagelkorn,"
All models of the BU-246 had a wing span of 1l4~-ft T-inches
and length of ll-ft l-inch. The early models were tested
using gyro-stabilization, while some of the later models
were radio controlled, as well as gyro-stabalized. All
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PEGER-X -

models were designed to be launched from launching air-
craft and were fastened by bomb shackles. They were
long range missiles, having a range of 100-miles when
launched from 20,000-ft. This means 2 glide ratio of
better than 25:1. There were a total of 400 of all
models manufactured, these being used for test purposes.
Because of political reasons, favor was shown to the V1,
and production of the BV-246 was never started.

Was a sub-sonic air-to-ground missile, manufactured by
Rheinmetal~Borsig. The approximate speed was 280
meters per second. It was purely a glide bomb, no
propulsion unit being used. It was radio or wire con-
trol. Range maximum 5000 meters, Length approxi-
mately 140-ft; span 47-ft 6-inches.

F - Unguided Missiles,

This class of missile is often associated with guided missiles,:
and some qf their orinclples, especially their rocket propulsion units,
are aaaphaons of guided missile worke The three missiles under this
classgification are all rocket propelled :

TIAFUN -

RHEINBOTE -

R=100-BS =

Is covered under Technical Analysis Section of this re-
port. It is a rocket propelled ground-to-ground, or
ground-to-air missile. It was designed to replace normal
artillery.

Wes a four-stage ground-to-ground rocket and was fired

from:a smooth bore barrel. Later it was used as only

a three-stage missile with a length of_25-ft. The an-
ticipated range was 150-km, but on trial firing a maxi-
mum of about 100~km was obtained.

fias an air-to-air rocket assisted bomb.

G - Development of lissile Proijects :

The following is a list of projects which were in some stage of

development.

Probably none were ever nroduced. No exact technical

" data is available for this report on these rrojects :

1 - Kurt = 1 and 2. Rocket motivated sea:mine.

2-MW -1 Sub-sonic rocket propelled test missile.

3 - MF - 5 Surface-to-air sub-sonic missile. Dry fuel
propulsion unit.

4 - Pirat - H Air-to-Ground missile,
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5 - Hecht - Sub-sonic test missile,
6 - Rochen- Impulse wire controlled missile - rocket propelled.

7-L2 ) Series of Unguided Glide Torpedoes
8-L10 )
9-L1 )
10 - L 30 )
11 -L40 )
12 - L 50 )
13 - LT - 950)
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OUTLINE OF SECTION III.

_III. TECHNICAL ANALYSIS OF GUIDED-MISSILE PROJECTS STUDTED BY CIOS

TEAM 367.

2. TECHNICAL ANALYSIS OF MISSILE PROJECTS.

A,

B.

&,

D.

E,

Henschel Guided Missile Series HS-293.to HS-298
including HS-117 Schmetterling.

Wasserfall.
&IZian .
Konet 2.

Tiafun (Unguided)

3. TECHNICAL ANALYSIS OF HOMING DEVICES,

A.
B.
Ce
D.

E.

Madrid.

Derna.

Television Homing.

Homing Device developed by Dr. Rambowska.

Messinagerit.

L. _RESEARCH RETATED TO GUIDED MISSILE WCRK,

A
B,
c.
D.

E.

General Information.
Report on the Interrogation of Dr. Kasper of A.E.G.
Report on the Interrogation of Dr. Rudat of A.E.G.
Radio Control of V-2,

Controlling of the Fusing of the HS-293 by means of
Radar (Translation).
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2, Technical Analysis ef Missile Prejects.

A, Heschel Guided Missile Series HS 293 to HS 298 including
HS~117 - Schmetterling,

While investigating the Guided Missile target at Woffleben,
a chart wes located which gives the names and sections of the
research staff of Dr. Wagner, working on Henschel Guided Missile
projects, Woffleben was the chief evacuation centre for the Hen-
schel plant working on Schmetterling interrogation revealed that
two men, Dr. Marcard and Dipl. Eng. Henrici were in the vicinity and
available for interrogation. Dr. Marcard was head of the electri-
cal and electronics section for Guided Missile work, and had been with
Dr, Wagner for several years. Dipl, Eng. Henrici was head of the
mechanical construction section for Schmetterling.

Both men were asked to write as complete a story as possible
of their activities with Henschel development. Both speak and
write English so their reports were in English; however, slight re-
editing was necessary for this report.

The following is a comprehensive story of the work of Dr.
Marcard written by himself,

Report by Dr, Eduard Marcard, Chief-Electrical-
_Bngineer of Abteilung F., Henschel Flugzeug-
Werke A.G. Berlin-Sch8nefeld,

(later Oder A.G. Nordhausen/Harz).

On April 1st 1941 I was engaged by Prof, Wagner as a leading
engineer for electric development. Prof. Wagner had since 1940 been
working with Dipl, Ing. Schwarzmann at the HS 293, and after Herr
Schwarzmann left Prof. Wagner in January 1942 in order to start a
factory of his own, (Donag) at Vienna, for developing and manufacture
ing parts for Prof. Wagners models, I was made chief-electrical-
engineer in Prof. Wagners! department.

During the following four years I had the responsibility for
carrying out all of Prof. Wagner's ideas regarding the electric equip~
ment, It is impossible to recollect in a few weeks the details of
all the work that was done and the experience that was gained in a
long period of hard work, comprising a remarkably large scope. No



earlier experience existing, most of ﬁhe problems had to be solved
by us alone and nearly everything had to be especially designed for
the purpose.

This report is somewhat difficult as it is nearly all written
from memory, since I personally possess no records except a few
notes, Amongst my two nearest and confidential fellow-workers, Herr
M#hlbacher and Herr Ing. Diederich, only the latter - living now at
GBttingen - was within reach and able to help me, while Dr. Mi#thl-
bacher is supposed to be in Vienna.

In the following I shall try my best to outline what work was
done by the electrical development section on the remote controls
and equipment for nearly thirty different models of gliders designed
by Prof. Wagner, If requested, of course, a more exact and de-
tailed report could be issued, if the necessary time were granted.
This is possible since all circuits, developments, experiments and
tests regarding electrical matters, including all plans for
the production, testing apparatus, etc., were completed under my
supervisione

List;of Typese.

Before going into detail,I present a list of all types that
were designed and a brief explanation of each one. The more out-
standing models are more fully described later. All types are more
or less modifications of the s tandard-model HS 293, which was the
first and only one actually built in large numbers.

HS 293 V2. First experiemental models l9h0/hl. Glider without rocket .
motor, Standard control system employing potentiometers.
Lateral control by flaps, elevator control by engine.unit,
No rudder. Receiver Strassburg E 30, Filter and DC-
Amplifier. (Aufschaltgerit Strassburg) Power supply by
batteries for 24 and 210 volts. Current approx. 30 Amp,
Number of valves: 27. Highfrequency: "Kehl" - frepuancy
(Approx. 6 m band) Control-frequencies: 1000, 1500, 8000,
12000 cycl./sec. Control-stick-contact-frequency: 10 '
cycl./sec.

HS 293 V3. Improved experimental model 1941, Rocket motor attached,
Wiring and separate apparatus combined in unit. (SAG)
2, volt-supply by accumulator, 210 volts converter..
Production begun,

HS 293 Ace. Production model 1942, Improwed 293 V3. Later equipped
with relays instead of DC-Amplifier, Electric damping
system by relays. Supplementary equipment for remote
control by wire was available,



HS 293 Al, Improved production model 1943, Receiver Strassburg

HS 293 A2,

HS 293 B,

E 230 with relays in output stage. DC-relays-
amplifier ASG 230 Universal connecting unit SAG 230,
Number of valves reduced to 12, Total amount of 293
V2 - Al built is approx. 12,000.

Latest production model 1944. New simplified control
system, Control-stick-contact-frequency, lateral: 16
cycl,elevator: 5 cycl. Lateral control: new 16 cycl.
filter and new potentiometer (6500 Chms), Wagner-flaps.
For elevator control Wagner-flaps were used which were
operated by magnets energized directly from the receiver
relays, DC-gyro. Forerunner of 298/117 controlling
system, Ready for production, but stopped by air mini-
strye.

This designation does not refer to a special glider
model, but indicates employment of a wire control system
which was started in 1941. Upon completion of this
development, all models HS 283 to HS 296 could be con-
trollced by either radio or wire, For this purpose the
receiver E 230 had to be changed for the receiver E 237
(Duisburg) and in the carrier plane the transmitter

FuG 203 or 206 had to be replaced by the transmitter FuG
207 (Dortmund). Also two coils had to be attached to
the glider and two more to the carrler-plane. Built as
supplementary equipment.

HS 293 Cl-F.Glider was small edition of HS 294, Prodiction only in

HS 293 D
HS 293 E
HS 293 F,

small quantity for experimental work and for testing new
control systems in 1942/43 such as the system 293 E,
293 A2, etc.

Experimental type., Glider like 293 but with television
equipment, A small number was produced, trials being
carried out in conjunction with Forschungsanstalt der
Reichspost and Fernseh A.G. Berlin 1942-44, Result:
Prof.Wagner preferred "Fevi,"

Model for a new remote control system based on a turn-coil
instead of potentiometers. Development started in 1942,

Trials with glider 293 C., FPlan then given up in 1943 in

favor of a new potentiometer control system.

Design sf a tail-less glider, Modified controls of 293 A
Not built,
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HS 293 G.

HS 293 H.

HS 293 I,

HS 294 A.

HS 294 H.

HS 29

HS 297,

HS 298.

Experimental type. Glider and control system similar to
293, but capable of vertical as well as horizontal flight
path, thus possessing the characteristics of HS 293 and

of the "Fritz X" (Dr. Kramer). For this purpose a special
gyro was constructed, which could be tilted over 90 degrees
from vertical to lateral axis, Ten models built in 1942,
then work stopped by air ministry in favor of "Fritz X."

Glider 293 Al for use as anti-aircraft weapon., Special
radio equipment used for remote control of fuse by means of
5th control-channel, Standard type 293 Al could be con-
verted to a 293 H by exchanging receiver E 230 with E 230
H/I and by attaching a special relayg-box. Small quantity
built in 1943/44 by conversion and use of supplementary
equipment.,

Like 293 H but different amount of explosives, Only
planned 1943.

Special model combining glider with torpedo. Controls like
293 Al but special fuse devices for blowing off fuselage
rear section and wings as soon as body touches water surface,
fuselage front section then cruising as torpedo under water.
Small quantity built for experimental purposes 1941-43.
(Largest type designed by Prof, Wagner).

Like 294 A but equipped with AEG-controlling system. Only
planned 1942.

Modifications of 293 A with the same electric equipment.»
Only difference,fuselage front section and amount of ex-
plosives, Small quantity built 1942/43.

Special model, Anti-aircraft weapon for fighting planes
from the ground. First planned in 1941 but rejected by
air ministry as being a defence weapon. In 1943,urgently
requested and therefore replanned on large scale with the
designation 8-117,.

Special model, Anti-aircrafi weapon carried by fighters or
bombers, First plaaned in 1941 but rejected by air
ministry, only work on receiver E 232 (Colmar) being carried
on, In 1943 urgently requested and therefore replanned on
large scale production basis. New controlling system
similar to 293 A2 but simplified. Power supply by genera-
tor with airscrew., Additional electric distance-meter

for special fuse. Experimentzal series since 1944, mass-
production ready. Smallest type designed by Prof.Wagner,
(Competitor to Dr. Kramers' "Xi")
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8 - 117. ("Schmetterling") Continuation of design HS 297. Special
model launched from the ground for fighting aircraft.
Controlling system and electric equipment like HS 298 but
affording several additional facilities such as igniting
system for launching-rockets, speed-regulator, special
control-motor for gyro, etc. Experimental models begun in
1944, Serial production planned for 1945 on large scale
as "F@hrer-Notprogramm}) (Competitors: Wasserfall,Rhein-
tochter and Enzian; but 8-117 was the simplest design
requiring the smallest amount of energy.

8 - 117C, Development of 8-117 in autumn 1944, Equipped with receiv-
er E®232 (Colmar) and distance-meter "Kakadu" or "Fox,"

8 - 11; Production model, Latest model of 8-117 in March 1945.

Al . Type ready for production., New developments: Receiver
for 6 m - band or decimeter-band (E 232 a/b Colmar or Strass-
burg E 230/3 or Brigg E 531,Distance-Meter: Kakadu,
Marabu, Fox or Meise. Pilot-transmitter "Ruse® for
radiolocation. Automatic detonation when control-system
fails, (Additional haming-apparatus planned).

8-117 H. Modification of 8-117 to be carried by planes as anti-
aircraft weapon. Improvement of the 293 H idea with the
advantage that the 8-117 H possesses a rate of climb,
Controlling system aml dectric equipment resembling 298,

Jlate experimental types :

HS 293 Vg.Expérimental model 1943/L4 based on 293 A but elevator en-
gine replaced by magnets and Wagner-flaps,

HS 293 V5.Exp. model 1944 resembling 293 A but containing alterations
for use by jet-propelled carrier-planes: Electrical fea-
tures like 293 A2,

HS 293 V6.Exp, model 1944 like 293 V5 but with electric controlling
system of 298,

HS 293 V8.Exp, model 1944 like 293 Al but equipped with receiver
E 531 (Brigg) for testing the decimeter system "Kegge.™"

This list does not completely cover all experimental and
production types, but it contains all the outstanding models which
are of any interest because of their controlling system and electric
equipment .
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The Controlling System.

Although the principles of the remote-controlling-system,
which Prof. Wagner used for his gliders are generally known, and are
described in detail in the volume "Steuerung" of the "GerH#tehandbuch
qups 293 Al" which was written under my supervision and editfed
in September 44, I shall briefly touch this subject.

The fundamental ideas of the controlling system were never
changed, only modified to meet the special needs of the different
models of glidegg. Besides that, with growing experience, im-
provements were ,chieved bringing greater simplicity to the system.

For the transfer of the control signals for the two lateral
and two elevator controls, four low-frequency channels (1000, 1500,
8000 and 12000 cycl/sec) were provided. Thesé low-frequencies were
generated by four oscillator-circuits in the modulator unit., By
means of the control-stick-transmitter these low-frequencies are
switched in a 10 cycl/sec-rhythm (or in later system 16 and 5 cycl/
sec), This is done by two change-over-switches which alternately
open or close the two complemertary freqguencies for the lateral resp.
elevator contrel, (1000 and 1500 cycl/sec and 8000 and 12000 cycl
sec)s Thus when one complementary frequency is switched on, the
other one is off and vice-versa, this occurring at the "column-stick-
switch-frequency" (Knlippel" - or "Tast-Frequenz") of 10 cycl/sec.
The variation of the control signal is achieved by altering the
switching-time-ratio,  For this purpose the key-pin, which mechani-
cally operates the control-switch by touching the curved surface of
a rotating cylinder bearing a special cam, is movéd in a direction
parallel to the cylinder axis. The ratio of the difference of the
switching times of the one modulation & and the other one called
b to the time of one revolution of the cam-cylinder (a plus b
equaling one period) is the control signal ratio K = %;%, which can
figure from -1 over O to + 1. !

Thus the modulation frequencies are hetrodyned by the
switching-frequency, which is a mean curve with varying spaces owing
to the imposed time ratios. The wireless transmitter is then modu-~
lated by these four low-frequencies,

. In the receiver these modulation-frequencies are, after
demodulation, selected and rectified, and so combined that the two
complementary currents operate one output relays. In a following
filter-circuit the currents are smoothed, the direct current mean
value being led then to the double-potentiometers. In case the
control signal ratio differs from nil, then an EMF will appear
across the taps of the potentiometers, the electric balance being
disturbed. This EMF energizes the confrol windings of the at-
tached relay, which begins to operate, thus also energizing the
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magnets for the control-units,

In order to attain a damping of the circular-acceleration and
therefore to achieve a quick reaction, a special damping circuit is
provided. This circuit also has great influence on the rigidity
(Steilfigkeit) of the control, The outlay of the circuit and the
dimensions of its elements were therefore of importance and had to be
carefully chosen, the finished system being exactly tested.on a
corresponding model in the wind tunnel. These tests were one of our
principal tasks when a new controlling system had been developed or
the standard controls had to be adjusted to a new type of glider.

In general, it can be stated that if a control system had been brought
to satisfaction in the wind tunnel, then it was sure to function in
the expected mannersin operation,

During recent years many damping circuits have been developed
and examined, the simplest being the latest one used in the lateral
controlling system of the 298 and 8-117. Here a tension-counter-
coupling is employed, which by means of a C-R-circuit ensures the
proper phase angle between currents in the control winding and the
damping winding of the relays.

On the lateral controls the magnets, once operating in con-
sequence of an EMF appearing across the taps of the potentiometers,
will turn the plane until the commanded angle is reached. In this
case, by means of the mechanical coupling between the gyro and the
potentiometer taps, a Feed-back (Rfickfthrung) is obtained and the
plane rolls until the electric balance in the potentiometer circuit
is restored and the EMF across the taps becomes nil.

But this method is not necessary for the elevator control.
Here, as done in the latest models, the elevator magnets may be
energized directly from the receiver output relays. By Praof,
Wagner's controlling system on the lateral component, the angle
between lateral axis and horizon was controlled (or more exactly
between lateral axis and gyro-axis); and on the elevator component,
the angle of a flap ( » by means of the time mean value) is con~"
trolled.

The flaps of the lateral control (and regarding the latest
controlling system with Wagner-flaps, also the elevator control
flaps) are oscillating when the control signal ratio is nil., This
was attained in the old system by means of a filter leaving a
certain AC-tension to pass. lLater, this effect was obtained by
using a self-generating circuit for the lateral control feeding the
damping windings of the relays with a triangular tension, This
oscillating of the flaps ensured greatest sensitiveness with small-
est time delay, As soon as the signal ratio differs from nil the
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time of rest in the extremes of the flaps changes according to the
commanded ratio, Only after a certain ratio is exceeded dothe flaps
rest in the extreme position. This certain ratio known as the flap-
ping-range("Klapperbereich") figures to about * 35 degrees and is also
a measure for the sufficiency of the damping and rigidity of the control
circuit.

In order to oblain an exact elevator control at increasing speed)
a special device was designed. This consisted of a drag plate for
megsuring the dynamic pressure and varying the control range of the flaps
with respect to speed, This was obtained with the old elevator con-
trol operated by potentiometers by gradually limiting the active section
of the latter, For the Wagner flaps another system was chosen which
mechanically limited the stroke of the magnets. Later for the 8-117,
a new type of apparatus was developed whichregulated the cruising speed
itsdlf-

The general transmitting method for the controls was by, wire-
less. But in order to avoid interference by enemy radio signals, a
remote control by means of a wire connection could be used. (HS 293 B).
At last also a decimeter wireless system could be used, but as all
these systems only related to the transmitting method having no re-
actions on the actual controlling system, they are described later.

The Blectric Bquipment of the Standard Type HS 293.

The controlling devices for the HS 293 were placed in the fuse-
lage rear section, most of them on the exchangeable apparatus board.
The elevator unit was attached to the rear below the horizontal tail
surfaces, while the lateral flaps operated by magnets were fixed on»
the wings,

On the left side of the vertically positioned apparatus board
the receiver, the filter and amplifier, and the DC~converter were
mounted, The right side bore the gyro and potentiometer unit, the
connecting apparatus, the accumulator, the gyro-converter and the
cable adapter., The aerial transformer and the "pull-off-plug," by
which the controls were energized as long as the glider was attached to
the carrier-plane, were fastened to the skin of the fuselage rear
section.

A more detailed description of the main parts follows:

1) Receiver "Strassburg" E 30 and E 230,

Manufactured by Strassfurter Rundfunk GmbH Strassfurt.
Designed by Obering. Theo Sturm, Strassfurt, originally for the
"Fritx X" pf Dr. Kramer, but being a highly efficient apparatus for
remote controlled bombs, also used in all models of Prof, Wagner
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except in the HS 298 and 8-117,

The receiver E 30 was a 15 valve superheterodyne set in-
cluding four power valves in the output stages for the four controls.
AVC and AFC were installed, the sensitiveness approximated 10 uV.

The wave range was adjustable to 18 fixed channels lying in the ém-
band. Owing to our alterations on the filter abd amplifier unit
(Aufschaltgerfit) and replacing of valves by relays, the Strassburg-
receiver was altered in 1943, The four output valves were exchanged
with two Siemgns T-relays, this new 12 valve set being called E 230.
Its sensibility was raised to approx, 2 uV.At our request the appara-
tus was equipped with an output adapter switch (A4,B,C) me enabling the
set to be combined with different following circuits. (With switch
on "A" both controls were energized by 210 volts; switch on "B" con-
nected the elevator control to 24 volts while the lateral control re-
mained on 210 volts switch position "C" meant that both controls were
on Zh\volts). Thus the serial production of the receiver did not
have to be disturbed while we had more freedom for our development of
controls. The other principal features of the set remained unaltered.

By order of the air ministry the receiver was built in
several editions (E 230/1, E 230/2, etc), operating on different wave
bands.

An aerial transformer was attached to the receiver
through a screened cable and numerous types of these (AGE) were neces-
sary for attaining the correct adaptment to the various kinds of
aerials needed by the different types of gliders. Generally we chose
two types of aerials, the one connecting the transformer directly
with the trailing edge of a wing, while the other was insulately
mounted near the horizontal tail surfaces. 1In order to receive a
better aerial characteristic the use of a special kind of dipol using
the trailing edge of the wings as reflectors was planned but later
on dropped when the decimeter-system was started.

Great aerial difficulties also arose al the beginning
when the first rocket motor was attached, as interferences were
caused by electrons ejected from the jet. But after exact examina-
tions this disturbance could be eliminated by carefully locating the
aerial and taking special screening measures.

2) Filter and Amplifier Unit, (Aufschaltgerfit ASG 30 and
-ASG 230).

Manufactured by Opta Radio AG Leipzig resp. Loewe Radio
AG formerly known as Leipziger Funkger#itebau Gesellschaft (LFG).
Criginally designed by Dipl. Ing. Schwarzmann in collaboration with
- LFG as "Aufschaltgerdt Strassburg" for the HS 293 V2 being a four-
channel filter- and DC-amplifier-unit, This apparatus, built later
as ASG 30, contained 12 valves requiring a DC supply of 24 and 210
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volts and a AC supply of 36 volts with a frequency of 500 cyCl/sec.

Two complementary channels were combined symetrically to
one section, one being for the lateral, the other for the elevator
control components., Both resembled each other in their outlay.

Each filter section contained two symetrical branches of capacitances
and inductances forming a low pass for 10 qycl/sec. By this the DC-
mean value was composed leaving & certain small AC rest tension for
energizing the controls at control ratio nil. BEach branch of the
lateral section was terminated to adapt the following potentiometer
resistance of 1700 chms, for the elevator control this value being
17000 ohms. The amplifier of each section comprised also two symetri-
cal branches for the amplification of the two complementary direct
currents. This occurred in three stages, the second stage performing
as a modulator operating with 500 cycl/sec. The output stages of
each section, containing two power valves each, energized the output
circuits, These were two interstage vacuum relays for operating the
lateral control magnets and the midtapped field windings of the eleva-
tor motor,

This apparatus also contained the circuit for the damping
of the lateral controls. This was composed of an R-C circuit switched
by means of special contacts fixed to the control rods of the flaps,
thereby ensuring the appearance of the damping tension in the proper
phase angle with respect to the controlling tension. The damping ten-
sion which charged the R-C circuit being in this case provided by a
special 4 volt battery.

Because of valve troubles in this apparatus, by which more
than 50% of the production became defective,(thus endangering the mili-
tary use of the glider) this unit had to be entirely altered. Prof.
Wagner told me in the summer of 1942 to make a new design for this appa-
ratus and to try to reduce the number of valves, A few.weeks later,
after satisfying windtunnel experiments, I could present a new unit
shich, after having been tested on trial flights, was ready for manufac-
ture in autumn of that year. This apparatus contained no valves at all.
For the lateral and elevator control only one relay for each had been in-
serted, .providing an additional third relay for the switching of the
damping circuit indtead of the unreliable contacts on the control rods
of the flaps. For the present, the filter sections remained unchanged.
This new design was only possible in this simple manner by making use
of the new Siemens-T-relays, having a sensitiveness of approx. 2 AW
and a time delay of approx. 1 m-sec, But the original Siémens-T-
relays did not at once serve the purpose. Only after making trouble-
some trials to adjust it to a higher degree of sensitiveness (approx.
1 AW) in our own laboratories and after careéfully examining the stabi-
lity thereof could it be chosen for the purpose. After we had built
the first series ourselves the Loewe Radio AG then took over the manu-
facture of this apparatus with the designation ASG 230 whilst Siemens
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provided the necessary relays. But for a long time the relays still
had to be adjusted in our laboratories as nobody else was prepared to
bear the responsibility for ths work. Only after several months was
Siemens willing to manufacture these relays with this extreme adjust~-
ment., Later this relay became the most required oge in the Siemens

program. (Type T-relays 55 k).
3) Converter DC-DC.

Type GGU. Input 24 volts, 4 amp DC, output 210 volts,
approx. 300-m<amp PC. Manufactured by Oemig, Hartha i.Saxony.
Served for supplying the high tension for the anodes of the receiver
valves, the field windings of the elevator motor, etce.

L) Gyroscope and Potentiometer Unit.

In the models HS 293, including the HS 293 Al, the gyro
HV3 manufactured by Horn at Leipzig was made use of; it was energiz-
ed by rotary current of 36 volts with a frequency of 500 cycl/sec,
reaching approx. 30,000 revolutions/min. The gyro was mounted in our
factory on a special stand allowing the double-potentiometers to be
coupled by means of a flexible coupling.

This double-potentiometer had been especially designed
for the HS 293 by the Askania-Werke AG at Berlin and was manufactured
there also. (Later this firm started a branch manufacture in Den-
mark, Danavox, Kopenhagen). The two combined potentiometers (type
IPT) had a resistance of 1700 ohms each. It had been a hard joh for
the firm to design a potentiometer meeting our conditions not only
regarding the electric values, but also with respect to the mechani-
cal ones, as the torsion resistance had to be extremely low. This
was approx. 2 cmg. This had been achieved by using special contacts
for the taps, so called "flylegs" (Fliegenbein-Kontakte).

The gyro-potentiometer combination was one of the most
important devices for the lateral control as it provided a relative
stable system for it. In order to do so, the gyro axis was fixed
until the glider was dropped from the carrier-plane and, at this
moment, the gyro axis was automatically released by a special device
attached to the gyro unit.

5) Connecting Apparatus, (Sammelgerit SAG 30 and SAG 230).

Manufactured by Telefonbau & Normalzeit, (T & N),
Frankfurt/Main, Berlin and Forst (Niederlausitz) and by Donauldnd-
ische, Apparatebau Gesellschaft (Donag), Viemna. The device was
introduced in 1942 following a previous model., While in the first
293 model, the V2, the wiring connecting the different apparatus had
been attached to the apparatus board, this model contained all



necessary wiring systems including a number of smaller units,which
were before spread all over the apparatus board. The connecting
apparatus was bonded to the different main devices by means of
combined cables and plugs, thus enabling an easy exchange. The main
contents were: the main supply switch, the filter circuit for
smoothing the 210 volege DC, the two Birka-interstage-vacuum-relays
for the lateral controls (having spark suppression and anti-distrubange
circuits attached), the resistance for the armature of the elevator
motor, the potentiometers across the input circuits of the filter
sections in the ASG-apparatus for compensating the inaccuracy of the
electric parts and insuring the exactness of the controls, the delaying-
relays and adjustable resistance by which the armature of the ele-
vator motor and the ignition of the rocket motor were energized, the
testing contact plate and the transmitter for the remote controlled
temperature-meter. This apparatus was built in various different
types, for nearly every special outfit or alteration had reactions

on this unit. The most important type was the SAG 30 built for

the HS 293 models. It was later succeeded by the SAG 230, &'
universal model which could also meet the special requirements of the
HS 294,

6) Power Plant.

2.5 volt Edison steel accumulator; type 25 NCL 10,
Capacity 10 ampeshours, Manufactured by Deutsche Edison Akkumulateren
Company, Berlin, Hannover and Hagen i.W. (Deac).

After the first experimental gliders (293 V2) had been
equipped with a battery (Rulag-Block) to provide the low and high
tension and this system was a failure, an accumulator was 1nstalled
and the high tension was produced by am accessory converter. The
Deac-accumulator sefrved the purpose quite well, especially regarding
the extremely high currents required by the old control system
(reaching 35 amp and in case of HS 294 approx. 40 amp). Owing to
the loss of voltage in consequance of the high currents in the lead-
in-wires, a 25 volt model had been chosen..

7) Converter DC-AC.

Type GDU. Input 24 volts, 5 amp DC, output 36 volts
rotatory current 500 cycl/sec. Flywheel-bra.ke for stabilizing the
frequency. Manufactured by Oemig, Hartha i, Saxony (later also
by Kiesewetter, Stuttgart). Served for energizing the gyro
motor, and in case of ASG 30 being installed in the modulator.

8) Csble Adaptor.

Accessory to the receiver E 237 (Duisburg) for the
remote control system by wire and could be installed on a
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specially provided place on the apparatus board. The cable adapter
LGE consisted of a transformer in a screened box for adapting the
characteristic impedance of the two conducting wires connecting the
glider with the carrier lane, to the input circuit of the receiversg
(More details: HS 293 B

9) Elevator Control Unit. (Hohenrudermaschine HRM)

Designed by Dipl.Ing.Schwarzmann for the HS 293 in 1940,
manufactured by List, Berlin-Teltow, Donag, Vienna and several other
smaller firms, This apparatus consisted of the reversable motor for
moving the elevator control flap, the double-potentiometer for the
elevator control circuit (the taps of which were mechanically control-
led by the motor in order to receive a feed back (Rckffihrung), the
generator for supplying the tension for the damping circuit of this
control being also driven by the motor, :and the drag-meter device con-
trolling accessory taps of the double-potentiometers for limiting the
active sections thereof. The working system of this control unit was
very similar to that of the lateral control.

10) ‘Flap _l!_a.gneﬁs.

The magnets controlling the flaps of the lateral control
mounted in each wing of the glider HS 293 were of the one-stroke type
containing a returning spring. The required energy amounted to 360
watts. Manufacturers: List, Berlin-Teltow.

11) Pull-off-plug, (Abreiss-Stecker)

Fhend Manufactured by Jatow, Magdeburg. By this li-poled plug
the  electric connection - for supplying the cathodes of the valves,
supervising their function, etc - between the carrier plane and the
glider was maintained up to the moment when the glider was dropped.
This plug also contained several change-over-switches, which were auto-
matically operated as soon as the plug was pulled,-thereby connecting
the whole electric equipment of the glider to its own power plant.

Also two gliding-contactsg were provided for igniting the flares fixed
to the rear of the glider as soon as it had been launched.

12) Rocket Motor.

. A Manufactured for type HS 293 by Walther at Kiel and others.
Unit-was attached below the fuselage of the glider. Regarding the
electric outfit, it was connected by a plug in the fuselage to the
connecting apparatus, thereby being ignited. An electric fuse in
series with the igniting system prevented short-circuiting of the

power plant after the rocket motor had been started, as the heat of the
Jjet then generally welded the igniting system thereby forming a short-
circuit. 30



13) Flares and Lamps,

In order to navigate the glider from the carrier plane,
sdveral flares for day-attack were mounted to the rear of the glider.
During dawn a small electric search light situated next to the flares
served the same purpose.

1) Fuse.

The fuse for detonating the explosives in the fuselage
front section was 8 normal type used by the Luftwaffe containing an
electric safety circuit operated by an acceleration switch.

Testing Apparatus.

In order to check the manufactured parts for the HS 293 and for
testing the whole electric control system before use at the front for
nearly every unit a special electric checking apparatus had to be de-
veloped by us, But owing to the great variety required and the com-
plicated functions #t is not possible to describe this interesting ap-
paratus here now,

Carrier Plane Equipment,

The carrier planes for the HS 293 and modifications (generally
He 111, Do 217, etc) had to be installed with special equipment for
the release and remote control of the gliders. This outfit was
planned by the Versuchsanstalt der Luftwaffe at Peenemfinde in collabor-
ation with us while the actual installation was generally carried out
by aeroplane factories under the supervision of Telefunken GmbH,Berlin,
The electric equipment for the remote control consisted of: the
control-stick-transmitter, the switch-box, the modulator, the transmit-
ter, the aerial-transformer and aerial. The different apparatus were
combined into various equipment serving several purposes, e.g. for the
release and remote control of one or several HS-gliders.or for the
release.and remote control of HS-gliders and "Fritz X" - bombs by the
same carrier plane., Also for the remote control system by wire,
_special equipment had been provided. The principal apparatus belong-
ing to this equipment may now be described briefly :

1) _Control Stick Transmitter. (Kommando-Geber-Ger#it)

This device, having the task of transforming the positions
of the control stick constantly and without time delay into electric
signals, has already been referred to in the chapter - "The control-
ling system! The apparatus was constructed especially for the HS
293 in 1940 by Prof, Wagner and Ing.Hell, a member of our staff, and
was manufactured for many years without alteratlon being necessary. It
was actually the only control stick transmitter of whidi practical use
was made of in controlling Prof. Wagrer's gliders,
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Corresponding to the controlling methods based on polar
coordinates, two.components had to be transferred. In this apparatus
the movements of the control stick were mechanically analysed to the
two components, a rotary and inclining motion, each of them control=-
ling the movement of a key pin, touching the surface of a rotating
cylinder, in a direction parallel to the axis thereof., By means of
‘the key pin a switching device was operated, by which the complemen-
tary low frequencies were alternatively switched on and off. The sur-
faces of both cylinders bore a cam, fhe elevated areas of which having
the shape similar to a triangle, while the remaining surface8 possessed
the same form in reverse. Thus each cylinder surface was divided into
two equal triangular areas, one being elevated regarding the other,

" thereby forming a cam. If the key pin was positioned in the middle of
the cylindrical surface, then the switching device would switch on the .
one frequency as long as the other was off and vice versa. But when
the key pin was brought to a position other than nil (as just described),
the switching ratio and therewith also the signal ratio would have
another value corresponding to the actual control stick position.

These control stick tramsmitters were first layed out for a switching
frequency of 10 cy'cl/sec for both components and a maximum signal ratio
of 0.8, but for experimental purposes and especially for the control
system used later these figures were changed. The new controlling sys-
tem afforded a switching frequency of 5 resp. 16 cycl/sec, while the
signal ratio after employing the Wagner-flaps was raised to 0.95.
Although this control stick transmitter had been working to satisfaction,
Prof.Wagner was early interested to improve this device, as the exact-
ness of the controls and of the hitting of the target depended on it to
a large extent.

The first improvement, more experimentally, was an acces-
sory electric device (built by Friesecke & H8pfner, Berlin-Babelsberg),
by whiech an additional voltage, being the differential coefficient of
the actual control voltage, was superimposed on the latter. This
unit therefore worked on t he same principles as the described damping
circuits for the controls. By means of this apparatus Prof. Wagner
had hoped to @btain an easier and more exact control by inexperienced
bomb aimers, but = real success was not achieved.

The other improvements related entirely to the construc-
tion of the transmitter itself. During the last years constructions
were made, an interesting one being the "Knirps" by Opta Radio AG,
originally designed for. the control of the "Fritz X" and containing
instead of rotating cammed cylinders, an adjustable differential-gear
by which the switches were operated.

.The most important new design was that by Obering.Sturm,
Stassfurter Rundfunk Gesellschaft, Stassfurt and Alexisbad. This
transmitter, equally useful for cartesian and polar coordinates worked
mainly on electric principals, generating the frequencies by saw=-
tooth-oscillators, wherein the signal rstio was adjusted by electric
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means., This system was used for many years for checking the Strass-
burg receivers. Ing.Kriiger, belonging to our own staff, added to
this transmitter a new contrcl stick device, which by mechanical means
allowed movements of the corol column corresponding tc the cartesian
coordinate system (this being easier for the bomb aimer), whilst the
electric signal output answered either to polar coordinates (for H3-
gliders, like 298 and 8-117) or to.cartesian coordinates (for alien
constructions). This apparatus was accomplished at the beginning af
145 and was going to be manufactured for the & - 117 eguipment by
Askania-Wierke, Berlin. The desi gnations were: "Pol," "Karte,"
"Klapper," etc,

2) Switch Box.

This device contained the necessary switches for energi-
zing the whole equipment, for selecting the glider to be drcpped next
and for igniting the flares or setting the rear search light in action.
Also the control iustruments far the control stick, the high fregquency,
and the temperature in the giider were placed here,

3) Modulator,

This apparatus for generating the four low frequencies referred
to earlier contained four separate oscillator circuits, wiich were
switched by the control stick transmitier. The complementary signals
being then amplified in a separate stege before being conducted to the
transmitter., By means of four potentiometers the amplitudes of each
frequency could be aqjusted. The moaulateor was energized by 24 and
21C volts DC.

L¥ Transmitter. (FuG 203 and 206, "Kehl)
)

The wireless transmitter FuG 203 was designed and manufactured
by Telefunken GmbH Berlin., It was an Guartz-controlled ultra-short-
wave transmitter comprising three stages and of normal design. By
changing the quartz-crystal (marked K1 to K18) 18 different freguen-
cies on the 6 m band could be chosen. The energy sujyply came from a
special converter.

This transmitter was used for many years and later replaced by
a new one, the FuG 206, working on the same principles. Attached to
the transmitter was the aerial transformer and the aerial fixed to the
carrier plane, 4 special delay switch diminished the aerial output
during the launching of the glicer in order to prevent an over contrel
of the receiver, For use of the remote control system working by wire
the modulator ai.d transmitter had to be exchanged. For details see
chapter referring to the HS 293 B.

An interesting accessory to the carrier plane equipment was
the "distance sight vane" (Fernvisier "Fevi") which Prof. jiagner had
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planned and at which Ing..Hell had been working for several years. The
control of the HS-gliders by the bomb aimer was obtained merely by
direct sight, the use of a telescope being impossible in the plane in
consequence of the perpetually occurring accelerations, Therefore the
tactical control range was limited by eye sight. For achieving a
larger range either the installment of a television-eye (HS 293 D) or
the use of a stabilized telescope (Fevi) was necessary. Prof. Wagner
tried both but believed the latter to be the one.

Many kinds of gyro-stabilized telescopes were constructed, and
attempts had been made to stabilize the head of the bomb aimer with the
telescope attached to it, but perfection had not been attained allowing
practical use. In 1944 this problem was solved, but too late to
become official carrier plane equipment, Later this achievement could
be made use of in connection with the control of the & - 117 so far‘thls
was done by eye-sight. For the training of the bomb aimers and.fopthe
checking of the charged carrier planes by airport personnel, much in-
teresting special apparatus had been developed by our staff and manufac-
tured by different firms during the past years. But to go into de-
tail in these matters would lead too far. ‘

The Development and Special Equipment for the Remote Control.
by Wire. (HS 293 B). ‘

To avoid interference by enemy radio signals a remote control
system by means of a wire connertion was already planned in 1940.
The solution of the mechanical task of laying cables at high speed in
the air was taken over by Prof. Wagner and Dipl. Ing. Lahde, a member
of his staff, Work upon another competing system had been started at
the same time by Dr. Kramer (Deutsche Versuchsanstalt fiir Luftfahrt
at Berlin)., At last in 1943, after nearly endless trials, both rival
experiences could be combined and a wire coil systeqyready for wmanu-
facture, was obtained.

The electrical development in this case was not so easy as it
first seemed to be, as the conductance of the wire was limited for
mechanical reasons, These demanded the use of a wire of steel having
a diameter of 0.2 mm and a non-reactive resistance of approx. 5 ohms/m,
Further difficulties arose by the high inductance and capacity of the
produced coils of the lines. Another problem was the choice of the
contbol system and the number of employed wires.

In 1941 Obering.Sturm and myself took up this work and after a
few months of collaboration between our firms we could produce a wire
control system designated later Dortmund-Duisburg.

As this set had to be excharged in the most simple manner with
the wireless apparatus, the standard remote control system had to be
maintained by transferring the four control freqencies without a car-
rier. But due to the great attenuation of the cable system these
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frequencies had to be reduced to approx. 500 cycl/sec for the one
complementary signal component and to approx. 700 cycl/sec for the
other. For the conduction an insulated double line was found best
and as the mechanical system afforded one coil at each end of one
wire this meant allogether four coils, two attached to the gliders
wings edges and two fixed tc the carrier plane beneath the fuselage.
The inductance of the coils was eliminated by short-circuiting the
layers thereof in a special manner.

The line censisting of the two wires could be let out up to a
total length of 30 km, thereby obtaining a tactical remote control
range of approx. 20 km in consequence of the two differing flying
paths.  As the resistance of the wire system was 10 kilo-ohmsjm, a
total resistance of 300 kilo-ohms was obtained as maximum,

The capacitance of the line floating in the air was in case of
HS 293-models approx. 2,000 pF/m, the leakage and inductance being
neglectable, The characteristic impedance equasled about 40 Kilo-
ohms. The atténuation of the line was for the 500 cycl/sec-band
0.15 Neper/km and for the 700 cycl/sec-band 0,17 Neper/km.

To these and other data regarding the limvarious investiga-
tions had to be made before the apparatus system cculd be finally
layed out, These trials being made during flights and on lines car-
ried by kite-balloons,

For control by wire the following new apparatus were required
on the transmitting side: The low frequency oscillator (instead of
the modulator), the amplifier (instead of the wireless transmitter),
the cable-adapter and the wire coils, In case several gliders were
to be launched, a distributing switch had to be installed also.

1) The Low Freguency Oscillator. (Summer Dortmund FuG 207)

Manufactured by Stassfurter Runafuni Gesellschaft. This
unit generated the four low frequencies for the control system. These
were: 475 and 525 cycl/sec for the one control conmponent, 665 and 735
cycl/sec for the other one. For the lateral and elevator control
each, one oscillator circuit was provided, operating on 500 cycl/sec
and 700 cycl/sec. These two circuits were detuned to an extent of
253 by switching coupled circuits comprising a reactance, Thus,
the change over from the one couplementary freguency to the other oc-
curred without phase-leap. This was an improvement over the vld mo-
dulator apparatus belonging to tie wireless equipment FuG 203, in
which the four separate oscillatois were switched directly by opening
and closing the anode circuits of ihe oscillator valves, thereby cau-
sing a phase-leap between to complenentary freguencges, which re-
sulted in disturbances (Unruhe) of the control system.
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2) The Amplifie¥. (Verstlrker Dortmund FuG 207)

Manufactured by Stassturter Rundfunk Gesellschaft. This
apparatus,like the oscillator, were built in a manner allowing them to
be easily exchanged with the “corresponding wireless units, boxes and
plugs therefore being the same. The four control frequencies were
amplified in this device to an output voltage of approx. 35 volts and
then lead to the cable adapter,

3) Cable Adapter., (LGS Dortmund FuG 207)

By means of this transformer the control frequencies were
transformed to an output tension of 800 volts and then lead to the
coils, In the glider the following manipulations had to take place
for the establishment of remote control by wire: Exchange of the
receiver, proof if cable adapter was at its place or instellment there-
of , mounting of the coils to the predetermined fittings and plugs.

Receiver E.237, Duisburg.

Manufactured by Stassturter Rundfunk Ges. Four valve low
frequency amplifier built for the special pubpose of substituting the
wireless receiver Strassburg (E.30 or E,230) when wireless control was
to be replaced by cable control. iorking frequencies corresponding tc
oscillator already referred to : Input sensitiveness: 20 m volts,

AVC installed, output circuits similar to E 230, by means of relays.
(Therefore no reactions on the following con.rol apparatus). Amplifi-
cation and AVC allowing a contrcl range up to 35 km, Box and plugging
etc., like E.23C,

The Wire Coils,

The mechancial construction of the coils and the details there-
of are not within the scope of this report. The coils attached to the
carrier plane contained each 12,000 m, while the coils fixed to the
glider bore 18,000 m each, =~ This difference of length was necessary
with respect to the higher cruising speed of the glider in order to
prevent any additional strain of the wire., As the impedance of the
coils equaled Rjp = 180 kilo-ohms and Rjg = 650 kilo-ohms at 1000
cycl/sec after they had been completed, a reduction of this inefficient
impedance had to take place., This was obtained by removing the in-
sulation at ‘the sides of the coil thereby fomming a small psth to be
covered with a conductive varnish and thus short-circuiting the single
layers. By this the impedance was reduced to a tolerable figure while
the mechanical data was not altered.

In order to check the proper performance of the coils when in
action - especially to prove that the line was not broken - a con-
trolling apparatus was installed experimentally by us in the carrier
planes. For this putpose a DC was imposed to the line, additionally
to the coptrolling freqguencies, This DC wad inserted at the midtaps
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of the secondary windings of the cable adapter of the carrier plane and
carefully registered. This control apparatus drew 84 attention later
to an unexpected effect: the remote control system performed also
satisfactorily after one wire had been torn, in this case the circuit
being closed across the capacitances of the plane and the glider.
Although this discovery did not offer a new control system, as a one-
wire-system easily might be interfered by enemy signals, it seemed to
contain new possibilities referring to fusing systems controlled by
distance-meters. (e.g. HS 298), . I therefore took up the research of
this effect carefully toward the end of 1944, by means of capacitances
attached to kite=ballooms, but this work could not be accomplished in
consequence of growing war difficulties and our evacuation from Berlin
in the beginning of 1945.

At last a brief reference might be made to the remote control
system by wire developed by Dr. Kramer for his "XA", as this system
known as "Dliren-Detmold" also had been examined by us. 'This system
operated only by relays, was much simpler than our "Dortmund-Duisburg!
equipment ; but had the great disadvantage of only working on small
ranges up to about 6 km, Therefore this system only interested us in
regard to our HS 298.

The Special Equipment for the Glider with the Remote Controlled
Fuse, The Fifth Channel of the HS 293 H,

In order to use the HS 293, which was available in large guan-
tities, as an emergency anti-aircraft-weapon in 1943 a special system
for the additional remote contrcl of the fuse had tc be developed.
This had to consist of a simple accessory which easily could be at-
tached to the standard HS 293. Also, a-.small time delay and precaus
tions against enemy signezls were demanded.

This task was solved first in the spring 1943 by establishing
a fifth low frequency channel to the "Kehl-Strassburg"-system working
at 3400 cycl/sec. For this purpose an additional circuit was in-
stalled for the modulator of the carrier plane, while the low frequency
section of the receiver LE.230 was provided with a fifth circuit re-
sonant to the same frequency. This receiver was called E.230 h/i (or
partly by mistake E.230 i), But this system didn't seem safe enough
regarding possible enemy activities as, in this case, the transmission
of a second carrier wave heterodyning the firsti to be an intermediate
frequency of 3400 cycl/sec would already have fuzed the bomb,

Therefore, soon after, a new system was de<veloped. In this
case the transmitting and receiving units remained unaltered. The
carrier plane was equipped with an additional 50 cycl/sec generator,
whichwhen operated substituted the 10 cycl/sec swiktching process of
the control stick transmitter for one control component, thereby
switching two of the modulation frequencies in a 50 cycl/sec rythm,
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On the receiving side a corresponding relay circuit was inserted in
the controls for operating the fuse by means of a special safety cir-
cuit. These ideas were later also made use of in the receiving E.232
Colmar in order to obtain an additional control for the HS 298 resp.

8 = 117'

A further suggestion referring to this matter by Obering.
Sturm was later made use of. This was the possibility of gaining
several additional control channels by means of a phantom-circuit,
this idea being established in the .accessory to the receiver E.531.
Briggs with the designation "Kanu",

Smaller series of the HS 293 Al were altered in l943/h4,
especially in the manner described first, to HS 293 HX's. In prac-
tice the control signal for the fuse was given by a fighter accompany-
ing the carrier plane, But trials were also made to fuse the bomb
directly from the carrier plane by means of the radiolocation appara-
tus "Neotun" installed therein.

The Special FEquipment for the HS 294, (HS 293 C

The Electric Fusing System,

The 2-ton glider HS 294 and the smaller edition thereof, the
HS 393C, were designed for attacking ship-targets with the intention of
hitting them below the waterline. For travelling under water the
fuselage front section shaped like a torpedo was separated from the
other parts of the glider.

The electric equipment for the comtrols of the Hs 29 re-
sembled those of the standard model HS 293 Al with a few differences
oviing to the size of this model., Because of the greater load on
the ailerons two magnets in parallel for each flap were needed. For
the same purpose the current in the field windings of the elevator
motor had to be reaised. Also the two rocket motors provided had
tobe ignited. But all this mainly concerned only the connecting
apparatus (Sammelger8t), and for this case a universal model SAG 230
had been constructed, which also fulfilled the demands of the HS 294.
But the main difference referred to the fusing system, as this had to
serve the following purposes :

1) after a safety time the whole fusing system was to
be live,

2) as soon as the glider touched the surface of the water,
the wings and the rear section containing the control
apparatus were to be blown off.

3) the front section travelling then as a torpedo under
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water its kinetic energy, has to have a fusing system of
its own, which
a) after travelling a certain distance (dj) becomes live,
b) ignites the explosives if the front section hits the
target, and :
¢) ignites the explosives after travelling a certain dis-
tance (d2) in case the front section has failed to hit
the target.

In 1942 we designed in collaboration with Rheinmetall-Borsig, Breslau,
a fusing system ("™MBve" ?) to meet these conditions. In this, at

the moment the carrier dropped the glider (ty) an RC-circuit was load-
ed, which after a time constant (t3}, connected the power plant of the
glider to the whole fusing system, Thus (at tj)also the fusing

system for the blow-off of wings, and rear section became live, ihen
the glider touched the water surface one of the three feeler-contacts
fitted beneath the glider energized the detonators attached to the
wing spars and to the fastenings of the rear section. Before the
front section had been separated (at t]) a condenser herein was loaded
by the power plant, Then after the front section had cruised under
water for a distance (dy), the fusing system for the bomb explosives
became live by means of a water wheel attached to the front of tne tor-
pedo moving a contact. If the target was hit, the explosives were
ignited by means of an acceleration switch, otherwise, the explosi.on
was automatically obtained by means of the water wheel contact after
reaching the distance dy. (I don't remember the figures for thg,
different values of t and d, but I know tiat the distance do wasjchosen
that a torpedo which missed the ship might explode in the vicinity.

Trials carried out in 1943 with this fusing system proved tnat
the blow-off fuse system failed to work, most probably in conseyuence
of the reaction time, and the wings were generally torn away by the
force of the water. Prof., Wagner therefore decided to do without the
fusing system for the wings and rear section and replaced it by pre-
paring the spots designated for breakage by wezakening the material.
Therefore a new simplified fusing system concerning only the explos-
ives could be chosen., Also special safety measures towards the
screening methods had become necessary, us the large currents feeding
the lateral magnets (in the extreme 30 amp for one wingl) influenced
the fusing system by induction.

The new fusing system incorporating these demands was ready
by tie end of 1943 and quitegzuccessful trials were consequently
carried out. But the work the HS 294 was never completed perfect-
ly in consequence of the uncertain attitude of the air ministry to-
wards this weapon, which often changed from one extreme to the other,
At last in 1944 the plan was also considered of using the front sec-
tion alone by dropping it from low flying torpedo bombers without re-
mote control, but Prof. ‘Wagner did not think much of this idea.
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Finally, it may be briefly remarked, that a lot of work by Prof.
Wagner's staff had also been put into the hydrodynamic research of the
front section of the HS 294, For this purpose in 1941 a large water-
channel was built on our grounds at Berlin-Schbnefeld, equipped for
taking[ﬁigh—speed motion pictures of model-projectiles in order to trace
theig way under water, These studies seem to have been very success-
f\llu

Standard Model HS 293 Al
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The 8"]12.

The apparatus 8-117 was designéd as a remote controlled anti-
aircraft rocket for fighting flying targets from the ground, It was
the latest of Prof. Wagner's glider constructions, containing the most
extensive equipment in consequence of the task. to be fulfilled.

Structure of the Fuselage.

The plane has a length of approx. 4 m and a span of about 2 m.
The cylindrical fuselage has a diameter of approx. 400 mm and consists
of the Front-section, the Centre-section and the Rear-section. The
Front-section, possessing a double-pointed peak, contains the ap-
paratus for the controls and the fusing system, In the double-pointed
peak the generator driven by an airscrew and the electric distance-
meter for the fuse are situated. The aerial system of the latter,
being fixed to the one peak,extends in the longltudlnal axis to a
length of about 70 cm,

The Centre-section bears the fuel-tanks for the cruising rocket
motar, whilst above and beneath {he fuselage centre section the two .
launching rockets are mounted, which possess a diameter of 120 mm and
a 'length of 2 m each. Besides this, the spars for the tapered wings
are fastened to the centre section. The wings bear the magnets for
the lateral flaps.

: The Rear-section with the attached horizontal and vertical tail
surfaces contains the combustion chamber and the exhaust jet with the
speed regulator, the latter controlling the opening of the jet. The
elevator unit consists of two flaps controlled by two magnets. Lige
all Prof. Wagner's constructions no rudder is provided. The twin aer-
ial system for the Colmar or Strassburg receivers (6 and 4 meter-band)
is fixed to the tips of both wings and t- the leading edge of the ver-
tical tail surfaces,. here terminating in the two aerial transformers.
In case of installing the Brigg receiver (decimeter-band) a special
dipol with reflector has to be attached to the tail surfaces. Also
two flares of 120,000 candle-power are fixed to the rear section.
While the pilot transmitter for radiolocation is mounted to .the hori-
zontal tail surfaces. A detailed 'scheme of the different accessories
is shown at end of report.

Launching, Power Plant, Ignition - and Fuse—sxstem.

The apparatus lies on the launching carriage, this having an
angle of incidence in accordance to the desired flight path. It is
electrically connected with the controlling system on the ground by
means of the pull-off-plug attached to the gyro unit. This plug being
accessible through a hole in the covering of the front sectiond Also
a cord each for the release of the gyro system and for the start of
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the timing device (T10) are attached to the launching bed.

t = =3 min, At least 3 mlnutes before ‘the launching the apparatus
must be energized with 24 volts for the.filaments of
the valves and for starting the gyro. This time cor-
responds to the use of the decimeter receiver Brigg.
(If a u.s.w. receiver like Colmar or Strassburg is em-
ployed the time required is only 2 minutes). The el-
ectric supply is attached across terminals 1 (-24v) and
6 (¥24v). See Photocopy of "Leitungsplan Hs 1170C-O
in this report, or drawing of 8-117Al.

t=0 When pressing the starting knob 48 volts are connected
across terminals 1 (-) and 4 (#48v) of the pull-off-plug
and led to the generator, the latter beginning to work as
a motor with a flywheel. The relay for pilot transmit-
ter M"Riise" switches 210 volts on and "Riise® begins to
operate, (See drawing of "Leitungsplan 8-117A1"),

=5+5+ sec. After 5,5 seconds, retarded by the relay in series with
the starting knob, 24 volts are connected to terminal 7
of the pull-off-plug for the ignition of the bottom laun-
ching rocket T3, thus igniting it. The apparatus is then
launched and the pull-off-plug separated. Released by
cord
a) the timing device T10 starts to work and
b) the gyro-system K1 is released,the switches a-b to
g-h (resp. i-k) turn over, ahd in consequence :
1) the generator Al begins to feed the system
2) the top launching rocket T2 is ignited,
3) the 24 volt supply for the lateral and elevator
magnets is connected. The controls are in action.
L) Ignition of the clockwork in the fuse Sl releases the
. timing device, the latter starts working.

t=10 sec. After 10 seconds the fuse is ready for action (entischert)
: and the apparatus is live (scharf)

t=11 sec. After 11 seconds the switch in the timing device T10 is
closed and consequently :

1) the fusing system T7 is energized and thereby both
launching rockets are blown off,

2) the cruising rocket motor T5 is 1gn1ted,

3) the speed-regulator T1ll is set in action to cormtrol
the velocity of the remote controlled live appara-
tus to a constant Mach-number, -

L) the flares Cl are ignited

t=10 sec. The release of the detonator in the fuse of the bomb by
to means of the electric distance-meter occurs when the
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t = 105 sec. apparatus passes the minimum distance below the limit
of sensitivity of 7 m from the targets centre of grav-
ity. The detonation can also be obtained by means
of an additional control signal working a special re-
ley and the unit called "Kanu" belonging to the Brigg-
receiver, After 105 seconds the detonator is auto-
matically set in-action by means of the fuse Sl,
An automatic detonation is also provided as soon as
the controls fail to work, this, being achieved by
means of additional contacts in the gyro unit, which
are operated as soon as the gyro range (approx.
i#é@) is exceeded.
170°

Details about the different @lectric Apparatus,

Receiver (Fl).

In the latest design for the 8-117 Al ready for production in
 March 1945 the installation of three different refeivers (wireless)
was provided. These receiver types were :

Colmar E232
Strassburg - 3 (E 230-3)
Brigg E 531.

The employment of a receiver for the control system by wire had not
been planned at the time,

Colmar E 232,

P
Manufactured by Friesecke & H8ffer, Berlin-Babelsberg. This

firm took up work on this construction in 1941 and it was meant§ to be
smaller and simpler than the Strassburg E.230 and especially fit for
the models Hs 298 and 8-117 when cased in a cylindrical box. But
because(of Jack of experience, the developing firm produced after a
time of|nearly two years a set that hardly served the purpose. For
instgnce, the temperature compensation and the sensitivity of 50 u-
volts were not sufficient. The apparatus worked on the superheterodyne
system having approx. the same?amount of valves as the E.230. The
output stage was fitted with two Siemens T-rel (type 64p.TBvV 3402/5).
An AVC was installed but no AFC., The four requency channels
were the same as in Strassburg E.230. (1000, 1500, 8000, 12000 cycl/
sec), Owing to our new controls the sw:Ltch frequency was 25 cycl/sec
for the lateral component and 5 cycl/sec for the elevator. The

apparatus had originally been designed for one wave channel only,
the "Kehl" - frequency range but this was lately changed to nine
fixed selectable channels, in that two sets were provided, the one
E.232.a and the other E.232.b, being adjustable to four and five dif-
ferent fixed channels, respeg:tlvely. On request of the FLAK a third
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type, the E.232-1 operating with a few channels on another wave range
was planned, The Colmar receivers were equipped for the transfer of
a fifth channel, 3 . :

Strassburg E.230-3.

: The Colmar receiver was later to be replaced by this set, de-
signed by Obering. Sturm, Strassfurter Rundfunk Ges. The E.230-3
was a six-valve super regenerative apparatus with a sensitivity of
about 1 u volt (checking standard 10 u volt). AVC installed, but no
AFC. Wave range about 4 m-band. Fifth channel by means of chang-
ing switch-frequency to 200 cycl/ sec, -resonant circuit therefore pro-
videde The receiver had the same box, plugs and fastenings like the
planned receiver Brigg E.531 and could be exchanged easily.

Brigg E.531.

Decimeter receiver planned by Telefunken GmbH, Berlin, but not
-accomplished. As a completed set never had been handed over to us,
details camnot be issued. Our reactions towards this apparatus es-
pecially regarding the qualities affecting the controls were fixed in
our : "Abnahme-Bedingungen f#r Kogge" in the beginning of 1944.

Kogge was the designation for the Telefunken decimeter apparatus con-
-taining the transmitter "Kran" FuG 512 and .the receiver "Brigg"

E.531. To the latter the accessory "Kanu® belonged for obtaining the
reception of the fifth channel, It is supposed that the Kogge-system
was more or less ready for practical tests in march 1945 as Tele-
funken had asked us to get 50 gliders HS 293 V8 equipped, with which
these trials were going to be carried out.

Apparatus I_Jnit.

It consists of: the apparatus board V1,
' the generator unit Al,
the gyro unit K1.

The Apparatus Board V1. serves for mounting and connecting all
apparatus in the front section., The board, standing vertically to
the longitudinal axis is fastened by means of two pins to the cover-
ing of the front section., The generator unit Kl and the gyro unit
K1 are fixed firmly to the apparatus board, while the receiver Fl and

the distance-meter T9 are exchangeably attached to it. The appara-
" tus board contains the following parts belonging to the controls:

a) the filter for the lateral control operating at 25 cycl/
sec, consisting of two condensers of 15 uF -each across the double-
potentiometer of 2x6500 ohms (placed in the gyro-unit K1) and of one
- resistance of 5 kilo ohms. This new extemely simplified filter,
designed by Dr. M#hlbacher of my own staff, could only be attained by
raising the control-stick-dwitching-frequency still more up to 25
cyel/sec. While the old large filter for 10 cycl/seg of the ASG



30 and 250, as used in the gliders HS 293 V2 - Al, contained various
condensers amounting to a total capacity of 100 uF and also two twin
choke coils, the filter for the 16 cycl/sec of the HS 293 A2 possessed
seven condensers with a total capacity of 50 uF and two twin chokes,
this latest design for 25 cycl/sec only needing two condensers of 30
uF together and one resistance, Vhile the filter for the old control
system HS 293 V2 - Al had to be layed out to allow a certain AC-rest-
voltage for moving the flaps at signal ratio nil, the new system could
avoid this by means of the self-oscillating damping circuit.

b) the relays for the lateral control. Type Siemens Trls.bLp
TBv3410/5.bearing two coils I & II of 9000 ohms and 22.000 windings
each and a special adjustment rendering a sensitivity of 1-2 gW. (0.4~
0.9 volt)., While the one coil was fed by the control voltage aocpear-
ing across the two taps of the double-potentiometer, the other was
energized by the damping voltage derived from the load of the damping
ciraiit.

¢) the damping circuit for the lateral control, composed of
coil II of the relays referred to under b) and an RC-circuit switched by
this relay, the circuit consisting of one condenser of 4 uF and two
resistances of 20 kilo ohms each. This self-oscillating circuit oper-
ating at about 15 cycl/sec is energized by the voltage also appearing
across the magnets. In order to obtain the proper phase shift the
time constant and the feed-back voltage are dimensioned so that at an
angle of about 30 degrees to 35 degrees before the determined angle of
the rolling glider is reached, the accelerating rolling moment is dim- -
inished by operating the flaps shortly in an opposite direction. But
besides this the following had tc be examined by wind-tunnel tests.
The size of the condenser and of the resistances in the damping cir-
cuit also determine the reaction speed of the controls and the stabil-
ity of the flight around the longitudinal axis, providing the rigidity
of the automatic control. This can be measured by the "switching-
range," that is, the angular range of the counter-control formed by
superimposing the damping signal and the control signal., 1In this
case an angular range of = 35 degrees was established, while towards
the stability a pendulous movement around the longitudinal axis up to
angles of * 3 degrees was tolerated. The demand for the rigidity was
this: in case of a disturbance amounting to 50% of the whole rolling
moment the deviation of the lateral angle must not exceed 6 degrees.
This was also proved in the wind-tunnel,

d) the lateral spark suppression circuit, consisting of a
condenser of 5000 pF and a resistance of 1000 ohms &n parallel across
each relay switch and a resistance of 200 ohms across each magnet coil,
both being shunted by a ®ndenser of 0.25 uF.

e) the elevator spark suppression circuit. As the inter-
stage relays planned between the receiver output and the elevator
magnets could be left out - the refeiver relays being found capable
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o1 controlling the magnets directly - only a spark suppression circuit
for the receiver relays was needed. This resembled the circuit
described under d), in which the two 5000 pF condensers are mounted
(in this case, however, in the receiver in order to put them as near
as possible to the relay ‘swibches). Although these spark suppres-
sion c'rcuits may appear to be rather a trifle, they had to be layed
out with greatest care and examined for a long timepefore it could be
stated that the operation would cause no trouble. The difficulties
arose in this case by the quality of the contact material in the
relay switches, and as platinum was not available several substitutes
had to be examined, After using gold-nickel contacts for many years,
we found silver to be the;best maperial for our purpose. Therefors,
the relays employed by us®at last were all fitted with silver contacts
(relays type 64 D). '

f) the relay for the pilot transmitter "R@se,"is energized

. after the starting knob has been pressed by means of the 48 volts ap-
plied to the generator and serves the purpose of then switching the_
210 volts to the pilot transmitter in order to have the oscillator
working stable when the launching takes place 5,5 seconds later. (For
more details see section "pilot transmitter RHise FuG 516").

: g) the socket for the fifth channel relay or “Kanu"-plug can
be used alternatively : ‘

1) To use the receivers E.232 or E.230-3, a relay is
placed here, which is energized by the impulses from
the receiver terminals 2 (ZKI) and 7 (ZK2), thereby
closing the relay switch across the leads A-la and
Z-ha to the distance-meter T9, THis results in a
closing of the fusing relay for detonating the bomb.

2) To use the receiver E,531, the plug for the "Kanu"-
apparatus-is inserted here, This unit contains a
relay which, in case of the raised switching-frequency
appearing across its input terminals 1, 3, 10 feeds
the following circuit resonant to this higher switch-
ing frequency. In a rectifying circuit coupled to
the resonant circuit a condenser is then charged which
operates a second tensioned relay, 'This connects the
terminals A-Z thereby also closing the fusing relay.

h) the receiver plug is attached to a frame, whid can be
twisted to an angle of 90 degrees in order to fit the receivers E.232
as well as the E.230-3 and E.531.

The Generator Unit Al.

This is the only power plant of the glider after having been
launched, It consists of : t :
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a) the generator, built by AEG, Berlin, with the designation
RR 75/I1. This 250 watt generator provides, by means of two armature
windings, 24 and 210 volts DC, Attached tothe gederator is

b) the regulator and filter., The regulator operates as a
Thyrill-system for maintaining .a constant tension on the 24 volt side,
the 210 volts remaining without a regulation. (Iately it had been
planned to fit the regulator to the 210 volts circuit instead of to the
24 volts, as a constant tension here seemed of greater need). With
respect to the distance-meter a filter for smoothening the 210 volts
had to be employed., The glider being in full action the generator is
loaded to the utmost, the current on the 24 volt side exceeding 9 amp.
The whole system is driven by

c) the airscrew with attached flywheel. In consequence of
the great speed range of the airscrew (n = 7000 to 14,000 revol,/
minute) it had to be fitted with a variable pitch, as the electric
regulator cannot compensate this large range by itself. In order to
avoid a parasitic air resistance of the airscrew during the starting
action while the generator is energized by 48 volts working as a motor,
a free-wheel-clutch was fitted between the generator and the airscrew,
After the start of the glider a flywheel attached to he airscrew pre-
vents a speed drop of the latter until the rockets have come to full
action.

The Gyro Unit K1,

This apparatus, type HV10, built by Horn at Leipzig for the
glider 8-117 consists mainly of the gyro itself, the double-
potentiometers and some auxiliary partsy all fitted in a screened box.

a) the gyro itself, the Horn type HV7, contains a DC-motor
requiring 24 volts and O.5 amp reaching a normal speed of 18.000
revol/min., after a time of approx. 50 sec., The axis of the gyro
frame in the longitudinal axis of the glider is coupled by means of a
clutch to the axis of

b) the double-potentiometer, type Lpt 5, especially designed
by the Askania-Werke Berlin for the controlling system of the Hs 298
and 8-117. ©Each of the two combined potentiometers has a resistance
of 65000 ohms, the resistance ratios of both must be equal for all
angles. A special device is provided for adjusting the potentio-
meters at resistance ratio nil tothe axis of the unreleased gyro
frame,

¢) the gyro compensating motor (Nachdrehmotor) is an addi-
tional equipment of the 8-117 gyro only. This gyro control motor
maintains the gyro axis in the plane, which is vertical td@he longi-
tudinal axis of the glider. It therefore prevents the gyro axis
from coinciding with tie flight direction, This is done by means of
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a small reversible motor (List, type Mog), which by means of a cog
wheel gear moves the lateral axis of the gyro frame, This motor is
energized by a contagt system, which is controlled by the gyro framg.

d) - the pull-off plug is attached to the gyro box. The seven
terminals conduct power to the glider beéfore it is launched and allow
the receiver to be checked by means of terminal 5. As soon as the
pull-off-plug is separated and the gyro released.

e) the change-over-switch connected thereto is operated. By
closing the switches a-b, c-d, e-f the 4 24 volt lead from the genera-
tor to contact b is dlstrlbut.ed and feeds across a the two gyro
. motors; -across a to 6 (the distance-meter T9 and the receiver Fl);
.across a, ¢, d, 12(the timing device T10, the controlling circuits and
magnets, the top launching rocket T2 and the fuse S1), across a,e,f,
11 (the contact 6 of the generator), thereby short-circuiting the re-
sistance inm series withthe field windings thereof. By méans of the
‘ control g=h the 4 210 volts from the generator is supplled to the
distance-meter T9 and the receiver Fl, while the i-k contacts, added
later when the pilot transmitter "Rﬁse" was installed, switch off a
resistance across terminals 9, 14 of K1 for balancing the 210 volts
for the time that the "Rlise" is the only load of this cifcuit.

Note to a): Only at last was the device for automatic detona-
tion in case of control £ilures added to the plan. For this purpose
special contacts were attached to the frame of the gyro, which are
closed as soon as the glider rolls to either sides reaching the limits
of the angular range of the frame (approx. 170 degrees to both sides).
The -closing of these contacts gonnects the terminals 15, 16 of Kl
thereby also connecting terminals la, 4a of T9 thus fusing the bomb.

The Distance—Met er T9.

The gliders 8-117 and HS 298 had to be equipped with a fusing
system which was automatically contro]_led by a distance-meter. This

fus:Lng system had to come into action when the glider had reached a
certain minimum distance to the centre of gravity of the target.
The minimum distance was.chosen at 6 - 7 m, thereby fixing the sensi-
tivity range of the -apparatus. The distance-meter had been for a
long time the weak point of the gliders equipment, therefore the in-
stallment of various models had been provided, these were :

Kakadu (FuG 570)
Marabu

Fox

Melse

Besides these,numerous other types were planned by d:l.fferent firms,
but nothing was postively known about them, especially regarding
their usefulness, which was generally most doubtful.
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| Kakadu (FuG 570)

Manufactured by Donag, Vienna. Designed already in 1942,being
‘one of the oldest types. The system works on the Doppler principles
and employs a 2-valve-transmitter combined with a 3-valve-receiver,
The transmitting- and receiving-aerials are also combined, this result-
ing in screening difficulties, Sensitivity range approx. 6 m, Afforded
supply: 24 volts, O.3 amp and 210 volts, 45 memp.

Marabu,

Manufactured by Siemens, Berlin., Small edition of the well
known airplane-distance-meter FuG 10l working with frequency modulated
impulses. A draw back is the employment of three aerials., In con-
sequence the installment of the two receiving-aerials attached to the.
wing tips of the glider had to be provided for, while the transmitter
aerial remained in the front section.

Foxe

_ Manufactured by AEG, Berlin. Designed by Dr., Hilpert., 2-
valve apparatus working on Doppler rrincipals. Wavelength 1.80 m,
sensitivity range about 6-7 m. In this system the reflected energy
is received and demodulated by means of non-linearity in the transmit-
ter circuit. By means of a condenser in the output circuit a differ-
entiation is obtained, thereby achieving.an exact timed steep voltage-
curve, The same construction was applied by Patent Verwertungs-
Gesellschaft at Salzburg.

Meise.

. As no apparatus ever had been available for us, no details can
be remembered.

For a long time these devices, especially Kakadu and Fox had
been tested by us., This was generally done by flying an airplane
close above the apparatus- tc be examined, the latter being mounted on
a high fire-ladder. The minimum distance between plane and apparatus
being checked by photographic methods while thebperation of the
distance-meter was oscillographed. But several other methods. were
in use, it being most difficult to find a corresponding model for
examination in the laboratory.

Fuse Sl.

Manufactured by Elektromechanik GmbH, Reichenberg (and by Preh
at Neustadt/Saale). Type 96A for HS 298 and 96B for 8-117. kHspecially
‘designed by us in collaboration-with firm mentioned. As the distance-
meter in the moment of operation only closed a relay switch, a special
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fuse had to b _designed with respect to the various demands that were
required fer-easd—ef safety. Owing to our experiences a normal fuse
placed in a remote controlled bomb must be regarded as a source of
peril, Both fuse types 96A and 96B were of the same construction and
contained a switching device operated by a clockwork. The only dif-
ference referred to the switching times. After the releasing impulse
over plugs S3, S2 has reached the fuse S1 a small detonator herein is
fused, thereby removing a pin and a clockwork setting. This clock=-
work moves a small disk bearing a cam by which four switches are opera-
ted. At the time t=0 the bomb detonator is short-circuited and the
screened connection to the distance-meter is open,at time t; the
detonator is connected to the distance-meter and also to the accelera-
tion-switch in the fuse S1, thus the fusing system is live. At this
time if the distance-meter-switch or the contacts on the gyro frame or
the 5th signal switch or the acceleration switch in the fuse - all being
in parallel - are operated, the detcnator explodes the bomb. At the
time t2 the detonator is wwitched across a condenser for automatic
explosion, the condenser was switched on to be charged at tj. At the
time t3 the detonator is short-circuited again, all leads are cut off,
in order to prevent the blind bomb from e xploding when touching the
ground. The various times for the two fuse types are :

type 96A type 96B
(HS 298) (8 - 117)
tg = 0 - 6 sec. 0 - 10 sec (Blind)
ty = 6 -51 sec. 10 =105 sec (1ive)
t2 =  51st sec. 105th sec (self detonation)
t3= 51 sec. 105 seé (blind)

Timing device T1O.

This is the same clockwork system as used in the 8.8 cm Flak-
shell, and is released by a cord when the glider is launched. After
5.5 sec the clockwork closes the switch and thereby energizes the
fusing system T7 for blowing off the launching rockets, ignites the
cruising rocket motor T5, feeds the speed regulator Tll, and ignites
the flares Cl.

The magnets for the Lateral Flaps K2, K5,

The magnets operating these two flaps are of the type MBK 2xlb-
2, manufactured by List, Berlin-Teltow. They are double-stroke types
bearing two coils, the middle-position being obtained by means of
springs. This type had - like all other magnets - to be especially
developed to fulfil our d emands. Energized with 24 volts, 20 watts,
the time required for the mwve from one extreme position to the other
equals approx. 25 qyéec, while the time-difference between the time
required far the move in one direction and the time needed for the
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other did not exceed 1.5 to 2 mfsec. All this data had to be carefully
examined before the magnets were used, as they had great influence on
the controls. Owing to trials with different types of Wagner-flaps the
magnets were often exchanged in the beginning.

' The Magnets for the Elevator Flaps. K8, Kll.

In this case two magnets connected in parallel moved the ele-
vator flaps. The power need for one magnet was in this case 31 watts
at 24 volts, as a different more powerful type had been installed here,
(Magnet type: List MBK 2x2b-2), 4All other details resembledfhe
characteristics of the lateral magnets already explained.

Speed Regulator T1l,

This device for obtaining a constant cruising speed of the gli-
der consisted of an aerodynamic speedometer working upon the known
principles, by which a relay was operated which controlled a motor for
regulating the opening of the jet. The apparatus was designed by our
own staff,

Pilot Transmitter Riise FuG 516.

This apparatus pertained to the control of the glider by means
of radiolocation principals instead of direct eye-sight. As the
reflecting surface of the 8-117 was too small to maintain useful results
with growing distance, the installment of a small pilot transmitter was
necessary., The Telefunken GmbH Berlin, which was responsible for the
outfit of the control station for the 8-117 on the ground, therefore
asked us to attach the "Rilckstrahlsender FuG 516 (Rise)" to the rear
section of the 8-117.

Testing Apparatus.

As for the HS 293 production model we had also designed and
built nearly all the apparatus for checking the various electric parts
of the 8-117 and the HS 298 using nearly the same equipment. Control
and testing instruments had been finished for checking the relays,the
spark suppression circuits, the control circuits, the generator, the
gyro, the potentiometers, the whole apparatus board, the magnets, the
receiver, the distance-meter, the fuse and also the whole completed
glider. But it is not possible to go into these details now.

Equipment of the Controk Station on t he Ground.

The ground station for the remote conhtrol of the 8--117 had
been first planned by Prof. Wagner for control by optical sight by
means of a telescope system, which was to be adjusted by a special
man for the aimer, so that the latter only had to handle the control
stick. As control stick transmitter, the new model described on
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page 11 was going to be employed. In the case of the 8-117, an ac-
cessory called the "Rolle" had to be attached to the control stick
transmitter. By means of this apparatus the 8-117 just lanched was
automatically ordered to roll over an angle of 360 degrees thus com-
pensating for the lack of exactness in mass production models before
the speed became high enough to obtain efficient control. Regarding
the wireless transmitter we had used the old "Kehl"-system for our own
trial flights, fitting also a "Strassburg" E.230 receiver ih the 8-117.
But this was not going to be the practice. The final plan for the
control station on the groundws layed out by Telefunken in collabora-
tion with the "Erprobungsstelle der Luftwaffe" at Peenemlinde, and with
us. For transmitting the decimeter "Kogge"-system with the trans-
mitter "Kran" FuG 512 was going to be employed. A new feature of
this transmitter was the AFC fitted therein, which tuned the transmit-
ter to the receiver "Brigg" E.531 shortly before the latter was going
to be used. (It may be remarked, that during the German retreat from
Silesia Telefunken lost a transmitter "Kran", which fell into the
hands of the Russians), By means of a radiolocation system Telefun-
ken was going to make the control of the 8-117 independent of visibility
conditions. The first control stationsof this kind were meant to be
delivered in the spring of this year.

I am not able to give more information about this-equipment
which had names like "Brabant," "Burgund," "Rheinland," "Elsass," etc.,
as this matter had entirely been layed into the hands of Telefunken,
whicﬁwas also in touch with all the other firms concerned for supply-
ing the various accessories like counting-machines,etc. Herr
Obering.Bialk was in charge of these equipments at Telefunken, and if
he is not within reach, Herr Obering.Sturm, Strassfurter Rundfunk,
former chairman of an advising commission to the aifhinistry, might
be able to give infarmstion.

The HS 298,

The glider HS 298 had been designed as a remote controlled
anti-aircraft rocket far fighting flying targets from the air. For
this purpose one or several 298's could be carried either by fighters
or bombers. This model was constructed by Prof. Wagner at the same
time with the 8-117 and had almost exactly the same electric outfit
although it was very much smaller. As inthe previous section of
this report a detailed description of the 8-117 was given, here only
a brief explanation will be necessary especially referring to the
differences.

The HS 298 has a length of approx. 1.40 m and & span of
approx. 1 20 m, the fuselage consisting of the front- and rear
section.The front section resembled that of the 8-117, only smaller,
and contained the same receiver, distance-meter and apparatus unit,
the latter being simple¥. The rear section with the attached
tapered swept back wings of which only one bore a Viagner-flap,
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operated by a double-stroke 20 watt magnet, contained the fuel tanks,
canbustion chamber and jet of the rocket motor and ended in the hori-
zonfal tail surfaces with Wagner-flaps as elevator, controlled by two
20 watt magnets in parallel. The elevator controls were lately al-
tered and operated by only one magnet (MBK 2x2b-2; 31 watts), while
the one lateral magnet remained (MBK 2x1b-2; 20 watts).

Attached to the tail plane were twin vertical fins but no rudder. The
apparatus unit, being principally the same as in 8-117, differed in
the following :

1) 1Instead of the Gyro unit type HV1O the type HV9 was employed,
which contained no gyro compensating motor, otherwise being
the same.

2) The pull-off-plug could be omitted as the generator was al-
ready set in action when the carrier plane started, an ad-
ditional power supply therefore being superfluous.

3) On the apparatus boatd the relay for the pilot transmitter
"Riise" was not needed, no "Ri#lse" being required. (The damp-
ing circuit attached to the apparatus board could remain un-
altered, as wind tunnel tests had proved that the damping of
the rolling moment als?/in‘this case,was sufficient).

4) The timing device could be replaced by a small retarding relay.

5) The fuse 96A had to be used owing to different times reguired
in consequence of the much shorter flight path.

The elevator control magnet was fitted with the device referred to
earlier for limiting the stroke thereof with an increase in speed.
For the launching of the HS 298, no special launching rockets were
needed, as the glider was either dropped by the carrier or catapulted
from rails fixed to the carriers wings by means of its own rocket
motor. In this case the igniting impulse for the fuse (SI) for re-
leasing the clockwork was generated by a magnet passing a coil
(Stossgenerator) while the glider moved alongthe rails. Thus it was
determined that the fusing system could only be set in action if the
initial velocity of the glider was large enough to cause it to leave
the rails. In the case of dropping the glider from the carrier, a
special relay was required, which with a certain time delay provided
the igniting impulse and energized the elevator controls. The latter
was a safety measure already made use of in the circuit of the HS 293
for preventing a collision between glider and carrier plane., A
simplified circuit for the carrier equipment had been designed by us
for this purpose, especially to obtain a relief for the bomb aimer by
means of automatic devices. But the final planning of this equipment
for the carrier planes was in the hands of the "Erprobungsstelle.der
Luftwaffe" at Peenemtinde (Herr Schneider). Finally, the
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installment pf a bombing apparatus had been planned for the future and
we were in touch with the "Forschungsanstalt der deutschen Reichspost"
at Berlin (Dr.v.Oettinghaus) on this matter, as this institute was
working at this problem.- '

The 8-117 H,

This model was an e xperimental modification of the 8-117
planned with the intention of possessing a uhiversal model that could
be launched from the ground or dropped by a carrier plane. In order
to study the launching by plane and the use of this type, it was equip-
ped with the electric system of the HS 298, including the additional
safety relay for locking the elevator control already referred to.
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8-117 Al.

Plan of
Principal
Parts.
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Explanation
to diagram of connections "Leitungsplan HS 1170-0" (Oct.1944)

Vi.......Apparatus board, containing: lateral control circuit (filter,
relays, damping circuit, spark sup~
pressor;intemediate relays for
elevator with spark suppression(re-
moved later)and 5th channel relays,

71-l.....Plug for receiver F1

V1-2.¢00.Plug for connecting the fuselage cemtre section
Vi1-3.....Plug for feeding fuse Sl

V1-4...esPlug ®r feeding the distance-meter T9

V1-5/6...Plugs for connecting the timing device T10
V2...0...Flug strip for connectingfuselage centre section
V3eeeoso.Distributing plug plate in centre section
V4/5.....Plugs for connecting centre section with rear section

Fl.......Receiver with teminals (F1-1):

2.0!2K1..|o..|t..5‘bh channel) _for remote fusé contml

7.0.2K2..0.0.....5th channel) : :
5¢ee@A.ceievs...]ateral control: relays centre contact A

9...0 (-210V)....nil and =210 volts
100ee=24Vee0eeeas =24 volts oy
12...H-A,.........elevator control: relay cent#s contact A

looo#24V. 00000, o42h volts

3.4 -"‘210"-0 secoce .#210 volts
14¢eeNFeeioieaaesoslow frequency checking terminal

beeoQTeeeieeseosolateral control: relay side-contact T

6.0eQZiosssesesslateral control: relay side-contact Z
13.¢.H=Ti¢eesvseo€levator controlirelay side-cpntatt T
11...H-Z.eseees..o€levator controlirelay side-contact Z

8...HF Regltg....high frequency control lead

Fl-z- s 00 erI'j.a]. plug
F2..¢00.0.Aerial system
F2-1/2...Aerial transformers

Al.......Generator unit, containing generator and regulator with the ter~
minals ¢
26 see e 0-214 .Volts
6ecs..olead for short-circuiting serial resistance
of field winding after generator in action
dienas 0421} volts
Zl-o see o 0*210 volts
Oceveeonil and =210 volts

Kl..seo..Gyro unit, containing? gyro,double-potentiometer, gyro-control-
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motor, change-ovef—switch,ope rating the
contactss

a-b... the 4 24 volts lead from generator arriv-
ing at 13 is distributed over b-a to c,e
and feeds the gyro-motor and the gyro-
control-motor-circuit and over terminal
6 to the appr.board V1 for supplyin% the
refeiver F1 and the distance-meter T9

c—d... by closing these contacts 24 volts are led
.12 to app.board V1 there supplying the
timing device T10, the control circuits am
over S3 the fuse Sl amd over V2 the dis-
tributor V3 thereby top launching rocket
T2 and the magnets K2,K5,K8 and Kll

e-f....leads the 2, volts over terminal 11 to ter-
mwinal 6 of the generator thereby connect-
ing terminals 1 and 6 for short-circuiting
the serial resistance of the field windings.

g-h....connects the 210 volts from terminal 9 to
10 thus energizing the recelver Fl and the
distance-meter T9.

The pull-off-plug has the terminals far connecting the ground power
plant etc:

leooo.=Rly volts,

6eves $2l volts for feeding gyro, receiver and distance-mtr.

beoooo$h8 volts for feeding generatar for start

Teeeeo=2h volts for igniting bottom launching rocket Tl

‘26 000.=210 volts and nil

3..0-0+210 volts

BeessoloW freqency lead for checking receiver.

K2..00000sMagnet Hr lateral flap
K3/hes . oo Plug for mgnet K2

K5¢000000 .Magnet for lateral flap
Ké/7eee...Plug for mgnet K5

K8eeocoos Magnet for elevator flap
K9/10,....Plug for magnet K8
Kll.......Magnet for elevator flap
K12/13....Plugfor magnet K11
sl..t.'...Fuse

52.‘.......Plug for fuse Sl
33........P1u8 on appoboard for fuse sl
Tlee.es...Bottom launching rocket
T2¢ee000..Top launching rocket
T3o".'."..n.Plng for T1 = B



TheoweoooFlug D r T2

T5¢c00...Cruising rocket

Thos e ains oPlug for Ts

T7eeceos cBlow-off-device for launching rockets Tl and T2

T8ceceseso.Flug for 17

T9¢eeees.Distance-meter ,

T10¢e s+ Timing device for switching the blow-off-device T7, the crui-
sing rocket T5, the speed regulator Tll and the flares of Cl

Tlleeo...Speed-regulator

TlZ...'...Plugfor 11

cl' o000 e .Flu”

C2.ce0000Plugs for Cl

VRele.s..Coll for retarding relay in ground control station

rl....oc.8witch of relay VRel for connecting 48 volts to generator

2600000 .retarded switch of relay VRel for igniting bottom laun.rock.

Additional designations in the diagram of connections "leitungsplan
8-117 A1" - Serial model - march 1945,

F3esse0s0oPilot transmitter "Riise" (FuG 516)
T9=3 to
T9=10,....accessory parts for the aerial system of dist.mtr."Marabu"
Kl contact
i-k..installed for pilot transmitter "Rise" in order to switch off

-~ balancing resistance for 210 volts supply across 9,14 in Kl
R-Ri.....Relays for switching 210 volts supply on for "Riise"
Kanu.....receiving device for 5th channel, accessory to receiver "Brigg"
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Butter Hs 117. (Schmetterlin

The mechanical construction of Schmetterling was under the
supervision of Dipl.Ing, Henrici, and a report written by him,follows.
He has written an outline of his report which is included, followed by
a supplement which was written to cover some points that were con-
sidered important by members of CIOS team 367 who interviewed Henrici.

Drawings and graphs are included as a part of this"report :

I. General Survey and Data,
II. Performance.
III. Aerodynamics.
IV. Boost and Motor-Rocket.,
V. Electric Equipment.
VI. Tacties.
VII. Intended Development.

I. Genergl Survey and Data.

Hs 117, called Bhtxrfly, was designed as a missile against
airplanes to be used from the ground as well®from interceptors. It
is capable of destroying a Boeing B-17 Flying Fortress, at a distance
of 8 yards, without being too heavy for transport by hand. During
its early stages, it was intended to be used by day and only during
clear weather by night, as it was piloted by sight according to the
method of "Three~Points=Coinciding."

By comparison with the Hs 293 (Prof,Wagner's gliding bomb)
and with tests made by means of an appliance for aiming-exercises,
we could promise that a well taught steersman could keep the missile
on the sight-beam within an angle of 8 x 103 radians. By computa-
tion, and later by trials with components of the B-17, we concluded that
55-1bs. of powder at a distance of 8 yards were just sufficient to
render most parts of the B-17 unserviceable, with the exception of the
structure between the engines.

Later we resolved to take 99-1bs, of powder as the useful load,
and got with this the following data 3

Weight at the start 1000-1bs.
Weight after blowing off the boosts 600~1bs.
Weight at the end of the flight LLhO=1bs.
Span 2.19 yards
Length L.5 yards
Height , 1.1 'yard
Aspect ratio 3.5
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II, Performance.

To obtgin the least weight and the most performance, we chose
a constant porportion of the velocity of sound as flying speed after
starting, (constant Mach-number), For several reasons we did not in-
tend to exceed the velocity of sounds We promised 0,75 of this velo-
city with the intention of increasing this percentage according to the s
result of trials.

Filgs Lo

Hitting sphere

.

227 , s
10 Distance (km)

g _
ct
N\
v
AA N

Looking at the graph fig.l, which gives a half-segzién of the sphere in
which deadly hitting is probable, one sees just region in which
the missile is brought within a distance of less than 8 yards off the
sight-beam, This may take about 20 seconds with a mediocre steersman.
The other arbitrary limit depends on.the required visibility permitting
observance of the target and missile to keep within the allowed dis-
tance. The constant speed of about 0,78 times the velocity of sound
is warranted until the upper limit. Beyond this limit its speed de-
creases.

A similar diagram was made for timing the shot according to the
height and velocity of the attacking airplane. It was concluded,
that the Butterfly could be aimed against planes with a speed not ex~
ceeding 340 miles per hour, taking into account the possibility of
evading-manoeuvres., The maximum acceleration perpendicular to the
wings was limited to about 7.5 x @ by a special d-vice, as more was

Sl



thought to be unnecessary, even disadvantageous.

IIT, ‘Aerodmamics,
The components of the missile are :

lg the fuselage with a circular cross-cut,

2) the wings with profile NACA 0012.0 82540 and a
sweep-back of about 4O degrees,

3) the tail-unit with the trapeze-shaped tailplane and fin.

The controls consist of elevator and ailerons only, and are
not shaped like flaps but like spoilers: flaps with a heipht of a
few percent of the medium chord, oscillating behind the trailing edge
of wing or tailplane,

Care was given to the greatest possible symmetry as this is
of speciel importance near the velocity of sound. The design,which
was made in & hurry, left twosymmetric points:

At the front of the body, the generator-drive and the aerial
of the distance~fuse are situated beside each other.

At the back-part, the tailplane is situated above the wings,
and the body deformed accordingly. The last asymmetry was to be avoid-
ed by cho@sing some incidences for wing and tailplane against the axis
of the body.

- Several tests were made in different wind-tunnels.

One model to the scale 1:2 was made of wood and tested at the
great wind-tunnel of the DVL up to speeds of about 100 miles per
hour. There resulted the first changes of the situation of the tail-
plane and of the distance between the boosts.

One model to the scale 1:15 was made of brass and quickly test-
ed at the high-speed tunnel of the AVA up to speeds of about 0.9 times
the velocity of sounid. They showed a satisfactory small change in the
position of the resulting lift-force .

A third model to the scale 1:2 was made of alu-glloy and tested
at the great highspeed-tunnel of the DVL up to speeds of about 0,85
times the velocity of sound, There appeared an agreeable conformity
with the former results, The 1ift coefficient at the highest speeds
reaches about

C. = L = (o]
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All these tests and trial flights were made with a rectangular tail-
plane, while the missiles of the production model were built with a
trapeze-shaped stabilizer. Greater limiting speeds could be attained
by this.

The characteristic graphs will be shown and discussed later on.

The accuracy of the menufactured product was carefully examined
to avoid sources of defects as far as possible. For instance, the cam-
ber was not allowed to be greater than 0,2 millimeters nor the twisting
greater than O.1 m,

V. a) Boost.

The Hs 117 is driven by two different rockets. The accelera-
tion during the start depends on the thrust of two boosts which are
fastened symmetrically above and below the fuselage. The variable
thrust needed for flight with constant speed is given by motorsrocket
built in the bedy.

A boost consists of an iron tu be with a jet mounted on a
spherical flange, in which was a hollow pressed core of powder about
2 yards long and 6 inches in diameter. First, we used an inside-burning
core, which gave mich trouble by its great dependence on temperature and
by irregular behavior. It corresponded in no way to the conditions
laid down by us. Worst of all, they exploded when 1lit by t emperatures
over 77 degrees F, Later we got a new powder pressed in an all round
burning core which did fairly well. Its chief drawback was the thick
cloud of smoke preventing observance of the missile or the target.
But that could have been overcome.

The boosts were fastened in such a way that they were blown .off
atter burning by an automatic device. For the development of these
boosts special conditions were demanded by us $

+ 500

1) The momentum ought to amount to 7400 - O kg sec.
2) The time of burning 4% 0.5 sec.

Further conditions referred to time-delays and to the shape of
the diagrams thrust versus time. The conditions of time and of delay
proved the most difficult to fulfil,

v, b) Mo torerockets

The conception of conditions for new developments we thought
to be one of our chief tasks. That may be seen in the case of the
motor-rocket.,

In an antiaircraft-rocket missile the motor-rocket is the
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most important component. Here it took 55% of the weight of flight,
the body and wing about 24%, and the electrical apparatus about 7%,
the rem2inder 19% being useful load,

Our demands on the motor-rocket were the following &

1) Momentum with medium thrust in the ground; 12500 kg sec

23 Thrust infinitely variable between 220 and 220 T 160 kg

3) Automatic regulation for constant speed with an effective
accuracy of 3% of the given Mach-number. For this re-
gulation further conditions were put forth specifying
time-delays and so on.

L) It mst also work during accelerations of 10 x g perpendi-
cular to the wings or £ 1 x g in the longitud axis,

5) The weight of the complete motor-rocket was not to exceed
330-1bs.

Further conditions referred to oscillations, visibility and so
OnNe

According to these conditions the first motor-rocket was deve-
loped in 4/L years, the regulator being made by ourselves. It was not
satisfactory as the momentum with reduced thrust decreased too quickly
and the frietion of the slide-valve of the burning-chamber was too
great. At last we thought we coulddesign it with less weight. It
consisted of a spherical pressed-air-container, two tanks with free mov-
ing pistons, a burning-chamber with two slide-valves, a thrust regulator
and the usual outfit. _

A few months later we got another design without pistons, and
wWith a very promising uncooled burning-chamber., This firm made their
‘own regulator mechanism. It was a hydraulic one, ours was an electric
one. The momentum curve was very satisfactory. There were made no
trial-flights with this metor-rocket due to the stoppage of our work.

V. ectri t

The most interesting section is in the pointed nose of the mis-
sile housing the electrical equipment. As the Hs 117 was to remain
workable after a year's storage in an open shed, the electric current
was provided for by a propeller-driven generator. Its veltages were
24 and 210 volts, with exacting conditions on its accuracy. Its
strengths were 9 and 0.250 amperes. The current was needed by the re-
ceiver, the steering device with the gyroscope, the magnet by which
the controls were driven, the thrust regulator, the distance-fuse, and
by minor items. On the whole, the electric equipment is known from
the gliding bomb Hs 293, After the final development, there ought
to have been only about 5 electronic valves and a few relays.

To give a special command, the steersman moved s little
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control lever thereby changing the ratio of mementum of a meander-
shaped current. In the measure of that ratio, audie-frequencies are
switched by twos and the high frequency of the transmitter is thereby .
modulated. To each directien of the control-lever is attached an
angle of bank and to each deflection of the control-lever is attached
an acceleration, By the same means, the magnetoes of the elevator-
drive are switched, while the aileron-drives get their momentum by way
of potentiometers which are connected with the gyre. By this device:
the command to the nngnet.dio is changed accordingly, The steering-
frequency, given by the relay after the potentiometer, is conducted
through an oscillating - circuit to a second winding of the relay. By
this device, together with the rest-waves, the ailerocns-steering was

damped, and the delay of the command was reduced. The maximum angular

acceleration was about 8 radians/sec“. Here also very exacting condi-
tions had to be fulfilled. Lastly, there was a little trangmitter
which could give either the position of the missile, or, during the
trial-flights, any wanted measurement which could be expressed by two

signs,
VI, Tacties,

Our battery consisted of two sets with 6 starting-stands each.
Bvery set had one aiming-stand with a steersman and one observer. As
a greater enlargement is accompanied by a smaller angle of view, the
observer got a #ionocular with an enlargement of 621, while the pilot had
two different enlargements of about 431 and 12:1, The oculars of both
were connected, so that the observer always looked at the attacking air-
plane by moving his ocular and thereby caused the pilots ocular to point
in the same direction. The telescopes and the seats were turning

aroung three axis, ;

The starting-stands were designed so that the missile was in-
stantly free from it as soon as the boosts were burning. The whole
outfit was adapted to quick removal from one place to another without
needing hoists or preparations on the ground. In case of an attack the
chief of the battery told either of the observers where to look for the
airplanes, When the chosen target came within range the steersman
started the rocket and steered it, covering the objective till the
missile exploded by means of the distance-fuse.

The distance between the batteries depended on the wave length,
which was to be reduced.

VII. Intepded Development,

The first drawback at the actual trial flights were the boosts,
whose manufacture seemed obsolete compared with modern production
models. No attention was paid, while rolling the core of powder, to
the temperature of the rollers or to the quantity of passages. The
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The dependence of the burning-time on the temperature of the core was
partly overcome,

The second drawback was the receiver whose reliability
wa.s not sufficient,

The third was the distance-fuse, which ought to work with rela-
tive velocities from about fifty to about four hundred yards per second.
At the same time it ought to be coded so that it could not be disturbed
by transmitters of the attacking planes., Different devices were being
developed: About two or three by means of high-frequency, two optic
and two acoustic appliances. None of them were used during the tiial-
flights. Our chief task was to define the conditions under which they
were applicable. The most essential progress would have been a satis-
factory self-aiming device, whose development followed the same lines as
the distance-fuse, With this the missile would have been independent
of weather.

The velocity greater than that of sound, could be chosen, to
which purpose favorable designs were already tested in the wind tunnel.
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'SUPPLEMENT TO THE SHORT TECHNICAL DESCRIPTION OF
SCHMET TERLING,

This supplement contains a few remarks on the fellowing topics
touched upon during conversations

Io &dﬁl-
II., Aerodynamic Properties.
"III, Motor-Rocket.
IV. Manufacture.
V. Formula for Explosive-Charge.

5 sketches,

I, Model .

To understand best the following discussion of the graphs one
should have well in mind the general outlay of the Butterfly as, for
instance, given to the scale 1:15 in the last sketch of this paper.

If one knows the first built design one will notice that the forepart
is now somewhat longer, the distance between wings and tail unit is
less, and the most important alteration, the rearpart has been newly
designed., Of course the curves and sketches given can only be infor-
mative and are not to be considered very accurate as the author has no
access to former reports, as except for a few chance remarks in his
books - e.g. "Aerodynamic Theory" by Durand - he has to rely on his
memory. Howesver, he hopes that it will be sufficient to form a com=-
prehensive idea of the Butterfly's properties,

The reasons for the changes mentioned above are self-evident.
We will first have a look at the rearpart. In the first design,it
was assumed that the light of the burning motor-rocket could be mide
distinet enough, to view the missile at a distance of about 6 to 10
miles, But the attempts to mix colouring chemicala in the fuel or to
drop them in the gas-beam failed., We resolved to use a red flare
giving about 60,000 H.K. at the start and about 200,000 HK in the later
part of flight. This facilitated the decision to build a more wedge-
like rearpart instead of the first circular shaped one.

By the windtunnel-trial made at the same time with the HS-293,
we gained the opinion, that with high subsonic speeds the shaping of
the aftpart of body is at least as important as shape and profile of
the tailplane itself, Therefore, we paid special attention to the
transition from body to rearpart.

I1, Aerodynamic P roperties.

The first model showed too great a sensibility to the approxi=-
mation of the velocity of sounds A n analysis of the underlying
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causes, as given by fig. 3, made it evident that the fault was with the
tailplane. The lgtter could not be made thinner as we were bound to
use a drive for the controls which were already in production. We
therefore changed from the rectangular-shaped to a trapeze-shaped tail-
plane with a sweep-=back of about 35 degrees.

The graphs in fig. 1, 2 and 3 correspond roughly to measure-
ments made with a model similar to this description, with the excep-
tion of the old-shaped rearpart; otherwise all is as shown in the last
sketch. The complete modeél with all developments has been buried in
the ground of the DVL; it was not yet tested. The measurements were
made in the great high~speed tunnel of the DVL (Dr. GHthert). Fig.l
shows the characteristic curves of lift versus drag at the Mach-numbers
0,75 and 0,86, The 1lift with 0,75 was, at the greater incidences,
considerably higher than expected. With this high lift, the pilot
was able to give low altitude accelerations far in excess of all that
was needed. At the same time the different accelerations at differ-
ent heights, with the same position of the control-lever, would have
been more disturbing to the pilot. For that reason we undertook the
regulation of elevator-deflection by the pressure head. For this
purpose the 1little discs outside the tailplane were installed.

Of course one might have used an electric device as was done in
other cases. But all the questions of a more electric nature - e.g.
development of the control-lever are here not considered as they are
covered by special reports of Messrs. Sturm, Marcard and others.

The dependance of drag on velocity is given on fig.2. Apart
from some effect of Re-number, the increase of drag near the Hamd &
number, 0,86 is remarkable. In fig.3 the change in position of re-
sulting 1lift is even more striking.

It is interesting, that during over sixty starts cf the mis-
sile in Peenemlinde, when ‘about twenty reached ma-numbers over 0,9C no
deteriorating effect was observed. Making graphical and numerical
solutions of trial-results oneself, one got the interpretation, that
the missile behaved very well during the short time of the highest
velocities, So the curves may possibly show some windtunnel-effect.

The trial-flights at Peenemlinde deserve a few words. The
trials were made by starts from the ground and by starts from planes.:
The observations were made by cameras in a distance of about 50 to
100 yards from the start,(one of these usually a slow-motion-camera)
and by the usual measuring-base cinotheodolitess A few observers
used stopwatches to check special questions such as the time delay in
lighting the boosts, blowing off the boosts and so on. About the
first thirty trials were made by us, the following by the personnel of
Peenamiinde with some assistance by use The opinion that the
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designer ought to be held responsible for his product until he proves
his theories, was hereby strengthened, especially as the time was
short. A careful and responsible interpretation could only be made
with a few of the gpproximately ninety test flights, Although the
missile did not reach its service-height on account of well-known
deficiencies mentioned below, we could be sure to meet requirements,
especially with some improvements of the motor-rocket.

The chief theoretical dif ficulty of the starts from the
ground was the exact adjustment of the boost's jets. This was over-
come from the outset by a special appliance, but nevertheless, the
men had to handle it carefully, as with every critical piece of work,

IIT. Motor-Rocket,

The most serious delay in developing the Butterfly was caused
by the motor-rocket, which came late, in small quantities and not
quite meeting requirements. Therefore, we wanted to design and build
our own rocket according to our own ideas, Which we were not allowed
to do. Later we got a satisfactory design, which met our demands,by
Dr. Schmidt of Walther., Fig. 4 shows the curves of momentum versus
thrust for both designs. Schmidt had made a new regulation-device,
and an uncooled burning-chamber. There remained only one greater
question: Would the emptying of the tanks work under any service-
condition? The fuel in the tanks should be conveyed under pressure
of about 1 atmosphere through a flexible tube to the pumps which drove
it to the burning-chamber under pressure of about 30 atmospheres. I
remained afraid that on account of the free surfaces and the changing
accelerations an increasing part of the fuel would be mixed up with
air and hereby overthrow the balance. Tests were being made to clear
the doubtse

Other devices were discussed to some length.

_IV, Manufacture,

February 1943 I went to Prof.Wagner, starting with first com-
putations on the Butterfly and with the job of getting a workable
crew together, for I was absolutely alone. Some of the best men I
got while searching myself, but the greater number of collaborators I
got from the Flak about October 1943, mostly young men with little
practical knowledge, who were drafted four years ago. The first
designs I had made alone, which differed chiefly from the later-ones
with respect to body-length as I still had to learn about the motor-
rockets, Sweep-back, position of boosts, and process of starting
was then conceived with approval by Prof, H, Wagner. This work was
done without order by the RLW. The order was given about August 1943,
after we submitted a technical description similer to this one.
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: The first test-flights from the plane and from the ground, but
without motor-rocket, were made in May 4) in Peenemilinde where all test-
flights have been made. The interval was caused by learning, since the
first design October 1943, how to manufacture wings according to our
requirements. The first testvﬂights with a motor-rocket were made

- about August 1944,

The production manufacture ought to have started February 1945,
reaching an output of about 3000 monthly in October 1945.

Rough figures of working hours for Butterfly are $

Body, wings and tail unit about 80 h

Boosts u 50 h
Motor-rocket with regulator " 25 h
Electric apparatus " 400 h
Total : about 780 h

The difficulties of manufacturing the motor-rocket were not yet
overcome. The tank for acid had a length of about 30 in. and a dia-
meter of about 13 in. In this tank a piston had to move with a clear-
ance of about 0,012 in. The weight had to be smll, as the whole weight
of the empty motor-rocket was not to exceed about 5,7 gr/kg sec. We .
tonsidered building a new missile at a we:.ght of about 3 gr/kg sec. for
the empty motor-rocket.

Ve P rﬁmla fo 1losive-Charge

In addition tb what I have told about the effect of the explo-
sive, I want to add .the results of trials made later on.

Using the fdilowing symbols $

C = weight of explosive in kg
e = distance from Boeing B-17 in m

| we got the following formula :
\=1
(1) G = 0,033 e o (e~4)

if blowing against the unloaded side of wing beyond a
distance greater than 6 m,
(2) @8 (0,33 - 0,0026)0 & o (e2)"

- if blowing against the loaded side beyond a distance
greater than 3 m,
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Butterfly Fig 1
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Butterfly  Fig.- 2
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BUTTERFLY FIG. 3
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The following information on Hénschel G/M work by members of
CIOS Team 367 from interviewing several people, the people interviewed:
being indicated in the report $

Notes on Interview with Dipl. Ing, HENRICI.
Schmetterling H.S. 117,

(1) _Design History.
The concept of an air-to-ground weapon of the -Schmet-

terling type originated in 1941 but design work on what was then known
as the H.S.297 was sporadic until 1943. In July or August of that year
t e development was started seriously and the weapon was renamed H.S.117.
The first trial flight was made in May 1944 and since then a total of
from 80 to 90 flights had been carried out of which some 20 to 30 were
Peenemlinde Acceptance trials.

(2) Weight of Weapon.
All-up weight, excluding boost units .eceses.s. 460 kg.
Wt, of structure,electronic & gyro equipment... 270 kg.
PIinlary rocket motor 900000000000 00000000000000 75 kg-
Primary rocket fuel .eccecoececcccccocccsssces 75 kgeo
EJQ)lOSive 20000000000 00000R0000000000¢C000000000 bo QC
Boost rockets each 90 kg,of which 4O kg is
propellantee.e.

(3) _Performance.

After the initial accelerating phase the weapon flies
at a Mach number of 0.77. This latter is maintained at a constant val-
ue by regulating the fuel flow into the combuskion chamber by means of a
valve which is controlled by a Machmeter. The Machmeter construction is
described in (5) below. The purpose underlying the requirement of ;
constant Mach number was claimed to be purely a simplification of the
aerodynamic control problem by eliminatingt he rdpid changes of aerody-
namic characteristics with change in Mach number which may otherwise be
expected to occur in the operational speed range of the weapon,

The maximum height attained is 10 km., and the maxi-
mum horizontal range is 18 km,

The longitudinal acceleration at take-off is from 7.5
to 8,0 g, and the maximum normal acceleration available for manoceuvres
over most of the trajectory is 7.5 g. In fact, 10 g could be attained
but 7.5 g was considered adequate and its use simplified structurgl
problems. The acceleration of 10 g corresponds to a € Max of 0.7;
this value was measured in the Adlershof High Speed Wind Tunnel.

For a given or for a given average tailplane c&,
which at a constant Mach number amounts to the same thing, the norma
acceleration developed will be proportional to 1/2.e.V2, where e. is the
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‘air density and V is the forward speeds This quantity garies consider-
ably over the trajectory. In order to facilitate guiding from the
ground it was considered desirable to eliminate as far as possible the
variation of maximum normal acceleration with altitude. To this end

a mechanism was introduced into the spoiler solenoid circuit which
caused the spoiler movement to be reduced as the total head, which was
measured by an ardinary pilot tubs, increased. It may be noted that

at a constant Mach number 1/2 e.V is proportional to the total head.
In this way, a curve of maximum acceleration against altitude was ob-
tained something like that shown below.

NS

Unlimited Spoi

\\ \’/ n poiler Movement
~N

N\
N\,

\\\—
AITItude.

(&) ket Performance.
. ias Boost Rockets.

The boost rockets each developed an impulse of
7400 kg, secs. within the limits ~O, $400 kg, secs. ITheir burning time
was 4.0 secs. guaranteed by the manufacturers only to within £ 0.5 secs.
The nozzles were mounted on spherieal joints which permitted their being
aligned such that the direction of the thrust passed through the center
of gravity of the missile-boost rocket combination. For the firings
which had been made 4 ' to date, the adjustment was
carried out individually for each rocket after it was fitted to the
missile. The method ¥is to use a Zeiss inclinometer which gave an an-

gular accuracy of 3

Max.Normal Acen,

Henrici stated that no trimming troubles had
been encountered due to interference between the boost rocket jet and
the downwash at the tailplane. One question had been raised,however,
concerning the effect of the boost rockets on the trim of the missile;
this was whether toeing-out the jets would lead to the development of
a force normal to the nozzle axis. Bench tests had been made but no
off-axis.forces were detected.

(b) Primary Rocket,

The impulse of the primg,ry rocket was stated to
be 12,500 kg. secs. with a burning time of 90 secs.

(5) Machmeter & Motor Thrust Regulator.

- The Machmeter consists of two diaphragms, the
one sensitive to static pressure and the other to total head. The
diaphragms, or capsules, are connected to a lever such that at a Mach
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number of 0,77 the lever is in a neutral position with respect to two
contacts. The contactd and lever form part of a servo motor control
circuit and the direction of operation of the motor depends on whether
the Mach number is gredter or less than 0,77. The arrangement is
shown diagramatically below,

Total Head ,
EE%E; B Pivot
4-r””‘ V-

T

Stat¥c Head

Contacts

It may be noted that at M=0.77 the ratio of the total to the static
pressure is very nearly 1.5¢! the distances of the total pressure and
static pressure links from the pivot may, therefore, be expected to be
roughly in this ratio.

Two types of valveswere proposed for regulating the
fuel injection into the combustion chamber. The first was designed by
BMW and consisted of a perforated plate which was pressed against pres-
sure. The fuel flow was varied by rotating the plate. However, the
method was found to be unsatisfactory and was superceded by a design
evolved by Walther at Kiel., The principle was much the same, but in-
stead of altering the ares of the combustion chamber fuel entries by
means of a flat plate, roller bearings operated by a rotatable disc were
used. A sketch of the arrangement is given below.

Combustion
Chamber

Roller
Bearings

J

Disc Rotated by
Servo - Motor,

The time-lag in the complete system which included
the Pilot static tube and lines, Machmeter, servo-motor, and fuel valve
was such that the variation of Mach Number during flight never exceeded
0,03, The greatest lag was encountered in the servo-motor and this
was designed such that at its initial maximum rate of operation it
would move the fuel regulator through its complete range in 3 secs.

(6) Spoiler Control. (Wagner Riider)

A considerable number of wind tunnel tests had been
made to determine the characteristics of the Wagner rtlder both at low
and at high speeds. These tests showed that for the 12% thick aero-
foil section used in Schmetterling the optimum width of spoiler was

el
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from 2.5% to 3% of the aerofoil chord. For greater wdiths the drag in-
creased rapidly and for smaller widths the effectiveness of the control
became small, It would appear that, in effect, the best arrangement is
such that in its extreme positions the spoiler is just immersed in the

aerofoil wake.

' The method of operation was to apply a voltage to the
actuating solenoids in the form of a square wave. . Thus the spoilers were
continuously oscillating between their extreme positions. Proportional
control was obtained by varying the duration of successive semi-periods in
each cycle so that the spoiler remained longer in one position than in
the other. Maximum control in any direction was attained for a-b = 0.95,

where a and b are the semi-periods of each cycle. This implieaaﬂ?at in
this condition the ratio of the times spent at each stationary position

is 38:1,

Wind tunnel tests had shown the spoilers to suffer no
sensible reduction of effectiveness up to a Mach number of 0.85. Fuarther-
more, tests at supersonic speeds revealed that the spoilers were also
effdctive in that range but that the effectiveness was only a little
greater than one half than at low subsonic speeds. The type of curve
found for the variation of effectiveness with Mach number was as follows:

. .
1,0 Mach Number

Effectiveness

(7) Stability.

Previous interrogations of personnel associated with
the design of Schmetterling suggested that some troubles had been en-
countered in the early trial stages with aerodynamic instability.

Henrici, on the other hand, asserted that no such difficulties had arisen;
in fact, the aerodynamics of the missile had not at any time subsequent
to the design, presented any serious problems,

Thé following approximate figures for the C.G. margins
during flight were quoted :
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No. Condition C.g. margin

1 Weapon vith all 1iquid fuel, and boost rockets 020
with all solid fuel

2 As (1) but with solid fuel burnt 0.16

3 As (2) but with boost rockets jettisoned 0.20

L. As (3) but with all liquid fuel burnt 0.17

(8) _Wind Tunnel Tests.
The following wind tunnel tests had been made

on Schmetterling

No. ° Tunnel Speed Date lModel

1 D.V.L. Low-speed May 1944 1:2 Scale; wooden

2 D,V.L. Low~-speed Aug l9hh' 122 Scale; wooden

3 D.V.L. High-speed M = 0.85 Oct 1944 132 Scalegaluminium
L D.V.L. High-speed M = 0.85 Harch 1945 1:2 Scalejaluminium
5 A.V.L, GOTTINGEN M = 0,9 & 1.2 —— s

Henrici asserted that the reports on tests ltol
had been destroyed but that the results of the C8ttingen tests might be
available. These latter were carried out under the direction of Prof.
fNalchner of the A.V.A. and accordingly, he was interviewed. He stated
that again the reports had been destroyed but that it might be possible
to*reconstruct them from the tunnel laboratory records which, he believed,
were still in existence. . Frof. ‘Jalchner agreed to try to find the lab-
oratory bouvks and, if they were available, to rewrite the reports,

This would take some 10 days or so. A furbher visit to GHttingen is,
therefore, proposed to investigate the progress of Walchner's work and to
discuss with him tests made at A.V.A. on other projects. It is also
intended to have a further discussion with Herr Henrici,
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Tpe following information relating to work on the de-
vélopment of components for HS-293 was obtained from Dr.Harold of Z.V.H.
at Innerthan.

(1) Radar Homing Device for HS-293.

The radar hominz device was tc be mounted on the nose
of an iS=293., The aerial system consisted of four separately fed di-
poledtiiéRe situated at opposite ends of the horizontal and vertical dia-

‘meters of the nose. Each had a polar diagram which squinted sideways

at an angle of about 40 degrees. The aerials were connected alternate-
ly to the receiver through a L-way rotating switch, Signals from ship-
borne rzdar are received ard smoothed in four separate circuits, and the
outputs frem the up/down and left/right aerinls are fed differentially
into the aileron aml elevator control circuits. The resulting split
polar diagram gives lirear indications of terget misalignment up to
angles of LC degrees on either side. The left/right control is fed in
through the roll =tebilizing gyro. The letter has two ganged potentio-
meters on its outer ring which are fed with D.C. from the left and right
receiver outputs., ¥hen no control is being applied and the mbsile is
flying straight there is no voltage difference between the two sliders.
If a gust disturbs the missile, then the voltages on the sliders change
in opposite directions and the resulting differsnce is applied to the
aileron servo motor/ Vhen a misalicnment is recorded, a voltage dif-
ference between the sliders is set up and bank is applied until this
voltage is again zero. A rate of turn is therefore oroduced which is
vroportional to the target misalignment and, apart from delays in the
servo system, the missile turns so that the miszlignment decreases with
time exponentizlly, In the vertical plune the output voltage differ-
ence between the upper and lower dipoles is fed directly to the servo

. motor driving the elevators.

(2) Coincidence Pulse Fusing System.

The coincidence pulse system of fusing for the H3-239
was for use when the target and the missile were both observed with the
Neptune R Cerit. Pulse coincidence by visual observation of the sig-
nals on the CRT indicator was teco inaccurate and so an sutomatic method
was used. The combined signal was strobéd and passed through a delay
network which gave a delay of one pulse width. The delayed and un-
deleyed signals were then multiplied and the result was peak rectified.
“When the two pulses were in coincidence the output from the multiplica-
tion circuit was zero, the output chenging sign as they passed thrcugh
coincidence, This output was therefore connected to a balanced relay
which sent out the fusing gignal as it passed from one pole to the other.

(3) Proximity Fuse.

A+»Z.G. have developed an electronic vroximity fuse
which was said to be in mass »roduction, It consisted of a unipole
mounted on the nose of a missile, and tightly coupled to a small CW
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Oscilator. A second oscilator was also incorporated which ran at a
frequency of 800c/s less than that of the first. The beat frequency
was obtained in a mixer. In the proximity of an aircraft or other
large conducting body the frequency of the first oscilator was pulled
by the change of aerial impedance and the beat. frequency increased.
The latter signal was passed through a 1000 c/s filter the ,output of
which operated the fuse.



B. WASSERFALL,

I. General Description.

1, Specification,

The Wehrmacht leid down the requirement for e flak
rocket to attack under the follnwing conditions:-

a. Meximum terget height ooty 20 killcmeters.
b. Minimum target helght oueie 5 kilometers
c. Meximum terget speed e 250 meters/sec
d. Desireble maximum range of

engagement 50 kilomters.
In addition an eccuracy andr eliability cuch that other
missile should bring down ite target. As will be <een
below, this specification wes not met in all respects.

2. Description of Prolject..

Wasserfell - developed to me=st the above requlrements
- was powered by a bi-fuel rocket motor which could be
guided to the vieinity of ite tsrget by radio., It wes
und erstood that it should be fitted with a proximity fuse
and & homing device, but they were not yet ready.

3, The CGeneral Deteils are &s follows:-

All up weight - 3850 kilogrems.
Welght of EZxplosive “e e 250 kilograme,

distributed to obteln maximum fragmentation with minimum
excess metal

Salbel (90% HNO3 - 10% Hp SOr) ... 150C kilograms

Miscol (Crganic fusl) ee. 709 kilos.(epp)
N, for pressurizifig tanke (end antenna) 70 kilogrsams.
Tank prescure oo 25H-27 atmosphere
Thruet of motor ses (000 kilograms,
Impulese of motor 180, 000 kilogram/ssc
Time of firing o u5 secords,
Starting upward accelerstion g o 1 g.(eporox,)
Speed after 6 seconds ees [0 m/sec.(apurox)
Height after & seconds. ee. 200 meters (approx)
Nex longitudinal &scceleration . 5 g.(approx)
Mex, design lateral acceleration ... 12 g,
Cenuer of gravity movement during flight 10 cm.(epprox.)
Control surface anguiar rate ... U0%sec.
Control surface wcvement vem 200
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L. Present Status of Wasserfall,

About 50 Wasserfalls have been fired at Peenemiinde for tests
of the propulsion and guiding systems; no tests were made against an
aircraft target. The testsappear to have been successful on the whole,
although there was evidence that the stability margin on passing through
the sonic region was small. No homing device or proximity fuse was
triedo

II. Description of Wasserfall Control System,

1. General Description of Control System,

Wasserfall, like V-2, is fired vertically, No control other
than the gyrostgbilisation (see below) is applied until six seconds
after firing when the missile has reached a height of about 600-ft and
is travelling at 180-ft/sec. One second before this point,the missile
appears in the field of view of the sighting instrument of the operator.
After six seconds from release, the operator's joy-stick is moved
according to a program computed by the "Einlenk gerit" (later described)
and the operator manoevres the missile by means of a joy-stick which
actuates bhe control surfaces on the projectile through a rgdio link
~o as always to keep the missile in the center of the field of view of
tne telescope, The program given by the computer is such that the
missile, the observer and the target are brought into collinearityjwhen
this occurs, the operator attempts to keep the target and the missile
collinears To assist this, it wgs intended to use a "t-Rechner"
(described below) which determined the angle between the horizontal line
lying in the yaw plane of the projectile and the horizontal projection
of the line of sight. The axes of the control stick are,in effect,
turned through this angle, enabling the operator to preserve the same
direction of .control for the same apparent directional error t.hrouglzo t
the traject In order to have available throughout the trajectxsg,
the maximum design lateral acceleration despite the speed variation,the
control surface movement ratio is continuously decreased along the tra-
ject X on a time basis. This also has the effect of simplifying the
control problem as the same effect for a given stick movement was pre-
served throughout the flight. It was proposed to do this in practice
either by varying the amplitude of the control signals sent from the
ground with time,or by varying the effects of given signals on the mis-
sile by apparatus on the nbsile,

In the development of the control system, a mechanical model and
an electric simulator were used. The chief trouble encountered in the
development of the control system was the very wide range of movement
torques required, at the high Mach numbers, especially while in the
‘transonic region the missile was almost unstable necessitating large
rudder movement for control in a given direction. However, it was hoped
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‘ to overcome this by aerodynamic re-design. In spite of the large vari-
ations in torques required, it was necessary to-maintain the strict
following of the control movements called for.

2, Method of Trajectory Control.

The weapon was, in the first instance, for use in daytime
against bomber formations and a visual method of control was to be used,
The set up on the ground consisted of the firing platform; a telescope
for observing the target; a telescope for observing the missile, the
observer, through this, being in control of the missile; a computor
called the "Einlenk Ger#t" and the Kehl transmitter., At the test site
at Peenemiinde these various positions were grouped together within a
few meters of one another,

The missile was controlled so as to fly on a line of sight
course with respect to the controlling observer and the target., The :
method of launching the Wasserfall, however, necessitated some increased
complexity over the simple line of sight procedure. The missile was
launched vertically and flew in this direction for six seconds up to a
height of 200 meters. It was then controlled so that it approached the
line of sight course as quickly and as stably as possible, taking into
account the limited manourrability of the missile, If the directions
of the missile and target are defined in terms of azimuth and elevation,
the method may be described as follows, Apart from parallax corrections,
the observer's telescope started by looking vertically. After six
seconds its azimuth was controlled so that it was the same as that of
the aircraft viewing telescope. Its elevation was also controlled so
that if the target elevation was & and the observers telescope elevation
was B the differential equation.

Pe) G+ k(§-F)+ 9(r-8)=0 - - ()
expressed the relation between them, '

k is a calculated damping constant
£ (t) is a function of time after launching such that

f(t)= _12 t in secs,
t-5
g is.a function which is linear for small values of
Y -8 but which becomes constant at larger values,

If the controlling observer kept the missile central on the
cross wires in his field of view, then it flew on a course which
approached the correct line of sight asymptatically .and when it was
actually on the line of sight be held it there as closely as possible,
A difficulty arose since the control axes of the missile did not coin-
cide with the control axes of the observer, The relative rotation of '
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the two systems arose because the missile could be directed on to any
azimuth, and since it could not roll about its own longitudinal axis,

a roll with respect to space axes was produced. This effect wasto be
measured with a radio system which was called the "Taurechner" and will
be describedlater. Since roll is to be determined, some form of -poglar-
ization method was necessary, the 180 degrees ambiguity being resolved
by a knowledge of the control applied. The component of roll with re-
spect to the line of sight was then fed in to the control stick system,
as for example by rotating the control stick pick-off column, so that the
observers axes became those of the missile,

3. Control System.

According to Dr. Klein and Dr, Geissler, Wasserfall, at least in
the earlier models, had three free gyros mounted so as to measure pitch,
yaw and roll separately, Bach had a dohble potentiometer pick-off on
the outer ring wired as a bridge circuit, so that a movement of the outer
ring with respect to the case unbalanced the bridge., The latter was fed
with D.C. so that a D.C. output proportional to the misalignmert was ob~
tained from the pick-offs. This was fed into a ring modulator which
produced a ppportional 500c¢/s A.C. output. This was then amplified,
rectified and fed to the rudder serves. There were four separate rudder
servos which each drove a linked aerodynamic and jet rudder assembly.

The servos used were the LGW oil type as used in the later models of V-2.
A pure electrical servo of smaller size had been designed and was to re-
place the oil servo. The output from the pitch gyro came fromthe ring
modulator as a balanced signal and this was fed to the two amplifier
valves operating the two horizontal rudder servos., The output of these
valves was so arranged that a balanced output worked the rudders in the
same direction and so produced pitchs In the same manner a balanced out-
put from the valves operating the vertical rudders moved them also in the
same direction and gave yaw. The balanced roll output was fed to the
centre points of the pitch and yaw outputs. This caused opposite motions
of the horizontal and vertical rudders and produced rolls A potentio-
meter in the rudder servo provided a position signal which was fed back
into the ring modulator inputs. For a given gyro misalignment and,
therefore, the rudders took up a deflection given by

B = k

the motion of the rudders in taking up this deflection being damped by
internal servo damping. The constant k was varied as a function of time
by automatically altering the voltage applied to the gyro potentiometers.
In this wa¥ stability was maintained as the speed varied. The actual
values of k were determined both by wind tunnel measuremerts, and by
trial flights. '

k. Gyro System,
In the earlier models of Wasserfall, three mutually perpendicular
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gyros were used. These are standard aircraft directional indicator
gyros, the misalignment of the missile with respect to either of the
three axes displacing the slider of a potentiometer and thus unbalanc-
ing a D.C. bridge circuit. The unbalance output is converted into
~A.C. and amplified separately for each gyro. The output of the ampli-

fiers is used to drivé the rudder servo machiness The latter were
originally the same as in V-2 but a later model of all electric con-
struction was designed. The servo running at full speed turns through
90 degrees in 1,5 sec. but the linkage ratio to the rudder was not
known. The rudder system in Wasserfall was the same as in V-2 except
that all four pairs of air and jet rudders were linked instead of only
two, and all were driven with the same type of servo motor.

A complete gyro assembly was found in one shed and in another
shed,'several complete sets of "mischgerite! These are very similar
to the ones used in V-2, but some modification has occurred. One of
the plug in units has an extension let into the case to house extra
components. One of these units, in new condition,‘and the gyro assem=-
bly were sent back to R.A.E. A small dump of E-230 receivers had been
destroyed by burning.

5. External Control,

Radio control of; the missile was from the ground by means of
the standard Kehl—Stra‘aﬁeurg Gerit as used in the HS-293. The system
used CW on 49.5 Mc/s modulated with two pairs of tones, one for L/R and
one for U/D. The output from either command channel was an equal space
to mark square wave when no command was being given. A command gave an
increase or decrease in the space to mark ratio so that the mean D.C.
level of the square wave was proportional to the amount of control stick
motione The command information was fed into the stabilising circuit
in either of two wayss In one way the receiver output was fed through
a relay amplifier called the "Itaregler" to a small D.C. motor which then
rotated the gyro pick off at a speed proportional to the mean D.C. level
of the command signale When this method was used, therefore, the change
of the direction of flight of the missile was proportional to the time in-
tegral of the amount of control stick motion away from the neutral posi-
tion. In the second case the recéiver output was rectified and the re-
sulting D.C. was fed into the appropriate ring mibdulator in series with
the gyro outpute This produced a change of flight direction proportion-
al to the control stick motion, and on returning the stick to its neu-
tral position the missile flew again in the original direction. 1In
this case the variation of the control constant k was done by varying
the gain of the servo amplifiers. Apparantly the rate method of con-
trol was preferred. The receiver aerial consisted of a dipole, each
element of which was mounted on the trailing edge of an air rudder,on
an insulating support.
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6. The "Einlenk Gerfit".

_ The object of this apparatus is to enable the rocket to be
guided to the lime of sight from the position approximately 200 meters
vertically above the firing point obtained after the first seconds of
flight. This must be done for various angles of the line of sight with
the vertital without exceeding the maximum sustainable lateral acceler-
ation., To do this a sighting telescope was kept continuously on the
target and the azimuth and altitude angles measured continuously. A
second telescope was moved with its azimuth and altitude definite funct-
ions of those of the first telescope, the functions being such that after
a time the second telescope pointed at the target aircraft. The missile
was steered by ap operator looking through the second telescope who kept
the missile in the center of his field of view until the target appeared
in it; thereafter he steered the missile to keep it collinear with the
target. Considering first for simplieity the impractical case where the
operater is situated at the firing point of the missile, with the notation
obvious from the diagram,

Vertical
Target

Missile

—s Fixed Horizontal Line

then the evquation connecting the elevation and azimuth angles of the
_missile and target were, respectively:

RO +KE-8)+98-6=0
6= &

where F(t) is a function of time from firing given by

12
F (t) = t-5

and g O is a function of (@-¥) which is approximately linear at first
. but then flattens off as indicated in the diagram,

0
J
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The Einienk Gerit was for solving the eguation :-
Br@+ k G-6) - g0B-8) = 0

The circuit was as follows:

B e ‘ 3 Gain = t(t)'
,§ -
50-P | | |
: _ : To Tel :
| E Py | e ol s
g = Integg. a.t‘.o . E ( Lteggato%' P
- ‘K‘ﬁ

The rotations of the two telescopes about their vertical axes were fed
into a differential which turned the slider of a non-linear potentio-
meter wound so as to reproduce the function g. The output of this
therefore gave g (3- f). A D,C. generator was also mounted on the
axis of the target telescope which produced a voltage corresponding to

kd. We have from the above equation

@ = -k +h FG + 90-f)
P(t)

lc 8 - --/(b’ —‘K.B - 3@-—'9) J¢

[]

The terms -kb’ g (5-b) with £ (t) fed in as an overall amplitude co trol

were integrated with feed back of k| » and the resulting cutput was ¢

This was again integrated and the outpute was used to drive the observer's
. telesc servo, So it will be seen that the missile is steered so that

it re in the same vertical plane as the target whilst its elevation

is related to that of the target by equation (1), ‘Inspection of equat.ion

(1) shows that when it is large, F(t) will be small'and when d~

small enough to be on the constant slope portiom of the § curve, thenzr -B .

will asynptot:lcally approach’ zero,
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The relation, which § must cover widely differing target flight
paths, took nine months work to produce by caulculating the various tra-
jectories. In practice the observer is not situated at the firing point
and when he is sufficiently far away to introduce serious errors in the
above equations, another computer was to have been provided which calcu-
lated the azimuth and attitude required at the new telescope position in
terms of the distance of the observer from the firing point and the range
of the missile.

Depending upon initial conditions, the computer took up,to 20
seconds after it had commenced control to bring the missile into the tar-
get line of sight., A model of this apparatus had been constructed at
Peenamfinde by gaelvers using a straightforward integration circuits and
the production model was being designed by "Kreisel Gerdt" of Berlin,

n
8. The "Ta§-Rechner"

This is a device for determmining the orientation of the control
axes of the missile with respect to the control axes of the observer so
that the correct directions can be given to the missile. We have little
detailed knowledge of how this was to be done; however, a method pro-
posed by Dr/. lange is described in the next paragraph. The apparatus,
whieh was under development by Telefunken, utilized a radio transmitter
in the missile, The effective control zero of the joy-stick on the
ground were rotated electrically so that left or right and up/down con-
trol axes in the missile.,

This method, proposed by Dr, Lange but not actually constructed,
was to follow the target with a scanning Wurtzburg beam and to have a
responder in the migsile. Since the polarisation of the Wurtzburg beam
was rotating, the signal picked up by a dipole on the missile had a mod.
sine modulation. The phase of this modulation with respect to the rota=-
tion of the Wurtz burg dipole gave the required angle of the roll, T,
The signal was repeated back to the ground where it was received amd the
second harmonic component was picked out. This was used to lock an
oscillator of frequency equal to the rotation freaquency of the dipole,
and the output of this was compared, in a phase sensitive rectifies?, with
a sine wave generated on the dipole shaft itself. To avoid ambiguity
it was necessary that a continuous measurement of T be made,

9. Test Model of Wasserfgll,

An aluminium model was found in a pond near the Kaliwerke which
was approximately one quarter full size. Thls had two dipoles of
varisble length mounted along the edges of one wing.
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The best explanation for this model is that it was used for impedance and
polar diagram megsurements. It was suggested by Dr. Reis that transverse
unipoles were to be used. Several apparently unmodified E-230 receivers
were found amongst the rather badly looted laboratory gear, indicating
that this receiver was to be used for the radio control.

III. The Homing Device §lﬂ.ssi_.;g Gerlit)

_  Homing devices are described elsewhere in detail but for Wasser-
fall it was intended to use an infra-red device which began to operate
3 or 4 kilometers from the target. Because of the small field of view of
the "eye" (§ 3 degrees on the preferred model) it was necessary to point
the eye at the target at the beginning of the operating region. This was
done by Kriicke A or B described below. The radiation from the target was
modulated by a disc on which strips were blacked out so as to produce a
" frequency modulated square wave, the frequency excursion of which was a
lihear function of the angular target misalignment. The polar angle of
the target was determined from the phase of the square wave. The square
wave Was limited and passed through a discriminater circuit the output
from which was a sine wave whose amplitude was proportional to the radial
error of the target and the phase to its azimuth error. It was proposed
to stabilize the eye so that it maintained a constant direction in space.
In this way a collision course should be obtained,

' The followine informetion was obtained on the "Meessina Gerdt", by
interviewing Dr, Weiss. Dr. Weiss worked onghe design of the infra-red
homing eye called "Messina." The first idea was to use an eye which was
~mounted rigidly along the axis of the .projectile and which gave propér-
tional indication of target misalignment off this axis. This method suf-
ferred from two disadvantages, Firstly that the pitch and yaw of the
missile gave false indications. of the angle between the tangent to the
flight path and the direction of the target, and secndly that if a pre-
dicted collision course was being flown, the dirgction of the target might
make a large angle with the axis of the eye, t necessitating a large
field of view and consequently a small range sensitivity. It was there-
fore decided to use an eye mounted on a stabilized platform which was so
steered during the initial ground comrol of the missile, that the eye
looked always along the line of sight, and therefore at the target, This
was to be done by means of the "KruBke Ger#t" for which two forms had been
suggested. In one scheme, the eye was rotated on the platform by signals
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from a backward looking receiver which D/Fed . a ground transmitter, and

in the other scheme, the eye was turned by signals from the ground by an
amount which was determined from a measurement of the rocket direction.

In either case, when the missile came within the operating range of the
eye, control was handed over to it and from them om it remained with its
axis looking in a direction fixed in space. The inaccuracy of the Krilicke
Gerfit in pointing the eye would lead to an initial misalignment E of the
target with respect to the eye axis being measured, This was used to pro-
duce an angular motion of the rudders @ such that

B-f(E)

The ideal trajectory would be one for which E = O this leading, in the
case of a straight flying target, to a straight line collision course, and
in the case of a non-linear target motion to a sideways acceleration of the
missile which was not greater than the sideways acceleration of the target.
In order to produce a stable homing trajectory the function f (E) had to
contain other time derivatives of E but its form had not been determined.

The homing device consisted of a mirror with a rotating shutter at
the focus, The radiation passing through the shutter was diffused on to the
surface of an Elac infra-red cell, the output of which was amplified. Weiss
devised a shutter with strips which gave square wave chopping of the radiat-
ion, the chopping being at constant frequency for an image on the axis, but
having an increasing frequency modulation deviation for a source at an in-
creasing angular misalignments. The output of the amplifier was therefore
connected to a frequency discriminator which gave a sine-wave output whose
amplitude was proportional to the misalingment and whose phase, on comparison
with a reference commutator gave the phase of this misalignment with respect
to the eye axes, The use of frequency modulation was said to give the
direction of the brightest spot in a distributed target, but this does not
appear to be true if normal amplitude limiting is carried out before passing
the signal into the discriminator. This method does however seem to lead to
a very simple circuit for sorting out proportional misalignment. The beam
width necessary for a homing device used in this manner was determined by the
accuracy of the Krlicke Gerit and also by how far the manocevrability of the
missile could keep E = O. Beam widths actually used were from 6 degrees to
12 degrees, Weiss said he had a scheme for using a much narrower beam but
he refused to discuss it. It is presumed that he was considering a locked
follow eye with initial scanning in order to find the target.

IV. Wasserfall Simulator (Prof. Fischel and Dr. Schedling)

1., General Description of Simulator.

Two simulators were built at Ainring to study problems relating to
the control of flak rockets., '~ Both were three dimensional models, the
first being of a gqualitative nature and the second quantitative, The
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qualitative model had been completed and experimental work done with it,
but it has now been dismantled., Parts for the more accurate and de=-
tailed model are about 50% complete but it is stated that six months work
is still required.

With the first model work was done on the psychological aspect of
the control of the missile by an observer., For example experiments mere
made to see if control by two observers, one for up/dos.a and one for left/
right gave better results than with one man who did both, It was also
used for trainiﬁg controllers.

With the second model it was intended to carry out a much more
detailed study of the control of particular missiles. The aerodynamic
equations were taken into account so that the movdment of the missile axzes
with respect to the observer as well as the motion of its center of gravity
could be determined. They could therefore make experiments to find the
best values of the constants in the rudder control equation, and also to
determine whether the control stick should give position or rate control
or a combinZation of both, It was also possible, by calculating the angls
of incidenc® of the wings to observe what lateral accelerations were called
for, and to see whether these exceeded the maximun permissible. The model
was originally for Wasserfall, but modifications far use with Enzian and
Rheintochter had also been worked out.

2, First Model.

The older model occupied a space of 10m x 3m x 3m. the linear
scale being 135000, The target was represented by & szall sphere which
was supported by a string passing over a motar driven drum so that it
could be raised or lowered at a speed which was proportional to the input
to the motors This drum was mounted on a trolley which ran on a hori-
zontal rail. This rail was itself mounted on trolleys which ran along
the upper longitudinal members of the framework enclosing the experimental
space, <The trolleys were driven by motors at speeds proportiomal to the
input voltages so that the three Cartesian components of the target velo=-
city were determined by three motor input voltages.

The rocket was represented by another sphere which could also be
moved with respect to three perpendicular axes by means of a string and
pulley system mounted on trolleys. The arrangement used in this case
was a horizontal string passing over pulleys which were mounted on trolleys
running on vertical rails. The latter were carried on trolleys running
along the upper longitudinal members, This arrangement allowed the
rocket to pass on both sides of the target without any of the members
fouling each other. A schematic diagram of the movement is shown in
fig. 1.
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The movement of the target was controlled by a man with a control

stick meunted on axes as shown in fig. 2a. The direction of the stick
can be defined in terms of the angles a’and & in the coordinate system
shown in fig 2bs It is seen that the outputs of the two potentiometers
on the stick axes were proportiondl to these a‘r{gles.

The target was made to fly in the same direection as that of the control
sticke If the target speed is v then the trolley speeds werd® mada
equal tov, V4 and vz where '

vy = veing§ cosd

v, &V coagncos P. 2
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The value of v was chosen to suit a particular target aircraft. It
remained constant in horizontal flight but it was increased or de-
creased proportionally if the aircraft dived or climbed. To allow for
the fact that the aircraft has a certain maximum rate of turn;the
values of & and gr~were not taken directly from the control stick axes
but an intermediate circuit was used as shown in fig.3.

stick 1
position I

spht Freld,
Modeor <

A second potentiometer was connected in parallel with the stick poten=
tiometer which was driven by a mctor amd relay circuit. For values of
Q{ and dg= which were less than the speed of the motor the second

%g.tentio%gter followed the movement of the first exactly, but when
these were exceeded it lagged behind. The speed of the motor was made
to correspond to the maximum rate of turn of the aircraft, so that
during the control of the latter, this rate of turn was not exceeded.

The missile was controlled by means of a stick mounted on
horizontal axes as shown in fig.ka., In this case the direction of the
stick was defined in terms of the angles § and X as shown in the fig,
4b., As in the case of the target, the missile was made to fly in the
direction of the control stick by picking off from the stick axes the
values of these angles, and feeding the outputs into a calculator which
gave outputs to the missile driving motors proportional to the velocity
components v vy and v,, where

v sin X
v cox X sin

Yx

Vy
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A different set of control stick axes was geed'in the case of the mis-
sile since in the beginning it flies vertically and therefore if the :a
O system were used, @ would be indeterminate at the start, The velo-
city was varied in the same menner as for an actual operation. Three
different functions representing the variation of velocity with time were
available depending on the flatness or otherwise of the trajectory.

These are shown diagrammatica]ly in fige5.

The initial parabolic rise rgresents the uniformincrease of acceleratéon

from the launching point up to the point of jet extinction. The latter
occurred after 45-secs. From then on the velocity decreased owing to
drag. 2%

A potentiometer and motor system was used to limit the rate of turn
of the missile as in the case of the target.

The calculation in the velocity component computer was done mech-
anically by means of cams. In the target calculatord was fed in as a
shaft rotation to a two-dimensional sine cam the output of which gave the
vertical component of the nlocity. It was also fed to two three-dimen-
sional cams, one for cosine/sine for the x component and one sine/sine
for the y component. The angle was fed to these as a translational
movement., The overall magnitude of the output of each cam was varied as
a function of K by means of a lever system. A similar mechanical sys-
tem was used for the missile calculator.

The three-dimensional cams were made on a drilling machine with
accurate depth gauging and with a good dividing head, The tool used had
a tip which was part of séphere of curvature slightly less than the maxi-
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mum concave curvature of the cam surfaces In this way, from a cylin-
drical aluminium blank, a rough cam was prepared which had over its sur-
face a system of dents representing true points on the required surface,
The rest of the metal was filed off by hand and the surface was then
polished and hardened by anodising. The accuracy was said to be 0.3%.

3. Second Model,

The new model was constructed on the same linear scale as the
first but its height was increased to 5m to correspond to an actual
ceiling of 25km., The target was controlled in exactly the same manner
as in the old model. The missile control system consisted of the fol-
lowing separate items 3

a. The control stick.
This was mounted on a system of axés similar to those
shown in fig.4a. The angular movements with resgpect to these axes were
called f§ and Xy

b. The Rudder-Angle Calculator

The equation governing the motion of the rudders can be

’j=°of"k+ °-1j§kdt -a, o+t ete

written as @

where
is the angle of one pair of rudders on the missile,
is a factor, variable with time according to a predertermined pro-
gramme, expressing the gearings of the_pggitiopn control of the stick.

LR is a factor, also variable with time, expressing the gearings of
the rate control of the stick,

e] 1is a similar factor for any integral control which may be necessary.
is the component of the direction of the longitudinal axis of the

?‘ missile.

a, expresses the gearings of the self-stabilizing linkage inside the
missile itself,

A similar equation holds good for th® motion of the rudders in the
plane at right angles. In this simulator, the rotation of the missile
control axes with respect to the observers axes was taken into account
so that there was actually a linkage between the two equations. It was
assumed that the aerodynmaic linkage between the two corfrol was negli-
gible,

The rudder angle calculator fook ¢k directly from the control
stick., The factors e_ dt and a QA were obtained from a gyro sys-
tem similar to that used in the actdal missile. (See below),

c. The Moment Calculator.

The equation representing the rotation of the missile in the
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plane can be written as :

ofgy, + Dy Y c@y - ) t RO =~ O

cos Xy

where:-

O 1is the moment of inertia of the missile, for this plane,
D is the aerodynamic damping.
C is the rate of change of pitching moment with incidence,
is the moment produced by the rudder for unit rudder angle,
¢B is the component of the direction of the trajectory.

A similar equation holds good for the relation between Xy and Xg

It was found that the effect of the first two terms in the above equation
was so small, on the trajectory as a whole, that they could be neglected
in the calculation. In this calculator, therefore, the value of 4 was
taken from the rudder angle calculator, ¢B was fed in from a unit further
along in the chain, and a value of ¢A was therefore obtained. X, was
obtained similarly.

d. The Gyro Unit.

The gyro unit consisted of 2 standard Wasserfall free gyros
mounted on a table supported on horizontal gimbals. The pick-offs were
the usual double potentiometers, the stators of which were rotated by
motors at speeds proportional to the control stick angles. The table was
tilted through angles @, and X; so that the output of the pick-offs was

-1¢k dt - a5 @, and e -y Xg dt - a5 X,

These were fed back into the rudder angle calculator as indicated above.
In this way the inaccuracy of the gyro was taken into account.

e, The Translational Motion Calculator.

The equation expressing the sideways motion of the missile can
be written as @ _

AJg = n' (@) -¢p) - sinfp

cos IB
where:= n' = S # deg g F
¢ dX G
S is the drive of the jet q. is the static pressure at the
G 1is the weight of the missile wings
¢, is the lift coefficient F is the effective 1lift area of
¢ is the incidence angle the wings.

-98-



The térms in the equation are non-dimensional expressions for the aero-
dynamic damping force, the side forces due to jet and lift, and the
sideways component of gravity.

In t calaulation @, and X, were fed in from the moments calculator
and g and were O %ained.A These were fed back into the moments cal-
culator as described above.

f. _The Trajectory Calculator.

Since the direction of the trajectoiry was known at any in-
stant in terms of the angles Pp and Xy the dummy missile was then moved
with component velocities given by

vy = v sin Xy
v& - vcostsing?B

A similar equation hélds good for the X components,

y
v v cos XB cos '»"B

by means of a calculator similar to the one used in the old simulator.
The velocity v was obtained by calculating

v - _S- dt - G Ccos x [e] e} dto

g. The Incidence Calculator.

The angle of incidence was calculated irom the eguation $-
2 .2 % : 2
42 . ‘¢A _ ¢33 cos® X, 4 ( X - XB)

The value of oA obtained was displayed and recorded so that the accelera-
tion of the missile in a sidewards direction could be observed, and it
could therefore be dstermined if the maximum permissible was exceeded during
any particular run, ’

h. The "Tau" Calculator.

As in the case of the actual operation,it is necessary to
take into account the apparent rotation of the rudder axes with respect to
the axes of the observer so that,for example, the forward movement of the
control stick »eally deoed give a downwards movement of the missile with
respect to the observer, %his was done by dleeding back gA and X into the
rudder calculator. The apparent angle of rotation of the missile axes is

given by
T = Xy sin ﬂA :

and so the new rudder angles are given by ' and{\' where
Y= Yoos (xy singy) + \ sin (% sin )
g S cos (XA sin ¢A) - sin (X, sin éA)
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i, The Operstional Display.

In erder te observe how closely the controller
was able to keep the missile flying on & line of sight
couree, the actual positions of the missile-and target
trolley mechanisms were fed inte two s eparate calculators
which worked out the actual aximuth and elevation of
both missile and target. The two results were displayed
as spots of light on a .screen, and r ecordings and
neasurements could then be mads,
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C. ENZIAN

I. ENZIAN I, TI, IIT & IV,

1. Designt

The design was started in November 1943, mnd the construction of
the first full scale model of Enzian I was started in January 1944. The
first trial flight was made in May 1944; in all, 38 flights were made on
Enzian I., BEnzian I, II and III had a Walther bi-fuel turbo-rocket motor
and Enzlan IV had a Konrad bi-fuel rocket motor., Apart from.this, the
four types differed only slightly in structural design; the aerodynamic
shape was the same for all.

2. Constructional Dimensionse

a. Wings, Span L'm
Area he9 sq m
Chord Root l.25 m
Chord Tip NACA 0020

Section Root  NACA 0010
Section Tip 30 degreess
Sweepback Neag 30°
Twist Ve
Mid-Wing Position

be Fuselage, Circular cross section with parallel center por-
tion to which the wings were fixed :

Diameter -0.88 m
Length ‘ -3.9 m

c. _Controls. Full span parallel elevons: Flat ‘iided with
about 40% balance. The elevon chord is 0,26 me The angular ranges
are :

Elevator + 10°
Ailerons + 5°
de weight ;
All weight at take-off,
excluling boost rockets ... 1500 kg. _
War head e0e 'YX 500 kg.(orig-h50 18)
Boost Rockets eoe 420 kg.
6. Motion Performance _
(1) Boost Rockets - Thrust ... 1500 kg. each.
(2) Primary Bocket- Initia]l Thrust 2000 kg = )
. (Konrad Bocket) Final Thrust = 1000 kg
Duration of % sec _ )
Impulse 110,000 kg secs.)
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3, Technical Details.

a. Launching,
The missile, is launched from rails 6.8 m long; both the

primary four-boost rockets are in operation during launsh. The boost
rockets are jettisoned after 4 seconds, The speed on leaving the rails
is 24 m/s, and in order to guard against a stall, control is not applied
until the flying speed reaches about 55 m/s (i.e. about 085)., In prac-
tice this condition is met by giving control signals only after the
first 5 seconds of flight.

b. Performauce.
The weapon was designed to fly at a Mach number of 0.9 The

estimated maximum height attained by a vertical launch was 16,000 m but
with the Walther power plant only 7,000 m is attained.

The maximum normal normal acceleration over the middle part of
the trajectory is 80 g. at a height of 7,000 m and a Mach number of 09
This corresponds to a Cj, of about 0.8 according to Wurster. Wind tunnel
tests suggested that thejs max at mach 0,9 would be in the vicinity of
1,05 theb' max at low speed was found to be 1,2, Even with the large
sweepback “used, the drop of only 0.2 mE max between mach 4Poand mach
0.9 seems to be improbably small, At mach 0.9 the minimum t radius
of curvature was quoted as 250 m at ground level corresponding a
centrifugal acceleration of about 4.0 g and a bank angle of about 75 degrees.

c. Stability.
The C.G. max given at zero thrust was quoted as being 0.35 C,

varying only slightly with Mach number. This was considered adequate in
view of the large value of 2k contributed by the wings. It was stated
that the presence of this jet made an appreciable contribution in statie
stability. The lateral stability was chosen such that it just borders
the spiral instability boundary. The value of n was 0.04.

d. _Drag.
The low-speed drag coefficient was about 0,025. The critical

Mach number was in the region of 0.86 but between M = 086 and M = 049
the Co rise was gradual.

e, Fuselage Shape,
Two azdvantages were claimed for the low fineness ratio fuselagees

First, it allowed the use of spherical fuel tanks which were the most favor—
able shape for strength to weight ratio; secondly, the low fuselage length
tended to reduce the destablishing effect on My and Ny.

The parallel-sided centersection was introduced to facilitate
production. Wurster maintained that it also helped to reduce wing=-
body interference at high speed by virtue of the smaller excess and pres—
sure velocity gradients in the neighborhood of the wing, as compgred with
a fuselage having a continuously curved profile., This latter a ques=
tionable point, particularly for a low fineness ratio body gince pressure
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breaks will be introduced at the nose-center section junction which may
lead to the development of shock waves at high speeds.

£. _Controls,
Wind tunnel tests showed that the plain, set-back hugh control

in conjunctionh with wing sweepback ds used on Enzian retained its effec-
tiveness up to speeds of -the order of Mach = (.9,

A rough estimate suggested that at Mach = 0.9, the maximum torque
required to deflect the elevators 10° would be 2.5 kg m and a further 2.9
kg m would be necessary to deflect the ailerons 5 degrees; i.e., one flap
elevon would be at 15 degrees and the other at 5 degrees. The required
rate of elevon operation was 10 degrees in 0.3 seconds. The Siemans servo
motor used in existing models gave a maximum torque of 18 kg/m and delivered
a power of 7.5 kg m/sec, It was hoped to replace this motor by an
Askania or a further Siemans design which was much smller and was capable
of a maximum torque of § k§/n.

g. Production, ‘
It was estimited that the total production time would be 450 man
hours, Of this the engine would take 110 man hours to make, Provision
was to have been made for an output of 10,000 per month.

II. _ENZIAN V.

Enzian V appeared to be a private development of Messewehmitts., It
was to he a supersonic missile capable of combating Jet—propelled bombers
and was in the prellminary design stage.

1 Deacrigtion of Missile and Genergl Dimensions.

Enzian V was designed to fly at a Mach number of 1.6 to 2.0. It
had four separate wings placed symetrically around the fuselage. The bddy
was similar to the other Enzian designs, but had an ogival nose similar
in shape to the A4 nose of 7 C.E.N. The power plant was a Konrad design:
identical with that proposed for Enzian IV except that a higher combustion
chamber pressure was used which lead to an initial thrust of 2500 kg ard a
final thrust of 1500 kg3 the same amount of fuel was carried and the same
specific impulse developed as in the Enzian IV so that the endurance would
be correspondingly less. '

The contrmls which were fitted to all four wings consisted of
,plaln trailing edge flaps; one pair were operated as elevons and other
p?lr as puwre rudders, There was no fin.

The roll stabilization system was identical with Enzian IV compris-
ing a free and a rate gyroscope.
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a. Wings: ' Span - 2m
Chord Root - 1.25 m
Chord Tip - 0.65 m
Area - 5.0 sgm (four wings)
Sweepback 55,0 degrees
Section symmetrical bi~corvex
Thickness - chord ratio root 7%
1 " tip h%

b. _Fuselage: Length - nearly 6 me"
Max Diameter 0,88 m.

c. Weight: All of weight at launching,
exclud ing boost rockets 1250 kg,
Warhea.d * 00 LR . 250 kg.

de Controls: Full-span, parallel-sided. The ratio of
control chord to tip chord was 30%. Angular range :

Elvators and rudders... g g

Ailerons ceo

The control areas were chosen such that the maximum operating torque
would be the same as for Enzian IV,

2e Performance,

It was hoped toc reach Mach nu_mbers in the region of l.6 to
2.0, This large increase of speed over the Enzian IV was claimed to be
obtained .by (a) the increased thrust, (b) the smaller wing thickness
and ogival nose on the body and (c) by the smaller weight. The very
large sweepback was provided for reducing the dragin the sonic regien;
it would clearly have very little advantage at super-sonic velocities,

Provision was made for lateral acceleration of 3.0 to 3.5 g
which would be reached at a wing incidence of above 3 degrees. In fact,
the limitation of 3 degrees on the wing incidence above which the drag
would become prohibitive led to the four winged design. The manocewv-
ability of a two winged missile would have been smrll/

The minimum turning radius was given as 1500 m,

The range was to have been approximately the same as the
Enzian IV,

The weapon was to have a high degree of static stability; the
C.G. margin provided at M,= 146 was 0.505 C.-

Calculations regarding wing areas, static stability drag, etc.
appear to have been made fairly crudely, In designing the wing plan
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form Schlichting's finite aspect ratio wing theory was used with no cor-
rection for body interference. In using the Schlichting formula the
aspect ratio was taken to be that appropriate to a single wing. This
was said to be. justified by supersonic wind tunnel tests unlike the AL
ard Wasserfall designs.

III. PROPULSION UNITS,

1. The motor is a bi-fuel liquid rocket designed by Dr., Konrad of
Tech. High School of Berlin to replace an unsatisfactory t designed by
Walther of Kiel, It uses salbei (92% HNO; + &%H, SO, ) and gasoline -
in the ratio of l.4: 1 by weight; the to quantfty of propellant bring
550 kg, and the total impulse being 108,000 - 110,000 kg secs. This cor-
responds to a mean S.I. of 199 but Wurster stated that the mean propellant
consumption was 5.5 gm/sec/kg, rising to 5.6 at beginning and end, which
correspords to a S.I. of approximately 182, This mixture is not spontan-
eously inflammable but require spark ignition and Wurster said that they
used a small electrical ignited powder rocket in the combustion chamber to
effect ignition., = The advantage of the system is that it gives quicker
and smoother ignition with less risk of explosion than spontaneous combus-
tion but in order to eliminate explosions it was still necessary to ensure
that the salbei fleed starts before the fuel feed. (See para,k below)s

2. The propulsion unit comprises a combustion chamber and 3 spheri-
cal pressure vessels, the rear-most of which is an air bottle,originally
inflated to a pressure of 200 atmos, and the other two contain fuel and
oxidant respectivelv. This disposition was selected from C.G. considera-
tions. ’

: 3. At the commencement of burning the rocket motor of Enzian IV
operates at a pressure of 34 atmospheres and gives a thrust of 2000 kg and
this thrust falls linearly with time to give, at the end of burning, an
operating preessure of 18 atmosphere and a thrust of 1000-kg. The pree-
sure reduction between the air bottle and liquid vessels is by means of a
simple orifice plate and the progressive reduction in combustion chamber
operating pressure is the direct result of gradual exhaustion of the air
bottle. ,  The same pressure is applied to both liguids and Wurster said tkat
met.eringbsy the’ resistance of the connecting pipes and not that of the

spray nozzles,

L. Retention of the liquids in the vessels is effected by means of
bursting discs selected to ripture at 15 atmospheres at entr%ﬂznd 36
‘atmospheres &t exlts., In order to avoid explosions on start the rocket
the oxident supplypipes are made shorter than the fuel pipes and the
oxidant bursting discs are set to a slightly lower pressure than the
fuel ones. '

5. Wurster stated that according to Germanlfigures the use of
air pressure for fuel feed purposes is lighter thgn a turbine-cum=pump
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unit for impulses up to 200,000 kg secs and in addition has a great ad-
vantage in that no run up to speed is required. He said that on Me

163 it takes 4-5 seconds to run the turbine up to its operation speed of
30,000 rpm and this delay is prohibitive for a flak rocket,

6. Wurster stated that the weights of the various parts of the
motor are as folows 3
Combustion Chamber 24 kg
Air Bottles .19 kg
Large Spherical Tank 30 kg
Small Spherical Tank _24 kg

_Total 97 kg
Propellant 550 kg

350
Effective S.I. of motor plus fuel = 199 x 647 = 170.

He said that all tanks were made of ordinary M.S., 2mm thick
untreated against corrosion and that the General Staff requirement was
that they should stand 6 months storage after being filled with salbeil
and fuel. No enamel or other protective coating was employed.

7. In addition to this main rocket motor Enzian employed 4 boost
rockets giving a thrust of 1500 kg secs each and having burning time of
4 seconds after which they were jettisoned. These rockets were fitted
with small wings to assist them to fly clear when jettisoned. Control of
Enzian commenced 1 second after jettisoning, i.e. 5 seconds after launch-

ing.

8. In the case of Enzian V the initial and fimal thrusts were in-

creased to 2500 and 1500 kgs respectively by increasing the diameter of
the air metering erifice, Otherwise the motor was unaltered.

IV. CONTROL SYSTEM.
A, Stabilization:

1., Interrogation of Dr, Wurster produced very little acceptable
information concerning gyro-control of Enzian. His statements were
often changed when questioned so it is to be concluded that his infor =
mation of actual gyro control was incomplete,

2. However other sources of information produce the following
plausible story. The first trial models probably had one rate gyro
and one free gyro with a single gymbal ring, The first free gyro tried
was found unsatisfactory since it had an angular ramge of only 40
degrees and no provision for anti-topples This was replaced in subse-
quent trial by a gyro which had two gymbal rings with a precessing
mechanism for keeping them at right angles. Later it was found that
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the stability of the miseile was such that pitch gyro's were not needed,
thus, only a rate gyro was retained in the last trials.

B, Trajectory (Flight) Control Systems

l. The radio control problem in "Enzian" was not as complica-
ted as that encountered in Wasserfall, This simplicity can be contri-
buted to three factors ¢ (a) The apgular launching, (b) the aerodyna-
mic stability of the missile, and '3) the subfonic speed in flight.

2. Very little thought had been given to the radio control,
the acceptance of already developed radio equipment being anticipated.
Under conditions of clear ¥isibility, the use of an optical range-
finder such as is normelly used for ¥lak prediction was anticipated.
Due to the angular launching of Enzian, it would be easy to follow the
mi:sile through its complete trajectory.

. 3. Flight tests were conducted to check the ground radio con-
trol link, (see Flights 20-30 ard 30-38 in the following paragraph
using the E-230 receiver and the 203 transmitter. The system was
known as the "Kehlgerdt" and the code name for the receiver was
"Strassburg" and the transmitter was "Kehl", A complete description
of the "Kehlgerdt® is given in the description of the HS series of
guided missiles earlier in this report.

4o Dr, Warster stated that it was intended to adapt the
"Enzian" control system for the use of a 50-em radio control link
system called "Kogge" employing the "Brigg E-53k" receiver and the
"Kran" FuG 512 transmitter. This system was never produced bﬁ‘b was
being designed by Telefunken GmbH, Berlin, It was further anticipated
that radar (Mannheim) would be used at excessive ranges or under con-
ditions of low visibility. However, little actual work had been done
on this form of conmtrol.

5« The servo motors for moving the cortrol flaps were con-
trolled through a "Mischgerdt" or mixing apparatus which consisted of
a circular iron core with one output winding to the servo-motor con-
trol and several input windings. In the "Enzian" the output from the
radio-receiver and from the gyro's were mixed in the "Mischgerlite"
and a canbination of these two voltages fed to the servo-motors,

V. TRIAL FLIGHT DATA.

1, Flights 1l - 12,
The rimary object of the first set of test flights, 1 to
12, was to investigate the performance of the power plan€ and for this
purpose the models used had fixed controls, Other problems examined
were -the longitudinal stability of the missile and launching conditions.
The only real difficulties encountered were with the simultapeous igni-
tion of his four boost rockets.
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2. Flights 13 - 20,
Flights 13 to 20 were made on mouels having the controls
operating. A single gyroscope system consisting of a rate gyro and a
Siemans free gyro with only one gymbal ring which was used for roll
stabilization; there was no control from the ground. The elevator
was fixed throughout the flight.

The aim of the tests was to examine the functioning of the
roll stabilization., It was found that the Siemens gyro was unsatis-
factory since it had an angular range of only A0 degrees and no provi-
sion for anti-topple. It was subsequently replaced by a gyroscope made
by Hom of Leipzig which had to gymbal rings with a precessing mechanism
for keeping them at right angles,

3. Flights 20 to 30.

A pitcih gyroscope system containing a free gyro and a-rate
gyro was introduced and the ground control radio link was put into oper-
ation., It was found that the pitch gyro stabilization was unnecessary
since the inherent stability of the missile was adequate for dealing
with disturbance in pitch, Moreover, it was found that the time-lag
associated with the gyroscope servo motor system made the response to
elevator movement more sluggish., Conseguently all the pitch gyroscopes
were removed,

L, Flights 30 To 38.

The final flights consisted of an overall check on the per-
formance, stability and controllability of the missile, 4ccoraing to
Wurster these were found to be quite satisfactory. It may be noted that
all the gbove trials were made with the original Walther motor (Enzian
I) which was less powerful than the Konrad motor for the final design;
the ratio of thrusts was moughly 1:2. It may,therefore, be expected
that the maximum speed of 240 m/s at 7000 m (i.e, M = Q79) measured in
these testx should be considerably exceeded with the Konrad installation
(Enzian IV)
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D - Komet 2

I. Conclusion: ‘

The Guided Missile project Komet 2 is not considered practical
in its present form. However, it is a comparatively new approach to
German guiding method, and some of the principles suggested maybe use-
ful in future developements of Allied GAi's.

11, General Information

1. The original drawing of Komet II along with a Tech. Report in
German by Rogge, was turned over to CIOS Team 367 by the 3rd Army
Intelligence Center, Freising,for exploitation. This original drawing
was reproduced by ATI-USSTAF at Ober Ammergow, 4 copies going to Lt.
Col. Gifford at Ober Ammergow, 1 copy going to Nav., Tech.Mis.U., and
five copies being held by CIOS Team 367 for their Team Report. The
Technical Report by Rogge was translated by 8th Army A.C. personnel in
Freising, but was not available in time for the Interrogation of Rogge.

2, Komet II, a private enterprise , was a flak rocket designed
by two Germans, Helmgt Rogge and Hans Keller. Keller was unavailable
for interrogation because he was, when last reported, living in
Altenburg, near Halle, Saale, which was in Russian hands. However,
Rogge reports that Keller was the man responsible for the Aero-dynamics

and Rocket Propu131on design, while he (Rogge) was the designer of the
control system (Vacuum Servo's) and the information unit - (Radar).

III,,Agg;ysis of Drawing

l. Two translations of Rogge's téchnical explanation are available,
‘neither of which are reliable, therefore, the following is an explana-
tion of the drawing, combining information -obtained from both trans-
lations plus information from interrogation.-

2. Komet II , as a flak rocket, has never been ‘completed and tested,
however, Rogge states that ground- trials of the radar section of the
automatic homing device have been tested and approved.

The orlglnal homing principle was as follows:-. The ground radar,
having a fairly narrow beam, is directed onto the target usually a
plane, and the rocket homes on the radar waves which are reflected
from the target

3. The drawing is full scale, measurements being shown in mm.
The tail section consists of a steel casting (44) with driving vents
(45,48). Four stabalizing fins (46), made of compressed plastie,
are fastened into the grooves (47).

The flow of gasses from the solid fuel is kept evenly distributed
“by the action of the .distributer (42), which is placed at the center
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of the combustion chamber. A 90° rotated view oi the distributer plate

(4L2) is shown above its position in the rocket. A hole (43) leading
from the combustion chamber to the steering gas tube (32) seemingly has
no logical explenation. A vacuum is created, which woula draw air from
the openings in the steering jets, and probably create some vacuum in
the control servo. However, during the initial acceleration, it was
anticipated to use only surface steering, consequently the vacuum for
servo control would not be necessary. Further, a vacuum would draw air
through the steering jets, past the vacuum venturiis in the opposite
direction to normal operation, probably further reducing the pressure
differential and providing little, if any,useful vacuum. A direct
question to Rogge on this point produced no explanation except that a
vacuum may be necessary in the first few seconds of acceleration.

L. The major portion of the Rocket body contains two driving
charges. The starting charge (33) has a fast rate of burning, and is
used for original take off and acceleration. The sécond charge, (28)
is a slower burning fuel, and is used to maintain the rocket speed at
between 400 and 450 li/S. Both fuel compositions are compressed into
steel fuel tanks (34 and 29) with the steering - gastube (32) in place.

5. The charge is started electrically by detonating the high explo-
sive charge (39) by means of the electrical detonator (35), thru the
electrical contacts (37) by an external power source. lhen the fast
buming charge (33) is burned, the slower burning charge (28) is ignited
by contact. During the burning of the high acceleration charge, (3 to
4 seconds) steering is accomplished by means of steering surfaces only.
However, when the slower burning charge (28) is ignited, jet steering
is started. Part of the gasses from the fuel (28)Mhrough the openings
(27) into the steering.- gas=-tube (32). These gasses pass up toward th
front of the rocket, and are divided so that equal portions of the
pass out through each of the four steering jets (15-16).

6. After the starting charge is burned,. 3 to 4 seconds, and
the slower burning fuel commences to burn, the jet steering becomes
operative and the second act of steering commences. The gasses from the
fuel begin to flow through the four steering jets. These gasses pass the
venturi ap atures (not numbered) in each of the four steering jet lead pipes,
. creatinib vacuum in the servo-vacuum chamber just behind the magnetically
operated escape valve (50). Thus a vacuum is continuously maintained.

7. Electrically, each steering jet has an antenna (half wave center
fed dipole) set at 450 to the axis of the steering jet (13). The two
antenna's controlling the azimuth steering jets are placed at 90° to
each other. Thus, if the axis of the missile (facing forward) is 0°
then the antenna on the top steering jet would be at 45° and the antenna
on the bottom steering jet would be at 315°, The same condition would
exist on the left and right steering jet antenna's. The antenna pattern
of these antenna's would be such that there would be an equal pickup
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from a target if the axis of the steering jets were facing the target.
. Bach steering jet would contain a detector unit (10 and 12) and it
would be necessary that the gain of the two detectors was exactly the
. same. This is very difficult to obtaim in practice, and offers a
serious objection to the system.

8. The steering jets are controlled in the following manner. The
steering jets are facing the line of flight before the jet power takes
over due to their aerodynamic shape, (see 90° view of lower jet). As
.goon as the gasses begin to pass out the steering Jets, the vacuum servo-
mechanism becomes operative. If one of the antenna's is receiving more
power from the target than the other one in the same plane, the rectified
power delivered to the magnetic coil (11) is larger than thet delivered
to the magnetic coil opposing it. Therefore, the solenoid (52) moves
the escape valve (50) toward the coil receiving the larger current.

This causes the escape hole (51) to coincide with the escape aperature
from the pressure chamber (5) amd a pressure reduction results. At the
same time the pressure in the corresponding chamber of the opposite
cylinder is brought to atmospheric due to the escape arrangement of the
escape valve (50), Thus atmospheric pressure results on one piston,
while vacuum is created on the other piston (6). The piston chamber
is sealed by the o0il soaked ring (49). Since the two pistons operating
the steering jets in one plane are coupled together by a coupling rod
(7), the two pistons must move together. The movement of the piston (6)
is transferred by the gear arrangement (7,53 and 54) held in place by
the supports (8 and 55) to cause a movemen. of the steering jets with
respg to the axis of the missile, The steering jet moves on bearings,
eld to the missile by the locking action of (57). Thus it is
supposed that the steering jets are locked to the target as soon as the
vacuum-servo'!s become operative.,

9. In the other plane it is necessary to offset the vacuum servo
as shown by (4) and additional drawing shown above the steering jet.
This requires that the gearing mechanism (53 and SA) be driven by a

pully system (56).

10, Batteries (2 and 3) are located forward of the servo-mech-
anism in the nose of the missile (1) for operating the detector equip-
ment. :

11. The casing of the steering control (9) consists of two
sections made of compressed material which are shaped into a Keel—shape
for aerodynamlc facing of the steering jet in the flrst act. of steering.

12, The warhead (22 and 24) and the fusing system (19,20,21 and 23)
are ¢iroular shaped with a steel jacket (24). The explosive charge
weight was not indicated. The fuse was described .as a sensitive magnetic
detonator and probably referres to a proximity fuse which the designer
had heard about. No details were known. The fuse as shown will
opgrate on collision or w1ll destroy itself when the fuel is completely
burned. 98 :



Iv. Evaluation

1. Komet II is a private enterprise in the Guided Missile field
and probably never reached a stage much further than the attached
drawing.

-2, The jet steering is slightly different than most German
approaches to the problem of steering, however, no tests have been com~
pleted to establish its practicability. The fact that the redio equipment
must be accurately balanced and remain so during flight is a serious
objection. Further the fact that the antenna's move with the steering
jets means that the jets are always facing the target, or source of
radar energy. Therefore, as the axis of the missile approaches colinearity
‘the turning force becomes less due to the angle of the axis of the jet
with respect to the axis of the missile. .Thus, the missile will tend
to oscillate, both in the L/R and in the U/D directions. Further, the
antenna system, as shown, has a poor directional characteristic, tending
to cause greater oscillation about a linear course. However, a redesign
of the intelligence head would be possible which would eliminate this
objection. ' ' '

3. The designer intended that the operation of the missile would
be as follows:- The target (plane) would be detected by ground radar
(on 50 cm) and held in the radar beam, The missile would be launched
to intercept the target after a given flight time. No information was
available on launching method. It was then intended that after 3 to
L seconds the homing device would take control of steering the missile
(second act of steering){ The radar energy reflected from the plame was
to act as the steering energy source. The effect of the large metal
mass of the missile itself on the antenna pattern was not considered by
the designer, nor was the fact that the radar energy source of the
ground station was much greater than the reflected energy from the plane
and either the missile would tend to home on the :ground radar station,
or move likely, the interference caused by the ground station on the
rearward lobe of the antenna,would completely disrupt the homing device.

ly. However, the use of a balanced pickup and detector system,

“along with a device for homing on a plane carrying rader equipment may
be practical. This would require complete homing redesign.
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E.. TIAFUN (UNGUIDED)

I. General Description. (Interrogation of Klaus Schéufelen.)

a. Scheufelen is an engineer by ‘training and is co-owner of a
paper making factory at Oberlennengen in Wurtemburg. He was called up
into the army in August 1939 and was a flak officer &t Brest until
November 1942, He was then transferred to the A.A. weapon tést station
on the island of Usedom where he had associations with Peenemunde and
H.A.P.11 and finally became a range officer concerned with the firing
trials of Wasserfall. In all he spent 2} years working with the
Peensmunde people and up to January 1945 he said that the number of
Wasserfalls fiﬁld was 20 to 30 or possibly 40.

b. As a result of his experience on Vasserfall and other rockets,
Scheufelen came to the concludion that better ballistics could be
obtained from liquid than solid fuel rockets on account of the more
uniform efflux, the absence of so0lid particles in the jet and the
absence of tortuous passages past the propellant pellet in the com-
bustion chamber. He accordingly started work on his own initiative on
a 10cm. calibre liquid fuel flad§ rocket. In September 1944, when he
was satisfied that his theories were correct he pu}og'i; roposal forward
"to the "Reich Luftfart Ministerium" and after due smxﬁg it was
accepted for production and the design was "frozen" as from October 1944.
. This project was given the code name "TAIFUN". and Scheufelen was made
the "sachbearbeiter" (Admin.Officer) in charge of it at Elektromechanische
Werke G.m.b.H. '‘at Karlshagen in Pomerania.

c. The motor is a bi-fuel one running on a Salbei (99% HNO, or ?o% '
HNO, + 10% H_SO 4) - Amine fuel mimture (Aniline + Orthodioxy penzol?
whigh im spofitaneously inflammable., The salbei is contained in the
inner tank (1) which in the first instance was made of aluminium 2mm.
thick but was later made of enamelled steel O,5mm. thick on account of
the shortage of aluminium, The use of thin steel increased the tank
capacity of 5% and these steel tanks are said to have a storage life
of at least 3 months. The reason for adding the H,S0,4 to HN03 was to
reduce corrosion. -The fuel was contained in the annular spacd (2) '
between the rocket wall and the inner tank and injection of mlbei and
fuel into the combustion chamber (3) was through two concentric -rings
of jets (4) .and (5) inclined at 50° and 40° to the axis respectively.
At first two rows of 24 holes in each row 2.05 +0.06 and 1.25 « 0.06

. -0.03 - 0,03
m,m, diam. for salbei and fuel respectively were used but later these
were changed to 2 rows of 18 holes 2.40 and 1l.45 mm., diam. respectively
to reduce the risk of blockages The propellant is retained in the tanks
by means of thin aluminium bursting discs (6),(7),(8) and (9) at the
top and bottom of the tanks. These discs are suitably indented to
facilitate bursting and provided that both the inner and outer bursting
discs (Salbei and fuel respectively) burst simultaneously, there is
no pressure difference across the wall of the inner tank and it can
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be made of very thin metal.  Immediately adjacent to the upper bursting
discs is a perfora.ted plate (10) used to centra.llap the inner tank.

d. The pressure for feeding the propellant into the combustn.on
chamber is obtained from a small pellet of ordinary rocket powder
located in the small chamber (14) above the tanks.. This pellet is
electrically ignited by 4induction when it is desimed to fire the rocket
end is burned at a pressure of 150 atimospheres. This pressure is re- i
duced to 60 atmospheres in the tanks by means of the orifice plates (10)
and (11), the former having 1 central hole 8.0 mm. diam. communicating
with the Salbei tank and a ring of 4 holes 4 mm, diam. connecting with
the fuel tank. The pressure in the combustion chamber is 50 atmosphere:
and the pressure drop through the injection holes is accordingly 10
atmospheres.

e. Scheufelen said that the pressures developed in the tanks during
storage, due to changes in temperature, do not exceed 5 atmospheres and
that the rocket itself will function satisfactorily over the temperature
range -30 to +40°C, the only difference .in performance being that due
to the change in temperature and therefore density of the propellant
gasses.

f. Scheufelen said that the combustion chamber was made from an
ordinary deep drawing steel sheet which is first bent around and welded
and then spun to shape and that its volume was determined experimentally
by starting with a small one and gradually increasing the volume until
satisfactory combustion was achieved. He had no figures on the minimum
permissible values of = where V= volume of combustion chamber and -

'At = throat area but stated that the only way of reducing this ratio

is to increase the chamber pressure. He, however, claimed that a

value of 900 Kg secs per litre for the ration __ Impulse
combustion chamber volume

was much higher than was obtained on V.2,

g. He relied on spontaneous reaction of the Salbei and fuel for
ignition and in the early stages experienced considerable trouble with
explosions due to the accummlation of too much propellant in the chamber
if ignition did not take place within 0.002 second. These explosions
destroyed the combustion chamber and Scheufelen suspected that they way
bave been using a combustion chambsr of the wrong size but in order to
overcome them in the limited time at his disposal he originated a
regulating device of known design.

1. Experimental Results

a. On account of the initial acceleration and the different den-
sities of the Salbei and fuel, Scheufelen found it necessary to carry
out, firing trials to determine ‘the correct ratio of jet sigzes and
du‘i:\.ng these trials he found that if there was as much as 0.5 Kg. excess
of fuel or oxidant remaining in the rocket after combustion was complete,
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it upset the ballistic accuracy very badly. He also found it essential
that the axis of the venturi should be accurately coincident with the
axis of the rocket and to check this he made a test rig on which the
rocket was mounted by means of a rotating taper plug fitting into the °
divergent cone of the venturi so that the eccentricity at the nose could
be measured. Following this discovery he went to selective assembly

of the experimental models and asked for 10,000 further models for
ballistic trials, ao as to ensure that mass production and not hand
methods would be used in their construction.

b. To improve the ballistic accuracy he also found it desirable to
twist the projector rails so as to impart an initial spin more rapid
than the resonant frequency. By this Scheufelen presumably meant that
the rate of rotation should be more rapid than the rate of oscillation
in pitch or yaw, so as to avoid any pessibility of resonance developing
as a result of an asymmeirical gas jet.

c. Scheufelen said that his firing trisk indicated that the projec-
tile did not fly yawed as had been predicted from the wind tunnel tests
and also that its drag was slightly less than predicted. As a result
of thishe was able to reduce the span of the fins from 240 to 200 mms.
He said that the maximum velocity attained in the trials was just over
1000 metres per second and that he did not anticipate any troubles to
result from putting up the velocityto 1200 metres per second by reducing
the burning time and by raising the combustion chamber pressure to 100
atmospheres. He said that the time of flight to 10,000 meters was 14
seconds and the residual velocity at 14,000 metres was 300 metres/sec.
which compares very favourably with the time of flight of an 88mm.
shell viz. 28 secs. to 9,000 metres.

I1II. Fuzing and Warhead

a. The warhead of Taifun could either contain 0.5 or 1.3 Kg. of
H.E.(].Z)_ and a "graze fuze" made by Rheinmetal was always used, to-
gether with a 20 second pyrotechnic self distruction time fuze (13)
ignited by the pellet of rocket compesition used to expell the

b. The theory behind the use of a iercussion fuze and small warhead
is as follows:-

let 1 _ probability that the aim will be correct in azimuth.

b

1l _ .....ditto.....in elevation

m

1 = probability that a time fuze will be set to burstat
n the .¢orrect range.
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a ® projected area of target aircraft

A = The area in which a burst at the correct range will prove
lethal to the target aireraft

1l = probability of a direct hit

.b_x m
A 1 = probability of securing & hit by means of a
a bxmxn time delay fuse.

According to the Germans the increase in aircraft size to the heavy
bomber has so decreased the ratio A that
a

1 A = ]
bxm - a bxmxn

c. Scheufelen said that he supported the abowe theory and favoured
the use of a percussion rather than a time fuze on the grounds of in-
creasing the possibility of bringing down a bomber and he claimed that
all the flak specialists shared this view. He said that in good weather
optical sighting is the best as regards azimuth and elevation but Radar
is the best as regards range. In bad weather the advantage swings over
in favour of Radar for everything. He claimed that towards the end of
the war the Germans were securing approximately 1 kill for 2004 rounds
fired but that under unfavourable conditions the figure rose to as much
as 15,000 rounds per kill.

d. In adition to the above, Scheufelen had used time fuzes on
experimental firings so as to get an extra point on the trajectory beyond
the normal range of a kine-theodolite.

e. Besides the normal electric percussion fuze which is armed by
a wipe contact as the round moves up the rails, Scheufelen said that work
was in hand by Menda Radio of Dresden on fuzes in which the air friction
and/or magnetic induction on leaving the rails were used to arm the fuze.

IV, Further Developments etc.

a, Scheufelen said that he had no knowledge of any proposal to
make a guided version of Taifun. On the contrary he claimed that the
increased effectiveness of Taifun as a flak weapon as compared with the
standard 88 mm. gun arises from the shorter time of flight - 14 secs. to
10,000 meters instead of 28 to 9,000 metres - and also the increased
rate of fire attainable by replacing the barrel of an 88 mm., gun by a
' 30 barrel' multiple projector. He claimed that the change over could
be effected in less than 1 day.

b. In addition to its use as a flak rocket, Scheufelen was con-
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sidering the use of sipgle and 8 barrel portable progectors for infantry
moborised or naval use.

c. Scheufelen claimed that the cost per round was only about 1/3 of
that of 88 mm. gun ammnition and that the cost could be further reduced
without reducing the performance, by reducing the calibre to Jcms (s0
reducing the weight of salbei from 7.5 to 4,0 Kg.), as the weizht, the
drag and the quantity of fuel would all be reduced in the same proportion.
Reducing the calibre to Sem.  would however result in too fllmsy a
projectile. - '

d. He claimed that befuel propulsion units of the Teifun pattern
could be produced in calibres up to 30 cms without detriment to the
performance: also that the performance of the 10cm model could be im-
proved by increasing the tube thickness from 1 to 1.3 mm., when the
better welding conditions should allow the chamber pressure to be raised
to 100 atmospheres.

V. Leading Particulars.of Taifun as 'frozen' in October 1944.

Calibre 10 cms.

Overall length 193 cms.
(This should be increased to 223 cms. for best results)

Width across fins Originally 24 cms.
' but later reduced-to 20cms.

Number of fins 4
All-up weizht 20.3 Kg.

Total weight of warhead 2.0Xg
Weight of H.E. filling ef warhead 0.5 Kg.

(or 1.2 Kg. with all-up weight of 21 Kg )

‘Total weight of ?ropellant 10.8 Kg.

Weight of Salbei ‘ 8.3 Kg.
(907 HNO5 + 107 H,SO,)

Weight of guel 2.5 Kg.

Dry weight of motor + powder pellet 7.5 Kz

Thrust 840 Kg.

" Impulse 2100 Kg. seconds
Burning time 2.9 seconds
Specific impulse 194 _%_&CL
Equivalent S.I. of fuel + motor 115 _E.-_.S.S’E.B_
Combustion chamber pressure 50 a.rtﬁospheres
Shape of thrust time curve V\_/l

4 Time
Lnitial acceleration : 416 g.

Maximum velocity - over 1000 mny/sec

" Residual velocity at 14,000 metres 300 m/sec
Time to reach 10,000 metres 14 secs.

- 118 -



3, TECHNICAL ANALYSIS of HOMING DEVICES
" A - MADRID

1. Preliminary report on Madrid.

A. General

Madrid was an infra-=red homing device developed by the firm
of KEPKA in Wien. It was intended for use with the missile Enzian.
The firm was really a joint affair between Kepka and Baron von Pfeiffer,
the former dealing with the business side in connection with the
production Ministries and the latter with the research side. Vhen the fall
of Wien became imminent the firm was evacuated to Bad Hallein but before
work could be started up there, there came the general collapse. Kepka
hid the only model of the Madrid equipment to save it from destruction
by the S.S., He was taken to Augsburg by the U.S, authorities where he
was ‘first interrogated by this team. He volunteered to produce the
equipment if taken back to Bad Hallein and so this was organised.

B. Interrogation of Kepka

The Madrid set is a locked follow infra-red eye which weighs
about 201bs complete. It has a 25cm. diameter spherical mirror of about
‘15cm, focal length. The mirror is of glass, silvered on the upper sur-
face. At the focus of the mirror is a rotating shutter which has-a 90°
sectop removed. As this scans the image of a target, the radiation is
interupted for three-quarters of a revolution and is transmitted during
the remainder. The transmitted radiation is diffused onto the surface of
a small Elac photocell by passing it through a tube with rough walls.
This avoids trouble due to the variation of sensitivity of the photocell
at different points on the surface. The shutter rotates at a speed of
4O rps and is driven by a small impulse motor. The cell is connected
in a bridge circuit and has 100 volts across it. Its output, which is
a 3:1 space to mark square wave is .amplified in a four stage amplifier
using 3 P 2000's and one P 3000 as output valve. The output is fed into
a solenoid which operates an air valve, letting air into a distribution
chamber. A disc with four holes rotates in this chamber, and is driven
by a small D.C, motor. This motor also drives a four way commutator
which energises in turn the four holes of the shutter impulse motor. If
therefore, the shutter and the disc are lined up to start with, and the
motor is switched on, the two run in synchronism. Furthermore, the
inertia of the shutter is so small that if the motor is stopped suddenly,
then provided that the impulse motor is still energised, the shutter does
not run out of step.

The mirror is pivotted about two mutually perpendicular axes
which lie approximately in its aperture plane. The supporting members
are semicircular and are machined to form rails which run between grooved
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wheel supports. The supporting wheels for the outer semicircular
menmber are on the fixed part of the equipment itself while those for
the inner member slide on the outer support. The mirror is slewed
round by means of flexible steel cables attached to semicircular supports.
The cables are gripped by clamps abtached to small levers which are
actuated by diaphragms, so that when air is blown into either of four
chambers the mirror makes a discrete movement of- sbout 1° in either
left, réght, up or down direction. The shutter and the air distributor
disc are so synchonised that if a signal is received in the upper
quadrant, the diaphragm actuating an upward motion is energised, and
so on. In this way the eye orientates itself in the direction of the
target, but owing to the fact that its motion is in discrete steps of
19 it always has a random vibration of this magnitude. The accuracy of
the mean position . was said to be 0.1° The total field of view was

+/- 3.0°, The sensitivity of the device was said to be such that it
could lock on a black body radiating 1 watt at a temperature of about
600° c..at a distance of 360m. This corresponds to a sensitivity of

3 x lO"7 watts falling on the.cell, assuming no atmospheric absorption.

Both supporting members have potentiometers with pickoffs attached
'so the two components of the angle turned through by the eye with
respect to the support are produced as D.C. voltages. The maximum
angle which the eye can turn through is +/- 50°, but this can be in-
creased at the expense of extra mechanical complication. The eye was
intended to be used for pursuit homing, in which case the missile was
given a rate of turn which was proportional to the angular misslignment
of the target. It would bBlso be possible to use it for predicted
homing but in this case the use of bang-bang rudder would appear to be
necessary since the eye makes discontinuous jumps about the true
direction of the target, and instantaneous measurement of the rate of
change of direction of the target is impossible.

Work had also been done on the reduction of microphonics in the
Elac cell. This was along the same lines as mentioned in the report of
the interrogation of Dr. Kaspar of A.E.G., namely ‘that of silvering )
the inside surface of the cooling tube, to avoid dielectric variations
caused by vibrations of the solid CO,, and also by making the leads to
the cell as rigid as pogsible.

Kepka is anxious to make some of these sets of equipment and said
that work could be started immediately.

C. Interrogation of Pfeiffer,

pPfeiffer was in nospital in Salzburg. He complicated matters by
saying that he was not willing to co-operate further with Kepka, and
that about twenty of the people formerly working for the firm were also
of the same mind. He maid he had ideas for making a much more compact
version of the Madrid set and wanted to be allowed to form a small
group to work for the Allies in developing this equpment.
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The new form of the eguipment was to have a léem. mirror with
a focal length of about 30cm. The outer annulis of the mirror, 5cms
wide, only, was to be used and by using annular shaped plane mirrors
between the cell and the objective the distance between the cell znd the
mirror was to be reduced. The scanning was to be by means of a
rotating plane mirror mounted excentrically on a shaft on the axis of
the main mirror, anc driven by & motor mounted behind the latter., This
motor was also used for driving the mirror scanning mechanism which was
to be entirely electric in principle. ‘he idea.was to drive & small fiy
wheel which gave up its energy at equally timed intervals to ratchet
inching devices with a solenoid for distributing the impulses between
the four directions according to the signals from the eye. 1In this way
the use of a synchronous motor was obviated,

The new beam width was to be #/- 1.5°, and on this acco.nt, and
also because of less spherical abberation in the new optical systen,
the range of the smaller set was expected to be of the same order as for
the old set. A device for automatic scanning of a 20° field of view
when searching for a target was to be incorporzted. It was calculated
that a complete spiral scan of the whole field wculd take 0.33 secs,

2. Present Status of Maarid

1. The Madrid equipment was taken to ADI(SC) where all documents
were microfilmed and a preliminary study of the apparatus was made.
It was the expressed desire of ADI(SC) that several models of the
apparatus be manufactured if vossible,

2. A complete test of the performance of kiadrid is now in the
process of being conducted jointly by R.A.F.Farnborough and by TRE -
Great Malvern. This includes operation and testing of sensitivity.
A1l the documents have been sent with this equipment.

3. 3g/L. Green of the R.A.F. has started the manufacture of 16
additional models of Madrid at Hallein, Austria.  He has Kepka and
Pfeiffer at his disposal for completion of, the project. FPermission
for the manufacture has been given by USAF at Salzburg. These equip-
ments, when completed, are to be distributed to both British and
American agencies for further test and developement.

3., Future Report on lMadrid

A report on the findings of R.A.F. and TRE will be submitted to
CICS and to 4-2 - zZlectronics Intelligence - USAFE (Rear) when the
testing of Madrid is completed by lr. R.J.lges of TRE.
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B - DHRNA

1. General Information

Appendix 4 = to this report shows the mechanical layout for
Derna in Wasserfall. The following paragraph is a translation of the
German document describing the reasoning and construction of a radar
homi.g device for Guided Missiles., The figures referred to in the
descrlptlon are directly following, so that they can ke easily referred
to when reading this section of the report.

2., Translation (Control Head for Flak rocket)

Report of a control head of a self homing rocket whnich will follow
a fighter plane course with a radar controlled mechanism in the control
head.

A, Problems

B. Course Steering and Stablization and Solut,lons thereof

C. Type of Radar to be used

D. OSpecial tube for Radar system

E. Research and developement program to achieve results

F. Solutions which had been reached during research and which can
be of operational value,

A. Problems:~

The technical operational status of the Luftwaffe at this time
and also the developements of the Enemy in the use of un-manned rockets
of greater velocity,place upon the future developements of the flak
rocket these minimum requirements.,

1. Attitude range of 14,000m. (Y.6&mni.)
2. Horizontal range of 18,000m. (l2mi.)

From this arises the necessity of a Radar controlled rocket with
-a range of 22,000m. (13.6mi.). With the assumption thai the speed of
the rocket is still under the speed of sound, the control mechanism must
be made 50 it is possible to hit high speed targets. TWhich means, that
the flight curve of the attack is not omitted frcm the front but is
allowed to be the main angle of attack (computed collision course).

In order to hold the speed losses, due to necessary rudder
changes and drag, a¥e small; it is essential that the total nuuber of
course changes be held as small as possible. iihich ieans, the rocket's
accelleration must be held as small as possible (i.e.) dare never be any
greater than the speed attained during flight to the target.

In order to launch a large scale attack and to transmit the
target information to other installations at the same time and as singly
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as possible, the launchings must be made at as large a target as possible.
The control head must also have the ability to automatically correct for
any deviation from its proper course to the target at any given moment.

It is brought out, that the radar equipment in the control head
picks up the target at the moment of launching. In order to mullify
enemy defense measures, a mass launching is necessary which must for
reasons of production capacity makes possible the technical release of
the projectile with a minimum of required material.

B, Course Steering and Stabalization and Solution thereof.

1. The Fighter Path Precedure
2. Stabalization Procedure

1. The requirements in (A}, to have the attack upon the target
from the front, is made possible, theoretically by use of a fighter course
curve (collision course).

The fighter course curve is mathematical taking into consideration
a group of fighter course curves. The fighter course is a leading course,
which takes the most direct path to the target. By changing of launching
speed or aiming direction of the projectile or of both, the present
course must be directed by the new launching information.

The fighter course (curve) therefore, is namely the yreater time
saving pursuit course.

(Fig.1) : As the directions show, the Angle (Eg) between a detrinite
aiming area and the aimed projectile target remains constant.

If the target changes once, in speed or direction, a new flight
course will be taken. It is pointed out,rthat by continuation of the
0ld course, the Angle Eg will change. In order to get on proper course
the changing of the Angle must -be compensated for until Angle Ey is
constant again., If the target changes its speed and direction, the
resulting change of Angle will be so changed that the line of flight
7ill be at a minimum. The path then taken will be a pursuit curve.

As in report 1 and also "Research and Reports Nr; 650: In regard
to several kinds of pursuit Curve" from Dobbrach and Knothe, shows,
accelle¥ations are no greater at launching period than at the target
impect time but nemely the same. (Here with 10g assumed). Thus are the
requirement of least possible path changes fulfilled. In order to fly
the described pursuit curve, it is necessary that the magnitude of the
Angle Eg is watched and pursuid. This happens as follows:

(Fig 2) : In the head of the missile, there is a directing antenna
system (reflector with rotating dipole). A switching antenna pattern
determines the course of" the target. The split field direction finding
system is so operated, that the dipole is not in the focal point of the
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reflector but slightly off center, but in the electrical axis of a
standing wave. There is, at the same time, a feederline between dipole
and radar transmitter. With the rotation of the axel, the dipole is
alternately left and right of the focal point. The dipole is the TX/RX
antenna (Fig 3) of the radar set. The reflected signals which are picked
up from each dipole antenna pattern are compared in the radar set and
det&ote any variation of direction to the target from the electrical axis
of the directional antenna system (Angle b). The sum of the angle between
the electrical axis and an absolute search reference point (Gyro!) -
(Angle n) and the angle of deviation of direction to the target from the
electrical axis (b) is measured. The angle ( ) is, at the output of
the radar set, characteristic of a certain voltage value. The §Angle n)
is, during attack, on a variable potentiometer, which is coupled directly
to the absolute direction of the Gyro, also indicated by a voltage value.
The sum of both voltages gives a definite value of (Angle Eg). If the
voltage value changes, so will (Angle E,) also change. In order to
definitely establish this change of voltage, it is impressed upon a load
condensor (C1). Steering will be accomplished by the charge and dis-
charge of C3, because it is a measure of the course changes of Ey. The
charge and discharge produces on two resistors R; and Ry a voltage drop
of which Ry, a part of the voltage drop, and R, voltage drop are fed
into power amplifiers V; and V,. Both amplifiers drive an individual
relay A and B, The relay contacts (a) of relay A operates the electro-
magnetically operated rudder. This method establishes only a Black and
White control, which is sufficient for a measurement report of stability.

For a practical useable reflector diameter of 45cm. and a fregquency
of A=cm, the focusing ratio is 1:2.5. The search area measures up to
corresponding values of the Fu SE 64 nearly 20° - 259, The beam
characteristics of the antenna can only be determined by experiment.

(Fig 3) : So that the search area of the directional antenna system
is consequently reduced, the system is located perpendicular to a
navigational swinging axis. The directional antenna system must be so
constructad that it can swing thru the necessary Angle Eg of 0° to 900.
The swing is accomplished by using a reversible motor and gears. The
control of the motor is accomplished by contact (b) of relay (B). The
travers speed is so chosen, that it has the smallest amount of magnitude,
at least, but also as large as the largest Angular velocity a&s the
middle turning of the projectile about the verticle axis (T25° per sec).
The magnitude of this Angular velocity is determined from the projectiles
meximum acceleration, under the assumption that the projectile, over a
distance of 900m (Min. curve radius by about 275mp.sec. speed of the
projectile) , makes no more than 900 false turns in flight. This case
never occurs practically, so that the value 259/sec in no case is put
too low.

The described system up to now discussed only the steering of the
main flight path of the pursuit curve. A tail lurching of the projectile
is, of the present described mechanism, not discussed. A method of
S8tabalization is necessary. A new stabalization method is not sufficient
for the calculatad requirements of Report 2 so that a new conformable
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-method of calculating stabilization is necessary. Under "Conformable
Methods" of stabilization, one can determine a reasonable rudder value
of pursuit course direction, for guiding oneself. It also cannot
result in any definite reference point, but must be referred to the
target. The Angular change between direction to the target and definite
target axis must be measured. This is, in the case of the concerned
pursuit courses, in the electrical axis of the reflector. By tail
lurching (angle of yaw change), the Angle (b} also changes its usgnitude.
Steering should be such that it holds the course after changing the
Anzle. The voltage value from the radar set, vhich characterizes Anzle
b, will now be separately led to a load condenser Co. The charging

and discharging of Co results in a voltage drop across Ry, which is the
input to the grid of amplifier Vj. These charges and discharges also
have a control over the ruddercontrol, which is a combination of course
maintainance, and stabilization value.

(Fig.4.) : If the target travels outside the flight plane, (1)
travers plane of the reflector, the projectile must be so turned about
its longtitudinal axes, that the target is again in the traverse plane
of the reflector, which will then determine the new slant plane,
determined by lines oi prescnt and future posi'tion,(Z) The drifting
away from traverse plane must also be measured. Until now only the
gide deviation of the drection to the target from the electrical axis
of the directional antenna system through comparison of both extremxities
of the dipoles receiving enersy been determined. Now, from the same,
again will be detcimined the maximum deviation of inclination and
declination. (Fig.2).

(Fiz.4) The deviation is through (Angle y) and again through it
in a represented voltage value, indicated. )

(Fig.5) A definite portion of the amount is *aken off a voltage
divider and fed into a power amplifier Vjodirectly. The amplifier.
operates, thru the relay contact a of relay AA, the cross rudder. In
order to dampen the resulting rolling action, the voltage value of
(Angle ) is fed to a load condenser at the same time. This charging
and discharging of C3 through resistor R3 produces a voltage drop
which is also fed to the frid of the power amplifier Vjp and also
influences rudder control.

C. Type of Radar to be Used

A range of 35%km. is necessary for the type of radar equipment
Fu SE 64, (Evenly concentrated Beam). Information from Services Station
BHF states that no information could be obtained on transmitter tubes
in the cm range with 150 KVA. The necessary transmitting power is
about 2°KVA.

The principal construction of the transmitter is shown in Fig.6.
The received impulses from the antenna go through the Gate (Tx/RX
switeh) (TR Tube) and directly to the receiver. From the RX, the
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signals go to the signal switch (S3) which separates the received value
of extreme values of azimuth and heigh: in the azimuth or altitude
comparison apparatus and are then sepafated as to Altitude and Azimutk

by S4 and fed to a regulated Amplifier. The Amplified values of Altitude
and Azimuth are then separated by So and then fed to the steer mechanism,
The regulated voltage for the amplifier is fed through S from the
receiver antenna and the amplifier, to a filter circuit. The Sq switch
always switches in the regulator voltage only for extreme cond}tions of
the dipole. This value is necessary in order that, no false indication
of Angle value are possible through the changing of reflection characteristics.
of the target and by increasing receiver signal intensity to the steering
mechanism as the target is approached.

The transmitter power is transferred to the dipole through the Gate
(TR Tube). The Gate does not allow the transmitter power to enter the
raceiver. The pulse which triggers the transmitter also provides a
voltage to the R{ which protects the receiver during trensmission time.
Tig. © shows the connection of the radar apparatus with computer for
Altitude and Azimuth (Fig.5 and 3}. The voltage values for Altitude
are taken from the Altitude computer and then to segement (h) of
switch (86} which is connected to the contact arm of amplifier V,
(which is shown in Fig.5 aa Vo). The voltages for steering are taken
from the Azimuth‘Smputer and then to segement (S) of switch (86). The
voltage which operates Relay A and contacts a(eaa) is connected by Switch
Sg which is synchomized with S¢ and this voltage will have control over
the cross rudder andhzimuth rudder. The resulting value of azimuth from
the computer are led to amplifier V, through S7 and make possible the
operation of the reflector for proper following control. By this method
it is possible to mske two amplifiers sufficient in the steering mechanism.

Due to efficient enzineering methods, the radar set does not
transmit during a complete revolution of the dipole, but only in the
extreme ar@e of 30° (see Fig.6). This is made possible by switch S
which is sent to the triggering circuit as a control voltage and sérves
as a triggering potential for a thyratron.

Supplement: The connectiocns for a roll compensator, that is, a
roll compensator for angle of yaw variations wnich result through
relative turning about the flight level of the horizontal axis, are not
connected because it seems that compensation for present conditions
aren't necessary.

X D. Special Tube fqr Radar Svstem

In the case that a receiver in the cm regien is used in construction,
about 12-16 such tubes can be obtained or figured on according to reports
from Airplane Research Institute, Oberpheffennafen. The expenditure
for an expendable apparatus as this is too high. A indicator for cm.
waves 'must be employed, which will work in conjunction with a single
amplifier which give the necessary power for the steering mechanism. The
proposition is now made to use a tube with the following characteristics.
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Fig. 7. The electron beam from the electrode (Kathode), must
go through a fixed magnetic control field. Here it moves back and
forth between deflection plates A, and A, upon which is placed a high
frequency voltage. The strength of the magnetic field is so chosen
that for a certain frequency there is a continual acceleration of the
electrons perpendicular to the beam.

The electron speed and length of the control chambers are so
chosen that a number of H<¥. osc. occur during the time of transit
across the control chamber. This results in a certain dispersion of
the beam but itg’small compared to the beam width. The latteral
velocity component is impressed on the electrons in the control chamber.
The velocity component impressed on the electrons is the control
chamber is such that electrons are bent in a strongly curved path in
the magnetic field.

The electrons then reach the space when there is no magnetic
field and in which the radiml components of velocity are maintained.
The beam cross section at the end of transit chamber is increased
by some 10 times by an electron optical system which accellerates
the electrons at the same time very strongly. An anode about as large
as the beam image with no high frequency potential is applied, some of
the electrons miss the anode which causes a reduction in current (Ip)
The potential Prop across an external load resistor Ry is fed into an
amplifier of about 3 tubes and ihis actuates the control mechanism.

E. Research and Developement Program to Achieve Results

All the partial developements ought to occur at the same time sp
as to solve the over-all problem in the least time.

Motive Developcnent

1. Theoretical basis for the overall and for practical problems
(essentially completed)
2. Developement of the control mechanism
3. Developement of a radar apparatus which is suitable for this.
a. As a temporary solution by avplying one of the usual
centimeter receivers
b. As a final solution, by using a receiver with a tube
yet to be developed.
4, Developement of a new receivin; tube for cm waves.

. Solutions which had been reached durinz research and which
can be of operational value

passivk
As a temporary solution, a pessesiwe control device for flight

toward a beacon.

a. For the two dimensional cases with flight toward filsre
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marked enemy targets with long range cannon.

b. For the three dimensional cases with flight toward transmitting

aireraft (Rottordem and Medlow) ; night fighter search apparatus or
experimentally towed flares.
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[
. TEIEVISION HCMING,

L, General Information :

In the development of a Yelevision noming device for ii1S-293 and
for Wasserfall several basic research projects on television were under-
taken, mostly by Fernseh, now located at Tagfkirchen, but fomerly of
Berlin and evacuated to Sudeten, and finally to Taf{fkirchen., Since the
development of a television homing device is dependent on this basic
research, the main research projects are included in the following para-
graphs .

2, Research Projects.

a. The Super Ironoscope LF-71 (Type IS 9)

In principle,this is similar to the super-iconoscopes known
before the war, except that the mosaic is replaced by a secondary emit-
ting surface of high resistance, so that changes rroduced at a point on
its surface do not spread appreciably,

The picture is focussed by a 35 m.m, focus F/3.5 lens on to
a photocathode measuring 10 m.m. square. A cathode of this small size
is used so that a standard lens system can be utilized. A larger surface
could have been used and, with a lens of the same F number, would have
given greater sensitivity had this been required.

The photo surface consists of a thin film of antimony caesium,
or of silver caesium if sensitivity in the infra-red region is required.

The electrons emitted from the back of this surface (which is
at - 600 volts) are focussed by a combined electrostatic and maghetic lens
system on to the secondary emitting surface. They czuse secondary emis-—
sion from this surface, thus building up a positive charge pattern on this
surface, corresponding to the picture. This pattern measures about 50 m.m.
square, a magnification of about five times being obtained in the electron
lens.

The secondary emitting surface consists of a mica sheet cov-
ered on the front with a layer of magnesium oxide on which is evaporated
a very thin layer of caseium. The back of the mica sheet is oovered with
a thin layer of silver, forming the signal plate. .Dr. $ehne has been
asked to prepare & report detailing the methods of preparation of these
durfaces,

The secondary electrons are collected by a ring placed a short
distance in front of the secondary emitting surface and at a potential
of 4 10 to 4 4O volts, the optimum woltage for each tube bejng found by
experiment. Little trouble has been experienced due to-se}ondaries
falling back on other parts of the surface, The emission ratio is about
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1L:6 or 1:17,

The secondary emitting surface is scanned by a beam from an
electron gun placed at 20 degrees to the tube axis. This gun is focussed
and deflected magnetically and operates at 1000 volts, Geometrical dis-
tortion due to the angular offset of the gun is compensated by a small
additional coil pleced beyond the main deflecting coils ana carrying the
deflection current., This produces a mon uniform field and, by adjustment
of its position, distortion can be virtually eliminated.

It is.claimed that this tube is ten times as sensitive as a
standard inconscope despite the use of a smaller lens. 500 to 1000 lux
are required for a good picture. The improved sensitivity is attributed
to the following factors :-

(a) Saturated emission fram the photo-surface.

(b) The secondary emission factor of the secondary emitting
surface,

(¢) The fact that the secondary emitting surface is continuous
(with a mosaic only 30% to 50% of the area is used)

(d) Saturated emission from the secondary emitting surface.

The output of this tube is about 25/ua. lumen. A sensitivity
of 2.5/ua/lumen is obtained in the infra-red region (0.86/u to 1.25/u
using a silver caesian cathode and a ZeissU.G.6 filter.

Definition is quite adequate for a 441 line picture and more
lines could probably be used. The ultimate limit of definition is deter-
mined by the size of the spot produced by the electron gun.

Tests have been carried using the camera in the infra-red region
and considerably improved results have been experienced under conditions
of light haze, These tests were carried out by Dr. Folsche at Einring who
should be able to give full information, About 2000 super-iconoscopes were
made by Femseh, the production rate being about 20 per day. Most of
these tubes have fallen into Russian hands.

b. The "In Line" Iconoscope.

In physical appearance this tube resembles a normal cathode ray
tube. A normal electron gun is used, with electrostatic deflection and
focus.,

The electrcn beam scans a mosaic of silver globules on which a
small amount of cassium has been evaporated. The mosaic is backed by a
mica sheet, and on the other side of this sheet is a thin semi-transparent
layer of tungsten,forming the signal plate. The light thus falls on the
mosaic after passing through the tungsten layer and the mica sheet. These
absorb about 50% of the light, so that the tube is about half as sensitive
as a normal iconoscope,
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This loss in sensitivity is compensated by simpliecity of con-
struction, by absence of distertion and by compactness.

The maximum definition is about 300 lines, being limited by the
focus of the 'electron gun, This tube was designed for mass production,
but only a few experimental models were made,

3.Television System for Guided Missiles,

This consists of two units (camera and transmitter) in the missile,
and a further two circuits (receiver and indicator) in the controlling
aircraft.

All units measure 7" x 7" x 143", Only the camera and indicator
were designed by Fernseh, the radio link being designed by another firm.

In the early models a 441 line interlaced picture was used, the
picture frequency being 25 per second (frame frequency 50xper second).
This utilized a sinusoidal master oscillator running at about 22 kilocycles.
This was followed by a frequency halving stage to provide the line fre-
quency (11 ke) and by three dividing stages %dividing by 7, 7 and 9
respectively) for the frame frequency. Subsequent models dispensed with
the interlace and gave a 225 line picture, this change being made for the
sake of simplicity and because the receiving cathode ray tube was only
13 cm, in diameter and was not good enough to do justice to higher defini-
tions In this case the master oscillator ran at line frequercy (1l kc)
and was reduced to frame frequency by three blocking oscillator dividing
stages, dividing by factors of 4, 7 and 8 respectively., The picture fre-
quency was therefore 50 gycles.

The pick-up tube used is the super-iconoscope described aboves In
the early cameras an attempt was made to mount the optical lens on a plat-
form stabilized by a free gyro, in order to stabilise the line of sight of
the caméra, This was eventually abandoned owing to frictional difficul-
ties and instead, a gyro-stabilized spot of light was superimposed on the
picture, This was, in practice, used merely to enable the missile. to be
headed in the right direction, if the target could not be distinguished in
the early part of the flight, and was ignored as soon as the target became
visible, While the Fernseh people agreed that it would have been prefer-
able tobtabilize the whole picture, it seemed that they did not fully ap-
preciate the advantages of so doing, i.e. the reduction of the effects of
drift and steering yaw. )

The remainder of the camera follows normal practice,blanking and
"placker than black" line synchronising pulses being injected in the nor-
mal manner, The 225 line camera gives no framesynchronising signal,the
framing being adjusted manually by the operator at the receiver.

The vid%amplifier has a gain of 10%. Its frequency response is
flat to 2.5 ¥me, and then falls to nearly zero at 4.5 mc. The noise
output of the tube ic considerably below the noise level of the first ampli-
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fier stage, so that the signal/noise ratio is improved by using a high
load resistor on the signal plate., The freguency is corrected by the
application of negative feedback.

Negative carrier modulation is employed (a bright signal reduces
the carrier level) modulation being effected by varying the cathode po-
tential eof a diode shunted across the tuned circuit of the transmitting
R.F. oscillator, It is claimed that this rather unusual method permits
modulation as deep as 90% with negligible frequency modulation.

The R.F. oscillator is at a frequency of about 430 Mc, and has a
power output of above 15 watts., The oscillator valve is a single triode
type TU.50/1.

One point of practical interest is the method of stabilising the
current in the iconoscope focussing coils, A valve stabilising circuit
is employed, with a neon tube as a reference, The voltage of this neon
is found to vary to some extent with temperature. To compensate for this,
a resistance coil is wound round the neon tube so that it attains sub-
stantially the same temperature as the tube. Any temperature variations
will have the effect, both of altering the neon voltage, and of altering
the value of the resistance. This resistance is inserted at a suitable
point in the stabilizer circuit, so that it compensates to a large extent
for the variations of the neon,

The Camera is fitted with the fodlowing vreset adjustments :-

) X Centering

) Y Centering

) Focus

) Beam Current

g Potentid of iconoscope collecting ring.
Line shading

) Frame shading.

The power consumption of the camera plus transmitter is 12 amps,
at 24 voltse About 200 _equipments were made and some are in the hands
of CIC in Paris,though most are in Russian ha.ds. The receiver and
indicator are of fairly conventional design. 4s already pentioned there
are no frame synchronising signals. The line signal is extracted and the
fundamental component is filtered ana applied to the suppressor grid of
an L.C. oscillator running at the line freguency, thus pulling this oscil-
lator into phase with the line synchronising signal. The oscillator is
followed by dividing circuits, identical with those inthe camera, which
produced the frame signal, The frame signal is phased manually by the
operator, and provided the line signals are received continuously the
picture should stay accurately framed,

The line oscillators in the camera and in the indicator are de-
3igned to be very stable and are temperature compensated. They are both
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adjusted to oscillate at very nearly the same frequency. Thus, if the
line signal is interrupted, due to jamming or other causes, there will
only be a very slow shift of phase. This is intended to improve the
resistance of the equipment to jamming,

The picture quality obtained would appear to be excellent. Some
photographs have been obtained of the picture given by the 441 line
interlaced equipment. These pictures were teken using the whole equip-
ment, including the radio lint, but a large, good quality receiving
tube was used. The photographs indicate that the definition was about
as good as can be obtained with a 441 line system.

THE TESTING OF THIW FERNSEH TELEVISION &

1, General

The D.F.S. have been concerned wvith the testin and installation
of "the Fernseh television in the HS. 293. Their work falls into three
categories, testing the radio link, testing of the camers and testing
of the complete missile.

2. The Radio Link

Much trouble has been experienced due to ground reflections
providing a secondary transmission path between the missile and the
aircraft. BEarly tests were carried out with the transmitter on the
ground and the receiver in the aircraft, and these troubles did not
arise. However, when air/air tests were started, the transmitter
being carried in a second aircraft, ground reflections had the effect
of producing "bars" on the television picture.

Englebrecht was of the opinion that this trouble was largely
due to residual frequency modulation being present in the transmitter,
although this frequency modulation was probably less then 500 Kc/s.
This, however, appears to have been a subject of disagreement as
Fernseh were of the opinion that frequency modulation of their trans-
mitter was negligible and that the "bars" were due to changes in the
path length difference between the direct and reflected rays.
Englebrecht made a crystal controlled transmitter in order to prove
his point, but it apparently never got to the stage of being air-
tested.

Whatever the cause of the "bars" it appears to have been
agreed that the best solution was to reduce the reflected signal as
much as possible. Very extensive experimental work was carried out
with a variety of aerial systems including an aerial with a very
elaborate parabolic reflector on the receiving aircraft. Vertical
polarisation was found to give less trouble due to reflections and
very satisfactory results were eventually obtained by mounting a four-
element Yagi aerial abowe the fuselage of the receiving aircraft

- 141 -



(an HE.111) and by mounting a similar aerial aft of the tail of the HS.
293. The receiving aerial was gyro stabilized in azimuth giving the
aircraft freedom of manoeuvre.

When the HS. 293 was close to the controlling aircraft,
additional fading trouble was experienced due to the fairly sharp ver-
tical polar deéagram of the aerial on this aircraft and to the fact that
‘the HS. 293 dropped rapidly soon after release. The picturg became
steadier, however, after the HS. 293 had been flying for a short while.

After the various troubles had been overcome, ranges of about
110 kms. were obtained using the standard 73 em. link, the gain of each
Yagi aerial being about 4.

An experimental link was made working on 3.5 metres. On one
test a range of 263 kms. was obtained with the controlling aircraft at
a height of 4,000 metres and the bomb at a height of 1,000 metres.

3. The Camera

Herr Lutz carried out some work on the spectral sensitivity
of the Fernseh super-iconoscope. For this work he used an extremely
good spectrometer which, using two interchangeable prisms, had a range
of 1,500 angatroms to 45,000 angstroms. Unfortunately, this spectro-
meter was destroyed. .

The infra-red iconoscope was found to peak in sensitivity at
about 0.9 u and to have an upper limit of about 1.1l u. The blue
iconoscope peaked in the blue/green region. Under twilight conditions,
The blue tube was found to give a signal about three times as strong
a8 that from the infra-red tube. About 100 lux was sufficient to give
a just visible picture using a F/2.8 lens.

“Although its sensitivity was rather poor, the infra-red tube
was found to give improved contrast and gave a very remarkable improve-
ment under conditions of light haze. On one particular occasion, the
maximum range at which objects could be distinguished, using the blue
camera, was 1.5 kms. The corresponding range with the infra-red camera
was 45 kms. In thicker haze and fog, the infra-red camera gave little
improvement.

In generel it was found that improved contrast resulted from
cutting out the blue components of the picture and a Shott 0G.2 orange
. filter was found to give improved contrast when used with the blue
cemers, although it caused a three-fold reduction in the sensitivity
of this camera.

One troulle experienced with the blue cemera, has been due
to thé presence of ion-spots on the screen, which can easily be con-
fused with the target under certain circumstances, These appeared to
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be absent in the infra-red tube, although this msey have been due merely
1o more careful manufacturs.

It is understood that the Fernseh television camera using the
infra~-red tube was also used in the robot tank.

4, Installation and Testing in the HS.293.

The camera was mounted in a fairing forward of the war-head
while the transmitter and power pack was mounted in the fuselage im-
mediately aft of the war-head. The Yagl aerial was mounted aft of the
tail

The aerodynamics of the HS.293 were found to be rather unsuit-
ablé for use with television owing to the severe yawing and banking
resulting from the applicition of control. An attempt was made to
improve this by stabilizing the camera lens by linking it mechanically
7ith "ears" projecting outside the fuselage, but it is believed this
effected little improvement.

Dr. Englebrecht had witnessed the testin; of seven HS.293's
against a wrecked ship near Peenemunde. One of the seven hit the
target, the others all falling short. Dr. Englebrecht is of the
opinion that the opecrator was extremely bad and that with a good
operator a large proportion of hits would have beem obtained. He was
none the less of the opinion that this television equipment was wasted
in the HS. 293, and had been advocating its use in the project
"Beethoven" which was understood to be similsr to the American "Weary
Willie" project.

NOTES ON A VISIT TO THE FORSCHUNGSANSTELLE DER DEUTSCHE REICHSTOSTS
AT AACH

Persons contacted: Dr. Wunderlich, Dr. Michealis and others.

1. Fernseh Television

The F.A.D.R. have been closely associated with Fernseh in the
development of this equipment. They were in possession of a consider-
able number of the equipments and one camera was demonstrated. Picture
quality was extremely good and it was noted &hat the receiving tube had
remarkably good focus and brilliance. A complete HS. 293 fitted with
the television equipment was also examined. One point of interest was
that the Yagi aerial was fed from the end, not from the centre, as is
the usual practice. A resonant feeder was used.

Television for Wasserfall

An interesting television camera of very coupact design is
being developed for Wasserfall. Apart from the iconoscope only nine
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valves hre used.

The frame and line signal sre produced on the ground at the
receiver, the line. frequency being 4,000 ¢/s. and the frame frequency
10 ¢/s. The line and freme signal are transmitted to the missile via
a fifth tone chamnel in the E.230 control link., This channel is
modulated with a 4,000 o/s. sine-wave, giving the line frequency, and
the amplitude of this sine-wave is doubled for a period of 10 c¢/s.,
ten times per second, giving the frame frequency. In the missile a
five-valve circuit extracts the line/frame signals and produces the
time base waveforms for the iconoscope. This is a small in-line icono-
scope developed by Telefunken using a semi-transparent mosaic, the
signal plate consisting of a very thin layer of silver. It is very
similar to the in-line iconoscope developed by Fernseh. The video from
the iconoscope is amplified by a four-valve video smplifier about 800 K¢/s.
wide and the output of this amplifier modulates a small 1 watt oscillator
working in the region 500 - 600 Mo/s.

This arrangement has several distinct advantages. First the
more complex parts of the line and frame circuits are on the ground and
the synchromsing signal passes from ground to air so that if the missile
aerial has adequate gain backwards, jamming should have little effect on
synchronisation. Alsc there is no need for the normally fairly complex
circuits to add blanking and synchronising pulses to the video from the
iconoscope, as this can be done on the ground.

The experimental camera was examined and was found to give

reasonably good picture quality, although the 10 c/ 8. flicker was very
objectionable,
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D, HOMING DEVICE DEVELOFED BY DR.RAMBO#SKA

Person contacted: Dr. Rambowska

1. This target was not covered in great detail agit has been
fully covered by previous investigators. However, the!general principles
of the device under developement are desciibed below. The equipment
is an optical homing device to direct s missile at an isolated target
in the air or on the surface of the sea, the homing being effected onto
a light contrast. The image of the target, onto which homing is to be
effected, is focussed onto the screen of a super-iconoscope after being
reflected . from the circuits associated with the iconoscope so as to
keep the target in the centre of the iconoscope screen. The angular
position of the mirror is therefore -a measure of the mis-aliznment of -
the target from the centre line of the missile.

2. The iconoscope performs a spiral scan, the spiral containing
about 5Q turns, although a ring of only about 2 or 3 turns is sensitive
at any one time. At the start of the flight of the missile, this ring
covers a small area in the centre of the field of view of the iconoscope.
Before the missile is fired, it is lined-up so that the target is in
the centre of this circle. Under these conditions the mirror will
oscillate so that the target moves from side to side of this cirele;
each time it touches the circle a signal is applied giving a control
voltage to the mirror. The mirror thersefore hunts over a small angle
corresponding to the diameter of the circle. As the missile approaches
the target the latter will subtend an argeilarger than that corres-
ponding to the diameter of the sensitive circle. The circle then en-
larges so that it just encompasses the image of the target, which there-
fore, stays in the centre of the field of view. The mis-alignment
signals from the mirror are used to steer the missile.

3. The circular scan on the iconoscope is produced by two sine-
waves in quadrature at a frequency of 5Kc/s. The spiral is produced
by modulating these sine-waves with a saw-tooth at 100 c¢/s. When the
beam in the iconoscope scans the image of the target, a pulse is produced
which de-sensitizes the receiving circuits for a per:.od slightly less
than the length of the scan saw-tooth. Thus the receiving circuits
become sensitive again just before the beam is due to scan the target
once more. ILn this way only a few turns of the scan are made sensitive,
as mentioned above, so that the homer is made sensitive to the target
on which it is locked and insensitive to other targets unless they are
quite close to the barget onto which homing is being effected. The
pulse produced for scanning the target is amplified and is used to
trigger a blocking oscillator which gives a lengthened pulse of con-
stant amplitude lasting for about a quarter of a'cycle at the sinu-
soidal scanning frequency. This pulse is then fed into two phase-

. sensitive detectors where it is mixed with the 5 Kc¢/s. scanning signals
and D.C. voltages are obtained proportional to the X and Y go-ordinates
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of the target. These voltages then work two small servo motors on
the mirror which moves in such a way as to bring the target back to the
centre of the screen.

4., In order to stabilize the missile, Dr. Rambowska believes
that it will be necessary to obtain the first differential der1v1t¢ve
of the mis-alignment voltage which he vroposed to obtain by ‘differen-
tiating the voltage obtained from pOuentlometers attached to the mirror.
Ie claimed to have ideas about methods of effecting predicted homing,
but when this was further investigated, it appeared to consist more
of a desire to how we would effect it. He has been asked to write a
short note on how he would effect predicted homing.

= 046, =



E . MESSINAGERAT

1. A description of the Messina Gerit was given under Wasserfall,
since this homing device was designed primarily for use in the Wasserfall
project, however, the same description is included here for persons
primarily interested in homing devices.

2. Mesuna. was an Infra-Red homing device which began to operate
3 or 4Km. from the target. Because of the small field of view of the
"oye" (t 3 degrees on a preferred model) it was necessary to point the
‘eye on the target at the beginning of the operating region. This was
done by "Krucke" A or B described below. The radiation from the target
was modulated by a disc on which strips were blacked out so as to
produce a frequency modulated square wave, the frequency excursion of
which was a linegar function of the angular target misaligmment. The
polar angle of the target was determined from the phase of the square
wave. The square wave was limited and passed through a discriminator
circuit, the output from which was a sine wave whose amplitude was
proportional to the Radial error of the target and the phase to its
azimuth error. It was proposed to stabilize the eye so that it
maintained a constant direction in space. In this way a Svllision
course should be obtained.

3. The following information was obtained on the "Messina Ger#t"
by interviewing Dr. Weiss. Dr. Weiss worked on the design of the
Infra-Red homing eye. The first idea was to use an eye which was mounted
rigidly along the axis of the projectile and which gave proportional
indication of target misalignment off this axis., This method suffered
from two disadvantages. Firstly, that the pitch and yaw of the missile
gave false indications of the angle between the tangent to the flight
path and the direction of the target, and secondly, that if a predicted
collision course was being flown, the direction of the target might
make a large angle wrbh the axis of the eye, this necessitating a large
field of view and consequently a small range sensitivity. It was,
therefore, decided to use an eye mounted on a stabalized platform which
was 80 steered during the initial ground control of the missile, that
the eye locked always-along the line of sight, and therefore at the
target. This was to be done by means of the "Krficke Ger#t" for which
two forms had been suzgested. In one scheme the eye was rotated on the
platform by signals from a backward looking receiver which D/Fed a
ground transmitter, and in the other scheme the eye was turned by signals
from the ground by an amount which was determined from a measurement of
the rocket direction. In either case, when the missile came within the
operating ranges of the eye,control was handed over to it and from then
.son it remained with its axis looking in a direction fixed in space.

The inaccuracy of the '"Krficke Gerit" in pointing the eye would lead to
and initial misalignment (E) of the target with respect to the eye axis
being measured. This was used to produce an angular motion of the

rudders B such that
= £(5}
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The ideal trajecory would be omefor which E = 0, this leading, in the
case of a straight flying target, to a straight line collision course
and in the case of a non-linear target motion to a wideways acceleration
of the missile which was mot greater than the sideways acceleration of
the target. In order to produce gstable homing trajectory the function
£(E) had to contain other time derivatives of (E) but its form had not
been determined.

4, The homing device consisted of a mirror with a rotating shutter
at the forms. The radigtion passing through the shutter was diffused
onto the surface of an Hlac Infra-Red cell, the output of which was
amplified. Weiss devised a shutter with strips which gave square wa ve
chopping of the radiation, the chopping being at constant frequency for
an image on the axis, but having an increasing frequency modulation
deviation for a source at an increasing angular misalignment. The out-
put of the amplifier was therefore connected to a frequency discriminator
which gave a sine-wave output whose amplitude was proportional to the
misalignment and whose phase, on comparison with a reference commutator
gave the phase of this misalignment with respect to the eye axis. The
use of frequency modulation was said to give the direction of the
brightest spot ,in a distributed target, but this does not appear to be
true if normal amplitude limiting is carried out before passing the
sicnel into the discriminator. This method does not, however, seem
to bad a very simple circuit for sorting out proportional misalign-
ment. The beam width necessary for a homing device used in this
manner was determined by the accuracy of the 'Krlicke GerHt" and also
by how far the manoceverability of the missile could keep E = O. Beam
widths actually used were from 6 degrees to 12 degrees. Weiss said he
bad a scheme for using a much narro<er beam sut he refused to discuss
it. It is presumed that he was considering a locted follow eye with
initial scamning in order to find the target.



K- RESEARCH RELATID T¢ GUIDED MIS Il 0K

A. GANFERAL INFOIMATTION

The object of this section of the report is to cover those basic
research projects which were encountered by CIOS team 3067 whose
solutions can be applied to Guided ilissile work. The followin: contains
information gained from reports written for other Teconical Investisation
Teams, information gained from interviewing Germsn Scientists and from
Translations of German Documents. It is felt that the following infor-
mation is very far from complete, but in most cases no other reports are
known to exist containing the same information.

B. REPORT ON THHE INTHRROGATION UF DREKASPER OF ARG

Orzanization

The A.IL.G. mere engaged on research work for the German National
Council of Research. ‘

Prof. Gladenbeck was the leader of the Fernmeldwesen Division of
the A.E.G. which was responsible for researcn on control of missiles and
on radio and infra-red homing aids and proximity fuses. Prof. Gladenbeck
was formerly president of the Reichpost Institht.and also of the Vorsuch-
stelle f#r Technische Forschung which did electrotechnical research for
the Ministerium fiir Rustung und Kriegsproduktion. He is said to be in
Hamburg.

Dr. Kasper was a group leader in Prof. Gladenbeck's division and
was responsible for physical and chemical work on infra-red cells and
also for devising methods for their mass production. This work was
done in Konstanz.

Prof. Gudden of the Feuerleitwesen Kommission in Prague was in
charge of the approval testing of the Konstanz production cells

Dr. Orthuber was in charge of the group at Neustadt-bei-Coburg
which worked on the application of infra-red cells to the control of
guided missiles. 'The optical part of this work was done in connection
with Zeiss at Jena. There is said to be egripment and samples of these
devices at Neustadt.

Dr. Hilgwers was also working at Neustadt on similar devices.

Prof. Tebersen was the leader of ithe Feuerleitwasen Kommission and
organized measurements on the intensity of the, infra-red radiatiqn from
various types of aircraft. It was found that the production cells when
used in a Zeiss mirror system having an aperture of 25 cms. would _ive
useful signals on a Lancaster at renges of 2-3 Kms.
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Work by Dr. Kasper

Dr. Kasper was originally engaged on investigation of the Fhoto-
conductivity of Lead sulphide crystals. The lattice structure of the
crystal is cubic as in the NaCI ciystal structure. It was found that
the pure crystal ha:z no photoconductive properties. Experiments were
then made with impure crystals having either an excess of lead or of
sulphur ions. In fact, an excess of one ion represents a state where
there is a deficit of the other ion, leaving holes in the latiice, since
the ionic packing is so tight that there is no room for the insertion of
extra ions. The electronic balance is made up in either case by the
neighboring ions (not the ones diagonally opposite) havin; single in-
stead of double charges. With these imperfect crystals it was found
that the ones having an excess of sulphur had slight p.otoconductive
properties, but the ones having an excess of lead had none. The
photoeffect was found to be greatly enhanced if the singly charged
sulphur ions next to the space left by the missing lead ion were
replaced by oxygen icns. The explanaiion for this phenomenon is that
while an electron may, in the field distortion produced by the im-
perfection of the crystal, on the absorption of a quantum of infra-red
radiation, pass from a sulphur ion to a lead ion, the probable recou-
bination time is so short that photoconductivity can not take place.

In the presence of oxygen ions, however, the electron may pass back
from the lead ion to an oxygen ion which is then in a meta-stable state
with a much longer life.’ There is then a much larger probability that
the field conditions will be restored by conduction of electrons in the
presence of an applied field.

The preparation of lead sulphide crystals having this property
was carried out by mixing solutions of lead acetate and thio-urea,
using a slight excess of the latter, the concentrations being such the
resulting lead sulphide was in very slightly super-saturated solution.
Crystals then formed slowly and were deposited on the glass surface
later to be used for making the complete cell. The formation of very
large crystals, which are necessary if contact noise is to be avoided,
depends on the use of only slightly super-saturated solutions, and
under these conditions, the first small crystal nuclei are produced in
small regions of larger concentration caused by statistic variations.
It was found that the already small probability of the formation of a
cryatal nucleus was very much decreased by the presence of copper ions
8o that even one part in 107 of copper was sufficient to inhibit
crystalisation completely. It was therefore necessary to use very
pure reagents and to use water distilled from glass vessels rather &han
from copper ones.

The lead sulphide deposit was allowed to form a thickness of
2—3/u and was then removed, washed and dried. It was then heated for
half en hour at 100°C. It was shewn by X-rsy measurements that the
lattice constant changed as a result of this baking process. A graph
was plotted shewing the lattice constant as a function of the baking
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temperature, the period of baking beinz the seme in each case, It was
snewn that the lattice constant first increases as the baking tempera-
ture is increased, then falls to a minimum, rises to a second maximum
and then falls to the normal value for the lead sulphide crystal.

At the same time the photosensitivity rises from zero to a sharp
.maxgmum which is coincident with the minimum in the lattice constant at
100° C.

The sensitivity oi lead sulphide cells to infra-red radiation was
measured at different frequencies using a spectrometer, Since at short
wavelengths the effect of a single quantum of energy is the same inde-
pendent of its size, the response of the cell at different frequencies,
for equal amounts of energy falling on it, rises hyperbolically as the
wavelength is increased. At the wavelength of 3.0 microns the ensrgy
per quantum cesses to be sufficient to cause a transition and sensit-
ivity falls to zero at 3.) microns. Sensitivity is increased by cooling
the cell surface with solid CO,. For the best research cells a
sensitivity of 0,035 microwatts total energy falling on a lem” cell
from a black body at 300°C and using a band width of 1(Kc/s was obtained.
The production cells gave a figure of (.15 microwatt sensitivity under
the same conditions. For uncooled cells, which were useful for infra-
red signalling purposes the sensitivity fisure was ten times worse.
Different methods had to be used for the best production oi cells of
either type.

A large amount of work was done to investigate the cause cf cell
noise. At least five kinds of noise were differentiated:-~ thermal
noise, contact noise, work function noise, dissociation noise and
lattice defect noise. The first of these is the kind found in all
resigtive conductors. The second is caused by heating effects at
points of contact between different crystals. The third arises from
statistical chanzes of electron density in the region of the votential
barrier caused by the differing work functions of the lead sulphide and
the material used for meking contact to the cell. The fourth is
caused by thermal deionisation. changes in the crystal, and the fifth
is caused by lattice imperfections due to impurities. The magnitude
of the noise produced by the cell is reduced as far as possible by

making #he crystal size large and by using a contact material having
a work function as nearly as possible equal to that of the lead
sulphide. Carbon was found to iLe the best substance, but it could not
be easily deposited in mass production and so platinum was used as the
next best.

The variation of siznal to noise ratio with frequency of an inter-
mittent illumination was also investigated. The siznal itself remained
substantially unaltered up to a frequency of BOOQ/S and then fell off
so that it was only 15 of its original value at 1000c/s. The time
constants for uncooled cells are smaller, the output fallinz only
above 1lUw0c¢/'8. The total noise level in a cooled .cell is about
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threc times the thermal noise, but as the frequency is increased, the
band width remaining constant, the noiss falls to the thermal noise
level. The signal to noise ratio, therefore, does not fall so rapidly
owing to this compensating efiect.

Applications

Kasper was not very familiar with the work .that was being done
by the other A.L.G. people on the applications of his ceils to guided
migsiles. He knew that a system was being designed by Dr. Orthuber
to provide the ground to air flak rockets Schmetterling and Wasserfall
with homing heads and that a 25 cm. mirror was to be used which
focussed an image on a pair of roéating shutters, each with two sets
of silvered segments, which interrupted the radiation at frequencies
of 350, 450, 550 and 650c/s. The amplifier used had a band width of
70—800/ s. After the shutter a lithium fluoride lens, the back surface
of which was in contact with the cell window, was used to spread the
radiation from each point on the field of view over the whole surface
of the cell. This window was made from a thin (0.6mm) disec of Duran
glass, accurately flat, which was then fused to the outer tube of the.
cell. It was stated that any type of glass would serve this purpose
since, with such a small thinckness the transmission loss was not great.
In order to avoid vibration noise the leads were encased in glass,
and the inside of the inner tubes was silvered so that wibration of
the solid CO, filling, having a large dielectric constant, did not
cause variatIon of lead capacity.

Kasper did some research on the preparation of the silvered
sbhutters. Inbrder to reduce shutter noise the edges of the segments
must be sharp and accurately true. A method of coating the plates
with a collodion pnotographic emulsion and then exposing to an image
of an accurately drawm picture and developing was first tried, but it
was found that such shutters only gave about 107 modulation of the
beam since the best photographic blacks transmit above 2 microns, and
collodion only transmits 20%4. The method finally adopted was as
follows:- The disc was first dipped in a solution of potassium dichromate
in collodion and then centrifuged so that only a thin film of collodion
remained. The image of the large scale piciure was focussed on it and it
was illuminated with ultra-violet light for;fraction of a second. The
disc was then washed with water and the unfixed KZCr 0., was washed out.
The remaining KoCr,0, was fixed by a second illumlna%iZn of the whole
plate with ultr-violet. Silver was then deposited chemically over
the wnhole plate and the latter was then washed in chromesulphuric acid
which dissolved away the silver which was on the portion of the disc
not covered by the chromete. This method produced a good clean
shutter.

Similar discs were made for a system of Dr. Hilgers. These
are the ones which were found at Neubleicherode and are described
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in the report on JASSERFALL. The glass used was SFO which is a lead
glass.

Dr. Kaspar had done a little work on’ lead selenide cells, which
were used, cotled in liquid air. The response of these cells was good
up to 4-9 microns. He also mentioned that Kutscher at Elac and Gbrlich
at Zeiss were working on similar Pb8 and PbSe cells.

Reports

Dr. Kaspars papers are said to be at Konstanz, but he has written
peports for Dr. Brode of US and Prof. Mureau of France.

C. REPORT ON THE INTERROGATION OF DR, RUDAT UF AL .G . ~cmmpidds.

Organization

Dr. Rudat was in the sams division of the A.L.®. as Dr. Xaspar,
and did work on a pulsed optical detection system and also on very
long delay tuses.

Optical Detectors

The optical system of detcciicn of short range tarsets dev'eloped
by Dr. Rudat used the same principle of receiption of raflected pulses
as used in radar. In this case the transmitter consisted of a discharge
tube filled with eitner alr or arson wixed with 0, at a pressure of
3-4 atwospheres. The electrodes were of tungsten, 3m in diameter, with
a gap of from 3 to 10mn depending on tne particular epplication, and
with ends of somewhat elliptical snape, the latter being said to improve
the life. The discharge tube was connected to a condenser/resistance/
H.T, supply circuit, the condenser having a capacity of O,lmf and,a very
small series inductance, and the H.T. being of the order of 60,000
candles.

The receiver was a caesium photocell whose output was connected
to a three or four stage amplifier using EF 14 valves. These were found
to be both suitable for pulse amplification and economical to run. The
transconductance is 15ma/volt. The receiver was made insensitive during
the transmitter pulse amd again depending on the particular application,
could be made to receive the lisht reflected from a target after any
determined time lag by means of a stroke pulse.

The+applications for this equivment were:-

(1) For blowing up bridges. The equipment was mounted on a raft which
then flosted do.mstream. An argon/carbon dioxide filling was used in
the transmitter in conjunction with a short infre-red filter. A low

pulse recurrence rate was used and the receiver had a low gain. ‘When
a reflected impulse was received from the bridge the explosiwm in the
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raft was detonated.

(2) #ith high speed fighter aircraft the time available for firing the
guns when passing within range of a bomber is very small and some method
of automatic firing of the guns was considered to be necessary.in op-
tical system with a 1000¢/s recurrence frequency was used. For day-
light working, a blue filter was used to cut out the infra-red reflection
form clouds, while for night working a short infra-red filter was used.
The beam width used was between 1 and 2°, this being fixedeby the spark
gap width. The field strength is independent of the spark length since
the intrinsic brightness is roughly constant. The life of the gap is about
100 hours running at a voltage of 5000 and at a recurrence frequency of
1000¢/s. ’

The same principle was used for a proximity fuse., In this equip-
ment an annular lens was used which produced a narrow sidewiys-looking
beam. ‘When a missile bearing the proximity fuse flew pest a target the
reflected signals provided a response in the receiver.

Rudat also worked on long delay fuses. One type used the slow
evolution of gas formed by electyglysis of KOH solution. The increase
of pressure in a small metal cell expanded the cell walls and made
relay contacts. The cell was constructed from a thick brass ring, and
the sides were of tsin stcel with a depression in each so.that as the
pressure increased they snapped out. The leads to the cell were
brought in through an insulating plate and wrapped in silk and fibre.
The latter was soaked in pure potassium hydroxide solution. Metallic
impurities had to be avoided since they gave deposition of metal on
the cathode without gas formation. The fibre was encased in a polyvinyl
chloride plastic sheath. The contacts were made by light metal rods
which were pushed out by the sides of the cell and pierced metal foil
discs. The whole equipment had to stand a shock of 2000g on impact,
and this was accomplished by making the fixed parts as strong as possible,
and the movinz parts as light as possible. The delay time was of the
order of 100 hours.

D. RADIO CONTROL OF V-2

The automatic guiding of V-2 was by means of a conically scanning
beam from a Wurtzburg antenna. This had a rotating polarisation so that
when the beam was pointing upwards, the polarisation was horizontal. A
C.W. transmission was used with tone modulation of two different fre-
quencies one Hr the left hand and one for the risht hand side of the
scan. The missile had a receiver with an aerial pularised in the plane
of fli:ht.

The #trtzburg was sited in tnc plane of flight and about 1Okm
back from the firing point so that the latter part of the controllable
trajectory was at a nearly constant angle of elevation from the radio
station. The Wurtzbur; aerial elevation was prozrammed automatically
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so that it followed in the vertical plane the predicted course of the
projectile. Furthermore, by repeating back the received siznals to the
ground, small vertical misalignments of the beam in the vertical plane

could be measured and the elevation of the aerial was automatically
corrected.

In the horizontal plane, the aerial was lined up accurately in the

direction of the target. If the missile had a small horizontal error,
the signal at the receiver appeared thus:-

_/_\_/éf———(,ﬂ’“‘-”" ScAY
/fjhnehf

horixorta/ mMisd

ﬂectliﬁlstjhd/__a
——(s1ve) joolav: gatron Moo,

BfF " Doaw RIGHT P
The difference between the peaks of the signals of the two different
modulation frequencies was proportional, in the absence of a vertical
misalignment, the angular error in the norizontal plane. The two
signals were therefore filtered in the receiver,gizgﬁrectified separately,
and the resulting voltages were then avplied, throush a differential
circuit to the "iischger#t", The gain of the overall circuit was varied
automatically, through & clockwork device so that the increasing range
was taken into account, and the correction applied waJproportional to
the horizontal distance off the centre of the beam.

%, CONTROLLING OF THE FUSING OF THE HS-293 BY
TRANSLATION)

Remote control rocket attacks on close bomber formations is only
of advantage when the guided missile is being exploded at shortest
possible distance. Besides the difficulty of correct steering of the
HS-293, we also have the probicm of proper fuzing at the most advan-
tageous point. At first, it was thought that besides the launching
plane, a second plane should follow the enermy formation which tracks the
flying missile into the bomber formation, will set off the explosion.
This system did not work out. Due to enemy fighter attacks, this
steering vlane was not able to observe the missile constantly; besides
this, the use of the second plane mekes this system rather uneconomic.
Therefore, a suggestion was made to fuse the rocket by means of radar.
It was suggested that the Neptun-R-Gerit whick can easily compute range
at an angle of 50 degrees. If this antenna is built into the nose of
the launghing aircraft and thelaunching aircraft will stay from two to
three km away from the bomber formetion in order to avoid the loss of
the plane, then we will find on our scope of the Neptun set, a primary
pulse which will represent the formation of our scope. when the HS-:93
is launched, a small pulse will be seen on the scope with a decreasing
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~ amplitude which will move towards the primery pulses which have been

described above. The observer in the launching aircraft will fuse the
flying rocket at that instant when the small pulse is covered entirely
by the primary pulses.

L Experiments have shown that this type of fusing is possible. It
is however very important that the fusing is done at the very exact
instant of the coverinz of the pulses. The H35-293 flies through the
bomber formation in about 2)-secs. which means an average apeed of
100-ny/sec. Since the effective radius of the HS-293 is 15-m, the fusing
is to be done with no more than = 0.1 sec delay, which can only be done
by an experienced operator after a long time of training. Therefore,
the experiments station in charge of trying out this radar system of
fusing, suggested constructing a training apparatus which will enable
operators to zain the necessary amount of experience.

The rest of the Document describes the training Device, A
ilodified Neptun R.

- 156 -



=49T = *

X- 3735

*(pa3ona}suod
dBAY) SauM
OPITY yitm g-p
oYUl 81X 20SE

Sy

- “Tapoy NI
usudo [8AS(Q 4=y
14

*(S50A 4 wiu[g) squoq

‘puaatem Uy OT

*s1s{TRUY [ROTILOS] owc
h % 0= &-¥ ‘T=¥ STapoj

buijze133uIgas

(W o0sE) 9tuns
D

H -3 Rdd

—30} TEWEY % 4

§62-5H

PUR 4=y Ju 8P
—ou juando (3ann

€y

ST T8 03 Tnd | ¢l tvae wvyeny Q Nksq..ow-“. = VN e dl
g QVNI}@ BPLCIEE S FERer lx m ~ Nlm m i ShcibTaG q quondoyeAaq -y q
*{ @5}, MOTH) Iep 1sTL o (T 0r5E) aFue:
|.1M. vad ) AETS STISATRET TRoFENI, —RueT 16 (1-y *SS900NE SIS

[ /enoN omn 1IN ey
Sy

*$90p 3dJ0,
TeHeY  2056=1T ‘05~1T
A hoqﬂ. ‘0€~1 ‘T1~1 “01-1

TR

1e400d qE) ‘paziirye3s

UYJ 'PeTTI4u0o-0prd
‘96=d 4 si=d STapOY

ENELEE]

Jdonde £ s
WF (UL o)
Jo [epom J -

*= 18 ouy
=You 99

s
LTT-SH A

s 76 2-GH

*(Th 005E, aJuea

-Buoy o) OT-v ,
Cly

TUALCOTANG ] J=A
=

S8 UMOU) Iaje]

7v

U350y

*sysATeUY T®a} ydsl 98¢

¢ 9W0y|

*s [sd[vUy [WOTRISe] 08§

962-SH

-.\,v.uhoauu
~on juando [9Ad(]

*(TH 00%y,) @8usa
lvdomkau_ualm

R 5=v Jo Tap
—=ow Juaudo [aAw]

Hy

*ounTiey

T.auusno_ I8 &~ ml|
: v

Z® Ny

*quoq paysIssT
-390 0X IT® 0% JTY

Sq 00/Y

‘oT1e
-STW JTE 79 punold 2juos
-aadas ‘(i1 ¥ J sTaboj

Temh WME (=X Ju uos

-J9 A oruosteduy ml

*graATRUY TEOTUOR] 98§

86C-SH

*peay
~Jum_Lrejpueouy

UFTM oA Jefuw

€

*Z-A 0 4~y 0]
JTUR FJo-axwy

Oy

TeUoT3TPPR
Jo juaudoyassq

AN ]

*16420d punod
@) PUNOL, BAZYE-JTy

S-InW

309Uy

o

J37jo3UIsqy
8 . ,.. .. .M@m NI\U-.

11DJ I3SSDM|

IrmY on g
1=
~ Tapou

oo
Lo an 5
——]|

cesATRUY TROTULORL
298

H % ¥ 37opoy

¥6C-SH |

WAd 07 T REeT|

*arT3asfoad

PUTLIE g puUnodn

pe(adaad jay00a g
A

"8IBIBR J00 O
ofuwex oy sTuts
QIW 7=V Jo g=A

Sy

//auaudo (aray .K-M.M.I
4

*odnTTRY
//smdaTareq g-4

———

AW

*y2o0de; [®OT.4Da]
238

unjoi]

*BTSATRUY [WOTU48]

<N
¥ AL “r ' ol
s UDIZUT

ASEN.E&”&“H Nnx

*3Tsfpwy recjutppol
298 ‘[ Wy ¥ S{pOy

€6¢-SH

*oT :303('0ad pez1TT

=q219 OTuRUILOIBR

-paTTadodd. jap |

punodd wq P Iy

I

* [spon
quewdoTess] -y

L s
ly
*z-p 3O

TPOR 3814
0y

8y

TcmEQoE\_mQ

SOlISSIN
papinbup

SW/9

suodoay x

JEDEELEY

PU9"§ D)4

sud, m

suodosy. v

I XION3ddV

A



Appendix I

o

I

4080

6%0%

A

E N Z




4 5 @ # ge-@ihag

Die schraffierten Teile pezlohen sich aut
den senkrecht zu dem dargesiefien . Aggresat
stehenden [enkmechanismos |

22 23 24 25 26 27 28 29 30' ’
_ 7 3/\2<33 34 35 36 37 38 39 40 4 i

Appendix

Predhe

]

x

/NN

L
!

W

Y

o
AN
. w .‘53:‘.:'

LA
A

]
)

L\ L TALY
i
°

\ 4
0

S

D, P
.,mﬂll
)

by
Schraffied : Paum

BN

N \\
/'w‘ innere [»f
féngertaike Mﬁémdmy ws

e\

S

|

43 44 45 46 41 48 Schmitf

AN TSI

268

137

705 ”

57 | | | | \

170

= 972

275

1240—

Komet 2




Appendix J\'A










