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Scope_of Repor®

This report concerns airborne fire control equipment and related
subjects, It is written as a result of a 14 day visit to Germany, and
has no claim to cover the subject completely, It contains little
information not already dealt with in some dstail in reports listed at
the end, but attempts to summzrize what is eansidersd to be most
valusble for the subject under review,

Acknowledsment is mede of the help recsived from the work of
eariier investigatcrs, (Refs. 1, 2, 3, L),

Sumnary
0f the estsblishments visitsed, the nmost valusble infcrmetion was
chtainsd from the Weapcons Inatitute of L.F.A, Volkernrcde,

The work of this Institute ineluded projects for fighters such as
upward and downward firing armement, and stabilization as an aid to gun
aiming; theoretical and experimental ballistic work relevant to air
firing; measurements and research on automatic guna. The equipment
wes gensrally on a lavieh scale perhaps not matched by the results
achievad,

Trvestigation of the work contimies. The stabilizabtion project
for fichter armarent probebly has the most potential value from the
firs cortrol point of view.

The remaining tergets visited wsrs of less direct interest, and
+their main worlk has been expertly described elsewhere, Gun developments
8t Rheirmatzll Borsig, Unterlllss, and ammunition and rocket developments
at D.W,i,, Libecl:, were of interest,

Luftfehrtforschungsanstalt Herman Gdring, Volkenrode

Brunswick - Target c2/662

% The L.F.A. Wos visited for a week, commencing Septerber 13th 1945,

1,1, The insiitute was under the directorship of Prof. Blenk,

Es was responsible to the Forschungsfihrung under Prof, Georgii,
and thence +to the German Air Ministry. L.F.A, was constituted

as follows:- '

Aerodynamic Institute.

Structures and Materials Institute,
Engine Research Institute. :
Weapon Research Institute.

Central Workshops.




The total staff of L.F.A. totalled about 1,500, of ‘which 150
were university gradustes,  About 20% of the total effort was
devoted to the Weapons Institute.

The majority of the bulldings were completely hidden in
woods, covering sbout L4 squere miles, and well cemouflaged, The
institutes were undamaged by air attack, but much velueble wertable
equirment had besn louted, The scale of the equipment, in quality
and quantity, in both lsboretories and workshops, was most
impressivs,

“+2, The head of the Weampors Institute wes Prof, Rossman, who
came from Irupps in 1942, and was mainly interested in artillery
ard related hallistic problems,

Thres divisicns under Rossman were headed by: -

Dr, Haclkensnr, who was mainly interested in the internsl bellistics
of gurs, snd the stebilization of fiphter srmament.

— L n . . :

Jr, Schissler, whe was concsrned with a 30 metre cross wind tunnel,
and 2 LOO metre veriable air density tumnel, for projectile
ballistic work,

Or, Schugh, who was meialy concerned with bhorbsights and antie
aircraft sights.

Further details of these scientists are given in the
erpendices,

2 Fivhter Arwanmnt_?rojectg
The srmirg of fighters wes given relatively high priority with the
growth of the £1lied bomber merzce to Germany.,

The armirg of bombers was given low priority, owing to the rapid
decline of the German borber force, and to the little faith in the
futurs of armed bombers expressed by most German authorities,

Dr, Hackemann was directing both a short term and a long term {ighter
armement vrojsct,

%)

N The short term project was called S.G.116 and involved
Titting a battery of "recoilless" guns, firing upwards, The
orsholox pursuit curve attack against a heavily armed bomber was
oo darserous, sc a head on atiack in vhich the fighter passed
urdernsath the homber was contemrplated, A rippie salvo of pro=-
sectiles was 4o be fired upwards from the fighter as it passed
below the bopher at a range of 50 %o 100 metres. The firing was
©0 be eautomatic, delectlon of the tarpet being by an infra red
rhotoslectric devien wrich woild opersbe in day ard nirht
conditions,
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Tt would be difficult feor the fighter to sstaklish a near
colligion course with a bember favking aveldirs action, but if this
were achieved, the chances of success wers considered to be high,
owing to the largs plan ares presenied by the tarset and the short

Tenge.

Seversl prototype installations were commenced, Firstliy,
20 mm spin stabilized projectiles of low muzzle velocity; cne shot
was to bs Tired from each of 100 barrels, Ths instebility of
these rrojectiles in the short range led to the use of fin
gtebilized projectiles, having a muzzle wvelocity of about
150 metres,/ses. ‘lesis in the cross wind shooting tumnel nad
shovm that these projectiles were in stable £1light in less than
100 nmetras,

"he Tinal arrangenent contemplated for the F,W.190 comprised
3 x 5 cm calibre guns in each wing,

2.2, An armament of a rather similar nature called BG,113 was
under development for attacking tanks, To avoid A.d, Tire as far
as possible, the fighter would fly in very lcw, and to benefit by
the *himmer ormeur on the top of the tenk, would fire downwards,
with gans fixed in the aircraft, In prototype arranpsments,

6 tubes were mounted nsarly vertically in the fusslage each Tiring
a l.5b om shell dowrwards, with muzzle velocity 750 metres/sec.
Recoil was taken by a heavy iron plug projected upwards, Fring
of the guns wes to be automatic when the aircraft passed over the
tank at a height of about 10 metres,

Several actomatic detection devices were under development:

(a) An electro static device which detected disteortion of the
earth's field by the tank; this device was susceptible to the
ground contour and te weather conditions.

(b) 4 radar detector,

(¢) A magnetic device which detected distortion of the eaxrth's

[

marnetic field by the tank,

Device (a) was fitdted to 3 H,E,129's and to 3 F,W,190's,
but so far es is known, this armament was not used opaerationally,

These two projects may well have achieved some success, and |
defences against this type of attack should be covgidered, :

Py

(.

o

2¢3. A lonpger term project of a more fundamenteal character, a
stabilized armement for fighters, was under development by i
Hackemann; the work was in an early stage of development, Whlleg_

-considering that the ultimate main armament of a fighter may be

2



homing missiles, it was thought that 1ong rangciéunﬂefyffér‘the'
attack of bombers was likely to be important for ‘sore considersble
time, : '

For the successful attack of a bomber by zunfire from a
fighter, large calibre shells must be fired from long range,
e.o, 50 mm chells from ranges between 1000 ani 200G metres,
Success would depend on accurate aiming, which would demend
accurate and smooth traclking of the target,

Hackemann conagidersd that good tracking could not be
achieved in & high speed fighter with orthedex controls, He
proposed a system cf stabilization alorg the following lines:-

A single gyro was to stabilize the gunsight graticule, and
rrovide rate of turn information for lead computation,

This same gyro could also stabilize the guns, or alterna-
tively stabilize the complete aircraft through automatic controls,
T+ was not intended to stabilisze against bumps, but rather against
oscillations of about 5% total amplitude, and of period aboud
3 secs,

Some experiments had been made: -

A gyro was mounted in a Me,210, its rotation axis being
parallel to the aircraft longitudinal axis,

A sichting graticule was reflected from a mirror attached
to the pgyrc. The gyro could be precessed electro magnetically
by currents in control coils, These currents were controlled by
movements fore and al"t and transverse, of a szimple Joysticl, A
ciné camera in & suitable mounting was remotely controlled from
the gyro.

Thus by moving the Joysticl, the operator could aim the
eraticule and camera, both of which were stablilized by the gyro.

The airveraft was Tlown with the pilot alming at a tarpget
with a fixed reflector sight; a camora recorded his alming errors.
At the same time, the observer aimed at the target with the
stabilized rraticule, and the stabilized camera recorded aiming
errors of the guns it was replacing,

The records of these experiments were no longer availlable,
but it was claimed that the aiming errors of the obgerver were
smnller than those of the pilot, by a factor of several times,

The equipment used for these trials had been despatched to U.S.A.

51,168~ L




2.h. . Dr. Hockemonn was questicned on the general problem of
fighter versus bomber, as it may develop in the coming decade,

: . His theme was that well armed lighters would be essential, to

P force an enemy to rely on cuided misailes rather than on the more
i accurate, but more vulnerable, pilcted bombers, He thousht that
f fighters, armed with long range guns and predictor sights for

' attacks at 1000 to 2000 yards range, end possibly with homing
missiles for longer rangs attacks, would defeat piloted bombers,

e e g i

Dr, Schugt considered that the piloted bonmber would not
succumb to fighters, but produced no convincing arsuments to
support his theory,

A group at L.F.4., under the direction of Prof, Doetsch dealt with
external ballistic problems arising in air to air firing, The writer
did net cbtain first hand information on this subject as the wheresbouts
cf Prof, Deetsch were unknown, but the following gives the type of work
on which apparently, he was engaged,

(a) The production of air firing tables based on measurements of
velocity and time of £1ight,

(b) The probability of destruction of a target in =ir combat, and
hence the relative effectiveness of weepons,

(¢) ™Yo deflection" shooting from aircraft,
(@) Curves cof pursuit end lead angle calculations,
(e) Practicable zones for air combat,

(f) General tabulation of ballistic functions,

Le Exterior Pallistics, Experimental

This work was in the charge of Dr, Schilssler; he was not available
for interrogaticn, but information wes obtained from his assistant,
Dr, Siegman,

Work was coneentrated in the two major "shooting turmels", viz:

(a) The 400 metre turnel, equipped with cameras for projectile
ohotography, and which could be exhausted to an air density
correspending to a height of 30 K, The primary purpcse was to
study the stability of projectiles,

(b) The 30 metre cross wind tunrel, in which projectiles could be
fired into a cross wind, of speeds up to zbout 200 metrss/zec. ,
" and examined for stability over a rangs of 30 mehres,




Work in these tunnels had been of a short term war time nature,

When examined, the tumels were little more than concrete shells, apar
from the evacuation machinery. All the cameras and spark rhotograghy
equipment had been stripped.

k1. The tumel (a) consisted of an underground firing rangs whi
was 400 metres long, The cylindrical cross section varied from
5eh to 7.6 metres in diamster., The range including the room con-
taininz the cun, could be evacuated o 0,02 atmospherss, corres-
ponding to a height of about 30 Km, The external seal was of
copper shesting, and leakage was claimed %o be no more than %he
equivalent of a 1 inch diameter hole, C

Evacuation by a 3 stage pump system, consuming about 5&0 ¥

required between 3 and € hours,

Photography of the projectile during its flight down the
range took rlace at several stations, Only 8 stetions had been
used, but it was intended ultimately ‘o have 50,

Each station comprised a triggering device, spark illumina-
tion and two plate cameras, The trigrering device was a screen
of twe shzets of aluminium foil, separated by an insulating layer,
which gave an impulse to a thyratron circouit ard hence o the spax
when punctured by the projectile, The spark units or "blitzgebers
each gave 3 sparks in succession at 1 millisecord intervals, 80
that 3 photographs of the projectile were cobtained on each plate
of each camera, It was said that ordirery plate cameras were use
ore mounted in the tunnel roof, and the other in the side, so that
from the two photographs, the position of the projectile in space
could be determined accurately, The times of the sparks were
recerded on an oscillograph with a tuning fork time base,

It was claimed that the position of & projectile could be
Iccated te an accuracy of 1 millimeter, the grientation to 0,2° fc
& projectile 2,5 cms long, and time to * 1079 secs,

Little or no rundamental ballistic work seemed %o have beer
dons in this tumnel, owing to short term war reguirements. Pro-
Jectiles of calibres up to 88 mm hed been fired “n the Hurnel, I+
was said that the rather primitive method of triggering the sparks
was 1o have been replaced by more elegant photcelectric equipment,
using multiplier cells instead of the usual single cells and
electronic amplifiers,

The size and evacuation aspects of this turnel wera
impressive,

L2, Turnsl (b) was of unmusual design, intended for investigatic
of ftrajectories and stability when a projectils wes f2red into a
strong cross wind,
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. The range of roughly rectanpular cross section was ahout
. 30 metres long, and 1 metre wide; the top was open to the atmose

: phere for its whole length, The renge was cormected by a series

of 40 aluminium windows tc a large cylindrical chenmber, volume -

. abcut 3000 cubio metres; which wes parallel to it, and vhich could
ichi be evacuated, The aluminium windows could be blown cut simul-

: tancously by a primer cord, thus opening the evacuation chamber to
the atmosphere, via the range. The imrush of air to the chamber
was the cross wind through which the projsctile was fired, The

velocity of the air across the range could be resulated by a series
of rcllers vwhich impeded the flow.

Tt was claimed that a maximum cross wind velecity of 150 to

200 metres per seccrnd oould be mointained substantially constant
3 for 0,5 sacsy,

Apparently only brief checks of air flow velocity and uni-
fermity had been made, by taking high speed photographs of a shower
of small pieces of paper relsased in the air stream, Sperk photo-
graphy, by severzl pairs of cameras, taking shots at right angles,
was achieved through windows in the side of the range.

Thers has been no timing or triggering equipment specifically
(=] o <y
Ter-this range,

This tunnel was not completed until 1544, and it was =said
that ornly one type of projectile had been tested in it, nemely the
low velocity fin stebilized projectiles proposed for use with the
upward firing fighter ermament desscribed in 2,2,

Owing to the almost complete lack of calibrations and
measuring equipment, considerable effort and time would now be
nseded to obtain data from these ranges,

el t was proposed to utilize the evacuation chamber of the
eross wind range in a small intermittent wind turmel., The working
section would be connected to the evacuated chamber through an
aluminiom window which would be blown out by a primer cord, causing
an irrush of air through the working section. It was intended to
test the effectiveness of strikes on aircraft wings ete, in an
airstrean, in this wind tunnel,

bolis A Me,410 aircraft fitted with a Mk,108 gun in the nose, at
an angle of about 209 elevation to the leongitudinal aircraft axis,
was inspected, This had been used apparently, to check theories
of "no deflection" shcoting.

5, Internsl Ballistics and Weapon Ressarch

A gonsiderable asmourt of work under the direction of Dr. Haclkemann
included the following main items:-

51»1 66~ 7
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5.1, Development of = piezo electric .gauge for the msasuremeht of =
force, having a highly linear response for.both tension and
pressure,

5.2, Development of a technigue for recording the motions of parts
of automatic waapons, In princirple, a "triple mirror", which
reflects light along ths line of the incident light, was mounted on
the moving pari, and the rsflected light beam recorded cn a photo-
grephic f£ilm, '

“ Be3e lMeasurement of the temperature at the surface of the bore cf

a gun, by means of a very small and elegant nickel steel thermo-

.« couple inset in the wall of the gun barrel,

I5 was sa2id that results of gun temperature measurements
showsd that it should te possikle to inprease the rate of fire much
sbove the present accepted rates without overheating., A rate of
sbout 1600 rounds per mirute was claimed for some aircraft guns,

Selpe  Research on the stress in an aireraft produced by the recol
of a machins gun,

5.5, Development of a piezo electric accelerometer for use in
aircraft; the responss, in one direction only, was claimed to be

linear up to 40g, The recording was by mirror galvancmeter
cacillograph,

. ' ¥
Fheimmetall Borsig, Unterliss, Target 2/26

£,1. A very short time was spent at this target, which was badl
dama.ged. _

The establishmsnt comprised the artillery proving ground :
the firm, and several departments including:-

Department WKF Resezrch,
Department WKW Weapons,

The target was in the charge of Ministry of Supply repres
tatives, and was being exploited by them,

Director Herlach and Dr, Braun were interrogated on airc
armement fire control topics.

They considered that the best weapons for fighters, vers
bombers, would be 55 mm guns, firing HJE. projectiles, The be
bomber wespons would be 30 mm guns, for defence against fighter
The best form of sight would probsbly be a development of the
EZ.L2 type of gyro gunsight.
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Relevant work at Unterlliss had been the development of the
% cm MK.103 and ¥k,108 aircraft guns,

A 55 mm aircraft gun, with a muzzle velocity of 600 metres/sec,
was under development.

6.2, Experimental Station at Fassburg, near Trauen, c2/773

A brief inspectlon of a small station for testing the thrusts

‘of rocket motors was made; +the station was on the ocutskirts of

Fassburg airfield and was being exploited by the Ministry of Supply.
The German in chargze was Dr, Grumbt,

4 thrust balance capable of measuring up to 100 tons was
seen, -Rocket motors using diesel oil and liquid oxygen as fuel
and zinc difthyl as 1gn1t10n agent were tested here; there was a
liguid OXygen plant (Lirde process) capable of Droducln" 1500 Kg
per day for experimental purposes,

Walter Werke, Kiel, Target 2eii/63(b)

7.1, A short inspection was made of this target, which was being
explolted by the Admiralty and 11,4,P,

The work was largely research and development of rocket
motors operated with hydrogen peroxide, and has been expertly
described elsewhere, Ref, 6,

Armament applicationz of Walter rocket motors included the
guided missiles "Schmetterling" and "Enzian", and the piloted
missile "Natter',

Elom and Voss, Hamburg/Finkenwarder. Target 25/3

8,1, This target, an aircraft factory, occupied by military
forces, was briefly inspected,

Littie of armament interest was found, and most equipment of
value was crated priocr to evacuation.

There was a small open Jet wind tunnel, working section
ebout 5 ft, in diameter, hav1ng a maximum air speed of about
150 ft./sec,

The BV,246 glider bork was made at this factory, and part
were examined,
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DJW.M, Lubeck, nsar Senllitup, Tarpet 2/22

A brief visit was mads to this target, which was occupied by

nilitary forces and appeared to be undameged, For comprehensive
informa%ion on this target, see Ref. b

ey ]

Zala The factory was concerned with the development and pro~
dustion of amrmnition ard weapous, Equipment ard facilities such
es open Yarrses geemed to be of high quality, and included & test

=
hamber for terperature tests on fuzes and propellants down to

-50Cz,

O

el Aomuition devalepments for aircraft wsepons included:

15 mn ball asymnition of golid steel, with & coppsr driving
nerd (necsssitated by lack of lead),

(=) 30 m FL,E, asmawdii
eatimated that an aversg
Fortrass,

or, using 90 grains of explosive, It vas
3 of /. hits wes required to brirg down &

() For the produsticn of artificial fog, rounds filled with a
mixturs of titanium tefrachloride and ulll“Oﬁ teftrachlorlids were

uped,

.

2.3, Rocket developments, primarily for air to air firing
innludsad,

{a) The RZ.G5 spin stabilized rocket 7.5 om calibre.
(W) The RiY fin stabilized rocke%, 5.5 om calibre.

The BLM was favoursd because of its smaller dispersion,
Tnig rocket had eight fins which were folded close to the body f
stowege purposes, The fins opaned cut immedistely alter TLaunch
aided vy spring lozding acd a small spoiler plate on the end of
each firn,

fhe rockets were rail launched from a mounting board whic
glss served as a trarsit case, In the case of the Ms,262, one
board, mounting 12 rockets, was to be fitted urder each wing,
rockets would be Tired in a ripple salvo, each ore tripping the
next. After firing the mounhing hoerds wers to hs Jettisoned.
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Prof, Dr.-Ing. Th, Rossmann
Director of the Institute for Weapons Research of the L,7,A,
(Luftfahriforschungsanstalt) Braunschweig

Cutline cof career rrevious to activity at L,F.a,

A. Born at Berlin, September 8th 1896,

=, 1920 Study of technical physics and mathematics at the
Technische Hochschule (Technical Iligh-School) of Berlin.

1925 Degree of "Diplom=-Ingenisur",

1934 Degree of Dr.-Ing. (doctor of tschrical science),
Under the examination of Geh.Reg,kat Prof, Dr,
Pr.-Ing, H,C. Cranz and Ceneral Prof, Dr. Dr.-Ing, E.C,
K, Becker (see Publication Nr,IE3).

1543 Appeinted to "Ordentlicher Frofessor im Reichsdienst!
(Professor in ordinary),

Other Appointments:

1937 Beirat des Reichaverbardes Deutacher Mathematischer
Gesellschafien und Vereine (Advisory deputy of . the
"Reichsunion of German Mzthemsticel Societies),

1942 lember of the Deutsche Albadsmie der Luftfahrtforschung
(German Academy of aviations ressarch),

0D,1)1924,/1925: Siemens u, Halske A,G., Berlin,

Scientist at the central laboratory for long
range telegraphy und teleghory, electronice,
middle and high frequencies,

2}1925/%929: Techriische Hochschule at Berlin,
Allgemeine Ilektrizitatsgesellschaft, Berlin
{General Electric Compary),

Chisf=irsistant of C, Cranz at the Irstitute
for Tochnical Paysics and Bellistics; I had
always to give the lectures and classes .
acting regularly for ¢, Cranz, At the seme
time I was advisory physicist of the ARG fop
scientific researches on Dissel-engines and
steam-turbines (see Publication lir,IE2).

3)1930/1942: Friedrich Krupp A4G., DBssen,

Chief Engineer, flead of the department
for scientific researches and measurements
on artillery and of ship-artillery,
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AEETTID
re=lnz, Faal Haclkemarm
Fraunschwaig
Sulzbhachar Stroha 24

Birth-place: ocholt in Westfalen,

1936
1924
1012

1930/31

1931 /33

1933/35

1935

1938

tat Hay 19305,
Study at Techrinal High-School Aschen (Collsgs).

Examinetion as Dlplovarg i
-
v

ur (enminesring,
thermedynamic, steam-powar- o

a
tations),
Training as eivil pilot,

Doldbor-Tugeniaew:,

Member of Deutsche Alademisz der Luftfzhrtforschung.

Private-assistant at Prof, Dr, Bonin, Aachen
lshoratory for technical science of firing,

Heientificel assistant at laboratery for
engineering, Technical High-BSchool, Aachen

Seientist in the ballistic Jdepartment of
fheirmetall, Iupseldorf,

Tead of a depariment at Dsuische Versuchsarnstalt
1

fur Loftishrt, Zerlin, afterwards at Luftfahrt-
forschunpsanstalt, Praunschwels.

PLor the death of the first lzadsr of the

institute, T was chxrﬂnd with the Temporary
divectlon cf the institute (up to 19L3).
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APPENDIX C

Statement of professional data of Dr.-Ing, J. Schugt

Ae Peraonal Date

Dr.-Ing. Josel Schugh, Draunschwelg, Saarstrabe I,
born at lunchen on 186 Sept, 1907,

B. Bducation and gradation

Bonn c,lh, 191 35=7

Borm 194 7=256
Muncher 1926-27
Anched 1G927=32

Braunschweig 194,

C. IEngagements

1+ Dusseldorf 1932

2. Duseselderf 1932-5

3, Berlin 1935-7

L Braunschweig 1937-L5

Commor: Sghool )

Oberreal, mature examin,

Techn, High School, mech. engin,

Techn, High School, mech, engin,

Techn. High School, Doctor-Engin, -
examination,

Economy Erngineering Bureau,
Assistant,

Rheinmetall-Borsig,
Pallistic Designing Bureau
Azsistant ard later on Sect, Chief,

Deutsche Versuchsenstalt fur
Lurtfehrt (VL) Adlershot,
Alrcrafteirmament Researching
Institute, Chief of the Aircraft-
eight Seclion, employment con-
timued in:

Iunftfahrtforschunesanstalt,
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