U. S. NAVAL TECHNICAL MISSION TO JAPAN
CARE OF FLEET POST OFFICE
SAN FRANCISCO, CALIFORNIA

16 January 1946

RESTHICTED
From: Chief, Naval Technical Mission to Japan.
To : Chief of Naval Operations.
- , Subject: Target Report - Japanese Steel Manufacturing kethods.

'Reference: - (a)"Intelligence Targets Japan" (DNI) of 4 Sept. 1945.

. 1. = Subject report, dealing with Target 0-15 of Fascicle
O-1 of reference (a), is submitted herewith.

2. - The investigation of the target and the target report
were accomplished by Lt. Comdr. L.E., Pleva, USNR, assisted by Lt.(jg)
K. Lamott, USNR, interpreter and translator.

/C%M

C. G. GRIMES
Captain, USN
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SUMMARY

ORDNANCE TARGETS

JAPANESE STEEL MANUFACTURING METHODS

This report deals mainly with the Japanese methods of manufacturing
8teel utilized in the production of common and armor piercing Nevy: projectiles,
Japanese steel manufacturing processes were similar to those used in the United

States and England, but from chemical analysis charts obtained through Japan-
656. personnel, the pre

-War steels appeared: to be refined to a greater dégree,
the phosphorus and sulphur content being quite low, During the war, when nickel
became & critical alloying element :
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REFERENCES

Location of Target:
Kure Naval Arsenal, KURE.
‘Navy Yard, YOKOSUKA. |

Nippon Special Steel Company, TOKYO. fi1g company is the second
largeat producer of steel in Japan, and produced steel fox both
Army and Navy use.

Japanese Personnel who Assisted in Gathering Dodﬁments'

Capt. Seiichi TAKEBAYASHI, in charge er steel making department
at Kure Naval Arsenal.

Capt. OHIRA, with Administration Sectﬂon of Materials, Navy Tech-
nical Department.

£,
.;’.f! |

Japanese Personnel Interviewed: )

Capt. YATIMA, commissioned a Lieutenamt (jg) in 1926; worked on
loading equipment at KURE from 1927 to 1930; inspector of gun
barrels from 1930 t0.1933; head of projectile factory from 1933
to 1938; in New York inspecting machiiiz tools from 1938 to 1941;

~.in charge of projectile design at KURi friom 1941 to 1943; in
projectile design section of Navy Technical Department from 1943
to end of war. 1' ,

Capt. Seiichi TAKEBAYASHI, in chsarge of melting department at Kure
. Naval Arsenal through September 1942; head of sSteel research lab-
- oratory through November 1943; in charge of steel making department
at KURE to end of war, &
4
Capt. OHIRA, worked at Kure Arsenal from 1926 to June 1943; studied
at Berlin Technical College in Germany, mainly in shell production,
from 1936 through 1937; in charge of heat treating department of
armor piercing shells at KURE from 1930 through May 1943; connected
with administrative section of materliels in the Navy Technical De-
partment from June 1943 through the end of war. Speclelity is elec-
tric steel production and heat treatment.

Comdr. M. KONO, worked in melting. shop at Kure Naval Arsenal was
menager of melting shop at KURE from 1939 to the end of the war.
Speciality 1s acld open hearth steel manufacture.
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The object of this Iinvestigation was to obtain data on steel making
methods, types of temperature control devices, and slag viscosimeters used by
the Japanese. The information was gathered from interrogations of key military
and technical Japanese personnel ‘familiasr with steel meking methods, Data was
also gathered from visits to the Yokosuka Navy Yard and the Kure Naval Arsenal.

o
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THE REPORT

All Japanese armor-piercing Navy shelle, from 8cm through
- 36om, wore fabricated from steel manufactured in the basic
- electrlic furnace. Common Navy projectiles of all sizes were
. menufactured from both basic electric and acid open hearth
steel, ' "

W

A. Basic Electric Furnace Steq;'

l; The sizes of electric (Heroult) type furnaces used in steel manufac-
ture were 30, 15, 10, 8, 6, 3, 1.5, and 1.0 ton capacities. Several of
the larger type furnaces were of American miake (Bridgeport steel).

24 The steel produced in the larger types: of furnaces was generally
cast into ingots. Steel produced in furnace capacities of eight tons down
to three tons was usually poured directly into shell molds. This process
was adapted for shells of Z20c¢m and larger. The:.one and one~half and one
ton capacity furnaces were used mainly for ?xparimental purposses,

3, The raw materials used in production of electric (charge based ok
SL4 steel) furnace steel were as follows:

S
washed steel scrap (low in P & S) 50%
Steel-turnings K 15-20%
Crop ends (eleotric stsel only) - 20-35% - -

Electrode sorap, small amounts of pig lron,'and ferro alloys of known
composition were also added in the charge to ‘approach the following cal-
culations: C: 0.5 - 0.6%; Ni: 2.5 - 3,0%; Cr: 0.9 -~ 1.1%, The washed
steel was composed of about 40% Japanese pig iron and 60% scrap melted in
a basic open hearth furnace and poured into molds. The approximate analy-
sis. of the plg and scrap was as follows:

il

Percentago

r

c P | S

Pig iron ‘3.5 | 0,10 | 0.05
Scrap 0.3 0.05 | 0.10

L, Slag forming materiels (based on the six ton Heroult furnace) were
used in the following quantities: )

Fluorspar ' . - 25%g
Burnt calcite  100-200kg

Both: the charge and the slag forming materi@szwere added to the furnace
, before current was applied. After the charge héd become molten, iron ore
was added as the oxidizing agent. The iron ore was imported from Manchur-
ia, and was purer than that avallable in Japen. This oxidation process
was continued for a period of one to two hours:: during which time test
bars were obtalned and checked for carbon content., When the carbon con-
tent was lowered to about 0.4%, the furnacejwagxtilted and the slag re-
moved, I

5 A-second~batch of slag forming materials in the following quantities
was then introduced to the melt: :
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Fluorspar - 20-30kg

i Caloium oxide 200kg
. Coke 50kg
Aluminum L.5kg

The aluminum was first melted and a plece of shell stesl was immersed in
the melt. The aluminum clung to the shell steel and was, therefore, dis-
v tributed to a greater degree throughout the molten steel. The aluminum
N served a three-fold purpose: (1) it was a good deoxidizer; (2) it was a
good grain refiner; (3) it eliminated some percentage of loss in steel
due to piping when the steel solidified in molds; The molten steel was
sampled after about forty minutes of the deoxidizing period and alsc
about every half hour thereafter, Ladle samples for vsand tests" ware
~ also obtained periodically. These tests were accomplished by pouring some
: - melt into @ cavity (formed in a sand block) about one inch in diameter
) { -and- four- inches long. The degree cf deoxidation was determined by the
: i depth -of savity (piping) formed when the sample ‘solidified,

6.  Total time for the manufacture of basic electric steel was from
three to four hours. The temperature range during the melting period was
from about 1530°C to 1650°C. Before tapping the-melt, the temperature

was reduced to about 15800C.

7. The furnaces wers not equipped with recording pyrometers. Tempera-

" tures were controlled by the use of optical pyrometers, and also by tung-
sten-graphite thermocouples; the latter, however, werse only used for
special tests, Another means employed for checking temperatures was to
insert alloy rods of various melting temperatures into the melt perlodi-
cally. However, recording pyrometers were used for checking temperatures
in heat tyeating furnaces. ‘ :

8. "Slag;viscbsimeters were not employed in electric steel manufacture.
The color of the slag played an important part in steel manufacture. The
“first slag removed in the slectric process was & blackish color. During
' . the deoxidizing period, the operator kept the slag in a slightly carbide
condition (white slag) until the melt was tapped. This was accompllshed
by adding sufficient calclum oxide to the melt to offset the action of
- silicon oxide tending to combine with the impurities (P & S) in the molt=-
en steel. Those impurities were most stable in the form of calcium phos-
phate and sulphate. Slag viscosimeters were not employed in the produc-
tion of scid open hearth steel.

i 9. The chart below lists the chemical end physical properties of steel

4 used in ermor-plercing Navy projectiles. Type SL3 was used for projec-

O ‘tiles of 20cm and larger; Type SL4 was used for projectiles from 8cm to

20em, Type SL6 was developed, when nickel became quite critical, as a
substitute for the SL4 type. The Japanese did not think it feasible to
iower the nickel content in shells 20cm or larger, and therefore did not
develop a substitute stesel, ‘

s :

Type | .C . | 81 }j.Mn | P 281 N Ccr | Cu | Mo | Y.P. 7.S.. |Elong. | R.A.

e Y P R = ’ | xe/mn® | xg/m?| % %

ebss Sl L T 205 | 2497 ? 32 7

a3 | ks <8 | <3 |03 | <03 40| e jcns| | PR | A0 |50 (>0
SO W5 = o R 3. " e : ol " 7 i

suh | 285 | <ub < .3 { <003 | <.03 ko 2o “E | 70 Moo | >8 |10

= - SL6". % Lol % <,03 1<.03 ;g./2 l%' ; ./2’[:'1: /3%0/ 73.00 >10 %>20
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}

. +:The phosphorus and sulphur content in these 'steels is lower than in simi-

- lar S,A.E. steels, This would indicate that refining is carried to a
- greater extent.s B .

:iO;b%The‘desiéning,.forging, machining, and heat treatment of common and
~-armor-piercing projectiles is covered in NavTechJap Report, "Japansese
- ProJectiles;-zGeneral Types",: Index No. 0-19,

B. VAdid Oﬁéﬁ ﬁeérth Process

l. Acid open hearth steel was the only other type used extensively in
common projectile manufacture. Basic open hearth steel was also used dur-

- ing the last year of the war, but only to & limited extent. The capacities
of open hearth furnaces vary from twenty t0 seventy tons.

2. The charge for the acid open hearth furnace consisted of the follow-

ing: ’
: Percentage
Percent ;
of Charge c P S
Pig Iron 36—35% 4,2 .025 .035
Washed Metal 2 3 .035 .050
L Serap 15-50% <3 | .025 | ,030

The pig iron used in the charge was obtained from PeN-CI'I-HU, Manchuria.
Pig iron from this source was much purer form than that manufactured in
Japan (1t was lower in P and S content). The washed metal was of the same
conposition as that used in the electric furnace. Iron ore and limestone
were added as the oxldizing agents. The silica sand on the bed of the
acid open hearth furnace was the main flux forming material in the acid
open hearth process. : B

3, Iron ore was added to the melt when the carbon content was lowesred
to about 1%. Limestone was added when the carbon content was lowered to
about 0.7%. When it was reduced to about 0.5% the necessary ferro alloys
were added to the melt. The melt was. tapped approximetely thirty minutes
arter the ferro alloys were added. Total time for the acid open hearth
process was between seven and eight hours. Mslting temperatures ranged
between 1620°C and 16509C, and tapping temperatures were between 1520°C
.and 15509C. A Herty (American manufacture) slag viscosimeter was used

. . extensively for controlling the viscosity of the slag during the steel

. making process in the acid open hearth process,

tL;IIETﬁé:iybéb'br steels used in the manufacture of common projectiles,
with their chemical and physical properties, are listed in the follow-
ing chart: B _ S -

TR e e R - B { Shock
o . -] Type'l C Si I Mn |- P ) Ni | Cr Y.I".2 T.S. Elong. | value
T N N : E SR N . kg/me1

,,,,, e Jg/m?| "% 7" | fe-lbs
Tl A 1 8p~
<045 .<.0b,!;/%?/ w25 | >55 /goo >10

. Q0 . 8
27 | <.035 cos| 5| Fo| sss %0 | >12

I 1 - 8

o5, [<e0L5[ <04 1<1.7 | 1.0| >55 % >12
7
Ao

Wo.ll W5 <3 | 05 ] <.obs tZu0h i 1.7 | 1.0 »56

>12 -16
oo |
No.2 | W45 |<.3 o5 | <e0B5 | <0k | <1.7 | 1.0 >50 00 | >12 15
: . .57 80,
No.3 | .45 | <.3 <5 | <eOb5 | <.04 § 1.7 | 1.0 >55 “1oo >10 10




RESTRICTED
The FSg types of steels were used before the war. Type FS3a was used for
projectiles from 36cm to LOcm in diameter. Type FS3b was used for projec-

tiles l5cm to 36om in diameter, and FSac was used for projectiles below
15om, During the early part of the war; Type No. 1 was used for projec-

‘tiles below l5cm, Type No. 2 for projectiles of l5cm to 36cm, and Type

No. 3 for projectiles 36cm to LOcm in diameter. The only difference be-
tween Types No. 1 and No., 2 was that the latter type was to have a shock
value of greater than fifteen foot pounds after heat treatment.

5, To economize further on the nickel content of projJectile steel, the
following types were used during 1943 and 1944:

Type

si “Ma P - S Ni Cr Y.P. T.S., | Elong. | Remarks
' ' kg/mn? | kg/mn? | %

4250 | < .05 | < .05 >35 »>12 | annealed

P .05 .
|Sdg 1 4’

|sag 2 Fiio

08~

1o

045 | JOLS >50 >10 annealed

;.

3
7

MC

L
.0 3

Sdg 3 //%ZE /f/
1

< 040 | <040 ﬂgf; ;gig >55 >10 annealed
. .0 I .
% Z /8./ <.0L0 [ <4040 | .3 %

>50 >12 annealed

Type Sdg 1 steel was used for projectiles less than l5cm, Type Sdg 2 for
projectiles from 15cm to 36cm, and Type Sdg 3 for projectiles from 360m

to L4Oom. During the last year of the war, Type MC was also used in pro-

duction of all sizes of common projectiles.

6. Inbthe manufaeture of Type I steel cartridge cases, steel of the
followling analysis was used: v

C 0.08%
si 0.1%

P <0.025%
S €0.025%
Mn 0-3-0.8%

The bases of Type II and Type III cartridge cases were forged from the
Sdg 1 steel. The oylindrical portion of Type II and III cases was made
from a mild structural steel lmm in thickness. The complete manufacturing
process and heat treatment of cartridge ceses is covered in NavTechJap

 Report, "Japanese Navy Ammunition Cases for 5cm and Larger Caliber Guna"”,

1. In the basio.

Index NoG O-lh.

o . - © N e . .
‘'open hearth process, the chargs usually consisted of
304 pig iron and 70% scrap. However, the amount of pig varied from 204
to 50%. The slag forming materials consisted of fluorspar, iron ore or
mill scale, snd limestone, which were added to the molten steel in that
Order. : : ,:-;‘

2. Very little basic open hearth steel was used in projectile manufac-
ture; it was used only to a limited extent in the last year of the war,

The majority of basic open hearth steel was used in the construction of

merchant ships. = T
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D.

Armor Plate and High Frequency Steel

l. All 1ight armor for airplane construction was produced in the basic
electric furnace. The charge consisted of the following raw materials:

Armor scrap and croptends N 30%
Mild steel turnings s 10%
Miscellaneous scrap 60%

The same fluxing materials were used as in the manufacture of electric
projectile steel. Both carburized and homogeneous armor was used in air-
plane construction. Homogeneous armor plate was below 8mm in thickness.
The carburized armor plate used was 8mm and lémm in thickness. A detailed

. report of the manufacturing processes, types of armor used, and the heat

treatment methods employed is to be found in NavTechJap Report, "Japanese

Light Armor, Article 1", Index No. 0-36-1.

2, All Japanese heavy armor was produced in the acid open hearth fur-
nace, The percentage of raw materials in the charge was as follows:

_Pig Iron 30=35%
Washed metal 4,0%
Miscellaneous scrap 25-30%

The flux used was the same as that employed in the open hearth process

for projectile steel. A complete report on manufacturing methods, types
of armor used, and heat treatment employed is to be found in NavTechJap
Report, "Japanese Heavy Armor", Index No. 0-16.

.3.’, High frequency electric steel ﬁas used mainly in the production of
machine tools. It was, however, also used in casting varicus airplane

2§%gne parts. The high frequency electric furnaces employed were of 1000
A11d 500 kilogram capacity. The raw materials used in the charge consist-

ed of alloy scrap and washed metal.

4o Enclosure (A) contains a 1ist of documents concerning research work
carried on in various phases of iron and steel manufacture. Some of these
documents are recent publications and are possibly of value.
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' LIST OF PERTINENT DOCUMENTS FORWARDED THROUGH ATIS TC WDC

- NavTechJdap No.

ND50=3700

ND50-3706

CNDSO-3710
NDS0S3TAY

ND50-3712 L
ND50-3713:‘E’

ND50-3714

ND50-3715
ND50-3716
ND50-3717
ND50-3718
ND50-3719

ND50-3720

ND50-3721
ND50-3722
ND50-3723

ND50-372L.

ND50-3725

. ND50-3703 -
ND50-3705"

' ND5043708
~ ND50-3709

Title

Reports of results of experiments.

'*“5Research on special steels.

ffResearch ‘on heat-resisting materials
jufor steel manufacture.,

B

I N

:1‘Special steels research 1nformation.
. . Research into.special steels

" Research into heat-resisting materials

for steel maenufacture.
Research on special steels

Research on he&t-resisting materials

:“fffor steel manufacture..‘

Research on speeialisteelea

,.Researoh on special_steels.
Reseqreh‘on specia} sbeele;
}Reseercﬁ on~special“sﬁeele.
. Research on special eteelsc

_ Research on ‘special steels,

Research on heat-resisting materials
for stesl manufacture.

Experiments on Zirconium steel.
Research on special steels.
Research on speclal steels.
Research on special steels.
Research on special steels.
Research en special steels.
Research on speclal steels.
Research on special steels.
Research on speclal steels.
Researeh on special steels,

Inspection of qualities of non-nickel
stesl

12

ATIS No.
3644
3645
36L6

3647
3648
3649

3650
3651

3652
3653
365&1
3655
3656
3657
3658

3659
3660
3661
3662
3663
3664
3665
3666
3667
3668
3669




RESTRICTED

- NavTechdap No.

ND50-3726

ND50-3727

ND50-3728
ND50~3729

ND50~-3730
ND50-3731

ND50-3732
ND50-3733

ND50=37 34

ND50-3735
ND50=-3736
Np5o-3737

ND50-3738
ND50-3739
ND50-3740
ND50-3741

ND50-3742
ND50-3743
ND50-3741,
; ND50-3745

ND50-3746
ND50-3747

ENCLOSURE (4), continued
Title

Research on measurement of melting
steel.

Research on measurement of melting
temperature,

Research on steel defects (piping).

Various topics on medium and small

© calibre forged steel shell materials.

Research on copper-nickel-chrome steel.

Reference materlals on the mechanical
qualities of steel.

~ Steel shell cases.

Construction of iron ore reducers in

rotary furnaces.

Manufacture of sponge iron by rotary
furnaces.

Defects in special type steel.
Nitrogen break-up in heating of steel.

Forging temperature for steel and steel
alloys.

Low phosphorus content in nickel iron.
Manufacture of ferrous nickel.
Experiments with cast iron.,

Influence of nickel and chrome on heat-
resisting qualities of cast iron.

Cuprose steel experiments.

Tests with coarse nickel.

On nitrides of steel,

Tests on speclal steels for "general
purposs bombs which economlze on
molybdenun.

Research on sorap.

Influence of small amounts of nickel on

_CM steel (chrome-menganese-molybdenum),

used as a substitute for nickel in ex-
plosive resistant metals,

ATIS No.

3670

3671

3672
3673

3674
3675

3676
3677

3678

3679
3680
3681

3682
3683
3684
3685

3686 .
3687
3688
3689

4150
4151



NavTecthQ»Np.

ND50-3748

ND50~3749
ND50-3750 .
ND50-3751
, ND56-’3752
ND50-3753
ND50-3754

ENCLOSURE (4), continued
Title

Research on manufacture of high

- quallty steels.

'Masﬁ effects on special steels.

T?Gl stesl (MOB} tests.
Stainless clad steel.
Metaii;d cutting.
Maggetic tests for steel.

Changes in fatigue characteristics
in tempering steel materials.

RESTRICTED

ATIS No.

4152

4153
4154
4155
4156
4157
4158
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ENCLOSURE (B)

NICKEL, MOLYBDENUM, AND TUNGSTEN SAVED SPECIAL STEELS
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ENCLOSURE (B), continued

, TABLE I
‘ NICKEL SAVED SFECIAL STEEL
L Chemical Compoeition (%) Heat
& e
e 8 . )
_u~ Nam ’ 5 2 c si Mn P S M Cr Ko w T4 4 P
, . | 38 1
/' & éi [ -4
/ “ Eel | He (%)
e =
Coss Cr-Mo " I 0,17
D ol7 ™ 0,7 ~ 1,0~ | 0,2~
H . . 8
Steel © Steel 207 | 0.3 <0.35 | 1.0 |<0,03| <0,03 15 0.4 om0 | 1ee | i
Cr-Fi-No I lo.uy~ 18| 18 .
° [3:20nd o OV 0.2N
If 003 ™~ 0.5 ~7 1 0 o 151‘\/ )
| 10,37 | <0,3 . O~ 10, 830~ | 850 | 830880
; x?%‘ 7| 08 [<0.03| <0.03 5] 0.25 880 | P.C. | inom1
I 0.3~ o 1.0 :
T 2R TR R T SO 35 Weiis <00y | 0.352y 2300, 850 | a30ny880 |
| orsu| ; or water
; I (0.3~ 0.5~ 1.0~ | 0,15~ 230~ | 850 | 830~880
22, | 0,37 | <0,35| ©,8 {<0,03|<0.03 1.5| 0,25 880 | P.C. in ofl
HEI | . or water |
I (0,3~ 0.5~ - 1,0~ | 0,15~ 830~ | 850 | 830rvg80|
, 22, | 0,37 | <0.35 | 0.8 |<0,03 | <0.03 1.5, 0,25 880 | F.C. in odl |
) TEI or water |:
I 0,24~ 0,6 ~ 23~ 0,2~ 850~ | 700 | 850920
High 225 0,34] <0.4 | 1,0 [<0,03| <0,03 2.7 0.4 920 | 4.C. in ofl
Cr-lin-Mo KG or water
Stesl )
T 024~ 0.6~ _ 2.3~ 0.2~ 850~ | 700 | 850~920
225 | | 0,34( <0.4 | 1,0.|<0,03| <0,03 2,7| 0.4 920 | A.C. in of1
orsy . ] or wster Z
z:afs 0.26 ~ 1.8~ 1.8~ 0.2~ 820~ | 650 | 820r900]
xo ’ 0034 <°04 <008 <0003 <oo°3 203 203 OOL 900 A.c h dl -
Im . ' - - 5
Or-Flollo | 34 (026~ |18~ 18~ 0.2~ 820~ | 650 | &20~900]
Steel orso| 0.34| 0.4 [<0.8 |<0,03|<0.,03| 2.3| 2,3| 0.4 900 | A.C, in oil |
‘ 2%; 0,26 ~ , 1.8~ | 1.8~ | 0,2~ 820~ | 650 | 820~900}
BEY 0,34| <0,4 |<0,8 (<0,03]| <0,03 2.3 2.3 0.4 900 | 4.C. in o1l |
 High 1 [0.25 ~ 0.8~ 1.5~| 2.5~ (0,2~ 850~ | 700 | 850~910
CreBi-Mo | Hom |  0.,35( <0.4 1.5 (<0.03| <0,03| 2,0 3.5 0.4 910 | A.C. in air |
" “Steal / or oil a
. CrNioMn-llo | I [0,15 ~ 0.8~ 1.8~ 1,8~ ] 0,3~ 850rv | 650 | 850~~920|]
’ _ Steal 28 | 0.22| <0.4 1.2 (0,03 <0,03| 2.3| 2.3 0.6 920 | 4.C. in air
. or oil
Heat icrew | I lo.1~ | 0.8~ 15~ 10~ 1.8~ 1000
Reslsting Steel 307 | 0,2 1.2 | 17 |<0.03| <0,03 12 |<o.5 2.2 |<0.4 2000 | in atr
Steel
Mn-Cr-V I 0.2 ~| 0,8~ 15~ 16~ | ¥ 800
Steel 309 | 0,25 | 1,2 | 17 |<0.03| <0.03 12 | 0,5~ #
; 1,0 A.C.
EnCrV-t | I |01~ | 0,8~ 13~ 10~]| ¥ N2 "
Steel 31 | 0,2 1.2 | 15 {<0.03|<0,03 12 |06~ 0.1~
' 1.0 0.2 ALC.
siCr¥ | T [0.35~| 1.5~ 10~ 0.7~ 750 | 1020~
Steel 342 0.22| 2.5 |<0.6 [<0.03| <0,03 12 1.3 r.C. 1080
' - in oi1
'S4-Cr-W I {0.35 ~| 1.5~ , 10~ 0.7~ 750 | 980 ~
Steel - | 332 | 0, 2.5 [<0,6 |<0,03| <0,03 13 1.3 F.C. 1050
, in oil
i MI" I 003 N. o.sN 15 —~ - ].2N 1.8'\1 m
' Steel 308 | 0.4 1.2 17 [<0,03| <0,03 1 | <05 2.2 | <0.4 1000 | 4n air
. WtV | I |03~ | 0.8~ 25~ V| v go
Steel 310 | 0.4 1,2 | 17 [<0,03| <0,03 1 |10~
. : 1.5 4.C.
- Steinless 18-0r RO . ; 17~ 750~
. Stesl | Staimless 404 0,12 | <0.,6 [<C.6 [<0,03| €0.03| 21 900
Plate Stesl Flate ’
Mo-Cr By (0.1~ | 0,8~] 15~ 10~
Stainiess m 0. 2 102 17 <0.°3 <0003 12 1000
Stesl Plate o
® F..C, 8 Purnsce Cool A, C. s Air Cool

kil
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ENCLOSURE (B), continted

4, C, 8 Air Ceol

; C-15
TABLE I )
NICKEL SAVED SPECIAL STEEL
hemical Composition (%) Heat Treatment Physical Properties
S S
Quench: T £ [Py ~
s N4 c M g “ T n 11!8 — "é éi? 28 %CE ® i
w Ti — o Lo —~ a o~ ~
T ga & S AL IR R T
~ . [+ o o« ~ © 4
B gl-c (%c) () | §e AR ] 1 gé 83
= & s A g |=" bey
M [2 = 8 (=1
1.0~ 0,2~ 8507~ 850 8507920 | 800~850
<0,03 1.5 0.4 920 F.C. in oil | in water >80 | >100 [>15 [>40 [> 216
_ or air or oil
7] 1.,8~1 1,8~ 0,2~ 850,;\, 850 850920 | 780~850
<0,03; 20| 2.3| 0. 920 | F.C. | inoil | inofl >90 | >110 [>12 [>40 [>7
or air
1,0~ | 0,15~ 830as 850 | 830n.880 600~ 262~
<0.03 1.5| 0,25 gdo | F.C. in o1l 700 | >70 | >90 |>18 >%0 [>9 321 | 560
or water
RSNV 1-99{;’,_ oalﬁi_‘;’ S?O(y 850 sgn_ryggo, ,,,,, EOD o - - - , nas .
' o or water
B 1,0~ | 0,15~ 830~ 850 830880 450~ 331~
<0,03 1.5 0,250 880 | P.C. in oil 550 | >95 | D115 [>12 |>40 |>5 401 | >50
v or water
- 1,0~ 10,15~ 830~ | 850 | 830880 350~ 375~
<0.03 1.5 0.25 880 | F.C. in ofl 450 | >115] >135 {>7 [>20 {>3 429 | >30
or water
2,3~10,2v 850~ 700 850920 550eu 285~
<0.03 2.7 0.4 920 | A.C. in ol 650 | >80 | >100 | 315 [>40 [>7 363 | >120
. - or water
’ 2.3~ 10,21 850~ 700 850~920 500~ | . 331~
<0.03 2,7 0.4 920 | A.C. in ofl 600 | :>100| >120 [>10 |>40 |>4 402 | >100
. or water
1,8~ 1,8~|0.2 820, 650 820900 550 | 285m0
|1 <0,03 2.3 2.3 0.4 900 | ALC in 61l 670 1 230 | 2100 |37 [>40 [>8 363 | >150
1.8~ 1,8~} 0,2 820~ | 650 | 8207900 530 | 331~
<0,03 2,3 2.3 0.4 900 | A,C. in oil 630 | >95 | 2115 |>15 >40 |76 401 | D180
1.8~ 1.8~ | 0,2~ 820~ |, 650 | 8207900 450~ ' 363~
<0.03| 23] 2.3, 0. 900 |:A.C. in ofl 550 | >115| >130 |>10 [>30 >4 429 | >100
1.5 2.5 0,2~ 850~ 700 850~910 LALro
<0,03 "2:; 3:; 0.4 910 | A.C. in alr 200 >160 D7 [>25 |>5 534 | >156
or oil ‘
1,8 1.8 0,3~ 850 650 850920 TA V)
<0,03 2:; 2.’; " 0,6 920 | AC. in gir 200 100| >120.| 213 | >40 |>8 415 | X350
or oil - :
10~ 1,8~ 11000 750~ 200~
<0,03 12 (40,5 2,2 | <04 1000 in air 850 >T70 | >35 | 245 {>10 280
10~ v 1 8 _ 2.8~
<0.03 12 {05~ ‘ 380 >85 |>30 |>40 |>6 322
1,0 AG. I8
1] ¥ 12 oy 269~
<0,03 ;2 0,6~ 0,1 3&0 - >90 | >20 {>30 | >3 34
100 0.2 A.c. :"'.
10~ 0,7~ 750 | 1020~ 700, | . 248 ~]
in o0il A.C. i
10~ 0.7~ 750 | 980 ~v 700~ | | 269~
B <0.03| <0,03 13 1,3 F.C. 1050 800 | >70 | >90 |15 |>30 |>3 32
3 . in oil AC, |
) 12~ 1.8~ -1000 750 ~ 20~
<0,03 | <0.03 14 |<0.,5 | 2,2|<0,4 1000 in air . (8:50 >T5 | 530 | >40 | >3 300
: 12~ v . gﬁo 260~
<0,03 | <0,03 14 | 2,07V >0 [>201>30 | >3 34
1.5 AC.
. 17~ 750~
<0,03| <0,03| 21 900 >60 |>23
- 10~
g [<0,03] ©,03] 12 1000 >70 | >30




" RESTRICTED A ENCLOSURE (BJ, conttnied | el O-18
- TABLE I

MOIYEDENUM SAVED SFECIAL STEEL

, Chenioal Composition (%) Heat Treatment Phyrical Propertics
e . 4 -~ _ s
B m Quenching T, M) ® e .maw B
g, E{ | B g 2138|4887
Use Mam | gd | c S | Mn | P s B | Cr | Mo | W 1| A~ mm 1 11 PlEy 50 2 \8¢F a8 3%
~ ~r ~ .y 4 ~ +*»
g (%) | () A LR BT
8 o m..“ R - A & B (e
= L2 4 M &= M h% a
Case Cr-W I 0,17 ~ 0.7~ 1,0~ 0.4~ 850~ | 700 | 850~~920 | 800,870 | 100~
Hardening Steel 137 0.23 |<0.,35| 1.0 |<0,03| <0,03 1.5 0.8 920 | A,C. | in water | in water| 200 | >80 |>100 (>15 | >40 | >6
Steel or oil or oil
Cr-¥i-¥ | 1 |0.14~ 1.8 | 1,8~ 0.4~ 850~ | 700 | 800 880 780~850 | 100~ ,
Steel | 138 0.2 |<0.4 |€0.6 |<0,03|<0,03| 2,3 2.3 0.8 920 |AC.| dnofl | 1noil | 200 | >90 |>110 |>12|>40|>7
~ . or air
Creil 1 |0.35~ Lobro 0.6~ | 880~ | 750 | 880~980 _
Ewauw.m 131 0.45 | <0.5 |<0.6 [<0,03|<0,03 1.7 1,0| 980 [A.C,| in eil 700 | >70 |>85 |>15|>50| >10
teol
Structural| 7k NHN 0025~ | 07~ | 0,7~ ) 0,7~ ; 850~ | 850 | 850~900 550~ 212~
Special | SieMn.Cr mw 0.35| 1,0| 1,0 [<0,03|<0,03 1.0 900 |F,C. | in water 650 | >60 | >75 | >20|>50|>10| 277 |<50
Steel Steel : ok or oil :
0,25~ | 07~ | 0Trv 0,7 | 850~/ | 850 | 850~900 450~ 269~
5o 0.35| 1,0| 1,0 |<0,03]<0,03 1.0 900 | F.C. | in water — | 550 | >75 |>95 |>13|>20|>6 | 341 |<30
QTSU or ofl
> 0,25~ | 0,7~ |07~ . 0.7~ 850~ | 850 | 850~900 250~ 331
uw& 0.35| 1,0| 1.0 [<0,03| <0.03 1,0 900 | ¥.C. | in water 450 | D90 | >1151>8 [>35] >4 | 388 |<30 .
) HEI . .| oroll :
90kg | I |0.33~ |0.3~ 0.8~ 0.8~ 850~ | 850 | 850~900 ! 600 : 262
Si-Mn.Cr | 234 0.4 | 0,8 1,2[<0,03|<0,03 1,2 , 900 | ¥.C. | in water 680 | >70 [>90 [>18|>50| >7 | 321 (<60
Steel KC : : R R . . . 5 ,.3 oil R ,
I [0.33~ |0,3~[0,8n . 0,8~ 850~ | 850 | 850~900 570 ~ , BN 286 ~
34| 0.4 | 08| 1,2[<0,03 <0,03 1,2 900 | F.C, | in water 650 | >80 | >100|>15 | 45| >5 | 341 |<50
0TSV ‘ . or oil |
3/, Vol 0.8 1,2 <0,03|<0,03 1.2 o 900 [ F.Co | in water 600 | >95 | >115| >12 | >40| >4 401 | <40
HET ,, or oll : A N
0:33~ | 0,3ev | 0,8~ | 0.8~ 3| | 850~] 850 | 850900 350 ; Iy
mg. 0.4 | 0.8 1,2 |<0,03|<0,02 S 1,2 900 | F.C. | in vater 500 | >115| >135| >7 {>20| >3 | ~ 429 [<30
TET . or oll
CreHiW | I 10,25~ | 0.8~ | |15~ 25~ Ochrv| | 850~v| 700 | B50~910 ! | s
, : ! Steel 237 0,35 0.4 1,5 {<0,03 | <0,03 2,0 3. 0.8 ‘ 910 | AC.| in nugw.. _ i 200 D160 (.57 | >R85 | >5 534 | <150
or 0. H ’
- , [| CroMi-¥n-¥ | I (0,15~ 0.8~ | - , 1,8~ 1,8~ 0,7~ | - 850 &o‘ 850~4920 I ‘ LTA VI ;
Steel 238 0,22 <0.4 | 1.2 |<0,03'<0,03| 23| 23 A % 920 |A,C. | in ﬂm . 200 | >100|>120|>13 | >40| >6 | 415 | <100
v | : i i i Or o . CL ; , ,

o
L ] .
=]

L3

"

F. G, = Furnacs Cool Air Cool.

1 , . v
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RESTRICTED A ENCLOSURE (B), continued O-15
TABLE TII |

TURGSTEN SAVED SPECIAL STEEL

Chemical Compositiom (%) Heat Treatment Fhysical Propertiss

4 g . ~
..M m Quenc T m W ® ! .mo.m \m
Use Fame |48| ¢ s1| ¥n | P s | m | ce | W] v | C |qs (¥~ T o] S| dc 8 | g (¥ 2 g~
wn , | H & |38 N .m%\ s8 | 3 .mm vw d m,r
& <l @@ T.wm(kammmmm
(1] ~ | @ X ] -9
I 8
. M a ) A
.,4,.\,:-4!_ -
. Case Cr I 017~ 0,7~ T 11,0 850~ | 700 | 850~~920 | 800~870 | 100~
Hardening Steel 7 0.23 | <0,35 1,0 | <0,03 |<0,03 1.5 920 | A.C.| in watar | in water 200 (>80 | D100 | >15| >40 | >6
) - or oil | or eil
_ CreHt I |0~ _ 1.8~ | 1.8~ 850~ | 700 | 850~920 | 780~850 | 100~
steel | 148 | 0,2 | 0.4 | €0.6 [<0,03 [<0,03| 2,3| 23| 920 | 4,0.| 1n ow in ofl | 200 |>90 | >110|>12|>40(>7
; N or a
Structaral | Bigh | T |0.25~v 0.8~] | |18~|2.5~ ] - 850~ | 700 | 850~910 e b~
Steel | | OCrNL | 247| 0.35|<0.4 | 1,5|<0,03 |<0,03 | 2.6| 3.5 910 | 4,C.| 1in oil 200 >160 [>T [>25(>5 | 534 |<150
A Steel . . or air :
Cr-Ni-Mn | y (0,15~ 0.8~ 1.8~ | 1.8~ 850~ | 650 | 850~920 _ _ 341~
Steol | 8| 0.2 | <0sh | 12| <0.03 |<0.03 | 2.3 | 2.3 920 | A.C,| 1n oil 200 | >100| >120 |>13[>40 (>6 | 415 (<100
_ R ¢ 1 . : o oretr | ) . _
Eigh [HighSpeed | 1 | 0,65 . 3.5~ | 9~ | 1,3~ 850 | 12400 550~ H R
mmum  Steel | 821]; 0,9 |<0.35| 0,5 |<0.035 |<0,035 5.5 | 12 1,8 .| 880 1290 580 <us (>62
#: - -
0,65~ 3.5~ | 10~ 1,3~ | 34| 850 | 1240 , 860~
822 | 0.5 | <0.35| 0.5 |<0,035 | 40,035 45| 13| 18| 40| | 80 1230 : 530 <269 |>63

i , #Forging Ratio & 9 'F. G, = Furnace Cool, A, G, @ Air Cool,






