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MAGNETIC DEVLL?“NEHT IH JAPAN DURING. WO RLL WAR

The subjesct of magnatlum in Jayan nay be dlscuﬁQed under thre
headings: research, manufacture, and d))llcatlons. w
. Research on new nmaghetic uaterLals and maoneul‘ henomena w&sh
‘carried! on in unlvergltﬁes and. uas not affected. serlahdly by the war until;
many ofthe laboratories were destroyed by bombing. There was llttle co-
operatlon with the-Army and Nuvy.ﬁ The research was 1nfluencod substantielly-.
by Japan's lack of nickel and cobalt, and lsd to the develorment of a new irch-
alumlnumiallOJ, Alfer, which wes uued 1anaOn°tostr1ctlon oc:illators as a
subotltLte ‘for nlckel.. The Japaneue also investipgated; the jiron-nickel~silicon
‘alloys . .and. found one aav1ng,low nickel content and hig Hannﬁscblllt . Studies
or theue alloys and ot iron-siiicon alloys of high ourify p 've raised sone
1ntarest1ng scientific nroblems regarding .abnctoutr; ’ou end superutructuri /
“ .. The Japanese manufavturn aboutitwenty i fﬁ J"nctlc ateriﬂ / Lo
£ whieh four are not iade inlAmerica. These are Alfgr)|eliready 'ref erredﬂ? v
uendu ti;, & alﬂh—ﬁerﬂe 1bility a¥loy of iron, silicon, }nd dlw:.inum; and two |
permanert agnct materials, NK% and 01, both of whlg re develojed uhLone
thie war. O tiie other hand, Té4per manufsctures onl?MalﬁPall guantity of thg
bluh-nlc cel, high-permeabilityls “ 130, the United States
and do€s. not mwake any of our hest nermanent <W1al Alnico V. Thell
anufucturlng nrocessss are onfa par e rears anc in tge
-Unlted 'States and elsewheres. For eﬁd.E ; orlisransformier ahee
never nrcce;sed by cold rOlllﬂf. i

of alfer in magnetostrlctlon su eroonlc p;oaector ¥ ‘ i :
'ner*aneut nagnet alloy and the h“"h-permuablllt" i nHtiihave been used ins
variousi kinds of apparatus in conventional ways 1t theory of the zagnet\c
amnllfle ', they are far behind. the United gtate“ | 1any. o evidence

was found that the Japanese Navy ' ever received na~net10 umpllflers from - Y
Gelmany or that they ever used them. P % :

, NavTechJap personnel 1nt°rv1e ed about 60 1u61v1duals and visited
20 plants and institutions located bétwesn STHIDAIL, Worshu and FULKUOKA,
Fyushu., In common with other investiga tors, the "roum‘founu evidencé of, an
amazing laclk of co-crdination or even ynpathy betweer; military authorities end
civilisn scientists or manufacturersd” Zven when requested by military
officiéls to undertake certain 1nveetlnab¢onq, scierntists were<not sufficisntly
1nformed as. to the ultimate objects to enable them to attack the »problems in
an intelligent manner, and conseoueptly could not wake lnportant contributions
to the:war effort. ¢y ! R

i
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RESTRIGTED . . X-34(N)

In view of the fact that the Japanese had been particularlr active
- in research and development in the field;of magnetics before the war, and on
the assumption that this aetivity had been continued during the war, an in-
vestigetion was made with respect to research and nanufacture, as well as the
application of nmagnetic ﬂaterlals durlng the war for botn industrial and mili-
tary use. _
. IS I
. In. particular, information was: desired re gaxdlnn the used of :nagnetiec.
amnllfiers {transductors) which the Naval Technical 'iszion in Turowne found
had been used with“great success by the Germans as power amnlifiers fo» servo
_controlls in fire control equipment. According to its renort, the Gernens sold
some oft these magnetlc amplifiers to the! Japanese Navy togasther vith complete
instructions and design information.

: Leading Japanese 301entlsts, various enpineers engaged in the nro-
ductior: and apvplication of ferromagnetic, materials, and officers and technieal
men in the mllltary services were interrogated. . .
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THE REPORT

Part I - LAGIZTIC RESZARCH

Theiresegxch discussed in this nart of ©he report may be divided into three
classes @5 follows: . ; , :

1. Fundamental physical studies.

%2+ Investigation of new alloy systems.

3. . Experimental engineering apnlications,
By<flar the most important location for fundamental studies is in SENDAT at the
Reséarcn Institute for Iron, Steel and Other letals, directed by X. HONDA. 1In
the section devoted to magnetism there are three full professors, eight:'assis-
y brofessors and ten technical assistants, also about twenty aon~-technical
nen. The whole institute has a staff of about 200 and is part of the Tohoku °
Imperial University. During the war, professors aand assistant professors were
exenipti from military duty, but did not effectively co-operate in the was
efforts Consequently, their fundamental: work on magnstic materials continued
with little dinminution until rather late in the war when most of the Institute
was deiolished by bombing. : 0 : »

Also ak, STDAT are the Tonoku Netal Industries, Ltd., manufacturers of rag-

netic naterials and tungsten products, and the Zlectrical Zngineering Devart-

ment of the University wherein some applications of magnetic materials have
been studied. i é =

Othér importantvlocations for magnetic research are Tokyo Imperial University
at TOKY0, and Kyushu Imperial University: at FUKUOKA. ‘Jork is carried on in
several. institutes in TOKYO. , ) .

The most important result in magnetism obtained in Javan.during the war is
probably the investigation and develooment of iron-alunminum alloys, and their
ure in.magnetostriction projectors and microphones. Perhaps second ‘in impor-
tance is the study of the iron-rich, iron-nickel-silicon system of alloys,
some; ofi:which have high pjermeability and’ are susceptible to heat-treatment in
a magnetic field. i . :

Thro&ghout*Japan, it:was found that universities and civilian institutes were
rarely requested- to do work for the Army: or Navy, and that when they did so,
the people performing the work were given only the necessary minimum nunber of
facts, .not enough o enable them to workiintelligently. They were not-told
the purposs of the work or the use to which their results were put,

B.  FUNDAMINTAL PHYSTGAT STUDIZS

A list ‘of researches carried out during the war is given as ZInclosure (4. It
is believed that  the most  important results of physical research were cbtained
#3Y the Sendai” group under HONDA' and MASUIIOTO, and by XKAYA and MIHARA in TOKYO.

HMany of the researches are concerned witl the accumulation of data on a varisty
of magnstic materials. Special emphasis se:ms to have been placed on mazneto~
striction and Young's i#odulus, but neasurements are also reported on thermal .
expansion, resistivity, and change of magnetization with stress, sspecially in”
relationipo composition and heat treatmerit. )

: | :

] i '
In the field of magnetostriction, it has been found that when aluninum is added

w
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to Lron, the magnetostrlction is. 1ncgeased untll, at 13% aluminum, the change
of length. for) saturation is 40 x 107 It is dinteresting that the addition of
a non-magnetlc‘elenent to iron can have such an effeci. The magnetostriction
“of magnetite, Fe30y has alsc been found to be large, 30 to 4O x 10-6. Ia the
.Fe~I11~-S5i. and the Fe-Ni~-Cu-Cr systems, on the osher hand, tle compositions of
greatest interest are those having a magnetost iction aonvoachlng zero. They
aave the highest initial Jermeabllltles, in acgordance with accepted theory.
ﬁufoOTO has shoun that this is also true for Sendust (Fe-si-il).

|
&notner 1ntereet1ng matter ungovered by the Japanese is tie occurrence of
sunerstruoture in the Fe-Ni-3Si and Fe-3i-~-Al alloys (see NavTechJap Document
NO . ‘D50~ 5042 =nclosure G). This is associated with tre low 1arnetostr1ctlon
nentloned above, and one or both of these, pnenomena are believed to bg respon-
sible for the! seculiar -provnerties observed in alloys tLaving a limited range of
: com3031tlons. “‘hen annealed in a magnetic field, t.zse alloys show the larze
‘changss. in. properties previously associated onlj with nickel-rich 1ron-n1ckel
alloys. Bothi'series of alloys show constaney of permeability with field
>trength after annealing for a long tlme atrelatlvely low temaerature {5000C).

P inully, speciel mention may be made of the 1nvest1gation,of ircn-silicon
-alloys of bign.purity. TFor the first time, MIHARA has: been able to make them
rrespond markedly to heat treatment in a magnetic field. Peculiarly enougn,
he: lias found :that the response 1s greatest for a field strength of 0.1 to 1.0
uesﬂted and is markedly less when the field is higher or lower. If this
zesult is substantiated, it will require some revision of the theory of heat
ureatment. ‘

o, INVESTIGATION OF ALLOY SYSTEMS ‘ B

%ystematic studies have been made of the magneiic propertiss of the following
ulloys : :

0

S K Fe-Al sevesescesssss (HONDA, NIJHINA and others)
) : ’ Fe"Ni"Si AR AAAS R REEREERERXENE] (YWOTO TAKEDA)
Fe-Ni-Cu-CI' ..'..C.l....l.l.l.lOI.....-O (MIH.KRA)

» ; EB-MB-W -nooo’ooneo-oo--.o.oooou.;e. (SHIRAAAWA)

The iron-alumlnum alloys' are impbrtant for their magnetostrietion. One of
them, Alfer (13% Al), was chosen for commercial production and was found useful
In magnetostrietion oscillators in Wavy ordnance (see NavTecuJap  Documeat No.
ND50-5041, Enclosure G). TIts development was stimulated by the lack of nickel,
for which it s a substitute. The maximum magrietostriction change in langth i:
abolit equal t3: that of nickel but has the opposiite sign (positive). Alloys
" contiaining a ‘amaller amount of aluminum, about 3%, have been tried as & substi
Hute for silioon-iron in transformer sheeat but ‘have not been used on a commer-
viaﬁ;scale. i ;

mhe ron-nickelmsilicon alloys {0 to 25 Ni, O to 20 si), especlally those in
the ‘neighborhibod of 15 Ni, 12 Si(Senperm) have high permeability, respond to
‘lieati treatment in a magnetic field by showing kysteresis loops with steep
eidxs and upsn prolonged heating at a relativeily low temperature (abouis

5007 Cs, show ‘the perminvar characteristies of constent permeability snd con-
strilcted hystisresis loop (See NavTeehJap Document No. ND50-5040, Enclosure G).
Thesie propert:ies are believed to be associated with. the formatlon of super-
striicture, and X-ray examination indicates that! there are two phases present
nfter annealizg and slow cooling.

I a separate 'study of gilicon-iron alloys, NHIMRA has found that pure speci~

.menq, prepared from specially purified iron and silicon, respond to heat

iredtment in 2 magnetic field (See NavTechJap Ilocument No, ND50-50L7). Such

an &élloy containing 5.1% silicon, heat treated ‘in a field of 1.0 oersted, has
a mﬂximum,perneabllity of over 200,000 and =a coerclve of force 0.06.
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Legct of -cold rolling on the magnetic properties of silicon-iron alloys
of comnercial purity was studied in detail in a joint project of the Nippon
Iron ard Steel Manufecturing Company andl Prof. EAYA of Tokyo Imperial Univer-
sity (flee NavTechlap Document No. ND50-5045). The ulfimate objective was to
improve: the quality of transformer sheet. 1In all, about 3,000 specimens were
rollediiat the company's Yawata plent and tested in TOKYO. The material con-.
tained ;about 3.2% Si and was cold rolled with a reduction of 50, 60, 70, or

80%. lie temperature of annealing was varied up to 13009, and the annealing
waS'aGQQmPLISHeq.in an atmosphere of ailr| or hydrogen, or in vacuo. LLeasure—< :
ments were mzde of. permeability, coercive force, hysteresis loss, and msgneto~ -
striction in different directionqzin thei sheet, the crystal orientations were
determined by X-rays. Best results were obtained with cold reducticns of 804%

and sutseguent annealing for five minutes in air at 900°C, then ror one hour

in hydriogen at 1000°C, and finally for one-half hour in a vacuum at 13000G,

The material so treated had the following properties: - - : .

{1

Initial permeabllity ...cicecscececcacncess 1200 -
Maximum permeability ...vieeerceccencsase. 18000
Coercive fOrCe ..ceeveosvossccncenscccanses 0o23
Hysteresis loss: 10,000 Bp cececcccscaccss 0.50
{w/kg at 50 cyc) 15,000 Bp eeececesecocass 1,70
o Field strength for 15,000/ B ci.eveeccncnness TiO
The X-rey tests showed that the crystalsjwere orientated with a 100 direction
paralleéd. to the rolling direction and a 110 plane parallel to the plane of the
sheet.. Permeability was highest “hen measured parallel to the direction of
rolling. Magnetostriction (Joule effect) was greatest in the crass<direction. .
,No commercial application has been made of the results of these experimeats.

MIHARA ‘studied an extensive series of alloys containing iron, nickel, ecual
proportions of copper and chromium, and 2% mangsnese (See NavTechJap Document
No. ND50-5046}. They cover the range of! 40 to 1004 Ni, O to 304 of Cu plus

Cr. Srecimens were subjected to various heat treatments and measurements were
made of saturation magnetization, initial and maximum permeabilities, ccercive
force, bysteresis loss, change of resistivity and. Young's Modulus with magreti-
zation, and magnetostrictlion. High initial permeability (about 20,000) and
zero magnetostriction are found near the:composition 12 Fe, 78.5 Ni, 3.5 Cu,
3.5 Cr,; 2 Mn. This alloy, known as Furukawa Magnetic Alloy, was chosen for
commercial exploitation and its manufacture and commercial properties are des-
cribed below. g . S oot

The system iroa~-molybdenum-tungsten is age-hardenable and the alloys may be
used asi permanent magnets, SHIRAKAWA reported that in the alloy containing

10% Mo :and 20% W, the highest energy produet is 0.87 x 109, the coercive force,
290, ‘and the residual induction, 8,500. +As far as 1s known, this alloy is not
made commercially, . N

Inveétigations have also been made of soﬁe of the properties of other ferro-
magnetic alloy series, these include: q - . ’ .

I

Fe~Pt Thermal exdansion =

Fe-Co Young's Modulus, density

Fe-Ni Young! s’ Modulus

Fe~31 Magnetostriction, permesbility

Co-Ni Density : i

Ni~Cu Young's Kodulus, thermal expansion

Fe~Ni-Cu .. Magnetic rscording of speech

Fe-Co~Ni Barkhausen: effect

Fe~-Si-Al llagnetostriection, superlattice

Fe-Co-~Cr Temperature coefficient of Young's:
‘ ; Modulus
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D. | EXPERIMENTAL ENGINEERING APPLICATIONS

s i . : ~
This heading refers mainly to the theory of the use of magnetic meteriel im
magaetostriction projectors and microphones. 1In a sszries of articles, the
factor .of merit of a material for these applications has been derived theoreti-
cally, and tiie appropriate constants of various materials determined expsri-
mentally. These considerations are basic”for design.
‘Probably the:most important constant for this application is the susceptibil®
‘mulitiplied by: the change in stress produced by: the application of a field.
Constants were determined for nickel, Alfer, and some other alloys. Ir the
following tatle, the constants of several materials are given together with the
steady polarizing field (in oersteds) used for: attaining the maximum velue of -
. the: constant. :
I : : ;
Lo i — ‘Table I | _ .
{ . MAGNETOSTRICTION CONSTANTS OF SOME MATIRIALS

«

Tterial Constant* Field
Ni B : 0.57 ‘ | 10
NF. {4 A, 2 Si) 0.29 ' 2
NC (50 Ni) ‘ 0.81 7

*Unit, 10 dynes/cm??oersted.

i
o
!

. e " Part IT - MATTRIALS

A PERMANENT MAGNET MATSRIALS .
Although no new permenent magnet materials were developed by the Japanese
during the wax, information regarding commercial practice in the produetidn
‘of ‘the older:permanent magnet materials was obtained, some of which is not
given in publiications. For the sake of completensss this information is
«given below.%; : ) z
. . )t H

| 1. KS'and New KS

~.

| Production in tons per year by the Sumitomo Steel Works at-their Suita,
Plantg.gear 0SAXA, is given in the following table: :

i Table II |
PRODUCTION IN METRIC TONS PER YEAR OF KS AND NEW KS

Year . 1941 042 | 1943 1944

Ks - 70 L6 1 b 20
. |New X5 '+ 7 62 L3k 237
“|Soft =Iron : .

(pole; pieces) Al 52

gompos£§ions were gliven as follows:

o
~

K5 ’ j ; i New £S:

CO .--.,;.-o-oop--.-oo.uo.-.-o 35 .l‘j;iooociu.......i....... 12
‘I"l’.Ot..}l...c......ttoo-.o.oo.t .iioocono.---n---o--.-.-..- 3
‘.:.o............';...’.. 3 llé..ll“.-?..l.'......... 25

esesevscsescscoececs 008 otieo.--o--tooeot.a.c- Balance

i
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‘Production of KS

i(l) Melting: melted in\é high-frequency induction furnace in
iﬁf‘?ﬁ%lowingﬁsteps:g 7 } &

(a) Co, Fe, and W afe charged and melted.

(b) Perromenganese and ferrosilicon are then added as
deoxidizers (0. l Mn, 0.2 Si).

Ferrochromium iq added (and melted)
.
Melt held abous :5 min. at 1450°C. 2

Melt is poured, elther into iron molds to make ingc*s
or is cast in sand molds to the final form.

Forging Ingots are soaked two to three hours at 1100°C
an en forged. Bars vary in thlckness from 3 to lOmm.
If the .temperature drops to 900°C, ingots are reheated be-
fore continuing forging. The material can be drawn into
wire lmm in diameter. '

| (3) TForming: Magnets are formed from bars at a temneratnre
‘ somewﬁat above 90000. .-

(4) Heat Treatment: Magnets, either fcrged or cast, are
-quenched in o1l from 970°C and aged for 10 hours at 1oo°c.

‘\(5) Magnetization: Magnetization is done either by an eleetro-}
\ - magnet or an ignitron megnetizer.

(6) Megnetictproperties-é Br = 1600, He = 250,"and (BH)m =
I.0 x 10°. ‘ - ! .

[s)

. Production of New XS

(1) The melting practice 'is the same as for KS except that i |
is added last in the form of ferrotitanium. (Sinece the alumi-
num content is high, it lﬂ not so critical ‘as the titanium.)
The furnace lining is basic, as Ti is hard: on acid linings,

(2) New XS cannot be forged but is cast~to final form in sand
molds. The .pouring temperature is 12500C, Magnets are finished-
by grinding. ; ‘f

. {3) The cast magnets are; annealed (age. hardened) two to three
hours at 600°C. A more uniform product ‘could be obtained by an

" initial quench, but this is "™not economical" and is not done in

~ practice. (Ferrotitanium is produced fron "sand iron® which

" contains 8 to 12% Ti. he ferrotitanium has about 25% Ti.

(4) Magnetic pro ertles:f Br = 5000, He % 500, In the labora-
"Tory, Br = 3860, and He = 650 have. been obtained. _

MK _ALLOYS :

a, Characteristics: These alloys, as nroduced commercially, have
the compos1tions and magnetic aroperties shown in the following
table- , g




. Table IIT i
COMPOSITION AND PROPERTIES OF MK ALLOYS

Al Co” | Cu Fé S Br

13 3 - L al (2000
T g 500

21 1.5 | B 7500
| " | (6500

to

10 1.5 | B 7500
1 3.0 : o

H
ki

;;26',,..5 13 6.5 | 3 Bal. | 5500 - ;ﬁ 550

o Dr. MISHIMA said that he had experimanted with variqus elements, in -

addition to Ni, Al, and Co, such as Mo, W, ln, and; “’51).7,‘ but had found
that: Cu 1s best. He also said that MK is made on.lv“' y the Mitsub:.—
shi Steel Works in TOKYO. LuJ. !

i
_b. Melt ractice: Alloys are melted in hig.h-,ﬁ ueney "induc-
tion Furnaces, 150 RVA, 150 kilograms in a heat. Ehe“(furnace is
lined with 90% magnesia {(dead burned) mixed with si ju;a or alumina.

Flux is slways used (CaO about 2 to 3% by weight). "‘/he orocedure is
as follows- . . * i ,

e (1) Charge the nickel, usually electrolytic b\ sometimes

- mond.

(2) Add proper amount of Co (u:sually from Belgl\\‘un) W

(3)% Ac)ld the iron in the form' o very low carbon si.,/eel (about
c). o
K /4

"(4) Add scrap magnets of the sa.me composition. "L‘he‘r scrap
i comstitutes from 40 to 60% of the total charge. , ,
NN
2 (5) Heat until all is melted. The melting time stax\t:“.ng with

. i a cold furnace is about two hou:s. Suhsequent heatings ltake

" sbout 1% hours. .

, {6) Add aluminum allowing ‘abouif; 5% of the alumihum content to
i, asccount for the loss on heating. The charge is mixed by the
o inherent vortex action in the furnace. : \n/

(7) Take a test sample, and ca«;t in a sand mold to make a

. specimen 1lOcm long and lom in di.a.meter and test with magneto-

Cometer. .

. (8) TIf the properties.of the tast plece are not satisfactory,
i adjust the composition by adding small quantities’of aluminum
v+ or nickel until the proper valueés are obtained. Dependance is
placed primarily on aluminum content.

(9) When satisfactory properties are obtained, cast in a mold
L Bo the desired shape. Sand molds are used for Types I, II and
IVa . Type IITI is cast ina stee.L mold.
The cooling rate is controlled by the pouring temperature and tem-
peratura of the mold. The pouring tmnperature is not measu;red but
1s Judged by eye. B -
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c. Heat treatment: In praciiice, magnets are annealed one hour at .
650°C. In the laboratory, it has been found that from 5 to 10%

‘better results are obtained by a preliminary quench in water from

1200 to 1300°C, but this is not done commercially. In the labora-
tory, the best properties obtained are He = 700, Br = 4500 to 5000,
Photomicrograghs show that aftier quenching the structure is homo-
geneous, but after anneallng, there is evidence of a slight amount

of precipitation of the alphaﬁpr;me phase from the alpha phasas,

3. OP Magnets .

A3 deseribied by Prof. T. TAKEI, wha with Prof. KATO developsd the sintered .
.oitide type of magnets called OP, the manufacturing procedure is as fol- -
lows: o | ‘

i - i :

1" @ae Material ugéd: The materials used are natural Fe;03 (the ore

? limonite), and cobalt oxide CcO (obtained before the war from the
United States, later from mines near 0SAKA). These are crushed to :
100 mesh or finer and mixed in the ratio of 2.5 molecular weiphts of
Fop03 (400 -parts by weight) to one of.CoO (75 parts by weight)}. This
is pressed into a block at twe tons per square inch and heated in aip -
from one to two hours at 800°C. At this time, one molecular weight -,
of. Fep03 combines with one of Co0 to form cobalt ferrite COFeZOk,

{
s

The material is crushed again to powder (about 100 mesh) and pressed ©
to the desired final form, then heated three minutes in vacuur {lmm) -
at 1000°C, It is taken from the furnace and placed imnediately be-
tween the poles of an electromagnet excited by alternating current .
glving a field of 3000 oersteds. During the heating, the Fey04 not ~
already converted to ferrite is said to be reduced to MPe-0, . ;he
final composition is then 50%;COF6204, 50% Ye 04+ Thel'e”is & shripe:
kage of about 10% during this process. OP wa - producedl only by the
Mitsubishi plant near YOKOHAMA, now bombed out., o

b. Maﬁgetic properties: As regulerly produced, the material has
a coercive force of about 1000! oersteds and a residual induetion of.
2500 gausses, A field strength of 5000 oersteds is-used for magneti-
©. zation. A residual induction of 3000 gausses has been obtained ox-
- perimentally. The electrical resistivity isa high but no value wes
given. . ‘ ‘ . " .

¢. Applications: OF magnets@pre used in magnetic chucks, megnetic
ore separators, telephone receivers, loud speakers for airplares, .
bicyele lamp generators, ete., ail made by Mitsubishi st OFUNA.

hiﬁ Molybdenum Magnet Alloy ‘

This 1s a Koster-type alloy containing 20 to 24% Mo, 1.5% Cr, 1%£ Sn, and.
thé balance, Fe (no cobalt). It isidifficult to make, partly because
cdrbon, which must be kept low, 1s oresent in the molybdeaum. After cas-
ting, the magnets are heated to 120 - 1300°C in salt bath (barium chlo-
ride and boric acid) and then-quenclied in oil at room temperature. - They
are then baked .for three hours at 600°C. The coercive force is. 240 and

the residual induction is 8000.

5. Semalloy (copper-nickel-iron alloy)

.The Tohoku Kinzoku Co,, in SENDAI, nakes an alloy especially for recording
tape and wire. Its composition is Briefly mentioned in the October 1940 .
issue of the "Japan Nickel Review (NavTechJap Document No. ND50-5043,
p.260) as ranging from 20-50% Fe, 15-55% Ni and 15-55% Cu. A typieal
example was given as 40% Fe, 40% Cu, and 20%°Ni. Other compositions re-
ported were 30% Fe, 30% Cu, and 40% Ni; and 60% Cu, 20% Ni, and 20% Fe.




(N B 1. ~ RESTRICTED

i
i

: _An a1loy ﬁimilar to the last composition liﬁted is made in the United
States and:called "Cunife". 1In some instances, the wire is hard drawn

from émm diemeter to O.3mm.

CORE MATHRIALS
1. ' Alfer (Alferd) (AF)

Alfer, an'alloy containing 13% aluminum, and the balance, iron, was deve-

loped by Drs. K. HONDA, and H. MASUMOTO, and associates, at Tohoku Imper- .

'1al University, as a substitute for pure nickel for use in magnetostric-

itive devises. Research work tonding towerd improved production effitlency -

- !was done by the Second Naval Technical Institute in TOKYO which dictated

- the production method (not always followed) to the Tohoku Kinzoku, SHI-
{BAURA (Tanagawa Works) and Oki Denki compeaities, which made the ingots.

as ‘quite successful and it is réported that some L00-800 tons

l'per year 0f finlshed sheet were made in 1943 and 19kk.
ﬁThé alloy is reported in a paper dééed—lQﬂL, entitled "The‘Magnetostric-
‘tion of Iron-Aluminum Alloys and a New Alloy 'Alfer?,"(NavTechiap Document

'No. ND50<5041).

‘Thoe alumimum content of Alfer was sald to be 10-1i%, but the only elloy
;apparanxly made urder that neme was of the followlng anelysis:
: . ‘Al .-.‘.0..0--.I......l...l..y.';%.'....'0...."]-3%

?fEe .'.0.0......-r-.o.-o.v-.t....}.o.o.'. Bal&nce
‘ Impurities less ﬁhan:

;;-'C'ﬁ...‘..o.--..--..-‘-.....-....o-;f........’.. 0008%
;fSi‘......‘....q..-...........; %on-o...-o& Oaa%

‘ﬂMn ;t'.t.o.......loo'-t-nl.'-o.lb't-unocoan OQA

% P'and S ic-ooo-ou05100-.oc-oo--i}-.-.oaoo- 0.05%

. Klfer isinot to be confused with Alperm, the high-permeability alloy con-
I taining 14-16% aluminum; or with B.S., the 3% aluminum alloy made from
| the Alfer scrap as a substitute for the "Br-class silicon steels (3% si).

i Alfer 1 elted in basic high-frequency furnaces of 100-300 kg capacity.

i "The ironiis melted quickly at full power dnd carried under a celcium slag
i to 1600°C at which temperature it is held for 10-15 minutes. For best

i results, the iron should contain a minimun of hydrogen and oxygen. The
I bath is:slagged off and deoxidized with ferrosilicon or magnesium while

. being held at low power. TPower is then increased to full and the elumi-

' num, inrod form, is fed into the bath~§radually. Bath tempersture during

' this” period is maintained at about 1530°9C. The melt is then poured into
“and cest at 1500°C in é" x 6" cast iron molds bolding approximate-

f metal. Bar samples, about four inches long and 5mm in

are ‘taken between two ingot pours for magnetic testing.

. At the Siecond Naval Technical Institute, it was said that the best ingots
were obtained if the metal was "coat cast? through a liquid slag compri-
sing 40% Ca0, 40% A1,04 and SiOp, and 20%; CaF. At the Shibaura plant,
however, it was said tgat the sfag was cleared before pouring.

. The- ingots are hot rolled at 1000-900°C to about ‘& 1-14" thickness, after
which tliey are reheated to 1100°C and rolled to l2mm, They are then sent
to the (saka Zosen Co., at TSURUMI, where they are hot rolled to 0.3mm
thickness, first in packs of two sheets, then four and finally, eight
sheetsi! : - g :
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charged into the furnaces, with losies as follows:
. 3l
- In ingot making .........'éﬂ‘......".....U 10%+
In hot rolling‘..'...lD.Ofl!v'ﬂ....'.a.....’.. 20%+ : .
In finishing Process ..esdececccscessccecs 30% +- !

Thé.net yield of finished sheets 15 sald to be only 30-40% of the material g

After laminations are stamped from {;he finished Alfer sheets, they are
annealed for three hours at 950°C in air. They are then coated with a
bakelite or other varnish, : : '

Tha specific resistance of Alfer is said to be three to four times as high " -
as that of pure nickel. TIts initial permeability»gs said to_be from 70-80
and: its magnetgstrictive constants 0.3 to 0.4 x 10 dynes/cm2 oersted and
3570 40 x 10~° cms/cm. t - .

2.7 Alperm :

Alﬁerm, an alloy containing from 14 ito 16#4 aluminum, and the balanece,

. iron, waa developed about 1942 by Di's H. MASUMOTO of Tohoku Imperiel Uni-
versity, in an attempt to find a suhstitute for the more critical psr-
malley used in the cores of transfoimers for communication apperatus. ‘
Belng very brittle and hard to rollor punch, the alloy was not a commer-
cig; success and only & small quantgty was made.

Thgianalysis found to be best was: |

Al L R R I I I R I N A N I N I AP P, 16%
FB .ao-a-on.o-o.-oo'--o-n._’n-..-oon-o.ooc B&lance
(electrolytic iron)

The ingot material was made by the Tohoku Kinzohu end Shibaura (Tamagawa)
companies. The metal was rolled by Osaka Zosen, at TSURUMI, and finish
amlealing and stamping was done at the Tohoku or Tamagawa plants, The

- melting was done in basic high-frequeney furnaces.

‘Ths ' sheets were annealed for one hour in air at 900°C and then air or’
- wajer quenched at 650° to 400°C; 650°C was said to give the best results.

Ini%iél permeability was said to beﬁfrom 1000 to 3100 and meximum per-
menbility from 20,000 to 50,000, | , C

3.7 B.S. Alloy’

B«3. Alloy is an alloy containing 3% aluminum, the balance, iron, It has

- ébout the same properties as 3% silicon ("B" class) steel ani was deve- ,
loped to find a . use for the punched scrap resulting from the making of =
Al¥er laminations. It has not been used to any great extent, only 10 tons . °
haring been made for experimental applications. :

Tﬁéﬁélloy 1s'hade in the high-frequency furnace by first melting pure 1rbn
. to:iform 60% of the melt, and then adding the AF scrap to form the balance

.of; the melt.
Magnetic properties were not given.

k.. 30% Nickel Alloy

This alloy having a composition of 30% Ni, 0.5% each of Mn and Si,.and -
the balance Fe, is used for tempsrgtnre compensation of permanent magnets
over the range from 60-80°C. At 0°C, its permeabigity is 15, Permeabi-
1ity is linear with temperature to about one at 80°C. Variaiion is plus
~or:minus 10%, It was made by the Nippon Electrolytic Iron Works in  TOKYO.
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W 5e Supérpermalloy

fiSuperpernﬁlloy is a high-nickel alloy having high initial and maximum

. permeabilities. It was made in Japan by the Nippon Electrolytic Iron

’ Works in TOKYO and also by the Tohoku Kinzoku at SENDAIL, Because of the
“ eritical shortage of nickel, very small amounts were made. The Iron

" Works, for instance, made but one or two tons per year. The materlal was
. used mostly foxr shielding meters or war instruments.

. The compﬁsition is 80% Ni, 2.5% Cr, 0.5 tdiO.Z% Sn, 0.5% Mn, 1.0% Si and
- the balance, Fe. The alloy was melted in 300 and 500 kg basic high-fre-
. quency induction furnaces powsred with 300 kw.

i After faﬁrication, the material was annealed in a closed container in eir
i at 1000°C and cooled slowly. Some experimental annealing was done in
~ hydrogen:at the same tamperature.

; Specificjresistance was reported as 65-70 microhms/cm3, Permiability wzs
. said to be 20,000 initial and 50,000 maximum.

' 6. NC Alloy )

@ This éllﬁyvis similar to 45 permalloy made in the United States. It was "’
- made by ‘the Nippon Electrolytic Iron Works in TOKYO to the extent of two
: to three: tons anmially,- and was used largely for radio transformers.

" The composition of NC alloy is 45% Ni, 0.5 to 0.2% Sa, 0.5% Mn, 1.0% Si .

i and the balance, Fe. Tt was processed and annealed in the same manner as

E superpermalloy. ’ ;

' Resistivity is 60-65 microhms/em3s Permeability is 4000 initial and 50,-
000 maximume. :

; Te ggpénese Nicalloy

. This material, made by the Nippon Zlectrolytic Iron Viorks, has an analysis
. of LO% N1 and 60% Fe. It was used by Mr. S. OKADA of the Electrotechnical
! Laboratory, Board of Communications, as a core material for magnetic am=
' plifier research. It was said to be superior to ordinary silicon steel.
transformer sheet, but inferlor to permalloy (78% Ni) which was unavaila-
" bles Jepanese nicalloy cores gave amplifications of 60 as compared with
“i ‘gix to elght for the silicon steel cores.

Thisgéliby does not'have just the same composition as the nicalloy made
in the United States° : : ) -

8.  sendust

This material, developed as a substitute for high~permeability Ni-Fe
' alloys,.was described by H. MASUMOTO in "Sci. Rep. Tohoku Imperial Uni-
: versity (SENDAI) Anniversary Vol. (1936)", p.388. It has the composition
- 5%0.3 41, 10+0,3 Si, the balance, Fe, and is melted in a high-Trequency

induction furnace.

'a. Manufacturing process:

(1) Melted and cast.
" (2). Crushed to coarse lumps and annealed three hours afi 1000°C
¥ and cooled slowly. ; ‘

(3) Crushed again and gradéd ﬁy screen. Finer than 309 mesh
used for r.f. cores, 300 to 200 mesh used for other
purposes. :
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Dust heated two hours at 900°C in vacuum and then small -
amount- of air admltted to form an insuleting oxide on the
- particles.

Cooled and mixed w1th water glass and bosie acid and dried
until plastiec.

Pressed in molds and baked an hour at 600°C. The pressure
used in molding determines the magnetic permeabllity; eight -

" tons/cm* gives a permeability of about 80. Cores of this
value are used for voice frequencies. For carrier fre- -
quencies, permeabllluy is 20 or 50. -It is also pressed
into hollow plugs®fox radio freguency cores. Permeability
of ‘these cores. is from two to three. Sendust is also used
for magnetic shieldlng in cast form.

9J? Magnetic oxide Loading-Coil Cores

Various combinations of oxides have been tried for the cores of loading\‘
%ls, ineluding -copper ferrite and cobalt ferrite. For frequencies of
cycles a Q of 250 and: oermeability of three to five were obtained

with cobalt ferrite. At lower frequencies, such as 10,000 cycles, copper
“ferrite mixed with 20 to .25% of zinc oxide gave permeabilities of 50 to
70. Fep03 was_also used. The cores were formed under pressure and

" héated to 1000°C. The cores were produced only in one small.plant of the
Tokyo Llectrochemical Co. in Northwest HONSHU

lO. N.F. Alloy

© N F. is an alloy developed by Prof. NUKIYAMA of the Tohoku lmperial Uni-
versity at SENDAI. 1Its composition is! L% Al, 2% Si, the balance, Fe. It
isi still in the experimentdl stage.. N.F. is said to have sufficient
résidual magnetism to operate a receiver for underwater sound waves,
~without D.C., polarization, thus reducing "noise" due to unsteady D.C.
' Tbe alloy is not good for transmitting underwater sound waves.

lJ° ™3 (TM1) STM2!

Ihese alloys were interesting because cores of the magnetic amplifiers
téagted by Prof. HARADA of Kyushu Imperlal University were made of ™3
and plain sillcon steel.

The analysis of TM3 is 76% Ni, 4% Cu, to 4% Mo and the baJance, Fe. -
Itis initial nermeability is 10 000 ‘to 20,000. Analysis of 1M1l is 50% Ni
and 50% Fe, and of TMR2 78% Ni and 22% Fe.

These alloys are now being made in exoerlmental nelts on a 0ommercial
scale, by the Tokoku XKinzoku K.K. at SENDAI.

lé;' Electrolytic Iron

i The Nippon Electrolytic Iron Works in TOKYO produced some 20 tons per
month of electreolytic iron which was used for: making special alloys and.
for pole pieces for electromagnets, etc. ILate in the war, Lhe plant was
moved to FUKUSHIMA on the=road to SENDAI. ;
The process used was to rotate & tln cathode, with wipers, in a woodsn
tub containing scrap iron as the anode, and a solution of ammonium sul-
pliate and sulphuric acid as the electrolyte. The: ph of thé electrolyte

{‘was between five and six, and the temperature 50- 60°C. The curved shset
or* deposited iron was stripped from the cathode and was said to be soft,

’ and flexible.
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'@»The.anaiyéis of the iron obtained was“givén as 99.98% Te, 0.001% F,
. 0,001% S, 0.001% C with a trace of Mn and:iSi. ‘

ﬁder an’H?bf'IO'dersteds, the induction waé sald to be 20;000 gausses.

; 13, Silicon Steel

i

© . All the 4% silicon steel used for electrical purposes in Japan is made
. by the: Yawata plant of the Nippon Iron and Steel Co., (total production of
- all steels at Yawata in 1938 was said to Be 2,000,000 tons), and by the
. Kobe plaant of the Kawasaki Steel Mfg. Co.: Of the total, Yawata makes
: about 60%, Kawasaki about 40%. Production by Yawata was 40,000 tons in
: 1938 and: 20,000 tons in 1944. Xawasaki made 1150 tons in 1931, 23,000
- tons in 1939 and 9,000 tons in 1942. Both companies made small amounts
- of 3%, 2% and 1% silicon steel. The Nippon Iron and Steel Co. covers an
: area of 'some 6,200 acres, 2,700 of which ars at Yawata, and regularly em-:
;" ploys 18,000 men (10,000 at Yawata). During the war, there were 80,000
. employees, 47,000 of whom were at YAWATA. : B

I
, " , > ¥ , |
o I In both izompanies' the metal is melted in arc furnaces of from 10 to 17
.. ton capacity, and only scrap iron is used as a base. Since the treat ent
1. of the melt and rolling varies somewhat, the procedures as reported at|
- Yawdta {3ee NavTechJap Document No. ND50-404L), and at Kawasaki will be
: treated 3eparately. : .

}The'folﬁiwing'discussion dedls with the 4% silicon stesel,

' For a typical melt at the Yawata plant, thie furnace lining is repaired
. from: thei:previous heat and 200 kg of lime 'and“17,000 kg of carbon ateel,
. plate oricogging scrap, are fed in. The charge is melted and heated to
1600°C and a test is made. Carbon content at this point is about 0.08%.
i The bath:'ls then slagged off and 100 k% ofi iron ore and 150 kg of lime

: are added, Temperature is raised to 1620%9C and a second test shows the
: carbon ¢ontent to be about 0.04 to 0.,05%. | The slag is again raked off
‘and a new slag of 350 kg lime, 125 kg crushed ferrosilicon (75% silicon),
: 35 kg. fluorspar, and 20 kg sand, is added., At a temperature of 1645°C,
. the slagiis yellowish white and a third test shows the metal to contain
| about 0,06% C. The slag is again partically raked off and 950 kg of

. (75% S1i) ferrosilicon is added. The bath is stirred, temperature raised
" 0 1660°C, 17 kg of aluminum added, and tlhe charge is tapped. Power
. consumption is 550 KWH per ton. Five ingets are mede, each having a
. 60 5q. -cri, cross gsection and weighing 3400 kg. Iielts are poured al; about

i five hour’ intervals. o

| The ingotis are soaked at 1180°C and rolled first to 2lcm square, then to
1.1 by 2%cm, without reheating. The plateés are annealed at 1150°C in a
;Emixed_gaﬂ”atmosphere_and are reduced to 3.lmm.. These are again annealed
it at 950 nd pack rolled (8 sheets maximum) -to 0.35mm or final thickness.
_Hot rolling is accomplished with 25 inch rolls. The sheets are coild
;rolled‘SXighgly to straighten and separate them, and are annealed for 2.5
i hours at:830°C to develop their magnetic properties. They are finally

. straightaned again by passing between a series of five rolls. Specimens
{ §§ane testeod for maegnetic quality, before the last straightening, by the
.. | d1fferentiial Epstein method, using a watt meter and fluxmeter. ,
ladle analysis of the metal is 0.06% C, 4.10% Si, 0,20% Mn,
.1% S and the balance, Fe. |

%Theﬁfinié ed éheet (0.35mm) containing 4 ﬁb 4.5% silicon has & loss of '
i 1.2 to 1.5 watts per kg measured at 10,000 gausses and for 50-cycle alter-
- nating current. It is separated into four| grades, depending upon quality.

¢ &
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hinnest materiél normally manuf&ctq;ed is 0.2mm thick but some 0.lmm -
,was made experimentally. Dataion permeabllity were not available.

} awata plant’ experimented with cold rolling of silicon steel sheet,
and:‘in collaboration with Prof. KAYA:in TOKYO, obtained best results: with
reductions of 80% and subsequent annealing in air for five minutes at
900%C, then for one hour in hydrogeniat 1000°C, and finally in & vacuum
forione-half hour at 1300°9C, These Sests and the resulting magnetic
characteristics obtained have been dlscussed in the section of this report -
dealing with research. % -

! At the Kawasaeki plant, manganess ore is added to the scrap before
melting and a good grade of iron oreiis added after melting. The slag
contains about L45% lime, 15% iron oxide, and 25% silica. The slag is re=-
moved during the reducing period, and then lime and coke are added. Half
of ithe silicon is added in the furnage, as ferrosilicon, and half in 'the
ladle. Aluminum is added in the sems way. The charge is poured when-the

- gas; content, "as. judged by eye, is sufficiently low. _

Thé: ingots at the Kawasaki plent arej23 square cm in section and weigh
90C:ikgo They—aae heated to 1100°C and hot rolled to 6mm. They are then
rebieated to 980°C and are pack rolled (8 sheets meximum) to final thick-
"~ ness (0.35mm). Some special sheet was rolled to 0.05mm for Sumitomd
- Tstishin in TOKYO. . i '

_A/ﬁépresentative analysis of the KAwASAKI product is as follows: .

C 0...tc¢ono.ocoso-o-..a.mi.to-on-uc;ooo-n.u 0.06%

Si .‘,o-o.‘i-cﬂ-ouoooo-n-a.cii-nc.co.-.‘c 3.9 to 4.2%
MII"..............-..--... ;fo---ooro-’:-o-ooucn 0.10%
Pands 0.'...'.0.0..‘.‘...’.0.0-I.;..locu.. 0.02%
Cu ou»cco.oooooacono-oo¢oot:ioa-o.co-)-o‘a-gnoo 0.10%
Ni .-...Q‘......ll‘.-..Qt.....5.0.00....’3.‘0410 0325%

Fe o-.coo.ovoo---.o---o..-‘ga.o.ooo:o\‘-co.n Balaﬂce
Maéﬁetic properties were reported gséfollows:

" 5 10 25 & 50 , 100 300

B i 12,000 13,300 14,000 15,000 16,000 18,000
Elﬁctrical loss at 10,000 gausses with'SO-cycle alternating current wes
sald to be 1.375 watts per kg for tke 0.35mm sheet. - 3

Senperm

This allcy, having a composition of ‘approximately 16% Ni, 10%.Si, and

ths. balance, Fe, was developed by Di. YAMAMOTO at Tohoku Imperial Univer- .
sity. It is peculiar in that it isiin the Fg-Ni-Si class but has mignetic
characteristics like those of the Feg-Co-li; or perminvar, alloys. It has

e temperature coefficient which is @mall and which is said to be less .
thén that of Sendust. Maximum permsabilities'as high as 36,000 were ob: - -
tained by heat treating in a magnetic field. -

EEa . " 3 ! . . =
Tﬁ;? alloy has been referred to in the section of this g@yort deeliag with

research, and is described in a doctor's thesis by T. YAMAMOTO {See- Hav-
TechiJap Document No. ND50-5040). It is neither produced nor used commer-
clally. . S : . i o

Turukawa Magnetic Alloy

bTh@ Furukawa Electric Co; made frbm@BO to 50 tons of a highQnickel alloy - i
for, use in commercial transformers for audio-frequency apolications, The ¢
‘alloy was developed at Furukawa Insbitute by Dr. IIHARA. ‘
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The. analysis was 78.5% Ni, 3.5% Cr, 3.5% Cu, 2.0% !n and the balance, Fe.
- Tt was melted in 12 kg lots in the high-frequency induction furnace. i
, Mond ntckq;;gg&welectrolytic iron were usedg i :

-t
i

‘ XQ;ACN)

it 1
i N |

'Ingots were forged to 20mm and hot rolled to 5mm. They were cold rolled !
#o 1.5mm, :annealed at 900-1000°C, and againicold rolled to 0.3mm without
{further -annealing. To prevent oxidation, punchings of the.0.3mm stock
 ivere pack-gnnealed in potg at 1000°C, sometimes in & hydrogen atmosphere.
" IPney were reheated to 500°C and cooled by a& fan. S

P - i L

o ivhen it wes desired to.use the material for; 100,000 cycle transmission,

it was. rolled to a thickness of 0.05mm. This required many passes in a
rolling mill having four-=inch rolls. o S

: B Table IV ; :

QQMMERCIAL'PRODUGTION OF MAGNETIC WMATERIALS IN JAPAN

. (Approximate Meximum Yearly Output in Long Tons)

Material g ~ Outpug tateérial output

‘I8ilicon Iion - | 60,000 S ' 100
Alfer o R 500 Mew KS © 250
‘Sendust i - MK —
iHigh-Nickél Alloys 50 op 10

part IIT - APPLICAT:ONS

A.  MAGNETIC AMPLIFIIR

The magneétic amplifier, or tpansductor as it is also called, has been deve-
Yopeid and used: in the United States and in Germany, In Germany, it was used
primirily in fire control circuits for large guas on naval ships. Tt was
thought that 1% was used also by the Japanese Navy, either with its own or &
German design.. The ;EYEStigation of this subjest was of special interest and
'gchusideraplguamount 5f time and effect was spent in following all possible
.leads. IR . ' : R , .

. B HE Lo i

It,ﬁés:apparentrthat no magnetic amplifier had been used by the Japanese Navy.
There was someé: evidence that the Japanese Navy had negotiated with Germany
regarding theiinagnetic amplifier. -Comdr. ABE stated that he understood the
Gerrans had been requested to supply a sample amplifier and design data and
that; the Germuns. had agreed to this, provided the Japauese Government paid
¥10;9005000..Hlater this statement was denied by ABZ and no further information
on.the 'transaition could: be obtained. 3 o

Regdrding theexperimental work on magnetic amplifiers, it was found that work
" had been carried on at three. places, the Tamagawa Plant of the Nippon Electric
0. the Electrotechnical Laboratory of the Board of Communications, and the
© Xyushu Imperial University. o P

Pl — Wofﬁ)at the Tamagawe Plant:

:; The work?doné‘in the laboratory of this piant was started for the purpose
‘i .of determining if a magnetic amplifier could be used in place of a three-

: stage vacuum tube amplifier. The cores were permalloy wC", built up from
| laminations 0.,2mm thick.- It was stated that one and two stages of vacuum
| ‘tube amplification could be replaced by tae magnetic amplifier. Kore
amplification was obtained by tuning the output.circuit to resonate at a
certain frequency. No data were available. The difficult with this am-
plifier was claimed to be due to the fact that no source of 50-cycle DOWET
was found to be stable enough to make thei amplifier a success: Amplifi-
cationsiof 10,000 were claimed but there is some doubt .about this figure.

jai e
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2. Work at the Electrotechnical Laboratory:

Dr. OKADA.of this laboratory had worlted on the magnetic amplifier. Ths
work; was first undertaken for the purpose of developing relays for auto-
matic telephone circuits. Later Dr. OKADA was requested by Reer Admiral
T. MIYAZAWA to cooperate with the Second Naval Technical Institute. The
work: did not progress beyond the experimental stage. The.cores used: were
silicon steel and Tapanese nicalloy nade by Nippon Electrolytic Iron:
Works. OKADA stated that permalloy {78% Ni) would have been better, but
was: not available. However, the sample which he submitted had a core of
Amarican-madenpermalloy. The emplifier circuits used are shown in Figure
1. 'No praectical application has been made. ; : o7

The; current amplificatlion obtained when the core was silicon steel was
'~ from six to elght. To improve the ariplification, three stages were tried.
Theoretically, the amplification’ should be 216, but the amplification 0b-_
- tained was lower, about 200. Four stages were tried, but did not work.
Witia Nicalloy cores: and one stage, tlie amplification was about 60. )

: . POWER’

| A
YW

4 e
C T~

IN PUT

=

Figure 1
Lo . _ AMPLIFIER CIRGUITS (
Work on magnetic amplifiers was carried on by Prof. K. HARADA, of the

Electrical Engineering Department, Kyushu Imperial University. He started
work;on the magnetic amplfier about 1940 without knowledge of any previous
work: on the subject. He later learned of the work of Geyger in Germany.
During the war he was requested by T. 0SAKI of the Naval Technical Labora-
tory, TOKYO, to do further work, but ‘he was not told what use would be
made: of the results. A report of the work on the amplifier was privately"
printed in September, 1944. Enclosure (B) is g translation of this re-
porti. A report was also made to the Navy in Octover, 1942. .. pumber of
reports not printed, and laboratory notes, were inspected. &Enclosure (C) .
is a'summary of those relating primarily to.modifications of the ampiirier
. fori'special usss. f ’ :

"

21
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B. | UNDERGROUND VIBRATORS AND RECEIVIRS

i

The hagnetostfibtive‘alloy, Alfer, was developeﬁ to replace rickel for the
cores of such apparatus. g i \

For :his purpose, three tyves of punchings were used. Two of these were rece
tangnlaxr and the third was a ring type. The puanchings are stacked into cores
of proper dimensions and wound with 40 to 50 turns of wire. They are designed
for L4 to 16 k¢ per second. The input is 40 to:50 watts 'but in practice as
much -as -2 kw ray be used. The design’ generally! provides Sor 2 to 3 wa’qts/cm2
.of vibrating surface for intefmittent use or 0.3 watts/cm< for continuous

if

‘operation. .

,Eof ﬁhe ring'ﬁipe,-a conical reflector is usedvéonsisting of &wo cones of
brass separated by sponge rubber. ; »
yThefcore is pdlarized with a steady field of se?eral oersteds. As used; the
effactive igitial pergeability is from 70 to 80. The magnetostriction is 0.3
to 0.4 x 10 dynes/cm< oersted. i :

The same apparatus is used for receiving with tube ‘amplification of 100 to 130
" db. i Two coil units are sometimes connected in series for transmitting, and im
pargllel for neceiving. .
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ENCLOSURE (A)

LIST OF TITLES OF RE éEARCIi PROJECTS
CARRIED OUT SINCE .TANUA‘?Y 1941

A. SEN'DAI UNIV'ERSI’I'Y AND METAL INDUSTR! [ES LTD.

Magnetostriction Activity in Highly Redm ed Plates of Nickel - Y.‘ XIXUTI and
K. FUKUSIMA, 1942.

Special;:I-.'Iagnetostrictlon Quality of Iagn«atic Sz.llcon-Iron Sheet 'in Different
Directions ~ Y. KIKUTI and NISHIKAVA, 191;3. ;

Magnetostriction of Iron-Aluminum Alloys and a New Alloy "Alfer" - K HON’DA
H. I\IASUmOTO Y. SHIRAKANA and T. OB:-YAE HI 1945,

Dyna.mical Cnaracterlstics of the Magnetostrictive Alloy "Alfer" - H. LLAé‘UL«ZOTO,
and G. CTOMO 1945, o .

Charts :of Curves of Wiedemann Effect of .ron-Aluminum Alloy - 1945.
Magnetostriction of the New Constant Perneebilit.; Alloy - T. YANALOTO, 1914,4.

Lim:;.tinu Path of Mechanlcal Woxrk Dependmg on liagnetostriction - Y. KIXUTI,
Part I and II, 1945. i '

Theoretical Composition of Special Inagnet.ostriétion Qualities in Polycrystale
line Metals - Y. XKIKUTI, 1943. :

Rssearch on Rate of I"agnetostriction - Y. XIKUTI, l9h2.

Elastic Constants of Iron Single Crystal&x - M. YAMAI 1070, 1943.
Elastic Constants of Nickel Single Cryst&ls - M. YAMAMOTO= 1942,
AE Effect in Tron, Nickel, and Cobalt - M. YAMAMOTO, 1943;

Dynamic Measurement of A\ E(Young's Modulu,s)Effect in Nickel-Iron Alloys -

AE = .uff(act 1n Iron-Nickel Alloys - M. YAMAI"OTO l9h3.

Determination of Young's Modulus &and Density in Iron-Cobalt and Iron-lhchel
Alloys & M. YAMAMOTO, 1942, o

You.ng'_sLModulus of Elasticlty and its Change with Magnetization in Iron (lobalt
Alloys f M. YAMAMOTO 1941. v .

You.ng's Modulus of Iron-Cobalt Alloys andi its change Accompanying: NMagnstiza-
tion - M. YAMAMOTO, 1941.

: Dynamics'l Measurement of/\E Effect in Iron-Cobalt Alloys - Iu. XAMAMOTO 3942

Young's Modulus and j/its Temperature Coefficlent of a Cobalt-Irone-Chromium
Alloy, and a Hew Alloy "Co~elinvar® - H, IIASU‘"OTO and H. SAITO, 1944.

Young! s Modulus, its temperature Coefflclent and Coefficient of Thermel :x-
pansion of Nickel-Coppez—Alloys - H. IuASUrIOTO and H. SAITO, 1943.

Young's. Nodulus of Elasticity and its Variation with ’*.agnetizatior in Ferro-
magnetic N’lckel-Copper Allo 78 = M.~ YAL.AL’OI‘O 1942, .
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ENCLOSURE (4), continusd

"

- Chanpe of Elecbrical Resistance Dlie to Magnetizution of Single Crystals of
I:-onx and Nickel - T. HIRONE and N. HORI, 1942.
Abno:'melity 1n the Thermal Expansion ot Iron-Blutinum Alloys - H. MASUMOTO end

Dans !.ties of Niekel—Cobalt Alloye - M. YAMAMOTO .L91.,2.

on the Magnetic Properties of Iron-Aluminum Alloys - Ho MASUMDTO and H. SAITO

1‘9l+2 . 4

Errecst ot Heat: 'I‘reatment on the Magnetie PrOperties of Iron-Aluminum Alloys,

Putu I and II(Alperm) - H. MASUMOTO and H. SATO, 1945,

' Specl.al Megnetic and Electric Properties of Strumgly Magnetic Iron—sllicon-
" Alanum Alloys - T, YAMAMOTO, 1944.

studi.ea of Magnetic Dust Cores - T. YAMAMOTO 1'942.

Magmatic and l.leetric Rssearch on New COnstant-Permeability Alloys - T. YAMA-

' Exper.tmen‘bal Research on Special Magnetic and Electrical Qualities of Iron-
gi1ison<Nickel Ternary Alloys, New Sendal Alloys, and Gonstant-PermeabiJ ity
.Alloys - 1, YAMAMOTO(Dootor's Thesis), 1944.

-Nagnetic Proporties of Hardened Iron-MolybdenumrTungsten Allc»ys - Y. SH]:RAKAWA
19#5- 3;.‘ . i

Iarge Bar]:naueen Jump and Internal Stress in Perminvar - T. HIRONE, 1941,

: echanism of I)J.scontinuous Magnetization of Single Crystals of g Magnetic
A:..c.lrcuit g ﬂKAMURA, T. ‘HIRONE,; .and .S. MIYAHARA, Part I, 1941; Pexrt II, 1943.

I.aree Barkhaunen Effeot, Part III, Growth and Disappearance of Reveree Magneti-
.ation Muolel - 3. OGAWA, 1943.

"Itxpansion andx Contraction of Magnetic Reversal Nuclei by & Large Single. Eark-
haus‘en Jump - T. HIRONE and N. HORI, 1942. |

I)iscontinuous (180 ) Wall Displacement Between the Elementarv Domains Due to
]:ztexrnal streus - T, HIRONE, 1944.

1Pf£esct of deLng a 'I‘hi.rd Element on the Ordering of a Lattice of Binary
lxllc»ys - T. H,mom, 1942, i

"Speed of 'l‘ransformation of Iron~-Nickel Alloys - T. HIRONE 1942,

‘Bpe(sial Magnebic Qualities of Nickel ~ N. HORI,[ 1940,

)etormination of Crystal Orientation by Light Pigures - M. YAMAMOTO, 1943.
opt‘Lcal Figures of Single Crystals of Nickel—I:-on Alloy - M. YAMAMOTO, 194k4.
':.viu--.ner Studies on Light Figures of Nickel Single Crystals - M. YAMAMOTO, 19:.2.
Ferromagnetism ot Semi=-Conductors - T. HIRONE, l9h3.

5. | TOKYO INPERTAL UNIVERSITY |

Influence ‘of" Outer Strain on the Initial Permeability of Iron Crystals -
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| ENCLOSURE (4}, continued

s KAYA, T. TAOKA and T. IEI, 1942.

Effect of Strain on Resistivity of an Fe-Ni Alloy (75% HMi) - S. KAYA a.nd
-, MOTO,: 19hh.,

Supozstructu.re Formation in Fe-CO Alloys and Their Magnetic Properties -
* 8. KAYA and H. SATO, 1943. _ _

Superstructure in Fe-Ni-Mn Alloys - S. KAYA M. NAKAY:AMA and H. SATO, 19h3.

. Effect of Cold Rolling on Magnetic PrOper bies of Silicon Iron - S. KAIA and
[ TAKAHASEI, 1945. P ; p

~ Use of Sendust in Magnetic Mines - S. mn 1945.
e, NAGOYA IMPERTAL UNIVERSITY, NAGOYA |

struotu:re of" Fe-Si-Al Alloys - S. TAXEDA and X. MUTUZAKE 1941.

De KYUSHU IMPSRIAL UNIVERSITY, FUKUOKA
Magnetic* Amplifier - K. HARADA, 1945. '
E. ‘I‘OBYO UNIVERSITY OF ENGINEFRING, TOKYO

Magnetoeltriction and Properties of Some Ferrites - T. TAKET, l9b5..
F. FU'EUKAWA INSTITUTE, TOKYO -

Magnetic Properties of High Purity Iron - K. MIHARA, 1945.

Effect cnf Annealing Pure Fe-Si in Magnetic Field - K. MIHARA, 1945.
QMagnetic- Properties of Fe-Ni-Cu-Cr Alloysx - K. MIHARA, 1941,

G. AEHONAUTICAL RESEARCH INSTITUTE, ‘I'OKYO

Use of Wledemann Effect in Measurement o;f.‘ Torque .- R. KIMURA, 194i.
Wiademaxm Effect in~Iron Single Crystal - R. KD!IURA, 1943.
Nonwnesu:ructive Detection of Faults in Ball-Bearing Races - R. KI!IURA, 1954,

H., IN‘!TITUT"' QF. PHYSICAL AND CHEMICAL RESEARCH, TOKYO

3 on the Heutron Cross-Seotion by Ni-Fe Alloys - M. KIMURA and R. HJLSIGUTI 1943.
Temperature Coefficient of KS, OP and MK Magnets - S. KAYA, l9l..l..

)
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ENCLOSURE (li)

R«PORT OF INVESTIGATION OF MAGN’TIC ANPLIFIERS

SPECTAL CHARACTERISTICS OF EXPERIMENTAL SET

by
Prof. K. HARADA
Kyushu Imperial University, FUKUOKA Japan.

i i September, l9hh _
The wiring of the experimental set is shown in Flgure l. "P" is the primary
coil and is connected to an AC source, "S" is the secondary ¢coil and is con-
nected to the control ecircuit. "T" is the tertiary coil end is connected to
‘the output and: 'can also be used independently as an exciter. . The steel cores
each consist ¢f 4O laminations of T™™3 alloy, O.3mm thick. The dimensiors are

specified in Figure 2. The thickness of the coil and coil windings are as
follows: , i ! :
i " . Turns per 4
o | Size of Vire Winding | Resistance

Lo e :
s 32 B.S. 20000 " 372 ohms

T 28 B.S. 40O 22 ohms

'h;ispecial cﬁéracteristics, shown in the folld@ing figures are the results of
experiments conducted on the experimental set with the rectifier inserted in
the ”T" circujt. : :

Figure 1(B) - Figure 2(B)
WIRING: OF EXPERIMENTAL SET - . STEEL CORE LAMINATION
t : i
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(WHEN S AND T ARE OPEN GIRCUIT )
( RESISTANCE OF Tp METER: 431 )
(Ep AND Ip AFIE EFFECTIVE VALUES. )

i
1

—— Ep (V)

1
50

Figure 3(b)
RELATIONSHIP OF Ep TO Ip
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ENCLOSURE (B), continued

Ls oo
T GIRGUIT IS OPEN.
Ls IS THE INDUCTION COIL

Figure 4(8)
RELATION OF Ep AND Ip




I

i

Ip AND]¢ ARE THE GURRENTS

WHEN HOTH L4 ANDL4 ARE IN
SAME DIRECTION,

Tp ANDI¢ ARE THE GURRENTS
WHEN It ANDI, ARE IN OPPOS|TE
DIRECTIONS.

Figure 5(3)

- RELATION OF Ep AND Ip

x;34(l~%~)
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ENCLOSURE (B), continu(:ad

it

(S AND T ARE OPEN CIRCUITS AND Ep IS CHANGED)

Figure 6(B) _
FERRO-RESONANCE: RELATION OF Ep TO Ip !
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— Ep(V)

Figure 7(%)
FERRO-RESONANCE : RELATION OF Ep AND T P
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" ENCLOSURE (B), continued

i

(T 1S OPEN GURGUIT: WHEN I,:1ma)

L
e

Figure 7(')
FERRO-~RESONANCE : RELA;TION OF Ep AMD Tp
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ENCLOSURE (B), continued
|

(WHEN Ig=1mA AND T |S;:CLOSED CIRCUIT)

“

Figure 8(i) v )
FERRO-RESCNANCE : RELATION:QF.Ep TO Ip
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ENCLOSURE {Bk; continued

(Ep- 85V, T 1S OPEN GIRGUIT)
(WIRING IS THE SAME ‘AS IN DIAGRAM 8)

Ip(cp=0.5uF)

X-34(N)

 Ip(Cps0.2 uF

"N, (cp= 0.5mF)

~ Ie(cp=02 uF

Figufe’9(h)

' FERRO-RESONANCE : RELATION OF Is AND I
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ENCLOSURE (B), continued ’ :

~ (Ep=100V, T IS OPEN CIRGUIT)
WIRING IS THE SAME AS IN DIAGRAM #8

TpiCp=0.5y F)

Ip(cp=0.24F)

N, (Cp=05 yF)

— [ (ma)

2

Figure 10(B)
FERRO-RESONANCE: RELATION OF Is AND Ip

-
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X-34(N)

Ep= 100V
Cp=3.54F

L(Rp=toN)

= L (mA)}

10

) Figure 11(B)
RELATION OF Is T) Ip A%D It

35




Figure 12(B) |
RELATION OF 1s.T0 Ip AND It
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ENCLOSURE (C)

” SUMMARY OF REPORTS AND]LABORATORY NOLis
O APPLICATIONS OF THE MAGNETIC AMPLIFIER

[

by 7
) + Prof. K. HARADA, - -
“Kyushu Imperial University, FUKUOKA, Japan

This is a summary of several réports on the application of
the magnetic ampnlifier as a magnetic field measuring device
and as a firing mechanism. N

" A.  INITIAL TEST CONDITIONS

In the preliminary work, the characteristics of the amplifier under varying
voltages, frequencies, and loads were investigated. The circuit used is: gnrown
in Fig;l(&). In the first experiments, an AC generator was used., The fre-.
quencies were 60, 120, 180, 250 and 350 cycles per second. TIn these test$m%
Ry = 0 and Ig = 0.5 ma, It was found that with,increase in frequency at- the
lower frequencies range, I increased very rapidly, but at higher frequencies,
the. increase. in T was not as rapid. Also, the uaximum of I for each fre-
quency was obtained at different values 0of V.

The next tests-consisted in taking the Vi for the meximum velues of I for gach
frequercy, and with R{ < 0 determine theijrelation between Ig and I;. The rg-
sults of these tests are shown in Fig,2(C), These curves show that the ampl i~
fication increases with increase in frequency, and that the curves for all
frequencies are similar in shape. The I} values corresponding to those foxr Tg
in opposite direction-have no reiation to - the frequency. This is: due to they
unbalance of the amplifier.coils, but the I value with Ig = O seems to in-i
crease with increase in frequency. The amplifier used in these expérimentd
had been adjusted so that the unbalance at. 60 cycles was substantially zerp; .
but fori frequencies above. 250 eycles the;unbalance became quite noticeabie). -

Tests were also made to. determine the relation between: Ig and Iy for different

' frequencies when the voltage and the constants shown in Fig.1(C] were vapried.
The results of these tests are shown in Fig.3(C). These results are of special
interest. They show that with suitable adjustment of the voltage, Ig and I,
& trigger circuit is obtained in which up to a certain valus of Ig there: is:
practicelly no change in Iy. Then, as the current of Ig is increased, an ad=-
ditionsl small amount, there is & very large jump in the current I;. At 60
cycles; the sudden increase in Iy occursiat Ig = 80 me when Iy increases: to:
25 ma. . At 180 cycles, I jumps to 100 ma whea Ig i8S 7 mua,.- For higher fre-.: ,
quencies, the sudden increase in It occurs when Ig is in the reverse direction.

The value of Ig which' produces the sudden chapge in Iy is influerced by the
value ¢f Iy when Ig = O. In other words, it is affected by the unbalance
existing in the amplifier. Consequently, if the unbalance is increased with
an increase. in freguency, the value of I, which causes the jump in the current
I can:le changed at will, to a certainw&egree, by=aigusting;the'unbalancem

lEzom_tﬁése-expeximents, it can be seen that the performance of the amplifier
can be:modified and the'output increased| by increasing the source frequ=ncy.-

A2 i

B.  UNSYIZ[ETRICAL SOURCE=CURRENT

By H o .
The next experiments were made to determine whether o not an unsymmetrical
currenti could be used.  The principle occmponents of the amplifier circuit are

. shown in Fig.4(C). The cores of the amplifier "AP" were of the same magnetic
material used in the cores of the amplifier in Fig,1(C). The windings "2",
ngn ani *P" were 400, 400 and 200 respectively. The interrupter: "IP" isa a
modificdation of a buvzzer and is the simplest form of this type. The trans-:
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former "TR" is a modified form of the type used in radio receiVing sets.

(,Thexwindings are. shown in Fig,4(C). The current source is a six-volt "B"
bathery. To eliminate sparking of the interrupter, the condenser Cj (14F) was
useil. To correct the wave form of Vp, the condenser GC»{24F) was’ used. If C
is 10 #F the iwave form of Vp would be nearly the normai form, but in order to
"eimplify the system, this condenser should be made as small as possible. .In
_bhe tests, 02 was mede large enough to permit Junctioning or the systen.

It was ledrned from the experiments of this’ amplifier system, that the ampli-
fie: can. function with unsymmetrical AC currenfis produced by a battery and
= interrupter, and tnat a simple circuit can be used. .

o | TESTS on ONE-CORE_AMPLIFIERS | ;§ ' ‘
Tesh. also were mede on amplifiers in which only one core with three legs wes
useii in place{ of two cores. The dimensions of'the core and tine windings are
shown in Fig,5(q). The tests on this amnlifier showed that this type of core
bould be used. a

]

" ae | MAGNETTIC PIELD METER

The'magnetic .core and windings of this meter are shown in Fig.6(C). This is
one: form of- magnetic amplifier and indicates the field strength directly.
Attempts wereimade to apply this for different juses in which the change to be
recorded is brought about by a change in the magnetic field. The approximate
ﬂonstructicn,and the wiring are shown in Fig.6(C). In this figure, "C" is a
zor of the same material as that used in the amplifier previously referred to.
ﬂoiL "pr ig connected to an AC source and the ¢oil "T" is connected to ammeter
nAvi and rectifier "RC", The windings of "T" on the two legs are arranged so
-bhat the voltages induced are in opposition, “he magnetic flux produced by -
‘"Pl" is indicated by "M"., U"N" 1s the magneticifield to be measured. The rec-
tifiler ia connected so that the rectified current will produce a field in the
samu.dinection.asv"N" by means of coils "T*,

wa' for example, if vpw is connected to a proper source of AC and if the mete:
1s placed in o magnetlic field, such as the earth's field, at this moment, ir
‘thei*e is & component in the direction of N, a double frequency current induced
in winding "TH is rectified by "HC™ and a magnetic field is praduced in the
iirection "N" and causes a regeneration, thus amplifying current I passing
bhrough ®AY, .Therefore,even a weak field ocan be measured with comnarative aase
by means of the current Ij.

fﬂhen this instrument is turned in the field until the maximum reading~of F, is
obtained it is possible to determine the direvtion and strength of the field.

V_Because of lack of uniformity of the laminatious in tne core, the reading
never becomes ‘zero even when the field is Zero:

. ‘hen the current in circuit "T" is completely vectified by u81ng two half-
wavi rectifiers, the regeneration is not produced. Tnerefore the polarity of
]the,field cannot be determined but the directLon and etrength of the field can
be determined;

[

MAGNTETIC .FIRING MECHANISM

As i; shown in Fig,1l(c), by proper adjustment of the amplifier eircuit, it is
‘posaible»to ocbtain a trigger circuit in which the amplified current Iy suddenly -
incpgases with a small change in the field. THe dimensions of the cors, the
windings, andi the circuit used in the tests ars shown in Fig,7(C). "NN" is the
direction ‘of the outside field, such as the’ ea~th.

! 38 .
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ENCLOSURE (C),: continued

i. In the tests with the amplifier shown in’ Fig.7(C), in which L = 0.46 and
C = O.B%f,\the sudden rise in the current was so large that it lighted up an
incandescent lamp (4.5 volts, 1.2 A). Tiae oscillograph showed that from the
time of: the increase of the field, which' produced the sudden increase in the

~ ecurrent Iy, until the time at which maximum current waes redched, only 1/25

.| 'sec., elgpsed. : '

| " This arrangement can be used for a firing mechanism or for other apparatus
.. where tle operation of the circuit depends on a very small increase in the
| * magnetic field. - : ; :

"

* AP - Amplifier . R, - Rreostat
RC - Rectifier - Numter of Turns - 40G
L o R E - Nurber of Turns - &
.5} - Induztion Coil o -urms ,GU
T - Nurter of Turns ~ 200

CT ~ Condenser

Figure 1(@)
MAGNETIC ANPLIFIER CIRCUIT
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ENCLOSURE. (C), continued

1zo

- K

//

1.0 0.8 X3 0:4- c.2 Q 0:2 .:ot4-
Figure 2(C)
THE. EFFECT OF FREQUENCY ON THE RELATION RETWEEN
Is AND It (Rt=Ct-Lt-0Q)

40
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ENCLOSURE (C),| continued

(1) + =¢0n
v, }7v
Ct =  6mf
Is ';ngma
= '1250n
7 89y
. onf
| 30ma

b o

—

- i —=TIs (nA)

1 L (! ! I
{.0 0.8 0.6 04 o.z . 0.4 0.6 o3 1.0

o

. Figure 3(C) :
TI EFFECT OF FREQUENCY OX th RELATION EFTHEEY
Is ANG It (Rt-10, Le=1 1)

2

O

4.
|
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D

—

|
Bz

A - Amrmeter : ‘
A2~ Amplifier * ) T

5&, ~ Interrupter

- Rectifier
Bl:.:’ B

! - Batteries “R. - Transformer
i Cl, 33 - Condensers ¢+ Lp — lnduction Coils

Figure 4(C)

MAGNETIC AMPLIFIER CIRCUIT FOI_f USE WITH
UNSYMMETAICAL SOURCE CﬂI_lREN'I‘ ’

N




i

g

Figure 5(C)
ONE - CORE AMPLIFIER

Ct\\ i \‘
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ENCLOSURE

et 1 =

—
f
|
i

Figure 6(C)
MAGNETIC FIELD NETER

i
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ENCLOSURE (C)', continued

-——— BOM _—

N - Direction ot the Field
-\, - Voltage Applied
(¢ - Conderiser

Q~—,lncandescenL\Lamp
L - Indudtion Coil

SIZE = TURMNS RESISTANCE
BS #28 400 (200 Each) 50 i
BS #28 1000 B0 24

gl

=

i : T sy

i

- Figure ?(C)
MAGNETIC FIRING MECI'ANISM
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ENCLOSURE (D)

REMARKS OF HIGE PURITY SILICON-STEEL SPRCIMENS

by
# K. HIHARA

Kind of»Specimene,‘

Diameter

52-48mm
*54=50mm
52-4L8mm
52-48mm
52=-48mm

A Heat Treatments Supplied

i 51 ring is used for heat treatment in the rield as I formerly reported,

~gﬁ‘end magnetic hysteresis 100ps are shown in the; accompanying Pigures.

,.ljp, L. 62m, 3,68% and" 3 63m 5i specimens are: used only for a»quick-cooling
‘test on magnetlc characteristic changes. Ilaximum permeability of these speci-
« mens; is a little lower due to hlgh-temnerature, prolonged dnnealing (12000C for
%.10 bours)“but; it is certain that these specimens will alsc show expected
1esults similur to other specimens tested-in my laboratory by cooling in a

'ﬁ»magre_ c field.

8. Drelimina;ngreatment Required . ﬁ

’olish each sne01men or wash in dilute acid and anneal at 1000-1200°C for 2- 3
ouxs either in dry hydrogen or in vacuum. Sone specimens will contain ther-
.al istrains fiom quick cooling and' others may contain mechanical stresses from
;handling &ftef the. last heating. i

ks =een, the >.13% Si ring has pits and small cracks, so, this specimen should
bis. gently reshaved in a suitable machine, avoiding heavy strains in attaching,
ag the swecimen has, a coarse grain due to prolonged heating. .

J want you to try heat treating in a magnetic field after preliminary Wreat-

‘ments with these specimens, to confirm my paper. -

19

iy should be very glad if these specimeas should'contribute something to. re-
‘qeazch on cooLing in a maonetic field by Dr: Bozorth's ingenious procedures.
Fote This vpaper was subnitted by Yn. K. MIHARA of Fukukawa
Research Laboratory, after completion of the report. The
.8i-Steel samples mentioned are being forwarded to the Naval
Res«arch Laboratory under NavTechJap Pouipment Number JE50-

‘3417, ! ,

1v-.
g0

HH
i
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{0 = ¥
_ = 17000
" Blow Coolirg He 7 .94 cerste
CT Br = 175C .
' ‘ ' ‘ ' ',-,rp' ;:\,:; ere.
16 - .20 .24 .28 32 .36 .40 .44

- -

0.003 OERSTED o
| Fm

Nea

TIETC

GBS oers.
T

T6000
4 Teumetic fleld

i te q: He
18000 Codling Br
i i . A

W

110000 Chardcteristics: Even in a weak megnetic fieli there
‘ i , 1s a wide particn in the hysterisis
12000 " loor.t

Frgare L(1)
, ;

NAGNETIC HYSTERESIS LOCF, 5.0% SI-SIEE|
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T R-34(N)
I

5.0% SI-STEEL

.20 .24 .28 32 .36 ?0
t 1 ' | 1 :

Re-annealing
Slow Cooling

Wononn

R Figure 200)
VAGNETIC HYSTERESIS LOCP, 5..0% SI-STEEL
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ENCLOSURE (D), continued

2 .98 '?4‘}_3_,:,,0 04 .08 .§||2 1s .20 .ga 28 3% 40 a4

N | 5.0% SI-STEEL

77/

L Y R I 11

tagretic Field
 Qoolirg .~

) Figure (fj(D) )
HAGNETIC HYSTERESIS l:()QP, 5.0% SI-STEE:l '

i




ENCLOSURE (D), continued

o

5.0% SI-STEEL ¢

20 16 12 08 . 4 08 12 16 20 .24 28 32 36 .40 -

L o I ] Y R M R & oo 20 g4 2@ 3 38 50 |
12000

" 1000

 epool

.- 6000

R %GO
Mm = 17600
e_ _ : . Slow Cooling ¢ He = 0,094
000 7 -~ o B = 140
ol ————ff 7 74 : : )

" 4000

¢
i

‘ Mo =200 .
Megretic Field J MM~ 15500G
Cooling = - YHe = Q.32
: Br =ex0 -
\kh = 412

0.03 OERS

. Figure 4(D)
MAGNETIC HYSTERESIS LOOP, 5
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ENCLOSURE (D)} continued

(R

5.0% SI-STEEL

12 16 .20 24 28 .32 36 .40
[ ) i (R T 1

—

A~= 70

Mm = 11600 |
" Slow Coolirg ) HC = 0.094 cers.
Br=1740 =

- Megnstic Field
" Cooling

<—O. OERS. - *
7.

T

Figure 3(D)
NAGRETIC RYSTERESIS LOOP, 5.0% SI-STFEL

H
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-
-l
-
=
S
S
.
=
)
S
o]
=
=
&2
3
IS

- —

6 42 .08 .04 O

40

SI~STEEL

- 5.0%
.?4 .ge " .§2

.20

08 .12

q4

20
i

36

i'l
i:

0.0%4

[e

70
Mn = 17600

1742

24

Mo =

He
Br
vh

Glow Cooling

210000 -

He = Q.105

”{ :

MO=8.
B= 11S00
wh = 410

Mn =

‘ Cooling

Magnetic Field.

\\

U

03 ERS.

!

" ffm,ﬁfoo ~

MAGNETIC HYSTERESIS LOOP, 5 0% SE-STEEL




ENCLOSURE (D)?,% continued

. 5.0% SI-STEEL ‘
.08 12 .16 20 .24 .28 .32 8. .40
t it LI | ! [ | [

Megnetic Field '1’;2
Cocling it

= 223

Figure 7(0) "
MAGNETIC INYSTERESIS LOOP, 5.0% SI-STEEL

i
H 2
i




"80% si-sTEEL
s 20 .24,.28 32 ‘36 .40
] ¥ [ R

Mo = 760
. M = 4760 -
Slow Cool ing lg; = ?7224 cers.
vh = 204 erg.

0 = 350
S Mm = 135500
vegratic field  fie = 0.7
[Looling Br = 11000
Wh =

Magnetic Hysterisis Loop
5,04 Si-Steel
Fige &

Figure &(D)
MAGNETIC HYSTERESIS LOOE, 5

0% SI-STEEL
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ENCLOSURE (D)} continued

.
it

, Figure 9(D)
I
NAGNETIC HYSTERESIS LOOP, 5.0% SI-STEGL
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ENCLOSURE (

VAGNETIC AMPLIFIER L
By Mr. K. MIHARAL 4%

Once I tried 8 magnetic amplifier for weak D. C. cﬁaggas.

Piﬂg is: some'bOmm in diameter, 3mm thick, and Omm wide. The material ls per-—.
malloy to ‘which slow cooling is preferableﬂ by : adding o6lements other than iron
eunﬁ nlckel foir highu<g. The specimen has two necks wi*h 1/1?0 seet10na¢,area
ther thick’part and. 4mm long. : i ; _

[ .;,

ﬁft 10 ampe s of D.C. could be amplified and detavted, as I Temember, with i
. 1puchms D.C. ¢0il resistance. The defects are- unstable, hysteresis phenom-
- 4ai.gnqﬁ, sensitive to. earth!s field. i

i
rit

- 1
4 TO BE AMPLIFIE

poy

1

_—

~e——e P

S

£

REJ\DII

N

s

1009

-OSGILLATOR

AMPLIFIER
w10% X)

Figure 1(£) |

BAG '1""'](” ANVPLTEF II',I,
it H
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“ENCLOSURE (F)

"

PRODUC'I'ION FIGURES OF MAGI\T"TIC ALLOY ST=ZELS
{In Metric Tons)

1940 = 1944
Tohoku Kinzoku K.K., é?NDAi
1940 | 1941 1942
20 22 34 |
18 20 | 32|
20 | 37, 63
0 0 |

MitsubishirSeikom(TQFYO
1940 © 1641

MK Megnet .
- Steel. ~ 39.0 35.8




ENCLOSURE (G)

LIST OF JAPANESE DOCUMENTS FORWARDED
TO THE WASHINGTON DOCUMENT CENTER

Nangcl@ﬁgp No. B | GATIS No.o

o

L ND50-5650 Experimental Redearch on Special Magnetic and 3373
SEEI ! Electrical Qualities of Fe-Si-Ni Ternary Alloys -
woon T, YAMAMOTO (Thesis), 1944,

5041 On the Magnetostrietion of Iron-Alumimum Alloys  337%
s -and a New Alloy "Alfer" - K. HONDA, HJ MASUMO“O :
Y. SHIRAKAWA and T. KOBAYASHI, 1945,
¥

Magnetic and Electrjcal Qualities of Fe-Si-Al 8375
Magnetic Alloys - T« YAMAMOTO, 1944, . S

Japan Nickel Review, Vol. 8, No. 4, October,gg" ~3376>5
ﬂ19h0. i S

. Manufacture of Siliccn Iron at Yawata Steel 3377
Plant, 1945,

“ Report of Investigation on Lold-Rolled Silicon 3378
Steel - S. KA¥A and K. TAKAHASHI, 1945, : oo

" New High Permeabi¢ity of Nickel Iren Alloy -
K. MIHARA, 1940. : :

Study on Heat- Treatmsnt of Silicon ‘Steel in
Magnetic Field - K. MIHARA, 1945.

NN
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ENCLOSURE (H)

=
)3 JAPANESE EQUIPMENT SHIPPED TO THE BUREAU oF ORDNANCE

NevTechJap o o ﬁ -
_guipment M¥o. e

J$50-5200; S = Alfer sheet {2 pieces)

‘ '%201: 5 Alperm sheet (2 pleces)
”f°,,5202_' ’,;f © Alfer sheet (2 pieces)

3203 5 alfer plate |
5204 NI Magnetostriction vibrator

;5205’¢ - o Laminations for magnevost:iction vibrators -

; ”.5206;': ‘ .:  Magnetic shield, Sendust_{z parts)
%207 s : Roll of recording wire |
5208 Magnetostriction vibrator
%509‘ l - Telephone ringer :
€52101 ’ : : ﬁKS'magnet receiver
i:f‘ﬁzll, : Sendust cores !

7;5%12 : ,‘ “Alfer or Alperm pieges

5213 Megnetic amplifier (OKADA)

'521u v . Uagnetic amplifier (HARADA

'\ R e o . . :
5215”1, I Receivers using OP magnet

§5216{z v ﬂ? NKS Speaker-magnet
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ENCLOSURE (1)

LVLI"T OF»JAEANESE-P:ﬁsovuszI*TzavrsrsD

Location of Taxrgets and Japanese Persor.nel Interviewed
J'apaneso ‘Wavy Ministry, TOXYO.

' i1 Comdr. S. AB::., Engineer.
‘ . Capt. Y. ITO, Radio Engineer.
i capbe’ iATSUI. .
i Adme. T. LIIYAZ.‘.'!A Jgineer.
S 5 J ‘1‘. OTANI.

! - Tohoku [m e:r:ial Universit and’ Research Institute for Iron, -Steel and QOthex
‘«FFstaIs, SEADAT. \ BN ] . N
Dr. K. HOI*DA Pres:.dent of Research Institute. :
Dr. H. MASU’ OTO Professor of Jhysics.
Dr. T. XUIZAGAT,: Presndent ‘of the University.
Dr. T. F.ERO‘I Proi‘essor of t’hys:i.cs.
Dr. T. WNISH INA, Professor of Physics. . :
Dr. Y. XIKUTI, Professor of Tlectrical’ inneering.
DK+ MAGAT, ’Professor of Elec¢trical Engineering.
Dr. J. SAI "'YOSHI Professor at; the Unlversity.

B

H
o
Lo

Tohoku {inzoku, JEIIDAI.

. pr. H. TAKAGI, president. ?
Dr. K. SFIEIABA Research Metal]urgist.:
Dr. T. YAI""OTO Research Hetallurgist.
C. USHIQDA, ._.ngineer (Tungsten Products])..

Nio;gon :«.lectric Co., Tokxo Offlce and 'I‘amagewa Plant, TOKYO

( Dr. N.;.JA, Chief ngineer anc Director.- - o

o Dre 0 | TTOH, uuoerintendent Tamagawa Plant. . _
Dr. K. ;«.OB.;YASFI, Assistant Supex'intendent Tamsgawe Plant.
Dr. M. FUKUSHIMA, ngineer. o ' ' i

Tokyo Imperial University, TOKYO.

Dr. T. NIS'II"A, Head of Ietellurgical Denartment.-
Dr. S. KAYA, Professor of Physies.

Mr. K. TMCMLASHI Assistant to'Dr. KAYA.

Dr. R. HASIGUTI, Assistant ‘Droj’essor of Metallurgy.v :

'I'okyo University of - Engineéring, TOKYO

‘ 1];;' Dr. T. 'I‘AICEI Professor of- :.lebtrochemistry.

Second I\Taval Technical Institute, TOKVO

r. A‘RAKI }ember of Research Rta.ff.
i

IIinnon "‘lectrolyt:.c Iron Norks, TOKYO

T. HTASUKO, General tanager. | ‘
Y. OKAF L‘RA gineer, Tokyo-°hibaure _,ngineering Co.
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ENCLOSURE: (1), .;.;cont.",tnu;éc.z

‘lectrotechnic al Laboratory, Board of COmmunications, TOKYO.

. E; Dr..,s. KOMAGATU; -Director. |
B Dr.!\S. OKADA, Engineer.
i " DI‘. G’o YOSHIDA Engineero

vié
N g z Reri&l IJ'nﬁ.versit.xI NOGOYA. 1
Ei Dr. S. TAKEDA, Professor of: Metallurgy.,

‘;unutomo Stee Works, OSAKA.
L 1'S,. YANAGISAWA, General Marager, -
HORI, Chier of Research Laboratory.

Sxiita Pla.nt oi' Sumitomo Steel. Works, SULTA.

i

Mr.ll,.. NARIAI, . Sub-uanager, Planning Department.

- linwasaki Sheet. St.eel Wo:r:l‘:s,| KOBE. _ ,
? Pro.duot_ion and. Starf.

38 _Lnese Nava?' Base, KURE. -

Adm.. Ao YAMAKI, Chief, Administrativa, Departmnnt, !ure Local i'opat-
‘iriation Center. :

oo ‘M. FUTIKAMI, Engineer at Naval Base.
Emm_l University,. FUKUOKA.

Dr f:‘l' “MUTO, Professor: of :Physics. |
‘s K. MISE, Mechanical Engineering Departuont.
; K. HARADA, Electrical Eng:l.neerins Departmout.,x

' KOHIRA, Chief or Steel Production. i
jid KITAMURA, Chief in Charge of Operations.
i, SUNAGA, Chief, Rolling Department. :

«!)f. “PAKAHASHT, Engineer. -
OKAMOTO.

- »‘ 77
'KIMURA, Protessor at Tokyo Im;erial Umivexslty.

,Mi‘bs.ubishi stmel Works 'rom. v :
i |v .
P "B. REISEI, Mitsui & Co. Engineering Dopartmenf..'
+//0- HARTMA, Mitsubishi Steel Works.
S\\if5 'YOKQTA, Sub-Manager.
0.1 Se Hattori, Director and Superint“endont.v

"Qmmm, Proressor at Tokyo Im;nerial Univers ity.

_lka.wa Phgslco-ctxemical Research Institute 'J'OKYO

oo






