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1. The Germans at NII 49 in Leningrad were placed in a loose organization called the
Specialist Group. This group was headed by Dipl. Ing. Herbert Mummert., It
consisted of 21 Cermans in five sections. /The organizational chart of NII 49

s report
25X1
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25X1 3. the lead angle computer (Vortaltrechn_qr) for the Rheintochterl |
25X1 [For the technical description
and diagrams of the computer see, pages 6-9 of this report_._7
25X1 - '
lul the redesign of the Wasserfall parallax computer to
accommodate Soviet components, This took place over a period of several weeks
in 1947, There was actually little change made in the computer, The Soviet tubes
required only small changes in cathode resistor values. '
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6. The initial contrel computer: This appeared tc be the major
project accomplished by the Germans at NII 49, in that a high
order of technical improvement was made, and that the Sovieis 8
were extremely interested in Wasserfall, In 1947, the group
adjusted and tested the original computer msde at Kreisslgeraete,
Berlin-Koeppingen. These tests revealsd errors a3 high as 15
degrees, ; ' ' T

T. The purpose of the initial centrol computer (Einlonkrcchnor)
was to steer the missile in the first few seconds of flight
into “the view of the ground controller. This was done dy Tre-
oeiving the target angle continuously, and caloulating the
desired time history. When the missile came into view of the
ground ocontroller operating tho Kneuppel (jogstiek), he would
take over and ohange the path 62 the miseile according to the
angular error between the target and the missile.

8. The computer for Wasserfall was teken over by the Soviets in
! ugust 1948,

25X1‘
N s Joviets
socane of the continued

() T 3T
insistence on perfeotion in the computer.

. ' : 9. The initial trajectory computer operated as an analogue of
o the following equation: ’ . ‘

. ’E{n +§-€y[:(3’n - ¥z) +r3’rm +fif =0 | (

TR [f‘b' should be noted that with the assumption that 3’2 {s & constant,

and that the time is at least six seconds after firing, then the

equation reduces to.a simple second order differential equation.

This is typical of a simplified dynamic equation desoribing

the correction in error from a moving beam: .Automatic control

. . of the miesile itself could be done simply by having rudder

'* . d&isplecement proportional to the output of the oomputers e

RNy

" 10, The initial trajectory computer [rlp describsd on Pageﬁ«12-15£7
‘ ‘ was an improvement in the originsl design becsuse of higher
- precision components. Tests showsd thet the actual: path with .
4 ‘the improved computor was much closer to the predicted path, Dy
being within one degrec of the desired ourve. It should be S
noted that this is a measure of the perforiance of the computer:
, .against the desired ocutput, not the migsile performance. .In . .
" other worde, the equation above roproaontnntho“ddair.d“rolation-f
ship between end time. The computer gives an analogue solution,
which is accu¥ate to within one degres. There was never an I
epprortunity to test this conputer in s missile; 'The improve-.
ment in performance can be shown by conpering. the maximum error
of the originil one designed in Germany during the war. This .
had errore as high as'l5 dqgrooqé? There w&s ocoiitinual improvement
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- R $he Weseerfall initial trajectory computer from August 1948
o Beptember 1951, . ' :

[ ] eadnac ML LllOL, f
) cousTdered more an impedance maiohing nete
work than an smplifier, end was standerd, It should be neted
that it inoluded an suxiliary feodback loop to the plate of $he
6J7 to ocompegsate for the main feedback loop at higher f¥e=
long,!.u.ﬂ L} diagram of this amplifier is included on Page 16 ef
8. TOPOTY ./ . .

12,

25X1

® PTOJ0T enginesr was 0H, obieTr O the D8
The oam was_supposed to replace the computey descrided
above /[in paragraph 3/» The principle of operation is as tollopli

&, Through linkeges and oam followers,repressnting the

dnput of P2 and the output of YE, and a thres=disens.

siondl oam rotating & oonstan® wpsed, the sogputation

oarried out by the computer desoribed adove / in-

paragraph X/ would be duplicated. This researoh [
Was acoomplished in 1949, but was dropped after a :

Zow monthe beocause of the expense in produstion,

The cam Tequired 12,000 mun-hours to produce sgainst
the 3,000 man-hours that were requized to produce

I the .iootro-noohnninul somputer. [f sinple sketoh, i

representing the general appearance of the oam,is ' : :
. BAyen ‘ov Page 17 of this reporty/

13, Tau-angle computer (bvank-angle computer)$ This is s devioe
‘ vhioch;in effeot,o00rdinates the rolling axis in olinbing
turns, With reference gyroscopes rotating in the sirframs
AXes, it can be shown that in a olimbing turn the rate of
bank must be proportional to the desired rate of tura multis ‘
Pplied by the sine of the olimb angle. The German group de=- ;
signed a computer to satisfy the equation shown on one of , ' /
the sketches [-!hg‘en 12.15 /. S8ince the Wasserfall miesile
R 4id not roll, this computer was to be used then, in conjunction
A with the oommand system,to resolve the turn and olimb control
o : signals, and apply the components to turn and climb controls
95X : reversal of gontrolg, /
CoETE /it was a project

R [ . BRG, who later tested 1t on s turntabdle, and
25%1 . - [ ]4t was generally considered satisfactoxy.

B 14. Research to eliminate tachometers? 1In order %o stabilize
A the different servo systems utilized in the Wasserfall com~

PR puters, tachometers were generally used. Becesuse of the )
lack of German tachometers (velocity generators), and the {
large sise of the Soviet tachometers, some research was : ‘ 3
oarried out by the group to eliminate the neceseity for ‘
taohometers in the design of their equipment. For systems
using alternating ourrent throughout, a double T-network,

dopied from the Franklin Institute Journal ecircs 1947 wa
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| mides yse of the phase advance "notch
f3lters® 4id,In fact, ntabilize the servo systems required
within his capabilities 'of observatien. Simce this work
vas to be done using 50-cyocle equipment, use of alternating
 eurrent *notch filyers" would tend %o be more satisfactory
Co%hen at 500 eyeled B T

25X1

‘15. &ine wawe generator! A mechanical asine wave generator was
. ‘ built ae tess equipment for computer and gyroscope equipment.
25X1 _ this method of produsing rates and accelerations
o ‘ moré reliable then that obtainable through electrical means.
A oonstant speed motor driving an ordinary lever arm pro-
duced & sine movement through a yoke arrangement. -

16. Toroidal coil winder: This was & projeét in the Design.
25X1 : @ction under LANGENBACH|

25X1- | |it could be used to wind {OIOlGAl GOLILB |
25X1 from Inoh  to six inc in meter

25X1
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Technical Discussion of the Reintochter Lead Angle Computor (Vorhal-

1.

2,

S

S.

s ’ : :
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Leqcnd te diagram Nos., 1, 2, and 3

trechner)

In order to control the Rheintochter misasile, ithe operator
was furnished with not only the azimuth and verticdl angles,
but also lead angles proportional to the rate of change of
the target angles and distance. e s

In Diagraa No. lzfshoun.on-Pagelé ;715 shown & block disgram -
of the revised lsad angle computer. It should be noted that
‘the input engle is applied from the sighting device by a
coarse and fine system. MTachometric feed back is used in

_the amplifier to obtain stebility. A voltage propertional

t0 ‘the rate of ohauge of input angle is obtained from a
tachometer and applied to the second amplifier., The out-
put of the second amplifier is added to input angle to
furnish the desired output angle.

In Diagram No. 2 [fhown on Page 7.7 is Lo

s oirouit diagram of amplifier No. 1. The coarse and fine -
input signels are applied through a varistor arrangement

to the input transformers to the 6J7 tubes. A 500 oycle
voltage is applied to the plates of the 6J7 tubes,whose
output is filtered and applied te the 6N7 tubes. The oute
put of the 6N7 is applied to the 6L6 power amplifiers,which
operate the servo motor. The servo motor is a iwo-phase
induotion motor. A tachometer,mechanically connocted to the
servo motor,is used o furnish velecity feed back to the
grids of the 6J7 tubes.

Amplifier No, 2 (shown om Page 87 is used L

to furnish an angle proportional to the input angle velooity.
A DC tachometer is used to furnish an input to the 6NT am-
plifier tube. A 50 oycle voltage proportional to the srrer
is produced by the first 6N7 and applied through the second
687 to the 6L6 power amplifier. A two-phase induction
métor is used for the servo. Connected to this motor is a
DC tachometer which is used for velocity feed back to the
grids of the first 6N7 tube. An AC follow-up voliage is
also applied to the 6N7 tube through a phase shift network
to correct differences in phase beiween the supply voltage
and  the output of the follow-up selsyn. The outputs of
Motor Ne. 1 and Motor No. 2 are added in a differential gear
arrangement to furnish the desired angle.
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Techniocal Discussion of the Initial Control Computer (Einlenk-
rechner) for the Wasserfall Missile, ' '

1.

om that originally designed in Germany during the war,

' MIthough this computer was Bot baiIEiIIT‘UIIIGTInIX
T ,

there was apparently considerable improvement made over a
period of five years in NII 49. o : o

2. The Wasserfall missile was controlled after the first six
- seconds of flight by an operator who nged a steering device
called the Eneuppel., The operator had available te him

telescopic sight which was controlled after the first six -

seconds of flight by the initial contrel computer, He:

- could then send signals to the Wasserfall missile via the
Kneuppel so as to keep the missile in the center of the
sight. Since the firing point was separated from the aiming

point

uter was

by appro

ximately 100 meters,
essit o e

a parallax com
neluded " he - g

!

\ The missile was controlled ®0 0

the error between it and the target. When the error was

reduced to approximately one-half degree, the initial con- °
trol computer would be removed from the control system
and ‘the operator would steer the missile into ‘the. t4rget.

Phe initial trajectory took approximately 30 seconds. = - -
3. The initial oonpﬁtqr lstilfiqd fho‘-quqticn shown holn!s

{

"ﬁ. + 82 L2 .-TZ)?S’E fiT -0

Iﬂ = the desired missile angle (vorti‘cafl,),‘ ’)’z is the vertical
a A

rget angle, .

4. The input target nnglqérzgil &pplied to the computer and
subtracted from the output mglogz'l st0 & differential gear
system. This difference angle is used to turn a Cam. The
otm was designed at Peenunuende during World War II and -
.is not known to me. The cam operated the arm of & potentie~
meter aciross the voltage suurce which was added to the ‘out=
put of & tachometer,which furnished the rate of change of
the target angle. This was added through a limiter to the
‘rate of change of missile angle and applied to an smplifier,
It should be noted that this value was not immediately.
furnished in the computer but rose to its full value: in
8ix seconds through a potentiometer driven by a comstant
speed motor. This element in the computer was apparently
included to allow & gradually increasing comtrol to the
nissile after being fired. The amplifier recelved another
input which represented the acceleration of the missile, o
The acceleration was obtained by a._tachometer whiehﬂfurn- hed

a

rate voltage. This voltage was applied to a phase advance

network whose output was then the acceleration, The am-
pPlifier. output operated a motor whose angle represents the
desired missile angle. This angle was then transmitted
to the Kneuppel operator's sight,
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In Diagram No. 2 (shown on Page 13 of this report. rfa) the

- schematic of the amplifier used in this computer is illus-
. tpated., The input voltage is applied through a relay to the

first 6SL7 giid. The relay constitutes a "chopper® oper-
ated by a 50 cycle modulating voltage. This voltage is

applied through a phase correcting bridge to bring it in.
phase with the power supply to the amplifier. The output

of the 6SLT is applied to a tuned filter amplified by

6L6's to operate the two~phase inductien moter. This ampli-
fier appears to be standarde .

[the design of the computer and amplifier

28 desocribed above Tepresents the latolt 1mprovomont[:::::::::::]
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