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. JAPANESE METHODS OF HIGH FREQUENCY INDUGTION HEATING AND MELTING

i

Although the Japanese have 1nstalled many nore nigh frrequency 1nduc-
tion furnaces, in propertlon to the size and importance of their country, than
other countries, they have not used’ them as effectively or for as varied a :
fleld of applicationlas have others. Except for the melting of special metals °
and alloy steels, the making of tungsten carbides, and one experimental armor
plate hardening process, the Japanese apparently overlooked the value of this
Methom of heating in the manufacture of war materials.

With about 18,000 kw of melting capacity rsported before the war,
Japan added 20,000 aﬂditional kw of melting capacity during the war. Lesa.
than 700 kw was allosated for experimerital work in the field of heating for
hardening, surface hardening, or forging operations. Overlooking the war.
lossen:.and the kilowattage.installed by the other Axls countries during the
war, (the figures for which are mnot avellable) Japan has some ls% of tae
world!s total high frequency melting capacity.

Japan g statue in the 1nductjon heating field can be said to be dat- - .
ed betiween 1930 and 1933. The writer introduced the first commercial equip-
ment in 1930, and finds that the ‘techniique and type of apparatus used 1s sub-
stantially the same now as then, even though great strides have been reported
widely in the patent and trade literatire, especially in the U.S. Research
and introduction of improvements have been almost nil.

NTJeLeX-37 (N}
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INTROD

. : High frequency induction heatﬂng has played an important part in
nearly'all metallurglcal advances since 1916, Its use has reached into almost

every dranch of industry and research wliere accurately controlled heat is an
essentlal feature. g

.~ The writer was familiar with..the history and application of high fre-
quency heating; he had lists (see Enclosures A and B) of all Japanese instal- -
lations made before the war, and had had previous contact with the principals
in Japan who would be making and installing such equipment for new applica-
tions. It was felt; therefore, that the opportunity to explore its use by the
Japanese for war purposes could be coordinated easily with other investiga-
ti ong.: ,

i
it







THE REPORT

“A. SUPPLIERS OF HIGH FREQUENCY EQUIPUENT
Alth&ﬁéh several coﬁpanies'make high rieqnency furneces 1in Japsan, the mafkat
has been substantially supplied by the Mitsui and Shibasura Comrianies operating
‘under; license by the Ajax Electrothermic Corp., of the United fitates. The v

- first;few units were built by Ajax and; sold through the Mitsul Co. as agent. ¢

Later, technical information was given to Mitsul and Shibaura, and the equip-.
ment ‘was meanufactured in Japan on a royalty basls. Competing companles have

. arisen during the war period and include the Mitsublshi Co., the Hitachi Co.,
and to & lesser extent the Tokyo High Frequency Furnace Co. ' _

 B. - TYPES OF EQUIPMENT IN US :

... - Mereury-Hydrogen Snark Gsp Copverter
'Y E '

These éQuﬁpméhts are suppllied on]&vby the Mitsul—Shlbaufa;groub.;'Umits f?

lof, 3,16 and 35 KVA are used principally for laboratory and small scale
“production melting and for making tungsten cardvide. There are ahout 50 =
" iof the 35 KVA units, four of the 15 KVA units, and one of the 3 XVA units
;An Japan. Frequencles ranga from 20,000 to 60,000 cycles. S

' These unlts are designed essentially the same as they are in the U.S., o
‘except that the capacitors are of the 0ld oil dielectric type imzersed in.
2an oil bath wlth water cooling colls. Controls are not good end from &
eagual viewpoint it appears that:most of the equlpment was operating at

reduced loads and poor efficlenci. '

‘2, Motor-Generator Operated Eauipments

i

?EMotor-genérator rrequeﬁcy chanéeﬁs gsupply the bulk of the powver for indue-:

‘’tion heating.. They are sold by the Mitsui-Shibaura Companies, the Mit-

' subishi “Co, and the Hitachi Co. ' Generator deslgns appear te be similar -
'to those in the U.S. and the equipments as a whole are generally: similar
'to the Ajax designs of 1930-1933, Few improvements since that date: have
‘been adopted. Frequency i1s almost universally 960 or 1000 cycles, el- -
“though. one 300 kw, 3000 cycle machine was brought over from the U.3. for I
'a surface hardening application.  There are a few installations using '

- 2000 ‘eycles. DT '

i

‘Ihere are some 154vgenerator'ope}ated equipments of the following rat-
+‘ingss (600 kw will melt 2000 1bs of steel per hour)

No, of Upits KW rating
16 4 60
6 | 100
491 | 150
62 i 300
16 g 600
S . 1100 . :
Note: See Enclosures (A) and (B).

{0\

| .0f ‘the total of 38,00 kw installed it is believed that all but sbout 600

kv was beling used for steel and ‘speclal alloy melting, with the remainder:
‘being used for.experimental heating applications for forging and harden=-"
2 + ..One other 300 kw equipment; was uged part time for a hardening ex-
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%The;meltﬁdg units ‘were berng:uaed for makihg,special steels, magnet

;‘:wsteela, tool steels, stainless steels, corrosion and heat resisting

‘alloys:;, modium or hardener alloys for brass melting, carbldes, .and the
1ike.. During the war many furnaces were making manganese steels for ord-
‘nance: parts. S S ‘

‘Generatoricontrols are inferior to those used today in the U.S. Tirrill
‘type. voltage regulators are used almost exclusively. Field reduction
icontrols: and oil switches are used as the nain load breasks. The furnaces
.aré connected to the busses generally by sliding contacts which wear, arg

land’ overheat. A few flexible lead connectors are used but no water cool-

.ed leads such as' are favored in the U.S. were found. Capacitor awltches
‘appraach, 'but do not accomplLish an actual improvement (a cascade switch-

i ling; control is referred to). No water-coolied capacitors, busses or gen-
*|erators were discovered. . . )

Capacitord: were of the old 61l dlelectric 3ype immersed in an oil bath

{with water coollng tubes in the oil bath. * No individual cooled pyranol

ifilled units were 1n use. Moat of the capacltors were of the relatively
‘low KVA 10imfd. type, although some appeared to be of the 30 KYA, large

ibulk,tank&type,,aa supplied by the Germansf

. ':Eurnace:éaila we:e;of‘the eahe electric deﬁigp‘as those useﬁ in t@egU;S.,
" li.€. twWo-ldnd: four section reverse wound colls. However, the coils are

‘not nearly: as. rigidly supported and often give way and bscome distorted
‘under the;effect of the expanding furnace llnings. Mgst colls appeared
'to be anchored to the guides'only at every: fourth or fifth turn, and the
‘number of. guides was less than are used in/ the U.S. :

i R : :

‘The furnace structural,members are of (magnetic) mild steel generally,
.for the larger furnaces, and are shielded by 8mm copper plates.. U.8.
‘practice s to make the structural members:of non-magnetic materials and

ytouavotd;the necessity of the copper eh;glgs.

iNone of*ﬁ&é,"llft'cqil“ furnaces, so popular in thé.U.S., have been: sold

"‘;jin:Japangggn&.very'Iittle brass melting isibernghdcne by high frequency.

‘The Japansse apparently do not "push" their furnaces to get average full
‘load. conditions, and as a result, their melting periods are unduly long
;and thelriefficlencles are low. At one installation it was reported that
'pover- consumption per metric¢ ton of steel melted was 800 kwh measured at
‘the: generator terminals. 660 kwh would ha?e been about normal for the

particular furnace cited. j

3Furnace fﬁnings.used in Japan are made dirferently:from those commaonly -

.employed in the U.S. The moat general practice in Japan is to coat: the

/furnace coll with the usual thin protective liner (sometimes omitted),

‘add two layers of mica (sometimes omitted); then tamp in a molst refrac-

:Sory material between the mica and an iron;template or form. For basic
'linings a mixture of 90-95% of dead burnedimagnesite is mixed with 5-10% .

of alumina. About 3% by weight of molasses is added to the mixed mater-
:tal. After tamping in place, the lining i3 slow-baked for sbout 12 hours,
-after which the form i1s removed and a wash heat of iron 1s superheated in
the lining to sinter 1t, Scmetimes 10% by weight of sodium silicate is

‘used instead of the molasses, and linings dare made: about the same way as

‘the basiqglinings, with sillca sand wetted by sodium silicate. In some
Anstancesi\the coll proper is lined with brick instead of the mono liner

= ﬁheretbfcna%ﬂescribed.v At the Daldo Steel (o. the linings used for the

:five ton ‘furnaces are brick next to the coiil, with the silica and sodium

 §28111cate:hix'for the maln refractory. With this lining some 30 heats of
1tool steel: can be made.’ In the one and two ton furnaces the acld and

baslc. 1inlhgs last for 40-70 heats and in the smaller furnaces (600-1000 .
1b) the. Elnings are good for 80-120 heats. At the Daido plant power con-
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suiption is about 700 kh per metric ton of steel melted (measured at the T
mator terminals) = . f : '

Fﬁfnace‘sizes range to 57tons, which is about tho same as U.S. practiée,
In Europe furnaces of 8-10 tons have been built under Alax license. For

“the classa of steel generall; meltedgby high frequency, the uamaller fur-

naces are more desirabla.

IﬂﬁJapan there is a tenden&y to uee?ths high frequency furnace foi,louer
grades of steel than in the U.S.; in some instances it is being used, or
i1 under consideration, ror“ordinagyJaﬁd alloy cast iron. . ' ]

3. - Yacuup Tube Converter

”sﬁﬁrar as could be learned the Japabese have not used vacuui tube%equlp-
ment for elther induction or dielectric heating applications. There was
some- indication that they were ‘being studied, but no equipment could be

located. _ : '

4;, Quenched Sgari Gap-Converter

Tvwo pleces of equipment of the quenched sperk gap type were located.
“They were built by the Tokyo High Frequency Furnace Co., and were rated at
§i.KVA, FPFrequencies were estimated to be around 300,000 cycles. (Cne
plece of equipment at the Special Alloy Mfg. Co. at TSURUMI was in poor
.conditlon ‘and appeared not to have been used for some time. Another _
‘plece of equipment at the plant of the Mitsui Seikti Kogyo in OKAGAVA wes
s&ld t0 be operating, but it was reported that it took 90 minutes to melt
S kg of cast iron. It was further reported that, when the oquipment was
irgtalled, the melting time was 45 minutes. Since a good 34 KVA mercury-
hydrogen gap converter furnace will easily melt 17 lbs of steel 1in 45
minutes, it must be assumed that the quenched gap equipments in Japan are
pciorly designed snd that malntenance is not sufficient to keep them in

o

gciod operating condition. :
55? v Rec r E m :

i ”-,‘ ) ] i ‘
The Japanese have done no work whatsoever on this type of equipment, o
fexr as could be learned. N K . . .

6+, -Low Frequency Coreless Induction Heating

o | : .
Normsl or commercial powér line frequencies of 50 and 60 cycles have been . L
used for heating the tires of locomotive car wheels for expending and re=
moving them. BSo far as could be learned, such frequencles are not used
for annealing operations in general, nor for the heating of chemical vats
and process equipment. : .

3
' =~

C. - SPECIFIC APPLICATIONS INQUIRED ABOUT -

1.!" Ferproug Metal Melting

Aﬁipointed out under items 1 and 2 @f Part A, aubgtantialiy all of the
high frequency equipment in Japan i3 used for ferrous metal melting. The
~exceptions noted will be described ¢nnthe following items of this aection.

2. - Nop-ferroug Metal Melting

As a general rule, 1t 1s believed that non-ferrous metals are not as wWide-
ly:melted by high frequency in Japan as in the U.3. Exceptions are in the
mints and in plants where the hardener additions for non-ferrous melts are - ..
made. None of the 1ift coll type furnaces for miscellaneous brass zelting
have been reported or seen in use. :
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EAIthoughié'nonpferroué metal magnesium uauéllyvis separntel& reported.

' Tt was thought thet the Japanese mighit be using the high frequency . fur-
i nace forimaking or for melting thias metal.. At the Furukawa Electric In-“{

dustries plant at NIKKO it was stated that an alumlnum alloy containing

{20 to 306 of a mixture of copper, menganese, and magneslium was being mel-.
I ted in 650 1b charges in a high frequency furnace. There was no evidence
-1 ‘that the:magnesium alloys in general were .being melted thls way.

i The double carblde of tungsten and cobalt was being made in high fire-

I quency farnaces at the Special Alloy Manufacturing Co plant at TSURUMI.

| Mercury-hydrogen spark gap converter equipment had been tried, but was
‘| not in. operating condition.. The tungsten; cobalt, and carbon consti-

. tuents were packed 1n a graphite container which in turn was packed in a
i elay conjaliner with "cryatal® .graphlte heat insulatlon. The graphlte

! container was then heated to 2000 C to form the desired carbide. The
i material. thus formed was allowed to cool down, after which 1t wae re-

. ground to: powder form, shaped, pressed, and mitered in a hydrogen atmos-

| phere resistance furnace.  No.slntering was being done by high frequency.

| 6. Centrfugal Casting | ,
| -No indlégtlbn‘could.be found that'thévJap&nesé were using high frequeneﬁ

| melting and centrifugal casting for makingz their gun bsrrels. Except

experimentilly, 1t 1s'believed that no castings are belng made by the
centrifugal process. S

It was ﬂéported that several experimentalfvacuum meltihg furnaces had
been madle using the econverter type equipment as a power source, but that *

I~ 'no commercial size or generator operated vacuum melting furnaces had been
i made. ﬂhevconverter-operated units were of the external coll, silica =

‘tube type and were not arranged for pouring the charge in the vacuum,

:,Hany pariies showed interest 1n vacuun furnace designs, apparently having

read about them in U.S. or foreign literature.

7. . gg%gigg Applications

The writer was able to locete only one arplication of the use of high fre-
‘quency leating for forging. This was at the Osaka Arscnal where a 5 ta 6
inch diameter, 3/¢ inch wall, steel tube.was heated 3 lnches back frem

the end to a temperature of 880-900° ¢ for an upsetting operation, The
heating pattern was not graduated, the full temperaturs teing attained

’ A%"fbr the full 3 inches. Several heaters viere connected in parallel, each’ .
. drawlng 40-60 kw from the 300 kw, 1000 cycle supply source. Efficlency
‘ qae'sa;@.to beu40% overall, with a motor@generator efficiency of 80%.

f:'TheiniﬁBui-Shibaura repréeentatives saldéthat Ainduction heating for for:

ging was: not popular because of the cost, but this mlght be questlioned.
Power costs in Japan were sald to be 2 to 3 sen per kwh vhich, even at

the old rate of .2 yen: to the dollar,: would meke the power cost but 1 to 1%

. ¢ents per kwh. It is belleved, rather, fhat the average Japanese has not . )

yet found out that while the first cost ind power cost may be high, the
total cost per unit of production is lower on account of time and materisl
savings; and reduction of rejects. The Mitsui-Shibaura people said that’
they.-expected :the use of inductlon heating for forging to increasge..

. nbthéf‘épﬁlicaiion ;hich'did~nq§ get under way in time to aid

5
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the Japanese war effort. Only four appllcatione could be located.

,At ‘the Osaka Arsenal it was said thut converter type equipment had been

ugad experimentally to harden the ni)ses of armcr piercing shot. The shot
was sald to be about one inch in diameter, heated and hardened about one

‘Anch back from the point. No detalls were avallable-except that the

heating time was 30 seconds and the ifrequency 50,000 cycles. A deep case’
havdening could be obtalned under theee conditiona. . .

The Osaka Arsenal also sponeored other teats at SHIEAURA-TSURUHI vhere
an: experimental equipment was set up for hardening the surface of armor
plate. The Tsuruml equipment comprised a "U" ghaped yoke of 8mm silicon

'~ steel laminations, having legs 7 inches high by one inch wide and 22%

inches long. The two legs were 4 inches apart center.to center. Each

- leg was wound with 6 turns of 3/4 iach dlameter copper tubing flattened

to. about one-hslf inch. The two colls were connected in series to a 20G-
kw, 1000 cycle, 600 volt power source. The colls proper were 27 inches
long. The core pleces were interspersed at 2 inch 1ntervals with 3/8"*
braes spacers which were adapted for water cooling.

The plate to be surface hardened was pessed under the ends of the yokes
ati'a spacing of about 1Omm, Since ‘the edges of the plate had a tendency
to: get hotter than the surface, a continuous water spray was applled to -
hold the edge temperature down. As the plate surface emerged from under
the second leg of the. yoke, it was quefiched by a slot Jet about 3 lnches

from the second yoke leg. Water pressure on the Jet was sdid to be 45

ba per square inch. - Power factor or the combination was euid to he 20%.

:A gteel plate of 0.5 C, 1.5 Ni, 1. 0 Cr, 0.5 ¥h, 0. 3 81, lesu than 0.03 P

"and S, balance Fe, having dimensions of 24 1nchen 1nelde by 2 inches

thick when passed through the machine at the rate of lmm per second, was

séLd to have & surface hardness of 700 Vickers about 1/4 inch deep on a

§i0 Vickers base. Hardness pattern was regulated by speed of travel.
While the Shibaura people thought the method practicable, 1% was not o

' adopted by the Army or Navy. Qee print marked Enclosure () attached ta
- thia report.) i

o

The Shibaura Co. also made some experimenta .at their FUCHU plant for the
surface hardening of crankehafts. These had not progressed very far.

One 300 kw, 3000 cycle,-.surface hardening equiprment was sold by the Olin

-Girankshaft Co., of Cleveland, Ohio, through the Okura Co., ln Japan to the

Kawagaki Airplane Co. It wae learried from the Shibaura and Sumitonmo

_-rvpreaentativee that this equipment; probably was located at the AKASHI

pilant. of the Kawasaki Airplane Co., near KOBE. The plent was visited,
but since 1t was badly bombed and no Japanese personnel were available,
no 1nformation was obtalned. . .

o H
B

i

Inveetlgation at the Tokai Den&yoku at NAGOYA, where carbon and grephite:

~ miterials are made and processed, ‘disclosed that high frequency had not -

bien used to proceass carbon brushes and spectroscople graphite products.

‘N> other high temperature applications were uncovered except the making

of carbide metal products. /|
ow Frggggg N Corelgse Induct;on eating

As previously stated the only use of 50 and 60 cycle coreless 1nducticn

-heating appears to be for the applrlng and removing of railroad car wheel

tiree. =




RESTRICTED

P

ENCLOSURE (;f\)

v LI‘I"'i.r OF HIGH FREQUENCY FURNACE INSTALLATIONS IN JAPAN
REPOR’I’ED ‘.’L‘O AJAX ELECTROTHEHHIU COMPANY (LICENSORS) BEFORE THE WAR.

-

I

»umitomo Coppe-r & Steel T : 3 :
!l‘ube Worka, O.HLKA S 7/5/29 1 . » . ‘150

‘I'obata ractor;ﬁ TOKYO- SRR 775 V- R N F O f 300
Daido Elec. Stoel Co., NAGOYA  3/11/32 | .
-umitomo Steelfionrks, Csaka 8/18/30

Mhon nnzokuf;joo Ltde . | 5/29/35

» f'!ﬂn.zm Hiko Kaghg (Navy . ‘
= :Aeroplane Fac. HIROSHIMA : 5/17/34

xokg (The Mint), osm . 8/17/33

11@4.2_2 Togha (Naval o
ArsenalTQSLA![SmEBD : : 8/17/3%

Nitaubish&. Mining Co. S 3/1/34
']'he 'Mint, OSAIJ\ , - 3/1/34

..necond Inst. N.’a.ppon Steel Co.
HURORAN, HORKATDO 5/17/34

wumitomo Goppe'r Co. : | 9/5/34
} Eobe Steel Co.., . : ‘9/5/3.4-)
N:].ppon Denkaig-ESteel Go. : 9/6/34
_Rfl.kegeku Kogo 0o - 9/5/34
‘iumitomo Gopp(m Go. . - 7511/28/34
Mippon SpeciaffMetai Go.. 11/28/34
_lokie Kossd Kidgha - 11/28/34
‘lpeclal Steel co. .11/28/34
-‘MQ&.&L&.&QMLL-: N - 3/7/35
!L‘ng_g ' _&n 1(., _g. R ‘ .5/7/55 |
i _;meg Tgkugggygg_ G.K. - 3/31/36
H.QE_.QL_Q j&l&ﬁﬂ &'EJ.&IL. - 3/81/%6
' b 3/31/36
4/29/36

T Y N I " I~ I
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_ | ENCLOSURE (4), continued
:f'E;;g Date Regoéggg No Equips, ZInstal: No. XU
Daldo Steel Works °  11/28/3% oz 102
Furukaws Electric Industrial Co. 4/29/36“ ' 46
Bumitomo Metal Undustrial Co. 4/29/5% 47
' mlitary Aveensl - 7/21/55 49
' Chiosen Gisso X 7/21/35

E ﬁnmljnn Kinzoku K.K. ' i
* Nippon: ..an K.K._Nobeoks . 7/21/35

?sugam%:Works ‘ 7/21/35
Y ' ' 1/6/37
1/6/57

; Soda 1/6/37

Kure N#val Yard " 1/6/3?
Maoon Kako KB Y
Nippon Seltetsu K.K. 3/9/37
Komats&berks o 3/9/5?
4/5/38

| | 4/5/38
- Sunitoio Cable Works 4/5/38
Ube gmm K.X. “ » 4/‘5/aie
Okura & Co. T - 9/19/3}3
Tokughi Gokin Eogu K.E. 12/5/28
 Pulikonhs Kozal K.E. . 12/5/28
HQIEQEA _Qkﬁlﬁiﬁn 12/5/~-'8
Kyoto tmperial Unlv. 12/5/..»8‘
Eeokt ouk) Shikendo  12/5/28
Hitsubimhi Dockyérdi ' 12/5/&8
Nippon Tokushuke X - 12/5/28
Mint iﬁ | )  12/5/58
E.am lcw x.g_.‘ B 12/5/?}28
Toke Renlst, K-E- - | 12/5/%8

B OH K

50

2
55 -
54
55
56
57
58
59
60
87

88
89
90 -

1
1
2
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
1
1
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ENCLOSURE (4), continkied .

N | Date Reportsd ' No Equips. instal. Ho. K
'.lokyo Imperia]f' University 11/28/39 i 101 35
,Navy } ,g;. X 11/28/39 103 300
-Emmitomo Metam 11/28/39
‘lpecial Alloy Go. 2/2/40
'J'okyo Electri.«' Coo ,)' 2/2/40

104 . 60
105 35
106 35
uapsn Metal Induatrial Co. 2/2/40 107
Japsm Steel co. : 27/2/40 108
hawasaki Snip Yard ' 2/2/40 109

"thc;ku Imperi.al University . 2/2/40 110

,lutuui _ 9/23/40
Mithut i ' . 9/23/40
Mitiul i 9/23/40

111
112
113
114

115

Mitwi . 9/23/40

: uitﬁﬁi' , fg?‘, 9/23/40
imtuu:. ‘ ;[. | . 9/23/40
Mltﬂui : f , , 9/23/40
Wit ‘“ 9/23/40
‘l(u.tiaau:. ‘ B . -9/23/40 |
Mltsui P - 9/23/40
Witmi . 9/28/40
Emtau:. %4; | 9/23/40
 n1tsu1 R | c\ 9/23/40
'nzyaui | ‘ , . 9/28/40
uiébﬁi o o | " 9/25/40
 Hitewt ) §  T . 9/23/40
mees ~ s/23/40
'Mié%pi o S 9/28/40
Hitews o "~ 9/23/4C

T T o~ I = - T N S A R

T

P T Y I
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ENCLOS:URE (B)

LIST OF HIGH AND LOW FREQUENCY FURNACE INSTALLATIONS MADE IN JAPAN DURING
‘. - THE WAR AS REPORTED BY THE MITSUI AND SHIBAURA COMPANIES

( Delivered during 1941 - 194% )
: Tokyo Shibaura Electric Co.,_;ﬁ

Nihonbashi, Tokyo
19 November, 1945

Part I - HLGH FREQUENCY ELECTRIG
Shop No. Name of Customer f ' Capacity of Furnmsce -

207388 South’ Manchuria Railway Co., Fushun 150 xwa
o Colliery ;

207470 Showa Steel Works, Manchuria : 150 kw
207510 ' Nippon Electric Co., TOKYO : 150
26?538 M1 teubi shi Heavy Induetéy Co. 35
2o7s¢o Mitsubishl Heavy Industry Co. 35
2b7625*‘ Nippon Electrie Co., TOKYO 35
'267651 =+ Ohata Copper Drawing Coé ; 35
257658 Nippon Metal Industry Cé., TOKYO 35
504161  Own Use |

209560  Tohoku University, SENDAI

ébssasx. Nissan Chemicsl Industry Co.

209535  Nakajima Aircraft Co., TOKYO

2@7753 Nissan -Automobile Mfg. @o.. YOKOHAMA

»é§?745 " Nippon Steel Tube  Co. :

559605 * Tohoku Unlveraity, SLNDAI

208610  Tohoku University, SENDAL

209616  Tohoku University, SENDAL

209625 Oki Electric Co., Toxxoﬁ

209626 Oki Electric Go., T0KYO

209870 Electric Smelting Co.

209671 Electric Smelting Co.

209700  Maruko Tool Works

209720  * Haneda Machine Co.




XITN) - __— RESTRICTED

ENCLOSURE (B), conttnued

I

ZEfShQE‘Nd.Ev Name OF Custogér 7 » ?f Capacity of Furnace
209759 | Own Use | 1 35 kva

I

203910 | Akita Steel Mfg. Co. | | 300 kw
200933 {; Xobe Iron Works, Ltd., KOBE | - 300 kw
" 209968 . Toho Steel CGo. - ! 300 kw
209901 f‘ Fujite L 35
| 210166 ? .Toho Industry Co. . ﬁ ' 35
" 210186 | Sanwa Alloy-Hetal Co.
; 375105 . Osaka Military Arsenal
i 550241»%?‘ N;vy Department ’
350261 _Kﬁre Naval Arsenal -
. 207781 © Miteui Ship Building Co.
i 303990 Ef Tohoku Metal Industry Co.
200714 : 0w lae
209804 f}: Kushu Electric Railway Co. .
v 209929 T;s Nakajima Aircraft Co.
200906 ' Toyo Bearing Co.
209939 = Maruko Tool Works
. 850183  -Yokosuka Naval Arsenal ‘
»éi 351164 i  Naval Technical Research Institute
350887 ; Yokosuka Naval Arsenal ‘
304760 .  Waseda University, TOKYO
209537  South Manchuria Railway Co.
20975? ;i Nippon Stalnless Steel Co,

209811';:. Nippon Metallurgical Inﬁustf§.Co.
209930 | : Kawasaki Shlp Bullding Cos -
209962Af; Mukden Arms Mfg. Co.
209993 Tokyo Screw & Nu£ Mfg. Co.
209597 i ' Nekajima Aircraft Co.

210100 - ‘ Nippon Soda Co.




RESTR_I&;.:T,‘ED‘ o - .  X-37(N)

By

ENCLOSURE (B),| continued

' 5§£§£ng;a Namg of Customer %i - Capacity . cf Furnace
‘209998 - Sampb Copper Drawling Co;i ' sodikw
21&0174 ~ Osaka Speclal Steel Co. é 300 kw
;216129 " Yuasa Metal Industry Co.é : ' 35 kvé
210150 . Yuasa Metal Induatry Co.: , ,kwv
606100 | Tokyo Technical Univeraity ‘ ‘ | kw
209915 'Nlppon Nitrogenous FertiLizer bo. v : kv«
210181  Detdo Steel Mfg. Co. |
210182 Daido Steel Mfg. Co.

.219259 ‘ Nakajima Aircraft Co. |
2£Q251 * Sumltomo Metal Industry:?o.

2#0255' Hokushin Electric Machide Co.

.5.
[+

210254  Mitsul Mining Co. f
550886 Kokura Military Arsensl
215632 Tsugami Ataka Co. ’
"2L8645 - BSantoku Industry Co.
2L0261 . Nippon Special Steel Co.
210540 *  Kobe Steel Works, Ltd. j
i210342 .hGhuo Electric Industry “o.
: 210350 ‘ Central Bank of Manchu:;a
2}§620  Daido Steel Mfg. Co. .

2;0&60 " Sumitomo Metal Industry Co.

éioegs " Formosa Iron Works,'Ltdi
210496 - Nippon Valve Co. b
‘éi5760' Nippon Special Co.

§16210) Sumi tomo Metal Industry Co.
216211

T T rYTTEILIIYLE

¢

Mitsubishi Heavy Indus1ry Co.

W
<
o

" 215898

g

o §}5990 : Sumltomo Machine Co.
215992 Own Use |

Sagami Military ArsenaA
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- Sos * ENCLOSURE (B), conttrued

;'S hop_No.. Name of Customer ) £ 4 Capacity of Furnace -
i 375666 '“:'sggami Military Arsenal f S 150 kw

. 215500 . Own Use o 35 kva

i

| 215941 - Sumitomo etal Industry Co. . 35
¢ 307118 . Nagoya imperial University .E 35
- 307301 Commerce & Industry Departmgnt? , 35 K
i 307317_;?_ Morioka Technicsl College “5.7 - 1 35
'ﬁ 216275 . Fujikura Electric Cable Co. f, i 25
- | 216320 . Nippon Metal Industry Co. . ﬁ o 60
; 216054v?§2'Furuiawa Elecﬁricylnduatry-00.€ 
| 210240 | Talka Mining Co. | ?
j~216450_i;‘ Mitsubishi Heavy Industry Co. f ‘
? 351170 %& ‘Naval Technical ‘Research Instiﬁute
‘? 216250 f? Toyo Bearing Co. .
; 216210.;f_ Sumitomo Metal Industry Co.
j 2161;0 E;  Nippon Metal Industry Coﬁ
| 216868 Sumitomo Metel Industry Co.
;3216170 ti: Nippon Aluq}num Co. ﬂ
.'216270 | Own Use
| 226285  Kato Machine Works
| 216591 |, Mippon Stainless Steel. Co.
; 216610 ;?Z Kawasaki Heavy IndustryHCo.l
! 216611_f?; Manchuria Casting Co.
; 216710 i?ﬁ.Nippon Stainless Steel Co.
216765 f{ Furukews Electric Industry Co./:
| 360337 | Yokosuka Naval Arsenal
b 1T - LQ!_EBEQHENQI..LExIBIQ.EQBHAQE&
207677 ;j‘_Nippon Nitrogenous FPertilizer co.
207710 %ﬂ ﬂippon,Speltgr Co.
20§VISEEf- Ohata Copper Drawlng Co.
209675 . - Osaka Metsl Co.
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| 37%020
209849
360181
350241
2061999

209876

210121
210150
{215169«
)029
210147 |
210920
210?50
, 210341.i
210436
35L2517
| 210637q,
‘ 210770 |
snszer
270590
270388
| 270387
270589
270045
216865
21

Part ILL - HIGH

, Sampo Copper Drawing Co.é

ENCLOSURE - ( B) ) conttnued

M@L
Kokura Military Arsenal

Sumitomo Metal Industry Co.
!bkosuka Naval Arsenal '

Navy Department

" Sampo CGopper Drawing co.;
~‘Toyosak1 Copper Drawing Cb.

Nishikaws Copper Drawlng Go.
Nippon Mining Co. '
Sumitomo Metal Industry Co.

No. 1 Military Arsenal of Tokyo
Riken Rolling Mill Industry Co. -
Nippon Steel Works, Ltd.g
M;psui Mining Co. |
Ml%éﬁ%ishi Mining Co. _

Sampo Copper Drawlng 03;:
Hiro Naval Arsensl ;
Oki Electric Co.

gxtsui Mining Co.

‘Tokyo Bolt & Nut Co.
?Second Sedosha i
"Sumitomo Metal Industry @o.

Arai copper Drawing Co.

Sumitomo Metal Industry (o.

ToJosaki Copper Drawing ho.
FREQUENCY ANNEALING‘FUBNACE

Own Use

11

XABI(N) e

Capgelty of Furnace

(80 low
" 60 lsw
80 kw
60
80:

- 60
60

* 120
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