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SUMMARY

This report presents information on the use of
synthetic trainers for operators of guided missiles,
including flak rockets, glide bombs, and high ungle
bombse In those instances where subject trainers

were evacuated, disposition of equipment has been
indicated,
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PRESTRC T

TRAINING DEVICES FOR OPERATORS UF GUIDED MISSILES

I. Introduction,

The development nf guided missiles in Germany has been
closely paralleled by the development of synthetic devices to
be employed in the tfaining nf the ~perators f guided pro-
Jectiles, Training devices have been constructed for gpided
flak rockets, high angle bombs (Fx 1L00) and glide bombs (HS 293)
and in addition, trainers for air-—tn-air bnmbing weré¢ under
consideratinne, The desdign work for a guided aerial tnrped» trainer
had been completed and "ne such device had been partlally constructed
when hnstilities ceased,

These devices cover a widc range nf cnmplexity, An example
of nne the simpler types is the Hénschke trainer described below
An example of a chmplicated device is Schedling's Computer for
the trajectories nf rnckets,

2. Henschke Basic Tralner for Operators of Remote Controlled
missilcs,

This devicc was designed and constructed by Dr, Ulrich Henschke,
Directar of the Medical Research Institute at Garmisch-Partenkirchen,
The fundamental claim for this trainer is that it trains students
to control objects subject tn constantly increasing accelerations, as
for example falling bombs,

The training period is four hnurs a day for four wecks, a tntal
of 112 hourse Dr, Henschke claims that subjects trained nn this
device, after being given nne hour of familiarization with more
copplicated training devices, were able tn aperate the new cquipment
as well as subjects nriginally trained ~n the “ther devices, No
data were available to substantiate thcse claims,

The trainer has the fnllowing advantages:
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AP RV R I I



RESTRICTED

I. intrnducti-n (2) (Cont'd).

1, It is small and compact, thus permitting many studcnts
tn practice in a limited area,

.

2, Itisa simple t7 construct, ineXpensive, and requires-little
nr n? maintcnance,

The trainer has the fnllowing disadvantages:

1, It does not duplicate the acceleratins f a falling nbject
over: a perind of timee

2. The contrnls d) n9t duplicate the actual c~ntrols empl-yed
with guided missiles, either as to Mfeel »r as t) the pnsition
in which they are apcrated,

3¢ The c ntrals arc to sensitive, and permit the course »f
the "missile" t> changc much mire rapidly than in thc case °f an
actual bomb, Thc trainer is housed in a bax approximately 18% x
18" x 12", The student sits behind the brx and c ntrols the mHti~n
f a 1" steel ball by mcans Nf a sticks The ball rests in a tray
supperted in a double=gimbal arrangement which permits the tray
tn be tilted gither vertically »r laterally, the m tion and directinn
nf the ball being contrnlled by the stick, The movement ~f the ball
is reflected by a mirrar set at a L5 degree angle in the 1lid »f the
box t7 a second mirror ten feet away, in which the student ~bserves
the motinn of the ball, A picture nf the device is in Aippendix I,

Cole Otto Schaper who had charge nf the development and
constructinn of training equipment for the German iir Force has
stated that this trainer is nf value as an intr~ductinn tn the
rmanipulation of trainers which duplicate more precisely the actual
bombing situatione, Unless contrnlled tests demnstrate that
individuals trained on this basic trainer are equally as compébent
as individuals trained on more complicated devices, it is recommended
that the Henschke trainer be used nnly for basic trainings In any
case, training time, 112 hours, seems excessive,

A 'sample of this trainer has been shipped to Spceial Peviees
Division, Bureau »f ieronautics, Washington, D.C.
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1. Introduction (Cant'd),

3. Device for Demrnstrating the Effects of Matinn Gravity
and Drift on a Falling Ubject.

This device was developed by Herr Hans Wiedemann at Eching
be Freising, under the supervisinn nf Col, (Ing,) Ottn Schapcr of
the GoA.Fe In Appendices II A and B, Cnl, Schaper has discusséd the
fundamental sbjectives Nf the device, namely, the ¥isual dem nstra=-
tion t2 the untrained and relatively uneducatcd personnel emplayed
by the Germans as bombardiers ~f the effects »f gravity, "wn speecd,
and drift 2n a falling “bject,

Une »f these trainers, the Grundlehrmndcll'fur Bombenwurf basic
device for training bombardiershas been shipped t5 Special Dcv1ces
Divisinn, Burcau »f /erorautics, Washington, D,C,

L4, Trainer for Opcmt')rs nf High Angle Guided Brmbs

(Fx 1,007,

(Truppenubungsgerat fur ferngelenkte Fallbomben),

This trainer (See ippendix II C) can be used either for
training personncl in dropping high level non-—guided missiles,
ar in the use >f guided b vmbs. It consists of the £ollrwing basie
elements: <

(1) Pawer supply and transfnrmer.

, (2) 4 "target" whnse motinn simule.tes the wpparent mOtion »f
an actual target,

(3) 4 Lofte 7 Bombsight

(4) The emtrolling mechanism.

‘Thesdevice has the f7°1lowing advantage;s:'

(1) It is extremely compacte The 2verall dimensins are

apprnximately L' x 6' x L', and weight including the power supply,
when ready for shipment is approximately 750 pounds,

-5
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I, Introduction (Cont'd),

(2) A1l equipment, such as the brmbsight and thc steering
mechanism, are standard speratinnal equipment,

(3) Great care has becn taken to simulatc the pnsition ~f controls
and control farces and to reproduce from intervals correctly.

(4) The instructor can set up a problem for the student, and can
determine and dem"nstrate just when and why the error occured in
the bombing run,

Une complete device including the power unit has been shipped
tn Special Devices Divisinn, Bursau "f leronautics, Washington, D.C,

5. Trainer for Uperator of Guided Glide Bombs (HS 293)
and High angle Bombs,

This device was constructed by Herr H, Wicdemann under the
directinn 2f C»1l, Schaper, The entire mechanism is housed in a .
cabinet approximatcly 18% x 2Lt x 484, It consists essentially
nf a control mechanism for the bambardier, a projccti-n machine
which mwes a ship acriss a screen at a cnonstant specd, and a
calculating mechanism which controls the time ~f flight, thc speed
and the traject ry »f the "bAmbh, (For details seo appendix II D).

The device has the following advantages:

(1) It can be easily shipped by air, as it weighs 150 poundss
(2) It duplicates the "fuel® 7f the actual instruments,
- (3) It duplicates the problems nf time and acceleration with
~ a real bombe '
(4) It has ireat appeal to the student,

Une sample has been shipped to Special Deviee Division, Burcau
nf Aermmautics, Washington, D.C, ‘
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I, Introduction (Cont'd),

6. Trainer for operators of Guided Flak Rockcts,

This tr.iner was devised by Dr, Johann Schedling, of Bad
Roichenhall, Krichberg 1, for the purpose of studying thc flight
paths of guided rockcts, The device gave only qualitative rcesults,
so it was decided to preparc a more precise mecheanism which
would give both qualitative and quantitative results, and to
employ the original device for training purposes,

The original trainer has been partially destroyed and, ct
prcscnt is dismantled, It is estimatcd that it would take four
weeks to place it in‘working order, and prepare it for shipment,
In view of the difficulties in securing personnel and payment for
private labor, it did not appcar advisalle to attempt to complcte
this trainer, ' ! ’

The second dcvice had not.béen completed at the cessation of
hostilitics, It is estimatod that it could bt complcted in 4 to 6
months by a crew of twenty competenp men, This device would be of
the greatcst-value for studying thc following typcs of problems,

(1) The minimum height of the targut when a flak rocket attack
would be profitable, ' . v

(2) The relative efficiency of guided flak rockets (GFR) against
approaching and reccding aircreft, '

(3) The :aerodynamic shapes nccessary for stability and maneuver-
ability ‘of GRF (Guided Flak Rockets).' .

(4) The officicncy of gyros in various positions of the rocket.

(5) The trajcctory of various types of rockcts, fired under
a wide varicty of conditions,

4

(6) The efficiency of various controlling mcchanisms,

(7) Cortain psychological factors cncounturcd by the operators
of GFR,

=
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I, Incroduction (6) (Cont'd),

(8) WMnether "me or twn operators arc needed for fire contrnl;
i.94, fne for azimuth and 2ne frr zenith,

Prepared by:

JiCK W. DUNL.P,
C')mdr' U.S.N.R.
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APPENDIX T

SELECTION AND TR4INING IN THE PRUCESS
UF.REMUTE CONTROL

Treater: Henschke.

One 5f the most difficult tasks in new hrms is to handle remnte
cenntrolled guns, bombs and racketss Therefora, selectinn and training
of nperators of remnte contrnlled arms need great care especially,
tecause it is pnssible to select gond men nut 2f a great number,

Investigationsawers conducted n2t "nly in these special functions,
Alsn the rules and foundatinns nf selectinn and training were explnited,

It was tried, to get general directinns for selcctisn and training
with several methnds,

For the cﬂnstéuétiwn nf trairiers, also were clcarcd-up the chief '
physinlogical pnints Nf vicw, which must be cared »f by the technician,
to build effectivc instruments,

A1l the first "~perators for remdte e ntrolled bombs were selected

and trained by us, Rules were given far selection and training and a
very simple trainer was develnped,

‘-{. L

v .o
PR

PR --.'

ORI
{{l'll'l [

4

".,":?f 0

«*e"
e L

IR
L N

- " - o
’, '1_ 'n_ .a' .1_ 'l. % 1 x

I
.

At

[

’
R A
R |

-

x
]



RESTRICTED




-5

R

-~




RESTRICTED

APPENDIX II A

A BASIC TRAINING DEVICE FOR THRUWING OF BOMBS

Col, Ing, Otto Schaper

1, Purgose o

The device is t0 demnnstrate the dropping of bombs, sn as tn
familiarize the pupil with the natural laws and the necessary
nbservati~ng, which are prerequisites for guided bombs and for
gnnd results in terms of hitse As the bomb aiming mechanism auto-
matically translates all set values into the proper time nf dropping
by means' 2f a built-in calculatar and then autnmatically trips
the bmb, it is not necessary t» go through the quantitative and
calculated examples in the léssmss The device scrves tn demonstrate
all functions in rcality, and to make the pupil understand them,
inrcover, the bombardier . must find out which sbservations are
strictly 1mp7rtant to ~btain gond results,

2. dllngo

The handling nf the mrving parts nf the device by the teacher
is done by pressing butt-ns 4nd .is fo91 prnof, The following example
best illustrates how a- pupil is instructed, first in simple dropping
n a stationary target, then on a m')ving one, and f:.nally in taking
drift int> consideration, ‘ ,

Example: - If y~u let an object drop in a moving tram, the windows
of which have been closed to dvyid influences »f wind, then it will
hit the floor at a print exactly below the point »f relcasce Everyone
has the “pportunity ~f »bserving this natural lawe From this we
gather that an nbject retains its forward mrtion, if it is permitted

“to fall freely, >therwise the pyint Af contact with the floror would

nnt be perpendicularly belw the print nf relcases In this case it
des nht hatter whether the object is an apple or a paper ball nf
lighter specific weight, If now you drop an object from the window
°f a mdving train it will nr l-nger mnve perpendicularly to the car,
but it will stay behind that line, Moreodver, paper will stay further
behind than a stine (from which the ¢ifferences >f dropping different

e
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Appendix II A (Cont'd),

types of bmbs can be seen.,) This drag is the effect f air re-
sistance against the forward motin, Since in an airplane, air
resistance can >nly come from the fromt, when flying conditions
“f the dropping bomb are normal (i.e., without 'slip"), the bomd
will always stay behind in a plane »f flight perpendicular to the
earth and in the direction nf the airplane axise Even the wind
dvyes not mhdifiy this, because the wind moves plane and bomb with
the same speed in relati~n t» the earth,

(a) Bombing Stati )nary Targets.

First, a few b mbings are shown which are released either
t early or too late, Where ig the proper print »f release? ;
After the teacher starts ~ut from a eorrect "hit" he then puts the
training device into reverse back to the print where the bomb is
attached to the airplane, This is, n? doubt, the p-int ~f release
as the procedure can be repeated, in advance directi-n from here
and it must again lcad t> a hit, whieh nbserver can easily understand.

The device shws that the hit can >nly happen at that instant
when the "bomb traject ry beam" mects the targets The nbservatiins
for brmbing must theref-re always start ~ut from the bomb trajectory
beam (nt from the perpendicular thriugh the airplane which indicates
course), The bomb trajectory beam and its angle to the airplane,
the trail angle, are known f r all types nf bmbses The time ~f falling
°f a bmb is alsd known for each altitude, and the speed ~f flight
can be measursd thriugh Jbservatim, Un the training deviee, the
elrck moves around four times' from release nf the bimb to the hit nn
the ground; this, for example, enrresponds ¢> a bomb dropping time
7f four seconds, If the target, as seen from the b mbardier mives
10 degrees in dne sec-nd then the b-mb must be released when the target
is L x 10 or 4O degrges ahead ~f the brmb traject ry beam (n t ahead
7f the perpend;.cular through the plane),

(b) Bombing °f a M‘>v1ng Target,

ahit "n a ﬁnving target can nly be made, if the target mainiains
its speed and churse unchanged from the time 2f release >f the bomb..
t> the mdment Jf impacte- Since the airplanes can “nly tn a negligible

“l2= v
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Appendix II A (b) (Cont'd),

extent alter its -wn speed while in horiznntal flight,, there rnly

" remains the pnssibility °f changing cohurse »f aime The course must

be choysen in such a way that the bomb traject ry bean (this is always
the trajectry ~f the bmb) crosses the churse >f the target at the
very instant when the latter is a print ~f crossings Therefre,
maximum accumacy in chyysing c¢urse and maintaining course during
aiming until release of.thc bomb are prerequisites for the certain
hitting of moving targets, The b mb must be released in such a

way, that it hits the ground in the same instant as the bymb tra-
Jectory crysses the path »f the target,

The training device nw shws in reverse, the mytin Hf the
airplane and target, again shwing that for a ®hit¥, proporti nal
triangles are formed by the flight path and the uth f the target.
Therefore the directin t- the target as seen from the plane, remains
unchanged during the bservatine The course must theref-re be chosen
in such a way that the target will mie exactly al ng the hair »f the
sight; at the same tinc the hair must be laid thrugh the b-mb trajectory
beams If the target is ‘bserved td gradually wander away, then the

" ¢urse must be changed to the side tn which the target wanderse The

crosshairs are then again t» be adjusted on the target and t°be watched
t» see whether the target now runs along the hair,
)
The time 2f rclease, when bombing a myving target, is ascertained
as in brmbing a stationary tareet; the lcad is calculated from apprach
speed, multiplicd by time ~f fallir .

(c) Bombing Under Drift Condit S

.  The training device demonstratus in a simple fashion, that
the drift ~f an airplane caused by wind has the same effect upn
bomking, as if the target were mwing, The best way t» illustrate
these »bsgervatins-is to insert a map >r an aerial photograph, It
can then casily be scen, that the. bomb will hit t> the side >f the
airplanes cwrse (red line), Here, tn, the bomb will always lag
behind but exactly in the axis °f the airplane, But since the
airplarc. makes a sliding m> tion acryss the map, due t» wind drift,
the lower print Of the bmb traject ry beam will move parallel t0-
the airplane's course acrass the landscape,

3=
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Appendix II A (Cont'd)

(d) Curve »f Fall,

The illustrati-n shows the curve 2f a falling bmb and its
srigin in the bomb trajectory, The bombardier never pets to sce it,
as it has Just been shown, f£or him the bomb will always disappear
tn the rear in a Straight line, The curve nf fall shows, hwever,
why lead angle increascs at amaller altitudes, The predicting in-
terval grows smaller, From this springs the difficulty »f bombing L
from 1nw altitudes, because cyxact measurements are nnt possible o
with flat angles >f observatinns, o

APPENDIX II B
INSTRUCTIONS FOR ASSEMBLY AND UPERATIUN OF THE BASIC TRAINING DEVICE
FUR BOMBING 6/2 F1, Ub, 9h=922,
iSSEMBLY INSTRUCTIUNS

The apparatus is packed in its case, ready to operate. When
unpacking, note the followings ‘

1. The scrows ~f the large side wall Nr 1, marked '"heir Uffnen"
(open here) are to be unscrewed and the wall taken ~ff,

2. Then unscrew cover and take it off, - ' G
3. Remwve screws f base plate so that the apparatus is crmpletely e
free,

L. Remive bracings of walls Nrs 2, 3, and 4 inside the case, 8
that the rads »f the apparatus are free,

5. Thén take »ff side walls and the apparatus is ready for uscs
Consult the attached ingtructi-ns for usc,

6. If the .apparatus is to remain at ded tinatinn, return the case,
For this purpyse the walls are nt reassembled, hut are returned
scparately »n bill nf lading, ~ .

Plrma Henkel & Grosse, KeGo,
Pforzheim,
Sinumler, Str. 18,

il jee
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Appendix II B (Cont'd),

A+ Cmnection,

Connection is made by means nf the outside socket, Connect ~nly
tn 24-27 valt DC lines,

B, Switchinr,

All switching is by means of the switch~board on front side »f
apparatus, which is desig¢ned t» fold in, 75 prepare for speration,
the switchboard must be f£1lded up and the intermediate switch button
"Einschalten® ('n) must be depressed, Then the apparatus is "under
current,

1, Start.
Tn advance the carriagc holding the airplane, depress button "Start",
The mntor will start up and the carriage will move by means Hf a screw
shaft, The red light ~n the switchbnard will licht up,

2. Bmb release,

The bmb can duly be dropped from a mivinhg airplane. When the
estimated pHint “f rclease has bean reached, press the button marked
"bmbe fallt" (bomb falls), Througch a magnetic clutch, a guide
shaft is engaged which Jperates’the guide threcadss The bomb is held
Ly two nppdsing threads, nne attached tn the tail, the ~ther tn the
head of the bmb, and it is pulled dwn by the pulling thrcad, which
1s attached t7 the middle nf the underside nf the b-mbe The increasing
speed of falling of the brmb is created by spirals, 2n which the
thread is rolled or unrilled, respectively, The sloping °f the bomb
from the horizhntal into the vertical position is caused by the
. enrresponéing differcnces f speeds »f the spirals “9f the brmb's head
thread and +ail thread. The change f tension df the pulling thread,
which 1s caused by the different speeds, is equalized "r repulated,
respectively, by the tension spring, which lies above the carriare.

3+ The time unit clocke

When pressing the button "bombefalth, a time unit clnck is put int?
mHtion, and the red light ~n its face lights upe Through a tngzle switch
the bamb can be set for "without time unit" or "with time unit",

o] 2.
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.ppendix II B (Cont'd),

(a) Without time unit.

By setting the bomb for "ohne Zeiteinheit!" (without time unit),
it will fall without interruption until it hits, whereby the cleack's
hand will make four revolutions, Up~nn the hit, the motor is switched
nff by a contact switch and the apparatus stops. The contact switches
for the bomb are on the wheel housing, .

(b) With time unit.

If the switch is on Ymit Zeiteinheit" (with time unit), then the
carriage and the bomb will stop after each completed revolution of the
time unit dock, and the motor will be switched off, Tn continue, it
will be necessary to switch to UStart!, Since the motor stops after
each revolution of the hand, this process repeats itself four times
until the bomb arrives at its pnint of impact., The increasing speed
of fall during these four perinds can be graphically drawn in each time
unit, The hand of the time unit clnck can be set by a socket wrench on
the backside of the cl-ck,

L StQEo '

By pressing the switch "Halt", the apparatus can at all times be
completely put out of operation, If this does nnt happen by using
switch "Halt" or by a bomb hit, then the carriage continues on its
course until at the end a contact stops:the apparatus automatically.

5. Reversing the apparatus.

After' the apparatus comes to a stop, the carriage can be brought
tn its initial position from any other one by pressing the switch
"Ruckstellung", or an end contact will stop the apparatus automatiocally,
To bring the bomb back to its starting pnsition, when putting the
apparatus into reverse, the switch #Bombe fallt" must also be switched
on, The bomb will then be drawn up until it touches the airplane, The
thread guides are stopped by a contact switch in the wheel housing and
the bomb will come to rest on the airplane, although the carriage may
cntinue to move, The e~ntact switches for dropping the bomb (forward
and reverse) must be adJusted very precisely through the door of the
wheel housing,

~16-
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Appendix II B (Cont'd),

6, Sidewise movement for wind correctinn,

The drift caused by wind is indicated by a sidewise movement of the

hnusinge By this movement the airplane will be pushed sidewise, as the -

carriage guides, and also the rods carrying the airplane are parallel
with the central axis of the housing, The h’using turns about'a
center point, which liss appraximately at the end of the first third
of the path of flight, ¥rom this center, the hiusing and therefore
the path of flight, may be.moved sidewise by 15° to the left om right.
This id done by means of the hand wheel on thc left of the switch~
board, Sidewlse angular mntion can be read on the dial on the swrbch
side of the ‘plates

e 7. Target carrlagg,‘ b

Tn indicate targets, which move sidewise, forward or buckwards
two arms have been attachcd in the center axis, of the base plate,
with turning points in the first and geoond third of the axis, re-

" spectively, At the start, "n each of these arms, which can be moved
360°, a sliding carriage is moved by means of rotating screws from
the perimeter to the center, The carriage of arm No. 2 hag a2 magnet
upon which a target (a small iron automobile) may bé placed, Since
the arms can be set parallel in any positinn of the circle by means
of a hand wheel, which is on the right nf the switchbnard, the target
can be set in any direction, while the airplane is moving and inde-
pendently from it, The angle can be read from a dial next to the
hand wheel, . . 0 .

8. Trall.

Trail is 1ndlcated by means nf a red threed. The thread is
pulled by a self-tightemng roller above the airplane and is hooked
to the airplancs shadow, which is & fewm gemtimeters above the base
plate, whereby the trail is clearly indicated by the bomb which hits
about 11.5 to thb‘ rear, .

‘ 9. ‘The Anglé Elevation,

This is indicated by a black tﬁread, which is pulled by a self=
tightening rnller above the airplanc and is hooked to the target on
arm No, 2, which is held fast by a magnet,

7
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10, Measuring the angle nf elcvation,

.~ The angle of elevation can he measured by a protractor arc,
the adjustment of which for sidewise movemont up to 15° left
and right is done by a lever on the bomb support and can be-
read on a dial, .

11, M_a_eo ,
To indicate the stesring of the airplane to countcract sidewise
drift, a map is attached tn the carriage of arms 1 and 2, When the
arms, set parallel, move, the map may be moved in the same directinn
by the carriages, whereby the target is driven from or towards
the direction of flight of the airplane, This drift can be corrected
by the airplane by sidewise movement (see paragraph 6 above),
Far technical reasons, ‘an.illusinn had to be simulated: In reality
the earth is still and airplane is steered to the side against the
wind¢ Here the earth (mzp) is moved against the path of the airplane,
but with the direction of the target carriage,

12, Graphical Demonstration of Drift,

The drift can be shown graphically in degrees in the base plate
(earth), For this purpose, tracing paper is attached by twn clamp
devices of the base plate,

134 Curve of fall of bomb,

This curve is shown on a shade, which is attached parallcl to
the direction of flight of the airplane and which, by means of a
hahd whesl tn the right of the switchboard, can be rolled and un-
rolled, In addition, the trail distance and time of fall of the
four time directions are indicated by coordinates, When the bomb
is released at the beginning of the curve then the curve mation of
the bomb will coincide with the ocurve on the shade, which can be
clearly demnnstrated,
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14,_Speed regulator,

The speed of tho motion of the' carriage and the fall
of the bomb is regulated by a pbtentiometér (whell to the
rizht under the «wall of switchboard),

16._Adjusting of the bomb,

The bdbomb must be atta¢hed under the airplane in horizont»l
position and 1lightly against the springing suide socket, The fall
muet procesd from the horizontal into the vertical poaitionl, until
the bomdb hits the target at an angle of ebout 10 %.15°, TFirst the
horizontal position of the bomd onm she airplane must be aljuesfed .
This is done by means of two spirals on the carriage, wheraby
attention must be given to the ends of the left and right spiral
wvhich must coincide, A further fine adjustment can be made to the
bomb itself, by loosening the thread tension screws at nose and tail
of bomb by palling or releasing the thread, and by tightening the
screws, The start and finish of the fall is to be regulated by the
csontacts whidh are in the whedl housing. It is to be noted that
the rough adjustment is done by means of the sorews (on the adjusting
ring, and the fine adjustment by means of adjusting screw) on the
avitch lever, The adjustment of the thread spirals on the wheel
housing 1s done by the hand gcrew in the center, whereby the spiral
mist de turned in such a way that the bomd hangs under the plane
in the desired position, Then the hand screw is tightened, More~
over, the thread may be tightened or loosened on the perimeter of
the spiral by moving the screw at the place where the thread 1s
attached,

16, Trouble shooting.’

(a) The magnetic cluteh may not operate properly, Adjust
tension spring until the clutch upon being disconnected immediately
stops tho guide shaft,

(b) The relays do not react immediately, Clean for dust at
places of contact,

<19,
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(¢) The bamb guide throads have become 1odsse Tighten '

$ensinn spring above the carriage, O1il all bearings, which
are not ball bearings, Lubrication openings are marked red,

- HenkeY und Grosse, K,G,
o . Pfeorzheim, :
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APPENDIX II C

TRAINING APPARATUS FUR TROUPS FOR REMUTE CONTROLLED, FALLING BUMBS

1, Purpnse.

Bombardiers are to be instructed in the operation of remnte
controlled falling bombs, which can be steered by small surface vanes,
whereby the force of gravity is partly transformed inte deviatinn
from the natural curve of fall, All observatims by means of the
bomb sight, its handling and the resulting hits are reproduced '
in the 4raining apparatus true to rz ality,

2. Presentatiin,

The cmtrolling of the bomb is dnne by means of an acceleration
cntyrol systems Since the speed of the bamb and the steering
pressure increase in time in the same propnrtion, the obse®ved angle
accelerations are indcpendent of distance, The bomb is represented
by a spot nf light, the motien, of which over ground cnincides with
the laws of fall and trim, This motion -is furthermore influenced
by the joy sticke The target is represented by a dot with two
concentric circles for the measurement »f hits, The dot moves towards
the bombardier with the speed of the airplane, in addition to the
motion nf a shipe This matinn can be set accoraing to spced and
directinn so that evasive action can be represented, makirlg practiee
more difficult, If the airplane changes course, the target will
move sidewise in the same way it would appear to the bambardier in
the planee A training lLofte has been installed as boamb gight, The

training altitude is 6000 meters, Speed LOO=50C km/hr,

aAfter eachr bombing run, all practise i'uns can be returned t» their
print of departure, so that when starting over again, all nperations
must be rcinacted, which would be nccessary in bmbing, iny faulty
nperatinn will produce the same effects as in reality,

-]
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APPENDIX II D

TRLINING APPARATUS FUR TROUPS FUR REMUTE CUNTROLLED GLIDING BUMBS

1, Purpose,

This apparatus is for the training of operators nf remote

~eontrolled b mbs which glide because they have airfoils, It is

here  assumed that all appearing phenomena of the target as of
bomb, which is represented by a dot ofi light, are rcproaduced true
to nature, Moreover, in the manipulation nf the remote control
system type of motion and amount of force has been reproduced.

The contrnl of the bomb is done by an acceleration stcering
systems It is a property common to all such systems, that steered
values can only be recegnized by the eye, when they have reached
a certain degree heynnd the increasing speede Since beyond this the
observed errors are "angle values" with increasing distance and
correspond to larger abswlute errors, and since the sensitivity of

the eye decreases with the length of the ‘time of observation, the

bombardier must be instructed tn bring the b-mb into line with

the target, first slowly and deliberately'and keep it aligned until
the hit occurs, Since the time of the hit depends principally upnn
the distance nf the bombing, and since estimating the distance is
impossible, ihe bombardier will become trained to an increasing degree
nf enncentration,

2. Presentation, :

&‘hé bomg is controlled by a joy stick which governs directinn
and amount of acceleration, indepehdently of distance, The position
nf equilibrium on the training apparatus is reached conrrespsnding

. t0 the bomb when. the stick has been lifted 15° from the horizontal,

Sn as to bring the bomb, which to begin with is invisible, into -
the field of vision of the bnmbardler and s0 as t9 aim it at the
target, "ne should begin with a 20° turn »f the stick to the right
and to raise it until it gnes no further,

The bomb is represented by a dot nf light which decreases in
size depending on distance, 4s it moves on a statinnary wall, and
therefore remains at the same distance from the b-mbardier, sn the

e ) 1
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dependence nf distance of the angle speed tn time has been
built int» the gears,

Tn represent a target, a strip has been chosen, which passes
in front of the bombardier with the speed nf flight, Disturbances
tn observatiins while aiming, due to movements of the airplane
(turbulence) are also represented and can be switched nn, if
desired, An even sequence Nf dlgturbances has been aveided, by
cnrresponding technical mearns,

3! N")te. i . ?

" Advahce exercises with the "Field Training ipparatush (small
ball apparatus) before the pupil is trained 'n the troop training
apparatus, appear to be of use, because nf the basic difficulties
inherent in all acceleratlon cﬂntrol systems,
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" APPENDIX III A

By
Dr, Johann Schedling -
Bad Reichenhall, Kirchberg 1
" Uberbayern

‘ i. Introductinn,

The testing of flak roeckets of the mnst varitd types is a
protracted and expensive prnject, Often a great number of trial N
shots are necessary in nrder tn find the proper values for the
¢ntrol elements or to uncover errars, At the same time consid=
eration of the psycholngical setting' (adjustment, alignment, etce,)
of the roncket control device and adaptability »f the contrnl to it is
very desirabley likewise, a survey Nf the best military use and
the probability of hitting the target (ratin of hits tn misses)
is desired,

These viewpnints led to the development for the purpese nf
experimental study »f a mndel apparatus by means 2f whiéh attempts
are made to imitate or reconstruct as truly as possible the example
(flight path) °f the actual rncket c¢ourse, and at the same time
being able tn investigate experimentally these cnourses in the
labnratary,

For this purpose we have constructed an installatinn for
cryss winged rockets of the "Wa sserfall® type, which installation
r device i8 based nn the following principlest

. (a) The path »f the bombers which are attacked by the rnckets

and the path of the rnckets are reduced proporti-nately; L.ce, in
the ratinn of 135000, s0 that the whole or total flight of the
rockets t7 their target has ample space in a large experimental
ronm, The time fact r appears in true magnitudes

(b) In place of the actual rnckets and bombers, two spheres
nf abyut 5-8 mm in diameter are useds

(¢) These two spheres can mave (9r be moved) in the experimental
ronm independently Nf 7ne anather in all three directions,’

w2y
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(d) The brmber sphere and the racket sphere are each ‘e ntrolled
in their ‘movements by a man, the enntroller with the result ‘thad -
brth spheres execute movements Just as they are actually exccuted
by an aircraft and a rocket,

(e) It is the task ~f the racket controller (steorsman) tn guide
his sphere t1 the moving target on a three print paths eye,
rncket, and target always in a stralght line.

It is abvinus that model apparatu.s of thls type can also serve
a8 an exact training and practise device -for snldicrs who are
suppnsed t9 learn rocket controlling, although the apparatus probably
cnsts tno mueh (for thls purphse) -and smpler practise apparatus

can be built, :

We next built a simpler installatmn which gave little c’msn.der-
atinn to the exact aeradynamic ennditinne Af the rocket and-its
cntrnl, This installati~n can be cnnsidered as a practise apparatus
for gnldiérs, Un the basis ~f nur experiences with this apparatus (1)
we designed an apparatus (1I) which was to functinn much meré accurstely
and was t” give us quantitative results ‘absut the path, the angle nf
pitch, and nany ather factors,

"The qualitative functioning apparatus (I) is cvmpleted, but is’
dlsmantled at the moment, The quantitative apparatus (II) is almist
completely constructede It is about 50 per cent c-nstructed, but has
not yet been tested, upparatus (I) will be described first trgether
with_phe principle  commi to both devices ,

(a) Apparatuis''l,

I

In an éxpérimental room-thergis a winden frame of about 5 meters
in length, 3 meters in width, and-3- meters in height, If one considers
the scale fati’s of 135000 ‘this ropresonts a flight rarge 25 km!long; ;
15 km wide, and 15 km high, ’This frame carries twd rails an which -
two carts travels Figure 1 in the appendix shows achematlcally the”
frame with the two cartss "Each™~f those carts canbe moved independently,
Une carries the target, the bnmber, in the frm »f a small sphere,
The »ther cart carries the rocket sphere, The target cart can pass

=25

hd -
[

LNy 4

1] ?}:!;_'.:

]
'.‘,"-

—

T T Y

pe e



Apnen Il 4 1

through below the rocket cart. Both carts move on the raile which
form the Ye~axie of the coordinate system on which the frame is
based, The target cart carries a smell cart with a windlass.

This small cart moves {tself on the large target cart in the diré-
gtlon of the X-axis of the coordinate system,

On the windless there are several strands of wire to the
ends of which the target sphere is attached, By winding the wire
up or down the target sphere is moved in the direction of theZ-axis
of the coordinate system, By simultaneous movement of the large

and small certs as well as through winding of the wire, the t-rget

sphere can be moved on a very spaclous trajectory.

The rocket cart is built in’almost the same wey., It also
oonsists of & large cart which runs in the direction of the Y-axis
and carries two small carts on vertical bars, These small carts
are moved in the 2 direction, One of the smaller cartes is equipped
with a windlass, from which a ¢lose wire pulley which carries the
sohere representing the model rocket leads to the small cart
lying opposite, By simultaneous moving of both the large and snmall
carts as well as by turning the windlass, the model rocket is made
to pass through a three dimensional trajectory,

The movements of all the carts and the winding of the windlasses
are carried out partly electrically by synchronizing systems #=nd
partly mechanically by means of cables, The moving and winding speeds
are determined by calculating machines which are set up near tha
{rame, .

This principle of construction is common to dboth apparatus I
end II, Now only Apperatis I will be descrided further,

One hypothesis on which Apparatus I is based is that the epeed
of the rocket (through experiments) as well as the epeed of the
target (through an arbitrery assumption according to size) is known.
Apparatus I was constructed so that various terget speeds can be
incorporated, while an aversge variation of rocket speed as a
function of time was known from experiments,

) =26~
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A second important hypothesis for Apparatus I is that the speed
~f the aircraft and rocket is govsrned by the twn controllers
dircctly by means nf Knuppel, Bnth speeds are determined as veetnrs
in the X-¥-Z ¢ rdinate system, according tn size and directinn,
Figure 2 shnws these vect rs and the angles which the contrnllers
gwern with their mounted Knuppel, For Apparatus I we require not the
resulting vectors, but rather their components in the directisng »f

S the axes for mwing the carts and winding the windlasses, The
e comprnents are given by the follawing expressi ns for tho targets

)

Vy = Vp Cns y Sin
. Vy=Vp Cns y Coe
V,»Vp Siny
When Vp means the speed we get' the following target.
Far the rocket we get the f£91lowing express;i mns:
Vo= VR Sin x
Vy:, Vg Cos x Sin
Uz = VR Cos x Coa

Where VR represents the momentary speed of the rocket.

Thus we afrive at the fallewing tntal requirements »f
calculating apparatuses and individual parts for /pparatus I:

(1) Une Knuppel cach for aireraft and rocket,
(2) T™wn calculating machines which reckon the expressions
(1) anid (2) including the timg and altitude variati-'ns f.
. Vp and VR,
(3) The frame with the carts, mrdel target and mndel rnckets

=7~
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The transfer nf the angle pairs y.a. and qx t» the calculating
machines is effected electrically. Then the value ~f V_ , Vy and
Vz, which were calculated accnrding %o (1) and (2) are carried Hn
further mechanically and electrically. This construction is pre=
sented schematically in Figure 2, '

A third stipulatin in the case "f aApparatus I was madc for the
changing “f the pnsition nf the speed vectorsq, If such a change nf
pYsition is commanded by the contrallers through the Knuppel, that
is, if he wants to turn (literally = attain a curve in his line of
flight) this ¢ mmand will nnt be earried nrut at "nce. Instead the
ald pnsitisn 2f the speed vector changes With ¢ nstant speed until
it reaches the newly chnsen prsitisn, The path ~f flight thus
dyes nnt change 1r&'egular1y, but changes nver t5 the new direetion
in a regular curve, This is an attempt t» reprﬁduce the actual
flight e"nditions in a simple way,

It is now necessary t» say snmething ab-ut the details 2f the
calculating machinesy which undertake the separatin »f the speed
vect rs into their components acenrding to (1) and (2), Both
calculating mechaniems are constructed similarly s> that the
description »f the calculating prneedurce for the comprnents 2f the
rocket speed suffices for full understanding,

Figure 3 depicts this mechancialwelectrical apparatus,
It eansists essentially ~f a number »f friction dises like thnse
ustally found in mechanical calculators, Une frictinn disc
(calntte) is driven with a constant speed by “ne mdtors The friction
ry11 (wheel) »f this disc is guided by the speed program-disc and
thus rocelves a number Hf turns which is proporti-nal t» the speed nf
VR.

The frictin r»H1l drives two other friction discs, the rHlls of
which represent the values ~f Sin x and Cns x4 The angle x is
transmitted t0 the machine by the Knuppel and causes nne motor to
regulate itself with a fixed speed t7 this angle, This m tar
turns an axle "n which a sine and a c7sine program dise rest,
which discs in turn guide ‘the frictin rolls, The number »f turns
~f these rolls is thus pr-oporti-nal to Vg C»s x is multiplied by
Sin Q and €18 Q in a similar manner tn that just described and gives
the cnrmp-nents Vy and Vg, .

—28-



.’..'.":‘
I L

RESTRICTED

Appendix III A (Cont'd),

'

The wheels 2f the carts as well as the windlasses, are guided
by “these machine and t» be sure the speeds V_, V_., and V 3 they
cover, therefore, the distances Sx » , and Sg*, which are the
integrals of the. speedss The mnodcl rncket thus describes a path
or trajectory which results from Sy , Sy and Sp o

We summarize:

‘® ’ 2 N

(1) Apparatus I is an apparatus for quglitative prescntatinn

of guided flak rockets. It is complete, all parts available, but
dismantled. . ) ,

(2) Apparatus I gives the trajectory of the rocket in the
proportion of 115000, It presumes that the value of the speed
of the target and rocket, as a program, is kpowns that the pnsition
nf the ‘speed vect rs is‘'dctermined by a target and rocket Knuppel
respeotively, directly through command controls of the two angles, and
that the altering »~f the pnsitinn of the vectnrs take place regularly,

(3) Apparatus I gives little o7nsideratisn to the flight
mechanics of the rockety It cannot be used for the control nf the
angle of pitch r ~f the guidance of the rockete

(4) Apparatus I can be utilized for fundamental experiments as
well as for special practice far snldiers whn have already had some
training,

(5) The $otal apparatus rcquircment comprises: twn Knuppel,
twn calculating machines, twn carts, 'me frame, and a control desks

Figure four (4) shows a phntngraphic view #f Apparatus I. In
the left foregriuhd is the aircraft Knuppel by which the coantraller
guides tho airoraft carts In the background to the right in a
depression far the purpose of ntaking the mnst efficient -use of space,
is the rocket Knuppel, Thc two carts can be seen on the rails of the
frame, The cart further tn the back with the vertical rnds machines are
housed in a whyden brxe Tn the left and in front »f them is the
control desk,

29
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Apparatus II,

Apparatus II pregsents a materially amplified and refined
design »f Apparatus I, The previnusly described fundamental
installations such as mydel framg, carts, for target trajectory
presentation, and rocket trajectory presentati~n remain the same,
Alsn, nnthing fundamental was changed nn the entire ~f the target
trajectnry path since with respect to the target it is mnly
necessary t» place very great demands nn the rocket, The target
thus dnesn't need to be c~pied exactly from the print nf view
2f ¢ontrol nr aerydynamically; rather it must carry nut merely
movements similar t7 very fast maneuverable planes which can
also dive stecply, Nevertheless, the imitati-n ~f the rneket
trajectory was handled in a basically different way, :

apparatus II is the’ attempt t7 build an exact imitation
of the flight trajectry °f a guided flak rocket with the most far
*reaching consideratin f its flight mechanism, It was built
intenti 'nally in a very lomse and "pen way in -rder t be able
t> make changes and altcrations casilyj for example changes 5n the
chntrol equallzatlr)n (guiding adjustment)etc, .

In additi\n, apparatus II represents an ettempt t7 determine.
the limits nf mydel imitatinon, since ~ne is forced c/mprehensively
by the praporti -nal rcductin tn inexactness and »n the »ther
hand canndt grasp all influences even with reas nable cxpenditure
nf apparatuse Next we discuss the theretical principles ~f the
app?,ratus.

The, Theory of Apparatus II,

In reality the rudder machine °f the flak r-ckct Wasserfall is
given a e mand oy the ¢ mtroller without benefit ~f wire, This
crmmand is answered by a resulting change in the-rudder angle,
Thrugh this a disturbance nf the balance m'ment ar»se and turnifg
aof the r-ocket in space fHllowed, In ¢ nnestion*with the turning
around the ocenter °f gravity, there "ccured simultane usly a change
“f the traject>ry curve by reas-n »f the air frces "n the rocket
and the changing ‘er t°> a new directi-ny This process is tn
be imitated in apparatus II,

30~
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Let émphasis be made here ~n some queiiif.ieg 2f the ernss
wing rncket, the "Wasserfall! which qualit.iee are .necegsary L)
understand the apparatus.

(1) The cross wing rocket POpscsses two fixed stabilizing
fins and, pairs f' rudders vertical frf ng ;amthery - A Knuppel .
control is assiciated unequiv"»cally M‘th each pair 71‘ rudders..

4 mixture )f " the cmtr'vls’ dhés nAt take Places .

(2) As a result °f the built-in Oﬂntr’\la, the rcket can mave
in space in such @ way as thg lurface ‘nrrmally can on acardanic .
supported plate as in figure 5 by turning nnthe cardanic axis. '+

. \r a

To imitate the actual proeess.bhe relati nships between the
emtronl 2n the Knuppel and the rudder angle (that is,. the o ntrol
equatinn) between the rudder sngle and the turning f the rocket
aryund its_center >f gravity, the momgnt equation, and between.
the turm.né n the cenber 11‘ g;ravit ¢ind changes °f the tra;}ect')ry
curve, the trajectry oquatmn, ‘Hust be knwn,

' We make use again S “hd d"es:.gnatinn system as shnwn,in Figure 2.
The comirsl n the Knuppe'.\'.’ W"designate as @.K and X:K,. The p")Slti"m
of the rocket axis (l’engthwide) is. giv.nmr':ugh the.angle ¢ A and X Ta
and the psitisn °f the Firajectory. ‘tarigents by § B'and X Bs Since'
the procedures and equatl ns far b‘\th YTudder axas “f the rocket
are almnst identical, it is ennugh for, the future, $> descrlbe the
1m1tat1"m ﬁi‘ ne axige B ok < &

4

Next® £ t.ha oﬂntrn} equation, “In ‘the actual rocket there,
is a edursé gyro, the .base ,~f. whlch is furned with a speed proportinnal
tn the ¢ontrol'@ K, This gyrn thug always measures the Hifference
between ‘the prsitisn of the r)c'ket and ‘the position of the base; that
is, the valuey Qq = ¢ S fkdte This value fromthe gyro is transmitted
tn the rudder mechanisme At the same time the rudder mechanism
receives’ @ direct’ c‘\ntml; omi(.ctlﬂn €eo ¢k 80 that the fvllﬂwing
expréssifn results P ghe. udc}er angle ) G

" B], Qi&o ¢A - e-l‘ kadt = eaﬁks ) :\(3)

The values Av 9-1: eo 'me chnsen factnrs, T
a3
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The turning moment RBy, eaused by the rudder angle (W th
R as the specific rudder moment) renges itself alongside the
other moments which act on the roekes in the foilov.lng equaticn
for a statiorary conditions O .

0fy gy olfy-ppd: Bk

X

In this equation & {s the inertia inoment, D the damping
coefficient, and C the speeific moment of the force exeited dy
the air,’ The fagtor 1/Cos X, apuveared due to geometrical condi-
tions,

The equation of the forcei:écting on the genter of gravity
ultimately reads? , . ’

B ot 4y - Yt - s)
with it (B+ 848 e By

tn which VR 1e the rocket speed, P the thruast, 0 the weight, 4 the
" dynamic pressure, and I tho groove surfaces.

These three equations make 1% possidle for us, although they
contain some néglizidle errors, 4o caleulate the position of the
‘rocket axis (lengthwise) in space as well -as the position of the
trajectory vectors, These ozloulations are made by machines
whnse construction and interaeticn is to be described in detail,

Sonatrugtion of Azparatue II.
The shortness of time allogated for this report made 1§ im-
possidble to show all caloulating meéchenisms in schematic dlagrams.
Consequently, only the most imnortant can be ‘assembled., Detelled

descriptions of Apparatus I and II are to be found in the indexed
revorts at the end, ' '

Figure 6 shows the gear of Apparatus II for representntion
of the rocket trajectory. Starting from the Knuppel control, the
rudder and moment equations are solved next by an electrie mechan-
ical calculating machine, Combining equations (3) and (4) mbove
one gets the following expreéssion, assuming that no considerntion
is given to the small amount of oseillation around the center gravity
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shifted according to the height,

Appendix II Cont!

(that 18 if one makes the factors C and D equal to zero).
R
c(py - h):‘ Cos X, (Xo = o=y { P dt = o, fK) (6)

The neglected factors would not be absolutely necessary, bud
1f desired, equipment could be constructed for these factors.

The eimplified equation (6) contains the factors R0, X, e~l
and e,, which sre partly dependent on the time and the elevatien,
Tapered cams handle these values in the calculating machines
atutomatically, .They are returned rccording to the ¥ime and

1}

, Bquation (6) is supposed to give the poeition of the recked |
axis (lengthwise) §4 . It 1s not soluble alone since s coupling .
with the position of the trajectory path tangent takes place through

‘the angle of pitch, Therefor®, equation (5) must be solved. sim-

ultanecusly and the result used for solving equation (6),

In figure 6 thin lines show the .course of the individusl vaiues

" between the different epprratuses, In addition the value of the.

courss gyro.fa-ey J fx at 18 also necessary, This gyro must be ,
moved exactly as it is in the astual rocket, In order {o make this
QDossible such a gyro 1s placed on a;cardnic supported plate, which

ie constantly in a position in-the rodm exactly like the position

of the rocket, Then the meagure value .2, ¢ ¢ ~can dbe determined
ffom this Xyro in order to use 1t fof calculating the moment equation
in accordance with (6), The following gear is requiredt One Knuppel
one calculating machine for steering, and e moment equatiocns, cardnic
supported plate with the course gyro, and a trajectory tangeat cal-~
culator, which calculates the position and the speed on the basie

on equation (5). o :

The apparatuses de not operateé independently of one another
but are coupled as shown by the equations, We want to deseribe
the process which takes placé in the ealculating machine in the
cage of a control command ¢K + In the calculating machine for the
moment and '

T

) ¥ F 7,
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Appendix III:j-(Cont'd),

steering equati ms the new rudder angle By is figured out aceording to
equatinn (3) and used for calculating the balance moment according
to aquation (6), it the same time thie’éontrol command @, turns
the base »>f the gyro on the cardanic supported platfrrm which base -
continfiés €0 be turned by the continually recalculated valuc of @, Sx
acoording to equation (6). By means of thé hew f;, values the '
tragectory tangent calculator is camsed to 'pr-duce further calculations
and does its part for the pitch angle: in the ‘miment equation and at
the same time: gives the now position @p of the vector Vg, This RN
group nf machlnes, cmsisting »f a Knuppel, a calculating machine for R
equatinn (6), ' cardanic suppnrted plate, and tra,)ect'\ry caleculator gives ¥
the following c \ntinued calculation.o '
(1) The position of the rocket axis in space‘ thr')ugh the angles
ﬁ and Xp symb'\lically presented thrnugh the pwsitifm of the cardanic
P ate. Ok

(2) The poaltrm f thc speed vd’dt-’)r thr'mgh the angles fg and Xg.

Frnm this position fff the r'acket axis and the speed vector and
by using the moré nea.rly ‘¢arrect relati”mship.

N ¢B)2 Cos2 Xy 4 (X, = Xp)2 (7)
in another calculatrnr ( the pitch angle calculator ) the pitch angle -
XX can be aetermined. S SR

O =

The result ')f ‘the: tra;]ectnry path tangent calculator (the angles
#g and XB) is now conveyed to a ¢alculating machine, which is c¢vnstructed
exactly like the 'ne described for Apparatus I and sketched in Figure
3, It takes the speed of the rocket recorded »n a tapered cam as
a funetion Nf flight time and flight elevation, and breaks down the
speed vector into three compinents according t» equation (2), The
speed cimpinents are transmitted electrically to the rocket cart
and the latter mves accordingly,

Through the solution of equations (3), (5), (6) and (7) and
by taking int> consideration simultane »usly the value nccuring
in the equati :ns, which values are dependent upnn time and . elevatinn
e MLt :
3w
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Appendix III A (Cont'd),

the flight procedure »f the rocket in Apparatus II is as correct,
physically speaking, as possible, and actual ¢’ nditinns have been
eorrespndingly well imitated, Une can undertake changes in the
apparatus ( for example, use Nther steering prcesses ) change

the magnitudes of the influences, and supervise the results c nstantly,

by recording the pisitinn »f the rncket, the pitch angle and the
trajectory. At the same time 'ne can determine with this apparatus
h'w suitable and satisfact ry the steering mechanism is for the
individual ¢ ntrolling the mechanism, M-orenver, 2ne can pr-vide

the finishing touches to the training nf snldiers who have already had
s me training in guided missiles,

The prcsentati m »f the target trajectory is the same as in
Apparatus I, F/r the c mplete installation a control desk is re-
quired, from which the apparatus is set in motinn,

Since the flak rocket is t» be guided even when visibility
is pour or nil, several »ther apparatuses for guiding without
sighting have bcen prepared, Thcy determine by calculation the
directinn of the line °f sight from the rocket emplacements to the
target and the rocket and indicate t5 the rocket ¢ ntroller on a
screen the angle »f deviation nf this line nf sight,

Thus Apparatus II is described in general, It is mainly for
the cross winged Wasserfall, Furhter designs and preliminary plans
have been prepared for other flak rockets, for example for the single
wing rockets

A detailed description nf Apparatus I and II are found in the

reports 7f the Headquarters for Scientific Reports, ZWB, No. 3508
and 3558, both by J, Schedling,

Bad Reichenhall 5 July, 1945.
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APPENDIX II1 B

Interr 'gation >f Dro SCHEDLING and F. SCHIOGL, 17-18 June

1915 Bad Reichenhall,

Presents Carl H, SMITH, J. R. DeBAUN and P. W, WTLKINSON,

Dro SCHEDLING and Fe SCHOGL'were working on the development
of a mdxdel which would simulate the operatinon of the Flak ricket
Wasserfdall as accurately as pnssible, Actually the ¢onstruction
was such that ary constants could bc inserted and ~ther Flak
rackets investigated, The model was tn be built "n a easale
af 135000 and the dimensins were such that the capabilities of
the machine were extendud vt encompass ranges, altitudes and
maneuverability r projcctiles and targets which might be developed
in the future, For example, the machine was *» h-ndle problems
up to UO kme in range and 25 km.in altitudes .  :quipment was to
be used for a multifold purpase to determine:

1, The minimum height nf target wherein . ack would
be profitable,

2, Whether attgck is morc profltable against an approaching
or receeding targets

3. The aer dynamic c-efficients 5f the projectile necessary for
stability and sufficient maneuverabilitye

i, The psychology of the 2perator = in order t) ascertain

"~ the mwst efficient controlling technique and to test
¢mtrolling aideg. .

Se Whether tw> men instead »f "ne should be used for the
eomtrol = dhe for azimuth and spe for elevetion, -

6¢ If the gyrms in ‘the projectile are able 7 “perate in
all positinns,

An earlier model was completed in January 194l which was
capable of qualitative information »nly, Parts >f this apparatus
wore geen at Teissendorfe The equipment had been dismantled for 2z
shipment to Henschel for training purposes and part shipment made,
This equipment had proven 2f great value and the second equipment
described herein, was designed t9 give as accurate .quantitative
information as possibley, At the time Nf the necupatin the project
was approximately 50 per cent completi, A working mwdel of the

36
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Appendix III B (Cont'd);

~f the mcchanical ¢ mputer had been constructed and was secn :
at Teissendirfe They were still awaiting delivery °f the ‘
electrical computer and did nnt know the state >f progress. The ;s
frame with tracks, synchr :nizers and carts f r the projectile .
was nearing c¢ mpletione . The frame, etc,, for the target and had
n 't been started but design was complete, The ¢introl stick and
cxmputer for the target was to have been a duplication of prew

ius wirk and s0 was merely a cwstruction probleme 4lso at o~
Telssend)rf, in a nearby barracks builcing, was seen the intended o ]
site »f the equipmgntes The c ncrete walls had been prured ab-ut
twn weeks before the occupatinn for a room large endugh v house
the equipment which ~ccupied a space apprvximately L x 8 x 5 meters.

P Y

The equipment naturally divides itself into tw parts, the
terget and the projectiles These will be ‘described separately.

TARGET EQUIPHENT

In an effrt to kecp the target equipment as simpls as pnssible
and since the first equipment had produced and adequate s»lution
it was decided t» duplicate this cquipment with an cxtensinn »f
range, altitude, speed, and maneuverability, The control stick
position directly gives the trxacctﬁry direction at cvery instant
of times The control stick by means ~f pick ff p-tentinmeter zives the
elevatiin angleg®, and the azimuth angle, B, referred t7 a right~
handed system "f cartesian co-rdinates as shﬂwn in Figure 1, where
the x-y plane is the ground plane, ingles#is referred t7 the x~-y
plane and angle B is referred to the y=z plane,

The electrical rtput »f the c¢ntrol stick by means nf a
c mventional bridge circuit drives a small DC m tor to prsition a
shaft in the mechanical c¢computer input t» represent the -angle . :
4 similar arrangement pnsitions a shift to represent the angle E.
A functi nal sketch “f the mcchanical cofputer is shown in Figure 2,
The functi n f this computer is tw>f»1ld, The speed “f the target
plane is dependent up'mn the height, H, and the angle. <in additimn t»
its inherent speed and mamcuverability, The first functi n f the
cmputer is to give the absnlute magnitude f the velncity as a
functim »f H and :X, The angles ..«and B are given by the c ntrol

“37=
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Appendix III B (Cnt'd),

stick, The sec nd functis>n >f this computer is t> convert

v and B t» the cartesian compnntents nf velocity, Wy s Wy
and Vg t7 operate the travelling carts -n the frame and thus fix
the target position at each instant of time,

The velocity of the target is eﬁmpensated for altitudey, H,
and elevatin angley '’y by means °f a three=dimensi nal camas
shown in the figure, The, camis rotated t9 correcspond tn angle *
by the DC motor and shlfted along its axis to c¢orrespond to He
H is actually obtained by integrating the component Vg with respect
t0 time and transforming this tn axial mytinn of the cams A
fnollower n thé cam is used to displace a hemispherial integrator
driven at c mstant specd, 1v)-f(H) is n'm available at the
integrat’)r nitput as a varjable shaft speed. and is used tn drive
a pair ~f disk integrat rs as'shown als» in.Figure 2, Sin ¥and Cx

. are cbtained by means f cams, the translati nal mtion of the '

f-11lwer giving the sine or cosifie 7f the angular position nf the
cam determined by<>’y We now have at the nutput >f nne integrator
the component [ vdsin nr Ve , The "utput of the -ther integrator
gives ,v) ¢ns4which is used to drive a similar second pair »f
integratnrs, 4noOther pair ~f cams give sinB and c¢nsB from their
followers as determined by the angular positi’n »f their shafts
driven by input B, The translatio>nal motion of the f2llowers are
fed t» the second paJ.r »f integratsrs and thus give at the
integrator ntputs v/ cr )xs:i.nB or Vx and (v/ "cox ¢ ‘sB r V. e

The c¢mpinent velocities Vi, Vyy and Vy are picked °ff by
Synchro generators and used t» drive Synchro motors t0 move the carts
‘n the frame, A functinal sketch »f this target frame is given
in Figure 3, .

The syncr»s drive the carts direct for motion along the x
and y axes while a syncro drives a reel to give the & axis
mrtion »f the: target which is suspended by a wire wound 2n the
reel,

S
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PRUJECTILE EQUIPMENT

This equipment was c nsider-bly more intricate since it was
the intention t9 exactly duplicate the rncket actim, .In “rder
t> accomplish this it was decided t» mwunt a platf rm in gimbals
57 that freed m “f mition in two dimensions was provided, The ‘
axis f the projectile can then be represented by the perpendicular
t7 the platform and gyrns affixed t~ the platf rm thad exactly
duplicate the acti~n .f gyros in the projectile, In wder t2
insure that the gyros operate prouperly the cordinates arg taken 8 me-
what differently than f£or the tarcet, The angles >f the enmmand
P, and ¥y are taken with referencc to the richt handed system
»f cartesian c irdinate¢ axes as sh wn in Figure b, where, as bef re,
the plane X~y is the ground plane, dngle Py is taken with rcspeet ¥ the
X=Z plane and angle Py is taken with respect to the Y-& plane,
The constructin »f the o ntrol stick is also s'mewhat different and is

_ shwon schematically in ficure L,

The problem ¢ nsists °f f~ur primary parts:
1. The ¢c/mmand,
2« The prsition f the rocket axis.in spacc,

3. The directin “f mrti-n ~f the cege »f the.rieket in
space or trajectory, and g

Lbe Conversion of veloeity to certesian eoordinates t» drive
the carts "n the frame., The angle describing direction
for 1, 2 and 3 are alltaken in the same manner as shown
fr the Command in Figure L, « The f71lowing notations will be
~ adhered tot '

"5

7‘ ko, B Command '

M) Rycket Positinn

t 5 » J/B Traject ry position
n Rucder angle

-39
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Figure 5 is a schematic drawing of the computer.,

i

The series of equations to be solved by the computer are
the following:

The command from box 1}, {/( ;7/5 ”
is inserted in the rudder equation represented by box 2

R P 7
] . ‘l\ +b1g\ F o f*(f +(\ {/\*"! /"'\}
é‘:u‘}” +t VJK.;.Q,YKf‘CyA','P’,A*&“ ' S
= represent gyro pasition as eontrzsted tn rocket pesiticon
given by »-ﬁ\ %‘ "

The rudder angles are then inserted in the set of equatmns.
\',’,‘ ty f 1- h = .17
© ‘7"-4- Dbt 3G )

vhere O ~inertia movement
D =damping -
R = rudder movement

And the solutionfs s is used to drive DC motorsto position
the gimbals driving the platform as shown at L in the drawingy

Since ﬁa, ’;ZA are required in equatinne A, pickoffs on the
gyros mounted on the platform furnish this information back to
box 2,

" The computatisn 9f equations A and B are acenmplished electric-
ally and since the work was done outside the DFS and not yet
completed it was not possible to obtain furhter detailed informatinn
on this phase 2f the equipment,

The rocket position, represented by the platf rm, is pickcd off
by syncro as shown at i and transferred to box 5, a mechanical
computer for solving the additiopal equation:

\ 40~
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X y ) o= I. VA -+ ( . A ’ Lo =
L\ * *(" . 4 l\- l‘ - L 1 ’ (\ ]
3 6 . o7

A Y FB I (= daae PV frt C Fa

.

u_)& )
Equati-n G takes 1nto accrunt the angle ~f attack /. *.

given in the equatiiins by r l wined - the ¢ mp ment of

weight, G, given apprﬁnmately by' Gsin f,\ and G sin ¥, 702 fﬂ

and the acrcdynamlc celfficicnts, The weight G, is a function

of time sincé fuel is crnstantly used Gp and the aeradynamic
celfficients are a function nf altitude and timey From cquation

C are ')btalnc,df’ ] andy, which represcent the direction »f the traject-ry
in space, This is c%vcrted tn cartesian ¢d wrdinate ¢ mponents

7f velorcity W, Vy+ Va by a computer, bnx 5, similar in constructi~n

%) that shown m Figurc 2, with H and T as inputs instead »f H and -
pand¥Y as inputs instcad f ~and B, Figure 7, to be described
latter is a functi nal diagram ©f this eomputer, .,V y¢l;are then
used to drive the carts :n the prijectile frame in a manner similar
t9 the target frame, Thc mochanical crmputer f box 5 used to solve
the equatins C is shwn in Figure 6, Threc dimensional cams give
the chefficient as sh'wn in the fipure, mydifying them f)r time

and altitudes The ¢ mputer seeks the solution G sin 7 +0 & =4 * + £ 3
and the output ﬁ,ls available at the paint sh.wn, A similar

computer is pr-vided fory The inf rmatisn ,;? and Yo the directinn
of the traject ry in spncﬁ is given t> the mechamcal ¢ mputer bLx
6, which is shwn in Yigure 7, The “peration is similar to Figurc

2 and will n>t be described in detaile It mey be noted that H is
given by fiy,/+ t» provide altitude compensatin input where sh'wn

on the figurese, Time t7 input is provided by a c nstant speed

mwitore, The ~utput »f box 6 is therefore the eomprnents f veloeity
Vs, Vr ¢ V7 roferred to cartesian ¢y rdinates, This “utput is picked
Wff the mechanical c'mputer by syncr” generators and syncrn m 't rs

m the frame Hperate the carts in a mancuever similar t» the target
frame, The constructim »f the prnjectile frame is s mewhat differ~
ent as may be noted in Fipure 8, Instead ~f the Zc mponent of
velocity provided by a reel suspending 2 cable frm the top cross
member, tw? vertical tracks rigidly affixcd t3 the comp-nent carts are
used as sh'wn in the sketch, The X component »f veloeity is then
provided by a sycnrn driving zn endless cable suspa.ndud between

Vg carts -n the vertical members,

. | e



-\:."

Appendix III B (Cont'd),

This ecquipment when ¢mpleted should have been invaluable
in atudying the flakrocket problem from all six standpiints
indicated in the early paragraphs of this reporte If possible,
it is rec mmended that the project be completed and taken to the
United States for study »f ground-to-air missilese As noted
in a previnus repnirt on Dr. FISCHEL, the leader of the Institute
for Aernnautical Equipment of DFS, where this work was undertaken,:
oompletion was cstimated by Dr, FISCHEL in six months time if
c'ntinued at the same rate 7f progress and with the same manpower
as at the time »f the occupation,
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APPENDIX 1V

PERSUNAL HISTORY
of
DR, JUHANN SCHEDLING, Physicist

Educatinn: 1926~193l+ Bundesrcalgymnasium (High Scb1l) Vienna 20,
1934=1938: Technical University f Vienna, 7ienna

Institute Ficld - Physics, Mathematics
Ductoral work = Electr n size and charge.

30 November 1938: Ph, D; Grﬁde: £52d,

Professinal Carccr:

1 January 1939 = 30 Octber 1941 = Laboratory engineer at
AEG, Berling, Work concerning clectro ac vustws s particu-
larly regarding supersmund in water,

1 November 1941 - 30 June 1945 = Scicntific Callaborat-r

in Deutsche Forschungsanstalt fur Scgelflug-iinring (DFS);

(German Research Institute for Gliders),

Wrks: Thexry f Torped» Course, gyro-stabilized
telescipe midel apparatuscs; study apparatuses;

fr copying of flight curses of guidced rissiles;
calculating apparatuscse

Prlitical Party:
German Worker's Front (DiF) to 30 Uctober 1941, NSV,
For 3 mnths, drafted to Si Defense Corps,

i
Reichenhall, 1 July 1945,





