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TARGET M lo Vigited 16th and 17th May 1946,

i: “Personalifies:

Ure. Hofimann = Dirscior ~ Spesks excellent Englishe.

Bre Temm

Hre Kessslring e’ iz Lwvi: Fentralleboratorium.

2re Jenns ¢~ Brecislisis on megnetic materisls and
Hre Friedrich Meyar) dust cores.

Lre Rersten, formerly in charge of the Megnetic Materials
Development Department {ZL) of € & ¥ hasz recently left to becems
Frofosser of Plysice at Dresden {in the Kussian Zone) and was

- %hus not avalleble for interrvgsiicnm. He is s33ill in touch with
kls wrevious work et Siemens and mekes cocasionsl visits there.

Hone of the above members of 2 & E staf? svesks English
exsert Dre Holfwmen.

2s Ceneral:
T MR A LT

€ & K represent the lergset momifacturers of magnetic dust
cores for all telspheone end radic applicetions in Cormary e«
Formerldy, all development and profuciion were esrried cut in th
variens Borlin Works as followms:~

{a]  Preduction of dust cores for telephons end redic
purpeses end loading sodls s% Wernerwerk ITY,
ore Jungferchelds, Parlin (deslrgred iz air raids).

(b Frodustion of ali presz twole for mekrisg loading codl

. R e el

- oores ant redic cores of all typez wes carried out et :
&

Wernerwerk R in Chevictéenburg (pertislly destroyed).

{ey £11 development waz cervisd out im Z1 Depurtment

( formerly wnler Mr, Forning - died in 1944} end lates

uncer Dre Kersten. £L Depariment speciclisss in dust

cores end ell other negmeiic materisls snl iz cre of
glx mzin Gevelepment groupe in § & H Resasrch Departe
L, the Zormer head of whieh (Dre Kupfunller) hes
bese repleced by Dre HeFe Meyere The team
irtenied Y gee Dr. Meper tut he hsd been taken to
UeSe by the fmericen authorities for a specisl
eissicn.




No visits to production depertments or to laboratories ware
mede in Berlin because ell plant had been remeved by the Russisns
but Mr. Kesselring =zaid tha$ one or two experimental machinges had
" besn obtained or removaied and rosearch work was being renews?

(4 total of 40 muchines remsined out of & wer time meslmum of
11,000, the rest having been destroyed or removed).

During the latier part of ths
sovorely bombed She dust cars b
Pirmesens (3447, After the i
removed to Gera (mw"iﬂgﬁa}ﬁ wher
Americense It is now in the Duws ms BORG . end sll the ar.sg;m,\
plant is belng opereted by $he Puceliaung.

war sfter Berlin had besn
sobion was digpersed to

o af Frenee, this olert =on
it wae cspiured by ths

The origimal plant a$ Wernsrwerk IIT in Berlin was stated
Ty Dre Muckenthelor to be

3 500 ton prasses snd asgoclated squipment
far prmgix;g loasdlng coil cores

1 1000 %on press Dov &p%ia.l fuction
Aesosizted Mixing machines {Werner-Pfsldersr &ypa)
ovend, m‘gsxegzza’izing plants etg.

12 eutomatlic sgpirting mechings for &zlmm raliio sores.

3, Productisn of Dust Corsst

All dust cores were wale from Iron Cerbonyl Powler suppli
by I.G. Co. Cppan {ussr Ludwigshaven) in verious gralss.

S&H IeGo
Codes Codae - Uses Sizes REmATED o

X H- UHP Cores. 2«5 microns. Fins production
Low hystereels powdere
Jorsa,

D 2 HoPeo Gores. 210 . W Original produst
Jeneral applic= unheat=treated.
a‘%ioz?;se ’

P Cugp Tmell loeding >0 v Speaial heat
soils with good ) - trectnent by
imiuctance stab- ~ LeGe
ilisy with heavy
magnstisaticn.

A c High permeatiliity 310 = inneal by I.Ge
. {50=70u) ocores for
radio, D.Fe LOops.



S&H I.G.
Codes Code. Usa. Size. - Remarks.
I - xixturés of above =10 microns. |
. . gredes by S & H
B - g:ot important)
G Sonder— Low loss cores. 2 - Screened in inert
pulver " gas current,
( special) limited quentity
obtained,

Fo special acceptance testing, particle size measurexent or
chemical analyses of thase powders was undertaken by S & H who
relied on J.G. tests made tc their instructions and with thedr
tost equipment at the Oppau Works ( see report cf later visit).

Cores are made by the wei mixing of the powler with the
appropriate percentage of insulating materials in a Pflelderer
Mixzer, Dre F. Meyer undertock to prepare a report (which has
since been received and a translation of which appears as

Appendix A) giving details of the proocesses, a sumary of which
iz as follows;= J

F powder + 1/3% water glass to give u = 50 with low eddy
current cores for D.F. Loops etc,

{ The above report disclosed that 0.3 sugar is alsc used, a fact .
not disclosed in discussion).

The powder is pressed at 12-15 tons (metric) per sg. cm
and the surface of the core is subsequently sand-blasted in order
to reduce the eddy currents resulting from the conducting layer
of metal on the surface of the core after ejection from the mould.

Attempts were made to obtain a sample set of press tools for -
this core but these were unsuccessful since 5 & H stated that the
equipment and tools in Wernerwerk K had either been destroyed or
removed. S & H had limited production facilities for meking
Permalloy with a small percentage of copper included in the allgoy.
They claimed that this gave lower eddy ocurrent loas and better
meochanical properties than the material used in Great Britain.

Dr. Hoffman stated that S & H had made plans for recommencing
the manufacture of loading coils at the end of the year but no
plans had been made for producing radio cores in Berlin.

4o Dovelopment Work on Dust Cores:

This has been partly covered by earlier teams and reference
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# ghould be made to Bel«0oS. Team No. 1875, K W. Foulkea-Roberts on
a vigit to S & H on the 1llth March 1948, Copies of these reporis
were supplied as follows:-

(1)  Properties of Megnetio Materials (21.3.46).

(2) Sendust : Properties of Rickel~free Magnetic
Materisl of high permesbllity made by Japanese
* methode.

(3)  Development of Kickel-fres dust core for high
frequency variometer using D.C. Magnetisation.

The first report is a genersl summery of all types of

magnetic materiasls developed and produced by S & H The second
refers to development of small scals production of sendust alloy
" of 8% Pe, 945% 51 and 5.5 Al. This had been made in quantities
. of a few hundred kilogrammes and nc large-scale production hed
been undertaken or planned. The chief interest was that this
material gave better quallty for lcading coils than the annealed
graies of iron carbonyl powder but from the results it appeared
to be not sc good as the permalloy series of nickel irom dust
-gores in generel use in Great Britain and Amerioca-.

, The third report describes an alloy of 80% Fe, 10% 3i and
10% Al, which is made in the form of powder and pressed in dust
_oores of rectangular bar shape weighing a few grammes. The coll
surrounding this core oonsists of one H.F. winding and one winding
for D.C. magnetisation; by altering the current in the latter
the inductance 1s changed over s wide range. This arrangement
contained the advanteges of permeability tuning but without the
disedvantage of moving parts and complicated operating mechanisms.
¥r, Kesselring said that this had been used only on e smell scale
in prodmction for some airoraft equipment but that they regarded
this mainly as a subject for further development.

_ A further report desling with the hysteresis loss at low

‘magnetic fields, bassd on the Rayleigh principle, had been written
by Dr. Kornetski in ENT.Bd 20 H.l 1543, a photostat copy of which
wag obtained later in Englerd, :

" 5 Prodhction of DeFe LoOOPS.

Devalopment and production of the D.F. Loops for eiraraft was
formerly carried out entirely by S & H in Berlin in technical
“association with Telefunken. The originsl work was done at
Zentrallaboratorium by Dr. Kersten and Dr. Kornetski (interrogated
27th May at Heidenheim) and included work on the coil mounting
and the assooiated dust cores and followed up by extensive testing
' * BIOS Final Report No. 682 : o
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in the field. The mechanical eperating dsvices were purchazed |

~cubside and the completed unit was supplisd to T@l@fﬁnk@n, who
- made 2lgctronic and indicating equipment.
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APPENDIX A
- TRANSIATION: by GeR. Polgreen Siemensstadt, 24th May 1946.
= ( not necesserily ZL 1108/8 Mey.
accurate in detail)
20e8elibe Author; F. Meyer, S & H ZL.

_egg:;;n the M tio ties of
oq ruction.‘

SMMARY 5

: This report summarisez the megnetic properties of the most
important dust core materials, which we use, as well as the
methods for mamufacturing the cores. The principel meterial

for cur core memufacture consists of the warious types of powdexr
supplied by I.Ge Farbenindustrie of the properties of the differ—
ent iron carbonyl powders are well known. For maklng dust oores
_with alloy powders it is neceasary to include details of the
mufa.cture of the powder also,

(1) Cores of Carbonyl Iron.

- The carbonyl iron powders supplied from the I.G. Farben-
industrie, Ludwigshaven fall into two groups (high and low
fermeability powder). The high pemeabilit% types B, F and A

corresponding I.G. references S stabil) for an
average particle size of 5-8 um (micron) » whereas the low
permeebility powders D and K (I.Gs Refererice E & H) is a finer
powder, aversge particle size about 4-5 um (4~5 microns). In
special cesez in a few instances of specially fine powder, ty'po
G (2 micron) is supplied.

(a) Pressed Cores. The supplied powder is first
insulated with waterglass ( sodium silicate) or sugar and
waterglass and dried at 60°C, then a b material
(bakelite lacquer) is added and dried at 40°C. The mix is
‘broken down in an Edge Runner mill and then pressed into

. cores at a pressure of 10-15 tons per sg. ome The cores
- containing bakelite are hardened at 1149C for 12 hours.

: - {b) Injection Moulded Cores. After the pre-
insulation o e po waterglass a thermo plastic
binder (trolitul) is mixed in place of bakelite. The mix
is injection moulded into cores at 180 ~ 200°C in an Isome-
Automat machine supplied by the firm Brown, Zerbst.



{2)  Powder Cores mads fium Alloy Maberials.

{a) Permalloy (Fe~Ni=Cuj,

The alloy powder ig made Tr the raduciion of the
oxides at a reductien tempsrature of 700°C and then
conoentrated in hydrogen ai $00%C. The material is broken
. down in a Ball Mill and ezmsaled a2t 8CO=250°C in hydrogens
The particle size of the powdex ia sbout 50 micronse The
powder is insulated with chromic ankydride (CRO3) and dried.
The pressed cores are heat-jrzated in air at 508"0 for '
LO minutes,.

(b} sendust (Fe-Si=Al)e

The alloy is cased in an ingot of 4Omm diameter and
500=7C0mz long and heat=ireated at 1000°C for one hour in
Kydrogen. After grinding %o a particle size of 50 microns
the powder particles are re-crystallised at 750°C for one
hour in hydrogen and insulated with ammonium per sulphate,
(NH, )o8208. The rressed cores (pressure 1; tons per age.om)
are heat=trested in air at 700°C for LO minutes, lumersed
iizza bakelite at rocm temperature and then aged at 1409C far

hours.
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APPENDIX B

Translation. (GRP) (FRB), - Siemensstadt, 21lst March, 3345,

ZLes 110a 136/8 Kl Mey'o

Workers - Karl Malere. _
Friedr. Meysr. (125}@

Report on Magnetic Materials

Mr. Foulkes-Roberts BICS. 1875 investigated through cur
Drse Hoffman, Lanth and Tamm on 11,3.46. the development work
on transformer materials especizlly for lower frequencies. Hs
wanited ths following information:~-

(1) TImpulse Transformers
52 Use of Sendust,
3

Replacement of specisl meterials for
COresS,
on (1) Megnetic Materials for Impulse Transformers.

- For attaining a high maximum permesbility, the first trenas=-
formers were made with M89 alloy (LO% KNi, 60% Fe). The high
permeability is important in order that the necsssary coil
irductance of the impulse transformer can be obteined with few
turns so0 that the leaksgs inductance remains small while the
izmpulse dies away. 3o that the impulse transformer will not
become hot with eddy-current, the core is made of 0.1 mm thick
sheet. Also the core of an American impulse transformer we have
tested was made from thinner stampings of nickel iron (ses
Summsry 1) «

Because the use of nickel is restricted, tests were made
with nickel free core sheets, It transpired that the best type
of transformer iron could be used but special heat treatment
would be necsssary. (see Summary 2),

on (2) Pe-5i-Al alloy {Sendust) for Magnetic Powder Cores.

High u powder cores (u 50) of IG Carbonyl iron powder on
account of their higher loss valuas can be used only in limited
ciroumstances. A notable improvement can be made by making

- Sendust powler cores {(use of smaller cores for same results).

As a result' of our research experience (zee Summsry 3) a reduc-
tlon in size of 30% can be effected if a Sendust core of 70u can

. be use@ instead of a ocore of carbonyl iron of 5Cue.



With the previous experlence, the following method of
preparation has been found tc be successful:~

1. The alloy (85%: PFs, 05% Si’ o% Al) is made in 7Kg.
malts of cast rods of 40 mm diameter. - :

2, The rods are heat treated at 1000°C for 1 hour in
hydrogene ‘

3+ The cast pleces are broken and ballmilied tc a
particle size of 10 to 100 mioron (avamge particle size
50 microns).

Le Heat treatment for re-crystallisation at 750° for
1 hour in hydrogene.

Be Insertion of powder with O.Z\b amnonium per aulphato
(ME4) 2S0ge

6e After pressing by existing methods (ring core) the cores

ere heat treated at 700°C for 40 minutes.
7o Immerse the cores in bakelite varnish and dxy at .11,.0°C.

( 3) Special Material for Tranaformers.

The magnetic soft iron types for tranaformers in elecirical
telecommunications are summarised with their most important
" magnetic properties ( see Summary 4). These measures have led to
an appreciable limitation of soft iron. We have in table DIN.E.
41301 summarised the following materialse

Class Name . Composition.
Al. Trafoperm 254 2.5 3i. Rest. iron.

A2, Dynamo sheet IV U. ll% si.
(selected sheeta)
Bl. Rotreaperm und Fe 8. 3.5¢ Si., Rest iron unalloyed lron.
Di. M089 OeBSIm QJlmm. 36 I;.O% N’i, rest iron.
D2. Me89 005mm 36 - 4% N1, rest iron,
E3. Mumetal. 7@6 Ni. 5 /6 Cu. 26 CreRest iron.

The nickel-free silicon alloys should be used for prefer—
ence. Developments were made in order that high permeabilities
at low field strength could be obtained with cold-rolled Si=iron
sheet by means of final heatireatment and also to diminish the
variation of permeability with field strength. The results of
this development were the following materials -
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Al, Silitex 850 3.% Si.
C2a Silitex 1200 3e5% Sie

The preparation of these materials has been discontimed.

.Por cores intended for high inductance, Dynamo sheet III
and IV are in many cases unsuitszble, Thus for the switch-chokes
in the conjunction with contact-rectifiers, a silicon-iron alloy
(2.5% S1) end a nickel iron.(50% Ni, 50% Fe) with magnetic anist-
ropy were used. It was also desired to produce material similar
to the Amsrican "Kypersil", having low iron lossesz.

Special material for magnetvariometer from Fe-Ni-Cv alloye

Induction-regulation by variation of a DC. field super—
imposed on the HeF. field (0¢35 ees 4 Mc/ss)

The inductance of an iron=-cored coil can be varied in a
simple manner, since the permeability of the core material can
- be altered by DC. magnetisation. The DC. contrelling current
used for this purpose should be as small as possible. A core=-
material with low saturation value is used. Further a oore—
material with the lowest possible coercive-force is required, so
that the irreversible inductence-variation brought about bty the
passage of the oontrolling flux remains as small as possible.

For this purpose core-materials CO 50 and CO 35 (initial

" permeability ua = 50 or 35 uo) have been developed with the
foliowing compositions . 6% Ni, 12% fe, 25% Cu. The insulation-
content of the 00 35 (to reduce eddy-ocurrent loss) is about 2%
by weight (Cro3 plus tale) greater than for CO 50. .

Their magnetic properties are summarised below -

Br/Gauss He/Oersted u/ue ®ggt whe nyn
' loss

00 50 4000 2 4ee¢ 5 45 eos 50 0408 40 0,12 5 10

0 4] 55 10-000 2 ses 5 30 ses 35 0005 .o 0008 55 8

" u =~ permeability measured in uo.
ac - sddy-current loss, measured in u sec.
h « hysteresis loss, measured in cm/kA o

v = viscosity in 0.00 (i.e. parts per thousend.)



AVPENDIX C
Translation, (FRR). Siemensstadt, 6th March, l%le _

ZL:a —352,/2 Mer.
Author: Mayer {7856).
2 properties of a nickel-free dust core material

on th
¥iia hipgh permeabiiity made zocording to the ‘Jepenese
Sendusi-materdiel e gice

Genarsl remarks.

Investigation of Fe=S5i=A) allows in the development of a
nsw high permesbility Gust core mmterial has resulied in somewhat
better alactrmgnetic propertiss then for dust cores of the gsame
perzeability mede of carbonyl irem. Laboretory results so far
vetalngd on the new material asre;- ‘

cm
1=70ss075 U0, ¥=Ce3226008 USe h=40ee 50 E‘, =50 4+20%/0c
U."'Sugnolm ut, W“Gc?oso}o; Ggs h=110.120 K&.s n“'1050150/00
S8aomles coTe cen be made in small 'batches 28 In Zolie2e

Production,; made after the dsvelopment of different methods
of rreperation, was started not earlier than 1942

For some time Gevelopment of Fe-Si-Al ealloys in ZeLe2o
(Zez:‘tralﬂlab.ze) relied on Japanese publications and test resulis
cn ssmplez cors from Japen in ordsr to assess the megnstic date
for materiel made under ordinery production conditions. It was

pscegpary to undertake a speclisl develognent s the results of which

were reported elsewhere. The following informstion is a specisl
collection of results obiained in the Laboratory, for laboratory
use, or the slectromagnetic fsctors hithertoc obtained for th...s
maberial.

The new material was provided in the form of ingots (7 kgo
melts) by the ZoL.2e of the Abtl.f.EleChemic. According to the
perticuisr heat treatment used at the time, the ingots were
troken down urnder e press and comminuted to & powdere The powder
w3 sublected to & further heat treatment and after insulstion
was preased into cores. PFinally & core heat ireatment wag
" NBUSEIESY o
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The investigaticns wars fimslly csrried out on a K19 core
with a pressure of 1i tone per £¢. ome In the following table are
collected the values erzived 2% in %the laboratory. For comparisoen,
values for Bt.70 and FT.55, msde with carbonyl iron as the megretic

- meterisl are also given.

The differense in iniucience resulting from a heavy current
‘overload (magnetic instebility S} wes measured in terms of 100 amp.
turn per cme The time deley in fall of inductance following the
- magnetisation was sfter 2 dog Q.2 sou 0.3%

Material w/no w/us h/cm nfofce 8%
. o |
GE.I‘bOIWl Pt 0550 5“5 5’5 50 708 lw 2
" Bto?0e 70 0o 75 10 o 220 30 oee 100 10,615 10

Sendust TS-?O ?0 ¢ ?5 055 @ 995 40 cee 5) Goell 605'
' " TS.?O 90 osl%‘ ‘ Qw? ® 5-35 110 000120 lOVelﬁ l

: The teble shows thai, az compersd with carbomyl iren,

* Sendust besides heving lowsr eddy-owrrent loss (w), for the

- same permeability showe immrovement 2ls0 as regerds hysteresis
loss and magnetic inetebility. Current develomment work indicetes
the possibility of all-round improvement in properties.

_ ‘For exapple the following mesulis have been obtained on
cores made by different mixing siperiments -

cm
U~ B0 uwo, w-Och5us, h = 40%k; n - 8%00
u =105 uo, W= 3¢5 us, h =110 Eh, n - 15°/00

The meterial was further investicsted as rogards the
veristion of its propertiss with temparature. The temperature
coefficient wes measured betwsen 1C° and 50°, the experiments
showed a large temperaturs coefficient of inductance having a
value of = =] 10=3 ©C~1, The veristion with temperature itself
iz approximately linesr with reletively smell repetitive errors’

I0 = 062 oeo Qokeo 10=3 after 4 to 5 temperature cycles). For
meny purposes (ecge ¥ilter coils) the Ligh value of tempsrature
Soefficient is a drewbacke There seems little prospect of
lowering the value. An improvement wight be possible later when
- the dependence of temperature ccefficient on alloy compositiocn
°an be studied. The aim would then bz to approach low values of
8wall temperature coefficient by adding a second alloy having

& strongly pesitive temperaturs coefficient. The process methods
‘&lven by Z,L.2. naturally only apply %o preparation of cores in
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small batches for experimental purposes, now the urgent necessity
for developing large scale production is no longer present and
further experimental work can be undertaken,

It is hoped that the separate organisations making use _
of the material in the future will keep in close touch with Lab
2. so that the necessary planning can be directed in the best
posaible way to serve future needs.

i
i
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|
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TARGET NO.2. Visited 16th May, 1946.

Address: HANS VOGT AND COe, 1l=23 LAHN STR., BEEHN“NEUKOILN-
' (Russian Sector of Berlinj

1, ©Persons interrogated:

Kro. Erfiger - Technical Manager - Speaks English
2« General:

This firm was recommended by G(T) and CW but had no
information to offer regarding the particular iron core that the
team was interested in, They were, however, in production verious
types of iron core, and the plant was inspected as a matter of
general interest., The firm has been visited before by an H.0.3.
mission about 18th March 1946.

Se Information geineds

- The firm is in the Russian sector, and although sone
machines, including the bigger presses, had been removed,
conaiderable gquantities of iron cores wers being turned out for
ReFe and I.F. use and carrier telephony including a special high
permeability type (4 = 30) for permeadility tuned domestic
receivers and a variometer type of core with permeability 50
- giving an inductance change of 15/1l. Cores are mede in screw,
pot, bar giving an inductance change of 15/1 and toroid shapes
with permesbilities up to 60. The maximum pressurs used is
20 = 22 tons/sqe.cm. using mainly phenclic resin as binder. The
firm make their own tools out of 12% chromium steel known as
Re«CeCe steel, The biggest press was 450 ton.

All the iron dust is obtained from I.Ge. Farben and is of
course cerbonyl and the firm appeared to be working on stocke.

The plant was amall end rather dilapidsted, employing about

* 50 workers. Another plant exiasts at ERLAU near PASSAU in

Bavaria. The Berlin plant mamifactures only radio cores, and the
Erlau plant only sintered iron.
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TARGET NOe 3« 5 Visited 24th May, 15946.
Address: SIEMENS AND HALSKE, ERLANGEN, Nr. NUREMBERGe.

(TUS. Zone)

It was understood that Dr. Kormetski and/or
Dre Muckenthaler was at this plant, dut on errival
it was learned that Dr. Muckenthaler wes &t Medtingen,
Near Augsburg and Dr. Kornetski was at Heldsnheim,
Near Ulme The plant was therefcre not inspected, mi
was seen to be undamaged, and producing valves.
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TARGET NOe Lo _ Vigited 24th May, 1946.
Address: SIEMENS-PIANIA, MEITINGEN, &r. AUGSBURG.

(UeSe« Zone)

ls Persons intemgated:

Dr. Muckentheler (Spesks no English).
2s Genersl:

The factory is primerily employed on carbon electrodes, .
brushes, etc., but Siemens-Halske ars zitarting production of
iron cores in o vacant winge The whole factory was undameged.
Dre Nuckentheler, who was cne of the designers of the FP.R.E.6,
had Deen evacusted frem Gera (Russian zone) by the Americans.

'3e Informetion _gained:

Dre Muckentheler had been chiefly concerned with the marm~
facture of the P.R.E.6, and although he was able to give some
informetion on the development, he hed lost all his records, and
such information &g he was able to give was repeated by

Dr. Kornetski, who was more informative (ses report on visit So

Dr. Kornetski).

Dre Muckenthaler gave particulars of the production methods
and indicated the special difficultiss sssocleted with the
winding and testing in order to obtain the uniformity required by
the specifications. The technical performance and perticulars of
these loops is already availsble at RekoE. 23 & result of tests
cerried out on captured German aircraft equipment (Tech. Minute

" Red. 157). The latest type has the reference number PoReEe6,

{Peil Rahmen Eisen 6} and was put into service just before the end
of the war. It is a flattened soclemcid about 6" x I* x 12* with
rods of iron of semi-cylindrical section of 1" dismeter running
down the sides. The whole is mounted in a metal dishpan sunk
Just below the aircraft skin, and coversd with a perspex cover,
flush with the skin. The P.R.E.6 has 80% of the efficiency of

the early external air-occred loop, while the reduction.in drag

~ produced by the flush mounting is equivelent to an edditional

100 HeP. in some new high speed aircrafi.

The electrical characteristics of the loop are as foilows:~
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Induoctance L = . 24,000 cmse
Effective permeability = 65
(Toroidal permeability = 55)
Minimum Q = 150

Dr. Muckenthaler disclosed that supplies of carbonyl iron
powder from I.Ge. Farben were coming from the Oppau works in
limited smounts, but said that an I.G. dispersal factory in
undamaged condition was operating at GAPEL, Near RATHENOW,
Brandenburg (Rusaien zone) (see report of visit to I.G.on
29%h May 1946) .

At Meitingen production of cores for all radio and
telephone purposes was Jjust starting. Plant was alresady
running for making 20,000 radic screw cores per week by an :
injection process, see attached photograrhs, and three 200 ton
presses were being installed for making toroid cores for loading
coils, Arrangements were being made to inatal winding machines
and test equipment for making loading coilse.
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TARGET Mo 5Se Visited 27+th May, 1946,

-Address;’  SIEMENS-HALSKE - HEIIENHEIM - MERGELSTETTEN,

BRENZSTRASSE 29  (SCHULHAUS).

l. ©Persons interrogated:
Dre Mo Konxeteki - Speaka English.
2e General:
Scame members of the Siemens-Hslske staff are located in

roams at a school at the esbove address. There are no laboratories
or works, only offices. The situation was not clear, but it

. seemed that these persons were being held pending de-Nazifications

3 Informat ion gained:

Dr. Kornetski was one of the principals in the development
of the range of German iron-cored D/F| loops for airerafi,
culminating in the P.R«E.6, The main resson for the development
of the P.R.E.6 was to reduce weight and drag, and development seems

~to have been largely empirical.

I. Iron Weight

Tests had been made to determine the optimum weight of
iron required. The inductance was maintained constant through-
out by adjusting the number of {turms, and a broadcast trans-
mitter was used as the signal source., The output voltage
fram & receiver correctly matched to the loop was measured for
differing weights of iron, This was compared with the output
from the old type German air cored loop (assigned 100%).
1t was found that the output from the early P.R.E.3 was about
100%, using 6.5 kg. of iron. The output from the P.R.E.6
was 80%, using 3 kg. of iroms The curve of output volts
against iron weight was substantially linear wp to 3 kg. and
thereafter flattened out, a disproportionate increase in
iron weight being required to produce an increase in output.
It was decided to limit the iron weight to 3 kg, and tolerate
the 20% loss in performance,

II. . Iron Permesbility

It was established theoretically, and by experiment,
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that the output voltage for constant inductance was proport-
ioral to /# where u is the working permeability, This
increases with increasing toroidal permeability, and also with
incressing length/width ratio of the iron because of the
reduction in demegmetisation, In the P,R.E.S 2 working
permeability of £.5 was achievad using iron with a ring
permeabliity of 25, A high permeability is alsc necessary -
especially with 2 submerged loop, in order that a low
reluctance path may be presented to the field,

III. Zrop Pesiiion

The only rsquirements are that the iron shall be
placed as clese 23 possible to the winding %o achieve maximum
flux linkage, and %hat the separate sections of +he iron
shall be separatsd as far as possible over the cross ssction
sc that sach part has a good "view" of the field, and is
thus able to collect as much of the flux as possible without
defracting from that ccllscted by the other section,
(Dielectric loss and incressed self capacity had either not
been conslidered or were comparatively unimportant).

Dr. Kornetski agresd that it might have been bettsr to place
the iron near the (longer) horizontal wires rather than the
vertical wires, and experiments were to have been done on

_ this matter, The semi-cylindrical bars were, however, an
easy production job, and & bar wiih e greater surface area
might beve inveolved a prchibitively large press to achieve
the same permezbility.

IVs Logp Dimensions

The turping circle of the loop had been specified and
it was therefore a matter of determining the relative import-
ance of cross sectiomal ares and length,. It was fomd
experimentally that it was most important to keep the length
as large as poszible and it was stated that an increase in
output of 407 would be cbtained if the length could be
increasged froam 300 - 400 mm., Having specified the turning
¢ircle, however, a point is reached where further increase
in length rsduces the cutpubt in a submerged loop because
the surrouwrding metal prevents the field entering the emd of
the iron-section and it becomes wprefitable to proceed
beyord this point. The final dimersions had been fixed by
trial and error and were considered to be optimum.

Vo Iron Loas

The effect of sady current loss had been found to be
far more important then bysteresis loss, and the cores were
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sand-blasted arfter moulding to remove the surface glaze.
VI. Wire Size

In a loop of this type which is matched to the receiver
input, 2 high Q is desiratle and Litz wire was used {o achieve
thiss However, no special experiments were performed to
determine optimum gauge, and number of sirands, but a wire
was chosen which was in large scale production.

The loop kmd been designed to work into a maximum
length of cable of 17 meires. In all the experiments 7
meitres of cable had been used,

Dre. XKornetski had practically no recards of the
development beyond a papsr entitled PEILRANMEN MIT MASSE
XKERIEN = SIEMENS ZEITSCHRIFT BD.22, OCT/IEC 42, HEFT &
{Appendix D), but believed that Telefunken, Dachau, had done
some methemafical analysis after the experimental work had
been done. Unfortunately time 4id not permit a visit to

Telefunken.
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APPENDIX D -

TRANSIATION FROM SIEMENS ZEITSCHRIFT

DeFe Loop Aerial with Iron Dust Core.

By Me Kornetaki.

For electrical reasons Direction FPinding loops have tc be
fixed to the surface of the plane, preferably to its top. The
projecting parts cause a certain amount of air resistance. This
resistance has been negligible for planes of older designs which
travel at considerably lower speeds. With modern planes, howevsr,
which travel at high speeds, this air resistance is not negligible.
With a directional aerial of usual dimensions at a speed of 250
kilometres per hour the air resistence is about 7 Kgs. This
pressure corresponds to a loss of 7 BuHsPe At a speed of 500
kilometres per hour the air pressure is roughly 20 Kgs corres-
ponding to a B.HePe of 40, If the speed is increased to even
700 Kilometres per hour then the alr pressure becomes 30 kgs.
Roughly 100 hep. of the engine output are then lost.

As such a decrease in effective power results in a consider~
able loss of flying speed, means wers sought to place the direction-
al aerial in such a manner that the wind resistance effect was
completely avoided or at least decreased., A possible way would
be to decrease the dimensions of the directional aerial. This,
however, does not give the required results as a decrease of the
diameter of the directional aerial brings about a decrease in
output of the aerial. The output voltage from the directional
aerial to a receiver keeping constant electrical values, e.g.
damping, inductance, etc. is roughly proportional to the diameter
of the directional aerial to the power 3/2. A considerable
decrease in dimensions of the directiocnal aerial would, therefors,
result in a considerable decrease of its effective range. A
second possibility which was tried out experimentally and which
.completaly avoids any alir resistance is to build the directional
aerial into the planes In order to make aocess for the scresned
directional aerial posaible through the metal hull of the plans,
the compartment of the plane must be given as large as possible
an opening, which can be covered by insulation material. If
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this opening is %o be avoided, the directiomal seriszl freme
nes to be mounted in a place which, for other reagons, iu
already made of insulating materisl a3 in %hs co
plane. This generally is not a pracstical wropo
lack of space. If it -is built in em openimg of
bshind the wings, then the output of the receiver
coneilershly, sssuming the opening in the mmll i
Bren in this case, diffiouléisn, dus o laok of Ga BN
ennzd, In sddition, in this case, the sordoning will mod
he verr effactlive.

g hmg Gefe

ol HoD

]

ing all these diffleultles into asosound
ma have %0 be solved:—

e

hefght of the drectionsi serial musgd
-hly so that it takes up less spase when DUILT Iud
shan the usual type of dirsctionsl serizl, &% the
‘me care has $o be taken thaei the outpui, decrssssd by |
‘ing the aerisl into the hull, bes %o be ilnorsassd by other
smge Thiz cannot be achieved by irylng to compensase the

s in output of the dirsciionel zerdsl bW imcosesing €
of the directional receiver. The quelity of a dirsot
iz not devpendent on the woliage outpult of the directicmal
but on the signal to nciss ratio at $he lmput of the

s There zhould not be gresber ncisze ocubpud %han Ghst
normally due to oiroui? tharmal nolse. This sriglostes
5 disorderly moiion which slecirons perform dus %0 hest
., Care must be teken to snpurs that the diminished oulpus
s umadiler built=in directionel asrial is again complstely
+ raised %o the value whish it wes when the aerizi wes
5 the Tlane. Por this purpose, 2 magnetlc core iz

2o the agrial frame.

kel
.
el
T

Trad Lnarsass of output is effected by the sddiiion of

Thig eore?  If the sffective permesbility of the core is
g o dn (o 48 The pormesbility of ithe empty space) then the
wtrut voltags in & definite high frequency field increased Uy
» ZPe dimultenscusly, the inductance increases by a
47.s this being generelly smeller than ugs. To obtain
& rough idea of 4he output we assume that the damping of the

rema o7 bullding in the core is only slightly changed which
d ‘ e ersugh in practices Then the nolse ouiput is
et alierad by inserting the cors, =o that we can uae the
outoat with end without core for the sake of comparison. If
the cutrub withous the magnetic core is Np, the wwiput with
the care will be

Ng = No awl (1)
i,
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The increase in voltage with the same indncta.nce {ratio of
effective heights) is, therefore,

R = By (2)
|’ p—
° N

With the above assumption 0_5 is equal to the ratic of the
U

(]
reociprocal minimum width. For a rough approximation we can
put;=

iy, AR Hy (3)
then we obtain
;3 s [ Bw . (’-l-)
0

The frame can, therefore, be dscreased to such an extent that,
when it is built in, a voltage, is obtained which is reduced by
the factor 1 s this loss in voltage is then compensated

VAL I
by inserting the magnetic core. The factor my is about 6.5
with the directional frame &arials with magnetioc core desoribed
below while mp, 1a roughly 5. The increase in voltage due to
insertion of the cors caloulated by means of equation (2)
corresponds to a faotor of about 3. -

The magnetic cores are made of solid metal, as cores
made of sheet metal result in too bdig demping at the frequencies
used,

The first experir’hen‘ls on directional frame aerials were

carried ocut by the firm Telefunken. Such frames were then devel-

cped by Siemens & Halske together with Telof‘unken end have besen
mamfactured for several years,

e
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- TARGRT NO. 6. , Visited 29th Mey, 1946,
Address: I.Ge FARBEN = OPPAU ~ LUDWIGSHAVEN.

le Personalties:

Dre Schlechts Head of Powder Department ( seen for short time
at beglnning and end of visit). Abteilung Hoohdruck Oppeu ( speaks
English) . . *

Dre Bergmann, Physicist ( speeks only German. Mr. Polgreen
interpretedj. In charge of development snd test of iron powder,
Laboratory in Ludwigshaven about two miles from iron powder works
but inside I.G. grounds,

'(N.B. Dre Cramer, also recommended to team by Siemens ani Halske
for interrogation, recently committed suicide at dispersal
‘factory at Gapel).

2 Genersl;

: The Ludwigshaven group of I.G. Works extend for about 4 miles

along west bank of Rhine and the iron cerbonyl powder is made in
the northern part of the Works at Oppan. The offices are at the
south end (BAU.l) in Ludwigshaven and anyone visiting the works
mast first obtain a "laisser-passer" fram the French anthorities
in charge there. Col. Scheffer and Col. Romar are responaible
for the plant and Commandeant St. Blancar is the specialist on
iron powder. This is in addition to the authority of French FIAT
at Offenburg and the Prench Govermment at Baden-Baden, which were
obtained by personal viaits of the team on the 28th Mey. All
samples and papers mst be handled through Cole Scheffer,

The Works makes, in addition to nickel and ironm carbonyl
and powders, synthetic ammonia, artificsl rubber and many other
chemical materials. Much air-raid damage was in evidencs and
~ the whole place was in an extremely dilapidated oendition. When
working fully it employed about 18,000 worikpeopls.

. Dre Bergmann's Laboratory is about. 1 mile north of the Main
Officea in Ludwigshaven and the building is bedly dsmaged. The
- powder test and development departments are now installed in
the cellars under very untidy and difficult working conditions.
The main powder works is divided into two separate groupss-
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{a) The twc planta for making nickel and iron carbonyl
-ars situated in the north part at Oppan about 3
miles frem the Meln Offices.

{3} The iron poTlsr plant is sbout § mile 8 frem
the carbonyi vlant. It employs about 50 people
whon Pully operating bubt only sbout 18 were working
thars 23 the tlzs of the visils

Theze powder tlants are apperontly iittle demaged end axs
capatls of large scals produstien, AP adequate materials and
cower were avallable, bud the ocutput of iren carbomyl powdsr was
stasad to pe snoud 25 Sons/wondh al yresent, l.e. about one
quardsr of the %s%al prsiuctirs sepacliy of the plant.

Dr. Bergmsin seid $hat ¢hsy had about 40 tons of powder in
ghook, woeh was being zupolied fo Francs, and the Garman
slecsrical Pirma are starding to uss the powler sgain for loading
coils ard radlo raceivay COTEE.

A Zispersal factory was bullt during the war for meking ireo
carbonyl powder ab GAPEL {bel Rathenow) nser Brandenburg, about
50 miles wast of Berliz in the Russian zons., Dr. Schlschi said
$hat this plant wes vow being dissantled and $aken to Russia. I3
nas a cepacity of about 25 tons/month.

Part of %he Oppau plant - one complete unit capable of meking
and heat treaiing sbeut 10 %ons of powler per menth - was belng
dismantlad for installation in France in order to supply their

telephone and radis industries with powder for dusi cores.

3, Applications:

Dr. Schlecht stated thet over 90% of the iron powder was
gupplied for the electrical industry. The chisf uszers are:-

(1) Telsphone cores, Siemens & Halske, Felten &
Guillaume, A.8.Ge

(2) Redio cores. Sismens & Halzks, Telefunken, AEG.
Lorens, Vogt, Neosid, Dralowid.

~ Some work had bsen done on the applications-of iren carbonyl
powder to powdsr metallurgy but without success because the powder
was too expensive and not the right physical type. Attempis had
been made, mainly before the war, to make nickel-iron alloy powder
by the carbonyl procsss by mixing the gasea before letting the
powder settls in the wvertical qylinders. The results were
disappointing becsuse the alloy was not homogeneous and the shape
of the powder was not satisfactorye.
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The process for making iron cerbenyl powder wes developed
ghout 1920=-1924 =2 an exnti-Xnmock masf"‘t‘ia.}_ but for this use it
wis unsuccessful. The first electrical work was done Ly FELTEN
and GUITIATME of Keln=Mulheim in 1925 gnd leter by Siemens &

Helske {1928) who formerly used s megnetically inferder iron
powier m.,.é.a T E @*’ﬁaof’f%@@&ii & aGm :E‘ Zarlin by a2 grinding
veesedte Origlnzily all the powier wes hoal treated before

&
dispetch t«acma& i‘t wae too heyd o prese and too &ifficult to
insulate in its ovriginsl form f;;"@}“%

4o  Testing of Tron Carbopvle

Powder fo be used for teliephone srpliocstions ls tested by
Imown methols using toreld test samplez. About 1 ke of the
hadoh of powder Lo be testsd is insvizted in e small lshoratory
‘ype of Wernsr-Pfleidersr mizer vitgz e symthetls shellsc eor
tekelite tope of insulating melsrizi. Ring sf._.i_e&. teat corss
&rs presaed at pressurss up te 20 tarz-/mio in large split dles
of which the hiﬁn pressure components are made from & Kiupp
moiybdenmn steele This represents P & G technique because
S & H do not work sbove 15 tons/sqe.om which corrssponds to
the mexipum pregsure vsed Ly British firma.

“Pwo winding machinez, one of 8 & H meke end cne made by
Proitzheim and Rudert (Berlin}, are used f¢ wind the test
torcids with enamel insulated wire. The German vs‘i.rs wes of
guch poor guelify thet it geve exosssive eddy current loss;
henee & smell lsb. plant wes fized up to ceet all the wire with
polystyrens before winding.

The torcid cores are tested &t L.P. on &n c¢ld typs of
S & E slidewire bridge Yy comparing the test coil with a
eylindrical eir cored standard instslled remotely to evold
soepling with the bridge and cscillator. Hysteresis faclor is
:':s::as,urs&. geparately on & Mexwell bridge axd a seperate srrenge~
ent is vesed for stablllty lesting. The test units are

h = hysterese ( hysterasis).
¥ = wirbelstrom=verlust (eddy cwrrents).
n = nackwirkung (viscositv}.

end limite hed been egreed with Siewsns & Helske for the varlous
materisls. These were rot avallable becsuss both at (ppau and
Sismenstadt most of their recerds, reports etc. had been damaged
or burned in sir reids but could be obiazined if required.

Redio cores are tested by making BE-sheped test cores, two
of which are clamped around e test coll and the Q measured on &
Rohde and Schwarz type of § meter at 1200 ke/ge
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As regerds technical informetion Dr. Ber recommended
an article by Dr. Kornetskl {Siemens & Halska? ENT 1943 B4 20
Hele "Die Hysteress in Rayleigh-Hereich schwacher magneiiacher
Pelder bel gescherter Magnetisierungskurve", ‘

5« Iron Carbonyl Powder Production.

The sepasrate bullding for making irom carbonyl powder from
the liguid carbomyl has a total production capacity of 100 tons
per month dbut during the visit was producing about one quarter
of this quantity. 7The first part of the process conaists of
producing the hard unannealed type of iron carbomyl powder ( Type
E) which is the basic material for all other grades of powder.

Liquid iron carbonyl is pumped from the factory (A) in
Oppau. to storage tanks on the roof of the iron powder building.
The total capacity of these tanks is sbout 10 tons, sufficlent to
make 3.3 tons of iron powder, The top floor contains boiling
chambers for vapourising the liquid carbonyl at 103°C, the vapour
being piped to the tor of large vertical settling cylinders about
12 feet high and 3 fe.: diameter., The iron carbonyl powder
particles are formed inside this cylinder and can be collected at

the lower coniocal end. A special double "lock~type" valve is used
to minindise the escape of carbon monoxide and in addition a supply

of nitrogen is fed to this valve. The carbon monoxide gas
relsased by this main reaction is led away by a branch pipe lead-
ing upwards frem the oonicel bese of the ¢ylinders and is used
sgain in other parts of the process,

The iron powder is ocollected at the bottom of the cylinders
- in iron drums which are oonnected by means of rubber sleeves.
The powder has an average carbonr oontent of 0.7% and requires
grinding and sifting befors it can be supplied to the electrical
industry. The whole plant oonsisted of eight cylinders and
suxiliary equipment, sach with a monthly output of about

10/12 toms.

6+ ©Powder Grinding and Finishing Processes.

The Grade E powder coming from the condensing process
contains some agglomerates which have to be broken up in
ball mills. This grinding process is carried cut in a mmber
of large horizontal cylindrical ball mills (made by Barberossa
Werk, Eaiserslautern), the drives and supports of which are
installed under the floor to facilitate handling and loading.
Each mill oontainsl.l tons of powder and a simllar quantity
of iron bells of sbout 21" diameter and smaller. Grade E powder
is ground for 48 hours at 10 Turns/minute and a test is made on
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a sample obtained from the centre of the mill before the batch
is removed. The powder is then sifted through a special
sifting machine oconsisting of 70 x 70 sq.cm phosphor bronze
mesh fixed to a rotatable hexsgonal iron frame barrel about

- 6 feet long with 8 inch side of the large end, tapering to about

4 inch side at the smaller end. The powder is fed through the
slowly rotating sieve and the powder is drawn off in four grades
of size.

The size of the mesh opening is about 50 micron which is
much larger than the maximum size of the particle but Dr. Bergmann

stated that all the powder was inherently fine and it was

chiefly necessary to break up aggregates in this prooess, Air
sifting was apparently not used except on an experimental dasis,.

Carbonyl Grade C for higher permeability dust cores as used
in DF loops etc. is obtained by heating Gre E powder in large
horizontel furnsces sbout 12 feet long x 3 feet wide x 1 foot
highe The furnace consists of a large iron maffle with flanges
at each end which is surrounded by a larger casting containing
large numbers cof carbon rods oconnected to & heavy ocurrent power
supply through a regulating tranaformer. The top half of the
casing is supported by wires and counterweights so that the iron
muffle cen be easily changed or moved. The charge is l.l tons
(as for the ballmills) in four metal trays sbout 3 feet sguars
and sbout 4 inches high. About six thermocouples are installed
in a sealed tube fixed through the furnsce door and which projeots

halfwdownthoﬁum

The E powder is heattraatodinthefollowingmto
meke Grade ¢ powder:-

494°C in Nitrogen for 12 hours.
then 390°C in Hydrogen for 2 hours.
oooled in furnace - total time about 2 days.

The powdar is removed from the trays in slab form and is
broken up in a small oscillatory crusher and then ballmilled in
the same mills as for E powder., The speed of rotation is
however, 4 R.P.M. and the powder is milled for 20 hours, after
which it is scresned in tho sifting machine desoribed above.

The finishod Grade C powder is given a chemiocal teat for
N & C and the heat treatment reduces the carbon content from
0.7 to (Grade E) 0.,09% (Grade C) with N about 0.01%.

Por iron powdsr used for loeding coils and cores a_slight]‘y
different heat treatment is given to produce a powder known as
Cyt (Cstabil) which makes high permsability cores with a small

| change in permeability with heavy superpcsed megnetising fields.
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Irs Fergeanzn szid thet this moferial had been 4l | soeTered g seiad
and the reason fcr the good stablliity wes not undavsicod.

4 spscially fine powder (Grads H} was sold in limited

133 because 1t represenied the supar—rinss a,ﬁztsr sifting
z {Msa than 2 microns) and this wes a small proporiion of
otal produciion. This was used for U.H.F, radle dust coves
L zise was useful for making cores of very low pormeanilidy and
reterasis faolors.

Tther powders were mede by blsmfing different proporbicms
of Cradfo B snd Grele C powder tc give spscially recuirsd resulés
cf ?@ msability end losses (e.gs Grades I, B and G ussd b
< ok
bl vlu.j &

The quality of the vardousz powlers le agsessed melnly by
the elsctrical resulis and ths pae&c density ¢f the ma"'er.ual
which lies between Leo5 and 4.8 go/ocs Apart frem hand sieving
of sarples very little routine testing sppesrs to be dore on
particlie size and size distrihution. The gensral impressicn
convered during the vielt was that the carbonyl decomposition
process ylelds the iron rowher as & uniform produst of required
megnstic and electrical properties and thet the subseguent
processes had comparatively little effect on the preduct,; apex
from sub-dividing it intc sultable gredes for different applics~
tions and t¢ overceme small changes in properties betwoen
diff'erent batches of powder.

7. Hanufacture of Iron Carbonyle.

The liquid iren carbornyl is made in ancther part of the
plant from meterial called "Elsenstein® or sltarnativsly froem
a pure Swedish reduced iren kmown as Yiron sponge®s The
eqalpment is adjacent to end simliar to the plant for meldng
riciksl carboryl and this target has besn thorsughly imvsatigated
ty Dre Colalough of M of § last year (see Metallurgy report
€108 XXIV-12). Dr. Schlecht geve a brief description cf it hut
there was little time tc examine it closely and refe.; snce should
be made tc the Cl0S report for dstails.
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