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ABSTRACT

German methods for the manufacture of low hysteresis iron and iron-nickel powder cores
are given.Special emphasis is placed on insulation and bonding. Manufacturing details and

theoretical considerations of hystercsis are given in tabular form at the end of the report.
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1. INFRODUCTION

A search was mude for mformlnon on Germln deve-
lopments in the manufacture of high frequency iron cores
of the following eight known producers. The first three
account for most of the production and for practically
all of the important developmental work.

1. Siemens, Berlin

2. AEG, Berlin

3. Vogt and Company, Metlllpulverwerkstoffe, Berlin

and Erlan-Passau, Bavaria

4. Neosid, Berlin

5. Dralowid, Steatit-Magnesia, Teltow, Berlin

6. Goaler, Berlin

7. Boadh, Stuttgart

8. Felten and Guillanme, Kiln

German practice generally parallels that in the United

States. The mixing methods used at AEG and the ex-
trusion process developed by Siemens are of special in-
terest. A short description of the practices followed by
each of the three leading firms. is given. The five other
small producers do not bave any special methods or
unusual practices, :

2. SIEMENS AND HALSKE A. G., WERNERWERK

Materials. - - The raw material for iron Pupin cores at
Siemens was exclusively iron clrbonyl powder purchased
from I G Farben. The preferred grades were E.H. and
C powder. Siemens had the following designations for
the L G. grades:

L G. Designation Siemens Designation
C normal F
“C Stabil A
E b
H K

The grain size of the powder ranges from 5—10
microns. The H powder was of particular fine grain size
and the average particle size was 1—3 microns.

To a“smaller' extent Siemens employed iron-mickel
powders. This powder was produced by reducing nickel
iron oxides. This oxide was supplied by the “Saechsiche
Blaufarbenwerke”, Leipzig.

Iron cores produced from iron-nidkel powders were
utilired for Pupin cores of small dimensjons for sea and
river cables. Further spplications were in the field of
ceramic condensers where iron-nickel mixtures are employ-
ed for temperature coefficient compensation. In this case
the iron-nickel powders are mixed with E powder.

Insulation, - - The technique of insulating iron powders
is as follows: .

1. Sodium silicate and sugar sodium silicate mixtures
are compounded of technical sodium silicate (40* Be) and

finegrained commercial sugar. The mixer is started cold
and the vanes are initially run toward the inside, When
using two grades of powder it is mecessary to mix these
for half an hour while dry. ¥t is then moistened with
about one-half liter of water for 60 kgs. After one-
quarter hour, sodium silicate solution diluted with about
3 liters of water is added, or it is undiluted when using
a 1 percent w!mion. In the second case, 2 liters of
water are added later. Four and ome-half te 5 liters of
water are finally added. The heating is started and the
mixture is diluted sufficiently to prevent the powder
sticking 10 the vanes. Too much dilution will eanse the
mixture to drain through the stuffing box. The temper-
ature of mixing is 60—65° C; the exhaust fan is used;
and the mixing time is about 4% to 5 hours. Dauring the
first hour, the vanes should be rotated alternately toward
the inside and outside for onequarter hour periods.
Finally, they are rotated toward the outside only. The
powder adhering to the vanes and walis is scraped off to
prevent the fprmation of lumps. The operation is com-
pieted when the powder feels dry and will Dot smear
when rubbed between the fingers. The heat and exhaust
are then switched off, the powder is poured into an iron

- pan, and the mixer, especially the vanes, is cleaned, The

powder is distributed in thin layers over three plates and
well raked to crush the large lumps. Each plate is pro-
vided with an identification tag to indicate the mixture
number and grade. Drying is done in & recirculating air
oven at about 90° C for 7 hours. It is raked thoroughly
after 3 hours so that the lower layers will dry well. It is
then crushed in a roller mizer or a ball mill (see Table I).
It is then stored in a dry place. Subsequent pronesses
It should be
redried if storage time is too long. In the case where
several sodium silicate andfor sugar sodium silicate insu-
lations are necessary, one must proceed carefully in the
third and fourth stiges of insulation, When the final
water is added, a loss through the stuffing boxes may
occur as the powder decreased in its power to absorb
water. Preinsulation powder is stored for 3 days prior 10
main insulation.

should follow within the next few days.

2. Bakelite Mixtures. - - The material used is bakelite
and 50 percent ethyl alcohol solution. Porcelain powder
is added for "y.” The mixture is run cold. When making
additions "y,” these powders and sccond-grade powders
are to be mixed in while dry. The mixer is started; the
hakelite eolution in ethyl alcohel is added. For 5 per-
cent bakelite mixtures, the additions are made in two
portions; the second ball after about 25 minutes of agi-
tation. The bottle is washed out with about onehalf a
liter of ethyl alcohol. The mixer is not heated but the
oxhaust is started at about 30 percent capacity to prevent
too fast drying. The mixing time is 30 to 40 mirutes. The
longer mixing time produces & doughy powder due to haeat




genersted. At the time of remewal, the powder must be
loose, as described for the sedium silicate ineulation.
Emptying is done in the same manner as described above,

The powder is dried in a recirculating air oven at
45¢ C, The crushing procedure is ‘described in Table I

If "y" imsulation bakes into lumps during grindisg, the
drying has not been sufficieat. In this case, further dry-
ing for 3 hours is required. The matorisls sre stored at
reom temperature. The powder must be processed in
5 days or otherwise stored in barrels sealed with rubber
. and pleced in a cold yoom, :

Production Methods. - - Pupin cores are preduced en

hydraulic presses. The pressure whidr is applied tanges
from 10,000 1o 15,000 ky. per cm In special caves pres-
sures as high as 20,000 kg. per cm? are applied. The press
capacities varied from 100 te 2,500 tona.

The life of the dies was hetween 6,000 to 10,000 cores
per die. The die construction was guite impdrtantin order
to avoid breskage and rapid wear. Usually the main die
body was reinforced by a ring of special steel 1o take
up the enormous forces exerted duc to pressure and frie-
* tinm, The artual working part of the die is a tapered
insert into the main body, This insert is split three ways.
After the core has been pressed and is ready for ejec.
tion, both core and inscrt are ejected.

Usually a dial feed arrangement was available for eadi
press and several operators took  care of the operations
at the varisus stations swdh as inverting the tapered im-
serty, filling the die cavities with powder, removing the
finished cores, ete.

High-Frequemey Cores. - - Siemems produced a large
number of rem cores by means of specially designed ex-
trasion presses applying the technigwes developed for
pressure moulding of plastics. The materials wsed were the
same as the Pupin cere materials. Manufactwring specifi-
cations for pre-imsulstion and mam imsnlation are givem
in Table II. - )

The binder as well as the insulating material was Trol-
itnl which i » Polystyrene. Trolitul is the trade namé of
a plastic produced by the firm Dynamit A. G, Troisdorf,
Kila. .

The extrusion presses whith were in use-at Siemens
were "lsoma-Maschinen” bailt by Fa. Braua $n Zerbat/
Anhalt. These presses operate with a total’ pressure of
10 tons. Split monlds are wsed the life of which is
200,000 extrusions. In ene sphit' die frequently as maay
23 B to 12 cores were extruded in one streke. This extru-
sion process permits the preduction of complicatod ceres
and ¥ was theréfore wiitised extensively by Stemems for
cores n redio. vetsivers wa well s tramvmsitters. In trame.

mitters a special high temperatare brand of Trolitul way
employed which was stable up 1o 130°C,

The extrusion process was commercially developed dur-
ing the war and it assisted greatly in speeding up pro-
duction and maintaining a high standard of quality.

]
Specifications. - - The ring permesbility of high-fre-
quency iron cores, most of which aré made by extrusion, ~
is about 6. The specific gravity is 4 grams per cubic
centimter.
The properties of typical iron core mixtures produced
on hydranlic presses are shown in Table IH.

3. AEG, Berlin

Materials. - - The AEG used carbonyl iron for Pupin
cores and high-frequency cores.

Insulafion of Powders.-.- AEG mes extensively sod-
iom silicate (water-glass} and synthetic resins for insulat-
ing the iron powder particles, They pre-mix irom pewders
with various insulators and them use certwin perceatages
of these pre-mixed materipls in the preparation of their
final iron cores. For certain applications kaolm is emp-
loyed in addition to sodium silicate and synthetic resine.

Their techniqae of insmlating the powders is best jllus-
trated by 2 number of typical mixtures which they have
developed for cores used at different frequencien.

(1) Pupin core - - for mses up o 3,000 cycles: (mixtare
NFA,) ,
(2) Carbonyl iron — "C — Stahil”
2% sodium silicate
1% distilled water

{2) Pupin core - - for uses up 10 15,000 cycles: (mixture
NFB,) )

(2) Iron mixture as follows:
50% carbonyl irda P - . medium hard
30% carbouylirom H - . hard
20% carbenyl iron E - - seft
(b) The mixture (a) was treated with 3.2% sodium
slicate: 6% distilled water.

(3) High-frequency cores for uses up to 150,000 cycles:
(a) Mix 95% iron carbonyl — "C — Stabil” (hard)
5% iron carbonyl A,
(b) Treat mixture (a) with 5% sedium silicate and TVa
distilled wates: .
() Treat mixture () with 135% bakelite and 6%
acetome. ‘ ]
(d} Prese 10 a specific gravity of 69 grams per cabic
centimeter. After adding the sodium siticate, mix-
ing is continued for 8 hours. Mixtwre is sieved
through 1 wm, meeh.’ :




{4) High-frequency cores far wses up to | megacycle:
(mixture HFCy) . .

. {8) 100% carbony!iron A (soft).. l
{b) Treat () with .5% sodium ajlicate and 7% diatill-

ed water.

- (c) Take 70% of mixture (b) and ncld 30% of carb- .

onyl iron powder.

{d) Treat mixture (c) with 5% "Neoresit”
acetone,

and 6%

(¢} Press to an approximate density of 5 gnmu per
cubic centimeter.

(f) Resulting ring permeability 15,

(3) High-frequency iren cores for uses up to 150 megs-
cycles (mixture HFD,) '
(«) 100 % carbonyl iron powder A.
(b) Treat (a) with 1% sodium silicate and T9% dissill-

ed water.

r

(¢) Add to (b) 5.5% Kaolin and mix intimately,
(d) Treat mixture (c) with 8.5% Neoresit and 7%
Acetone.

(e} Press to an approximate density of 5 grams per
cabic centimeter.

{f) Resulting ring permeability 9,

Production Methods. - - AEG uses mechanical presses
of 4-5 ton capacity with pressure applied from the top
only. For larger cores hydraulic presses up to 1500 ton
capacity were employed.

., Most of the iron corea are pressed cold and aubjected
to = subsequent heat treatment. The types of heat treat-
ment are as follows:
V = Pre-hardening
6 hours to bring to temperature
10 hours at 1200 C
Air cooling
Vse = Pre-hardening at 80° C
H = Hardening
4 hours to bring to temperature
12 bhours at 140* C
Air cooling
A = Ageing
4 hours to bring to temperature
6 hours at 140* C
Oven cooling (about’12 hours)
NA == Supplementary hardening and aging
4 hours to bring 10 temperature
G hours at 150° C
Oven cooling
T = Impregnation
15 minutes in bakelite-solution 1 10 10

Irim cores with threads in the bore sre pressed hot
(nbout 120°C). Thé core rod is screwed out nftnr ‘the

pressed part is removed from ﬂle die.

Highly polished dies are used, made either from apesial
steel or tusgeten cwrbide. The dies are lubricated with
tallow after each prossing operation.

" The production of iron cores at AEG comsumed shout
55 tons of carbonyl iron per month.

Specifications. - - The specifications for high-frequency
ard low-frequency cores are collected in Tables IV and
V and the formulae for calculating hysteresis are collect-

ed in Table VL

4. YOGT AND COMPANY, Berlin

Materials. - - Vogt uses exclusively carbonyl iron for

his cores. The grain sise variations range from 210

. micron. The finest grain size of 2—3 micron is used for

very high frequencies. The iron powder is net only
classified according to grain size but also according to
hardness. Hard powders are gemerally nused for cores
which have low permeabilities and must operate at high
frequencies while soft powders are used for cores
operating at lower frequencies and requiring high per
meability values.

The hard iron particles retain their globular shape in
pressing, thereby making contact with each other only
on a few points and retaining a high Q value, The softer
jron particles press together much more readily, thereby
having manp pointa of contact. With this type of powder,
high densities and permeabilities are obtainable; on the
other hand, the Q value in low.

Cores from soft iron powders are used up to fre:
quencies of 100,000 cycles with ring permeability values
of 15—355. Cores from hard iron powders are used from
100,000 cycles to 15 megacycles with ring permeability
values varying from 5—15.

Insalatioy of Powders. - - For insulstion of the iron
powder particles phenol resins are employed, the per-
centage of solid resins in the mixture amounting to
5 percent. In certain cases a lower percentage is nsed
and it may be as low as 1 percent for cores where high-
est densities are desired. Solvents for resins are acetone,
methanol, or similar liquids, Irom cores bonded with
phenol resins will stand temperatures up to 150° C.

Production Methods. - - Both mechanical end hydrau-
Hie presses are used. Pressure was applied from one side
only. Pressing is carried out either hot or cold. Hot
pressing is frequently employed for complicated shapes
since & better powder flow can be obtained.

For cores which have threads on the cireumference
a double pressing operation is applied. In the first



operation small slugs are pre-pressed on & mechanical
press (rotary or tables press). This pressing is .carried
out cold. These slugs are inserted into a small foot-
operated hot press into collapsible dies where they ob-
tain the final shape as well aa the threads. One or
several of the pre-pressed slugs may be msed for the hot
re-pressing operation depending on the length of the
desired iron core. The several slage are auiomatically
bonded together with the phenol resin at the elevated
temperature during re-pressing.

The use of iron powder for cores amounted to about
7,000—8,000 kilos per month.

_ Specifications. . - The specific gravity values of the
finished cores are about 4.83—4.9 grams per cubic centi-
meter for ring permeabilities of 40 to 50.

Vogt's method of obtaining cores of consistent qua-
lity and uniformity was by selection of cores from pro-
duction runs into a number of specific groups showing
only minute deviations from each other,
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TABLE H .

A. Mixing specification fer pre-insulation of D-powder

Cemposition: 100 parts of weight of D-powder
1y part of weight of technical sodium
silicate in solid ingredients (Na-silicate
about 40* hsume)

Mixing sequence:

Sodium silicate (dilution: 1 part sodium silicate,
3 parts of water) is added to the D-powder im the
cold mixer. As required (about 3—5 liters) water is
added during the mixing process antil a thin solution
is obtained. The mixtare is kneaded for 3.5 hours at
» temperature of about 70 C. The heating is to be
discontinued after 3 hours. After mixing and knead-
ing the material is dried for 12 hoars without inter-
ruption in a recirculatingair-oven 2t 70° € admitting
fresh air contizuously.

The material after . drying is crushed for sbout 30
minates or it is ball milled to & fine powder and
sieved. (Sicve 160—200 meshes per inch)

Storage

The pre.insulated D-powder thus obtained is to he
kept at abour 30—50° C.

The barrels contsining pre-insulated powder are to
be marked with "01".

Mixtnre example:
60 kg. iron powder *D*
750 gm. sodium silicate

B. Mixing specification for manufacture of Sirufer 4
{main insalation)

Composition: 100 parts of welgln pre-insulatéd ;
D-powder sccording to Table 2, A.
15 parts of weight Troliful ITI (clear). . .
1 part of weight transformer -
or spindle oil
20 parts of weight old material
Sirofer 4

Mixing sequeace:

The pre-insulated D-powder must be dry and be pre-
pared according to Tahle 2, A. The commercial Treli
ful Il is ground prior to its use and sieved 10 =
maximum of 1 mm. granular sise. 100 parts of weigh,
of preinsulated D.powder are to be mixed at fim.
with 15 parts of weight of Troliful in the celd mixer
for ¥/, of an hour. Following, one part of weight of
traneformer or spindie oil is added and mixed for
another 3/y of an hour. 20 parte of weight of old
materisl are finally added to this mixture and mixed
for 1/, of an heur.

Storage:

The powder ready to be extruded is te be stored at
30—500 C.

Marking:

The barrels are marked with "Sirufer 47,

First mixture example:

(without old material)

36 kg of pre-ingulated D-powder -
5.4 kg. of Trolifal ITI

.36 kg. of transformer or spindle oil .

Second mixture example:

{with old material)

30 kg. of pre-insulated D-powder

4.5 kg of Troliful IIT

.30 kg of transformer or spindle oil
6 kg. of old material Sirufer 4

10




TABLE M1

Mixture . Mean TK* TK* Time Const, ) ~ Loss Values Spec,  Heat
Siemens {*/sofs C Curve Drop */eo 800 Hertz Gravity  resisting
Designation it " 151045%) h n w g/ce up to
Fz 55 a) 53 te 57 44 Curved 213 w6 619 015 75 1300
Az 49 b) 47 to 50 433 Curved 3 251040 5t 8 ¢l 73 130*
JDz21¢) 20 to 22 —0.1 to 0 Sharply 2 45 4 1300
' carved
Ds 18 d) 16.5 to 18 —0.15 Curved 2 3 1 003 5.6 130*
e 14 &) 4wl —01 Curved 4 1.5 0.7 0.015 - 5% 130*
Krx 12 )
(Krr 12) 115 to +40.10 to _
125 . +0.18 Straight Zte5 15 0015 1300

Ky 7 co T —0.05 Curved 05 : 4B 13¢0°
Kz 7 ca T —0.02 to

—0.05 Straight 0.55 0.5 0.005 T0°
D Po 6 ca § —0.02 to )

—0.05 Straight 0.2 700
D6 ca 6 —0.10 to ‘

—0.15 Straight ‘ _ 700

* TK temperature coefficient. The symbo] %s means per thousand
) Corresponds to I. G. powder C normal.
b) ” " # »  Cotabil

c} ” " n n PE.
d) " - » E

1t ' t
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1. High-frequency iren

TABLE TV

GRADES OF IRON CORES

. Hea
Ring Spec. Manufzcturing Method " Treatment
Designation p  Gravity Ring Cores  Form Cores (See helow)
HF — A1 40 -T.1. Hydraulic S — H—T—A
HF — A2 35 14 Hydraulic _— Y.& (x2)
HF — B1 20 5.6 — Mech, V(x2)
HF — B3, 22 6.1 Hydraulie  — V—H-T-—A
HF — C1 . 12 55 Hydraolic . — V—H-T—A
AF — C2 12 19 — Mech. Vx2)
HF — C3 15 5.3 — Hydr.
Mech. V—H—NA.
HF - C4 18 5.8 — " Mech. V—H—A
HF — Cé6 12 5.4 Hydraulic L - - V—H—-T--A
HF — D3 9 —_— _ Mech. V—H—A
AF — Z1 12 5.3 Hydeaulic  — V—H-T—A
HF — Z2 12 53 Hydraulic — V—H—T—A
2. Low-frequency iron _
NF — al 2 62 — " Hyde. V—H—A
Medh.
NF — a2 48 1.2 Hydraulic -—_— H—-T-—A
NF — a3 © 60 7.5 Hydranlic —_ H-T—A

e ——————— e —————————— e e——— et
R e e ————————— ]

HEAT TREATMENT OF IRON CORES

V = Pre-hardening: 6 hrs. warming up; 10 hrs. tem];;eraturg: 120 C.; air cooling.
Voo = Pre-hardening a1 86°C.

* H = Hardening. 4 hrs, warming up; 12 hrs. tempersture 140° C.; air cooling.

A = Aging: 4 hrs. warming op; 6 hrs. temperature 140° C.; furnace cooling
(about 12 hrs.).

NA = Reheating and Aging: 4 hrs. warming up; 6 hrs. temperature 150° C.:
furnace cooling (about 14 hrs.).

T = Iusulating Mixtare: 15 min. in Bakelite solution 1:10,




TABLE ¥ -

MAGNETIC ‘MATERIALS

,

(a) Iron Cores - _
Designation p h n w © TKY) Spec. Gravity
em/kAl)  Ofpy e 10-3/1°C. glee
; HFfA, . 40—50 40 8 0,07 04 - 69
CUHF[A, 55—69 60 12 . .. 006 + 0.35 7.1
NF/as 4860 55 n 120 405 7.0
- i NF/ag 60—175 65 18 4.20 + 06 7.2
) HF/B, 22—21.5 8.1 5 0.07 - 0.07 6.1
 EF/C, 1215 14 10 005 —-005 52
HF/C, 1215 25 12 002 —0.05 52
HF/D, 810 0.5 0.7 0.01 — (.02 4.7
JOgS (b) Band iren cores of 40% nickel iron
Isoperm Cu  55—69 45 12 24 +a8 b
0.06 mm. T T
Isoperm Cf  80-—100 45 12 1.2 408
- 0.045 mm. o
=0 ~Nicalloy - 90150 300 @9 - 6 = ¥ R
" 010 mm, S
1) Mean values + 15%.
e 2) Temperature coefficient measured on ring-core coils.
Reference equations: 1, =h.f.L. yi e . « « 4 + 4 - ,0bm
1, =no.f.L P . e < ' . . Obm
Te=wf2L. : . . . . . . . Ohm

in which

f = frequency in kilohertz

L — inductivityin H -

13

yi= fi'eldj's"trel-lgth ig A e“/pcr centim




Bystereain
1. Hysteresis-numeral
8!
H =%‘“' L% g0 .
e v
2. Hylterilio--euur.e
H0=K.l‘1.'...
-~ U
K=- 8.9‘ N mm——
Ve 'V

k= hysteresis constant

p= permelbility
L= induetivity

V= volume of core

3. Conversion

=K. _H 1w ..
H, v =8,
H=H.L.1®=KV .L.w0

P < B
V L.L
4. Hysteresis constant
h o= H.im H.vVe Vs |

L.a L¥: . 8010

QIA

mAmfcm

Q/H
Armfon

fasd

Q/H
mAm/cm
..... C e e QA

OH
Amfem

L I

ly = mean distance of lines of force

n = number of windings

S. Hysteresis factor

h
=T

---------

6, Hysteresis measurements
.8 Measured at the Dekaden bridge

n éARm.Ios.lm

S Ai.Lon
H =M. .
Y
A R

- Yk, B Vo ..
Wh=ai.vy b7t

...... P L . T T

B oM
..... C o Thmfan

QH
Amfcm

..... . QA

QH
mM]m

A Ry () = Resistance-difference

. ER Ai

== Current-difference



TABLE V1 (Continued)

b. Measurement of the Busch-compensator

p oo Om Qo) Am L _9H
- 2 L . n Amfcm
H=‘A"‘__;£:/L’“) QA
oo Gmo @m0 L 9
. Z.VL L ' mAro/cm
A\ m = distance of the sliding wire in millimeter
at current-change of 2mA
@/mm == resistance of the sliding wire per mm
7. Calealations {(Am. Qfmm = rp)
m
hSM_--.............‘......
L.n Q/H
h=H°.1m.10-“’.................... Arw/cm
n
h.n

K="
: L.im.10°

H1 _ L Ny
H? L? v,

Amount of coil-loss rp at i=0.5 mA from H resp. B,

_H.10%

Hysteresis numeral H, resp. hysteresis measure H, from rj,

H=m.100 S 12X
i

Hy=_th ... .. ... e, 2

L.i ) ) m?uufcm
K = th :
L. VL .

Angle of hystcresis loss:
g = R . h . E
wL &i.®j T
£1 = relative field strength = 1 Aw per cm
w{ = relative frequency = 5000

£ = measoring field strength = -7 . i ...
Im Am/cm
w = measuring frequency

13



