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I'SUMMARY

‘JAPANESE METALLURGICAL SPECIFICATIONS
IRON AND STEEL, SPECIAL STEELS, SPECIAL NON-FERROUS ALLOYS

- This report contains tabulations of some of the more lmportant metal
lurgical specifications used in the Japanese Navy, including iron and steel,
special steels and special non-ferrous metals. Principal critical alloying
elements were nickel, molybdenum and tungsten. The substitute alloys develop-
ed did not approximate the prewar variety as closely as did the NE steels in
the United States. '

The critical metal-saving alloys were developed for special case-
hardened parts, special struotural steel, high-speed steel, non-magnetic wire
rope, aircraft armor plate, ball bearing steel, non-ferrous alloy piston and
cylinder head castings, special casting alloys, carbon steel, stainless stesel
cannon-ball steel, fish-torpedo steel, and others as indicated in the tables
of this report. ;
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REFERENCES

Location of Target:

Yawata Technical Research Institute, YAWATA,
Navy Technical Bureau (Air).

Navy Technical Bureau (Ships). .

Japanese Personnel Assisting in Gathering Documents:

Capt. Ochito OHIRA, IJN, Navy Technical Bureau (Ships)
Comdr. Kazuma KOTO, IJN, Navy Techanical Bureau (Air)
Capt. I. IWATA, IJN, Navy Technical Bureau (supply)
Taiji IYOKU, Yawata Technical Research Institute, YAWATA.

Kanichiro TACHIBANA, Head of Control Section, Yawata Iron and Steel
Company, Ltd.

Japanese Personnel Interviewed:

Capts Ochito OHIRA (20 years experience as Naval Engineer; very cap-
able).

Comdr. Kozuma KOTO (13 years technical experience; very capable),

Capt. I, IWATA, IJN, (no.technical experlence; substituted for a de-
mobilized technical man).

Taijl IYOKU (30 years research experience; very able).

Kanichiro TACHIBANA (no technical experience).




LIST OF ENCLOSURES

(Charts of Common Iron and Steels - Prewar and Wartime
Specifications - Physical and Chemical Properties)

(A) Carbon Steel (Prewar)

(B) Ni-Cr Steel (Prewar)

{C) Ni Steel (Prewar)

(D) Case-Hardeaning Steel (Prewar)
(E) Stainless Steel (Prewar)

(F) Cannon-Ball Steel (Prewar)

(@) Torpedn Steel (Prewar)

(H) Carbon Steel (Wartime) .
(I) Ni-Cr Steel (Wartime)

(T) Ni Steel (Wartime)

(K) Case-Hardening Steel (Wartime)
(L) Stainless Steel (Wartime)

(M) annon-Ball Steel (Wartime)

(N) Torpedo Steel (Wartime)

(0) Armor and Shell Steel (Wartime)

INTRODUCTION

Severe shortages of metals, particularly nickel and cobalt, forced
the Japanese to invent alloys without these elements: some were serviceable
substitutes and the special alloys listed in the following nreports are exam-

1.

"THE REPORT

PART I. SPECIAL STEELS

Since the principal metallic shortage of the Japanese was nickel,
the first substitute steels to be examined are the nickel-conserving type. The
composition of this series is listed in Table I and the physical properties in

ples of these substitutes. In the more common iron and steel alloys both the
prewar and emergency types are shown.

Table IT.
TABIE I
NICKEL CONSERVING SPECIAL STEEL - CHEMICAL COMPOSITION
Use Name c 81 Mn P s .8 Cr Mo w
Cassé Cr-Mo Steel
Hardened (4107) 0,17~0.23 | <0.35 | 0,70~1.0 €0.030 | <0,030 1.0~1.5 | 0,20~0,40
Parts Cr-Ni-Mo Steel
(a108) 0,14~0.20 | €0.40 | <0,60 ©.030 | ©,030(1.8~2,0|1.8~2,3| 0,20~ 0,40
Special Low Cr-lin-Mo 1
Structural Steel (A224) 2| 0,30~0.37 | <0.35 0,50~ 0,80 <0.030 0,030 1,0~1,5| 0,15~0.25
Steel 3 .
4
High Cr-in-Mo 1| 0.24~0,34 | €0.40 0,60~ 1.0 €0.030 | <.030 2,3~2,7|0.20~0,40
Steel (4225) 2
low Cr-Ni-Mo 1
Steel (A226) 2| 0,26~0,34 | €0.40 | .80 ©.030 | ©,030{1.8~2,3(1,8~2,3| 0.20~0,40
3
Case High
Hardened Cr=Ni-Mo Steel 0,25~0,30 | €0,40 0.80~ 1,50 <.030 <.030|1,5~2.02,5~3.,5| 0,20~ 0,40
Parts (a227)
Cr-Ni-Nn-Mo ,
Steel (4228) 0,15~ 0.22 | 0.40 0.80~1,20 ©.030 $.030{1,8~2,3|1.8~2,3| 0,30~0.60
TAHIE 1T
FEAT THEATMENT & PHYSICAL PROPERTIES OF NICKEL CONSERVING SPECTAL STEELS
Tee Name Normalize | Annealting | Quanching|Temperature | Tempering | Yisld ’!‘ensila_ ilong-. Hsduction‘l.—lmpect“ _Bx:!.neu Effective
Temp,°C Tenp,°C I II Temp. Point | Strength | ation of Area | Value Hardoess | Dismeter
o % Kg/mm? | Eg/mm? 3 % Kgh/Cm2 m
Came CrloStoel | 850920 | 850 | 850~920 | 800~@50 |100~200 | >80 | >lo0 | >15 | >40 s6 | |
Hardened A F.C, in oil water
Parts T-Hi-MoSteol | 850~920 850 850~920 3~g50 | 100~200 | >90 >110 >12 40 15
(a208) F.C. inoll | inofl s i —
Specisl Tow 1 |'930~880 850 830~880 600~T00 | )70 >90 >18 »50 9 262~321| <60
Btructural | Cr-ln-No E.C in odl
Steel Steel 2 | 830~880 B850 830~880 500~600 | >80 >100 15 »45 M 285363 | <50
(4224) F.C. in oil e Peaee —
3 | 830~380 gsg szo-—sao 450~550 | 95 s >12 340 >5 931401 | <50
n oil
4 | 830~680 353 aio-—';slso 3504450 | >115 135 7 »20 >3 375~429 | <30
1! a0 e —
High 1 | 850~920 700 850~920 550~6%0 | »80 100 >15 »40 7 285~363 | (120
Cr-Mn-Mo AG. dn oll | —
Stesl 2 | 850920 700 ' | 850~920 500600 5120 >10 340 >4 331~401 | <100
(A225) AC., | inoll
Low 1 | 820~900 650 820~900 550670 | >BO >100 17 >40 >8 285~363 | <150
Cr-Ni-Mo A0, | inoll
Steel 2 | 820~900 650 820~900 530~630 | >95 >115 >15 40 > 331~401 | <150
(aze) || | A.C. _in oil
| 3 | 820~900 Ang ezo—-eﬁo 950550 | >115 3130 >10 >30 >4 363~429 | <100
7 in o
Case High Or-Ni-Mo | 850~010 700 sso«:s;o 200 5160 >7 25 >5 444~534 | <150
Hard A i N
mﬁ"" r-Ri-ln-Yo ~920 650 '315'6’-»920 200 5100 >120 3 40 >8 341~435 | <150
Stesl (A228) in air

7,0, - Farnace Cool

4,0, - Adr Cood




3. Tungsten, although relatively plentiful at the beginning of the war,
in time became a critical material. Table V lists the composition of a tung-
sten-conserving series and Table VI thé heat_.treatment and physlcal properties

2. Molybdenum was used in the nickel-conserving series but eventually
became a secondary shortage 1tself. The molybdenum-conserving series is shown
in Table III for chemical composition and Table IV for heat physical proper-

ties. of the series. Tables VII and VIII give the pertinent data on a special low
tungsten tool steel.
TABIE III TABIE V
CHEMICAL COMPOSTTIUN OF MOLYBDENUM CORSERVIRG SPECIAL STEEL CHEMICAL COMPOSITION OF TUNGSTEN-CONSERVING SPECIAL STEEL
Use Name c 81 ¥n P s ML Cr ¥o v Use Name c 51 Mn P 5 Ni Cr
S Case Cr Steel 0.17~0.23 | ©,35 | 0,70~1.00 | €0.030 | <0.030 1,0~1,5
Hardened Cr-? Sto31 0,17~ 0,23 |©,35 0,70~1,00 | 9,030 | ©,030 ' 1,0~1,5 0.4~0,8 Aardened (AL47)
Parts A137 Parts
Cr-Ni-W Cr-N1 Steel 0,14~0,20 | <0,40 <0,60 <0.070 €0,030 1,8~2,3 1,8~2,3
Stesl (8238) | 0.14~0.20 |@.40 .60 ©,0%0 | 0,030 | 1.8~2,3 | 1.8~2,3 0,4~0,% (148)
Cr-41 (A.C o [ e e [
Nitriding 0,35~0,45 |©,50 .60 ©,030 | $.030 1.4~1.7 0 ~130 Structural | Bigh Cr-Ni 0.25~0.35 | <0.40 0.8 ~1,5 <0,030 <0,030 1.5~2.0 | 2.5~3.5
Steel (A131) ) , Steel Steel (A247)
Speodal 75 Kg, 51- 1 Crlid=bin 0.15~0.2 | 0,40 | 0.8 ~1,2 | 0,030 | <0.030 | 1,8~2.3 | 1,8~2,3
Structural | ¥n-Cr Steel 2 0,25~0,35 |©,7~1.0 [0.7~1,0 (0,030 | ,030 0,7~1,0 Steel (A248) =l
Steel (4232) 3
90 Kg. 91~ 1 |
¥n-Cr 2 [ 0.33~0.40 0,30~ 0.80 | 0.8~1.2 |©.,030 | 0,030 0.60~1,2 '
Steel 3
(8234) 4
High CreNi-W TABIE VI
Steel (A237) 0,25~0,35 [D,40 0,8~1,5 |®0.030 | 0,030 1.5~2,0 2,5~3,5 0.4~0,8 HEAT TMEATMENT AN PRYSICAL PROPERTIES OF TUWGSTEN-CONSERVING SPECTAL STEEL
; 3 Brinell |Electd:
Sroel (225 Tn | e [l Jimeean| cvmhangtomtars | Tonr | S0 | et | e | S R | Taoe, B | Damtar
Steel (4238) 0,15~ 0,22 [ D40 0,8~1,5 |©,030 |[$,030 | 1,8~2.3 | 1,8~2,3 0.7~1,1 Tomp. % ° o | Kg/m?| Kafm? | % Fejen?| |
Case GroSteel 850~920 | 700 850~920| 800~B70 | 100~200 | >80 | >100 515 40 ]
Hardonsd {4147) A.C, in water| in water
ferts CroN1 Steel | 850~920 | 700 850920 780~@s50 | 200~200 | >90 | >110 512 340 >7
(L8) ic. in oil in ofl
Structural | Cr-Ni Steel | 850~910 | 700 850~910 200 >160 7 545 55 | 44d~534 | <150
Steel (a247) AL, in air =
Cr-i-in ss0~920| 6% | 850—920 200 »100 | >120 13 40 6 | 341415 | <100
(a228) s.c. 1n air l
TABIE TV
HEAT TREATMENT ARD PHYSICAL FROPERTIZS (F MOLYEDENUM CONSERVING SPECTAL STEFL
Use Nome Normal- Annsnling | Quenching Tempera- | Tempering | Yleld Tensile Elong- | Reduction | Impact Brinell Effective
izing Temp, °C °¢ ture °C Temp, °C Polnt Strength | ation of Area % | Value Hardness | Diameter TANE VII
s _Temp, °C b 11 Kg/mm2 | Kpfem? % RegM/em? m A
Cam Cr-¥ Stesl 850~920 | 700 A6, | 850~820  |800 870 | 100~200 | >80 5100 515 >40 >6 COMPOSTTION OF TUNGSTEN-CONSERVING HIGH SFEED STEEL
Harden- (4137) in water 1n water : —
1 — . . = = h- e N il
s:fol Cr=Ni-W Steol 850~920 | 700 A.C, 800 ~-880 780 &50 | 100~200 590 >110 >12 540 >7 Specifi- c si Mn P s Cr L v Co
(A138) 1in ol in oil cation Ko, — oSt —
Cr-Al Nitriding | 880~980 | 750 A.C. 88 ~980 700 >70 >85 >1b >50 >10 4821 0.65~0,90 <0.35 ®,50 | ©.035 | ©.035 3.5—4.5 9~12 1,3~1.8
Stesl (A171) in oil — . X 5
o~ . o5he 0~ 1.3~1. by,
Struct- | 75 kg, Si-Hn-Cr | 850~900 | 850 F,C, | 850~900 in 550~650 >60 >75 >20 >50 »10 212~277 | <50 a2 0.65~0,90 ©.35 ©.%0 0,025 | .05 J-554.3 1013 2 St
ural Stesl (A232) oil or water
Special
Steel 850~Y00 | 850 F.cC, 850~900 in 450~ 550 >75 >95 >13 >40 >6 269 ~341 <30
| oll or water \ )
850~900 | 850 F.C. | 850~900 in 350~450 | >90 115 >8 >35 >4 331~388 | <30
oil or water
90 kg, 91i-Mo-Cr | 850~900 | 850 F.C. | 850~900 in 600~680 | >70 > 90 >18 >50 57 262~321 | <60
. Stesd (h23) 011 or water }. TABLE VIII
850~900 | 850 F,C. 900 bltoi.l 450~600 >95 >1s >12 >40 >4 331~401 <50 1 HEAT TREATMERT AND HARDNESS OF TUNGSTEN CONSERVING HIGH SPEED STEEL
or water S —— . =
850~900 | 850 F.C, | 850~900 in 450600 >95 >1s >12 >40 >4 375~429 <40 ‘ Specifioa~ Annealing Quenching Tempering Hardness Rockwell No. Forping
o1l or water i tion Bumber | Tempsrature | Temperature Temperature at Annealed at Quenchel:d Ruhio
og oC oC State and Tempe
850~900 | 850 .G, | 850~900 in 350500 | >11% >135 >7 >20 >3 375429 | <30
oll or water ! Brinnell State 1 )
High Cr-Ni-W 850~910| 700 A,C, 850-1910 in 200 > 160 > 7 >25 >5 Mt ~534 | <150 ‘ 4821 350~ 880 1240~1290 550 ~580 <248 >62 >9
5tanl (A237) alr or oil ‘ P o
Cr—Ni-Nm-¥ 850~920 | 650 A,C, 850~920 in 200 >100 >120 >13 >40 >6 31-415 | <100 - - —
Steol (4238) air or <11 v.r7) 850~ 880 1240~1290 360~590 <269 263 >9
| F,C.
Adr Conl - A.C. + Furmase Caol - ¥.C.
7
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Alreraft armor and non-magnetic wire rope are metallurgical special-
itles on which considerable alloyingz materials were expended.
cherted in Tables IX, X and XI.

TABLE IX

NON-MAGNETIC WIKE ROPE - CHEMICAL COMPOSITION

These items are

Name C 53 Mn K Cr Dia, of Tensile Breaking
Wire mn Strength Torsion
' | Ke/mm (D X 100
: | length)
Non- |
Magostio | 0,10~0,20 <0.50 4.0~6,0 9.0~11,0 17,0~19,0 0,33 >135 >5
¥irs Ropo |J l
» TARIE T
CHEMICAL COMPOSITION OF ARMOR PLATE FOR AIRCRAFT
l [ speciri- | ¢ | s ] m P s N cr Ko Thickuesa
| catlon of Flate
Rumber | ™
Armor | B6OL 0,35 ~0,40 | <0.35 0.,8~1.0 <0,030 <0,030 R.5~3,5 1,5~2,0 0,40~0,60 3.0, 4.0,
Plate | | 5.0, 6,0
— =l
B602 0,18~0,25 0.6~ 1,0|0.8~1.2 | <0,030 <0,030 1.0~1.5 8,0, 12.0
| | | Sl
-t | B603 | 0.23~0,30 ! 0.6~1,0/0,8~1,2 | <0,030 <0,030 1,0~1,5 16.0
TABLE I1
HEAT TREATMERT AND PHYSICAL PROFERTIES OF ARMOR PLATE FOR AIRCRAFT
Spaciflcation || Normalizing Annealing Quenching I Tempering 1 Tensile Elangation Inpe—:t Hardpeas Hardneas
Number Temp, °C | Temp, OC | Temp, °C Texp, 9C Strength X Value at Case
| | Kg/mn? Kgl/cm? Hardened
, ' [ r [ | RC. | V.EN | BAN B.H.N,
F— ! ' ! 1 —_— =
| drmor | (B601) [ 850 900 | 700 ' 850~ 900 100~ 180 >190 6 48 ~54 | 510 ~550 | 500~ 560
Plat 1 | =
N (B631) ‘ 850~900 ] 700 850~ 900 200 ~ 200 5140 >8 >7 390~ 435 | 375~ 415 2570
|
i | 850~900 [ 700 } 850~900 100 ~200 >150 >5 >5 435~ 474 | 415~461 | H570

5 A chromium-tungsten type steel was used for ball-bearings as exam-
ined in Tables XII and XIII.

TABIE XII
CHEMIGAL COMPOSITION OF BALL BEARING STEEL
Name Specification c S in P S Cr v
Number
Cr-N (a511) 0.50~0,65 0,80~1,0 <0.70 <0,030 <0,030 6,7~8,0 6,7~8,0
Steel
Low Cr=W (4513) 0.55~0,65 0,7~0,90 <0,70 <0,035 <0,035 5.5~6,5 3,0~3.5
Steel
TABIE XIII
HEAT TREATMERT AND PHYSICAL FROPERTIES OF BALYL-EEARING STEEL
Name Specification 4nnealing Quenching Tempering Yield Tensile Elongation Reduction Hardness
Number Temp, °C Temp. °C Temp, °C ~ | Point Strength | § of Area R,
Kg/m? Kg/mm? %
Cr-W (as11) 900~950 1200 ~ 1200 500
Steel ?\mc 1ee 417 Cool Air Cool >30 >70 >10 >20
00.
Low :
CR-W (4513) { 1000~ 1050 | 530 ~ 550
Steel Alr Cool | Alr Gool >50




PART II. NON-FERROUS ALLOYS

1. This shortage of alloying elements also made itself felt in the non-
ferrous field, particularly that of the high-strength light alloys. Tables
XIV and XV show high strength casting and forging materiaels. Table XVI gives
the physical and chemical properties of a series of high-strength sheet materi-
als while Table XVII shows a special high strength castling alloy.

TABIE XIV
CHEMICAL COMPOSTTION & PRYSICAL PROPERTIES OF NICKEL GONSERVING HIGH STRENGTH LIGHT ALLOY
Use Spec. Cu Mg Mn si Fea NL Tensile |Elongation|Hardnens|Amnealing | Quenching Tempsring
Ro. Strength L Brinell Tenp, Temp. Teamp,
Kg/m?
Pigton €312 | 0,5-1.3 0.8~1.5 11,5-13.5 |<0.8 0,5~1,3| >35 52 >0 55°C W.C, 160°%
C 313 | 2.5~3.5 1,0—2,0 | 0,2~0,4 0,6~ 1.0 (<0,8 >30 >5 >90 500~-530C 200%
1 w,c,
e 1,0~2.0 <0,8 |<0.8 | 1,5~2.5 o 3‘50‘:0
Hoad C 505 | 3.5—4.5 202, 0, . S5~2,
Casting Y. 55 350% 500 —52000 2009 |
o L0 WG, or AC
T >18
G 507 | 3.5~4.5 | 1,0~2,0 | 0.2~0.5 <1,0 [<0.8
335 50 W0% | 290~510% | 2000 |
) AT, ¥.C. or A.C,
TARLE XV
CHEMICAL COMPOSITION & PHYSICAL PROPERTIES LIGAT ALLOY CASTINGS
£, DR == -
Specification Tensile Elongatipn | Brimoll Quenching | Tempering Cu Mg Mn 51 To Zn
Number Strength % Hardness Temp. Temp.
Kg/mm
>16 >2
C 502 3.5~4.,5 | Q0.2 4.0~5,0 <0.8
> > 90 500°C 150°C
w.C,
>4
¢ 512 2,0~4,5 | 1.5 3,0~6,0 <1,5 | Q.5
24 >90 5000C 170°C
w.c,
>18 >3
C 504 0,3~0.8 | 0,3~0,8 | B,0~10,0 | <0.8
>25 >2 95 520°C 170°C
0,Cc.
>15
G 51, <4,0 <1.5 0.8 6,0~10,0 | <1.0
>20 >90 520% 170%
0,C.
C 602 16 >2 3.5~4.5 4.,0~5,0 <1,% | <1,0
c 612 b3 2.0~4.5 | <1.5 3.0~6,0 | <2.0 | <15
>10 [ T (Fe <2,08) (S1 Fe <10%)
>10 (Fo <2,08) (S2 Fe <10%)

0.0, = 011 Cool W.C, - Water Cool

10

TAHE IV1
5 CHEMICAL COMPOSITION & FAYSICAL PROPERTIES HIGH STRENGTH SHEET MATERIAT
Specirication | Heat | Dimmeter of | Yield |Tensile | El, | Annealing | Quenohing | Tempering Cu iy un st re| m | e |a
Mmber Treat Thickness | Point [Strenpth| & Tenp, Temp, Temp,
o Eg/m?2 | Kig/ma? og og og
c267 H.D,B,|<3.0 >27 Y40 38 400440 0,8 1.5~2;5 | ©,3—0,8 0,5 |<0,6 5,0—~5,8 | 0,1~0,4
(3.0 |5 | Se [F8 | a0~ud |120~130 |o.8 1,5~2.5 | 0.3~0.8] 0.5 [<6.6 | 5.0~5.8 | 6.1~0.4
~ o M=giom LI Al BN s = e I 1o
R.D,T.[<3.0 %45 >50 »6 400"‘;“0 110"’24130 0.8 1,5~2.5 | 0.3~0.¢ 0.5 1<0.6 5,0—5.8 | 0,1~0,4
L) 1 n | > 2/8 || [ E—— .
<3.0 548 553 | %6 40040 1102830 0.8 1.5—2.5 | 0.3~0.8] 0,5 [<0.6 | 5.0~5.8 | 0,1~0.2
= LK x = -
C%2 .| 8.D.8,[<3.0 w2 3o |5z 29055 _| 3.6~4.8 | 1,3~1,8 | 0.A—1,0| 0,5 |<0.6
3.0 @ | w3 2 1.93:15:0_0_ 58746 | To~1.8 7| 0.4-1.0] 0,5 [<0.6 | 5.0-5.8 | 0.1~0.4
o222 5.0.0.[<0.4 25 525 D12 360 13 | 1S E [0 ~X0] 0 (Yo T
1,0
0.4~6.0 T BT SR TALE LI | BA-0E] <05 (e8| T T Bal
A.G, . - — - e & "
6,0~10.0 25 >25 |12 360 3.8~4.8 | 1,2~1.8 | 6.4~1.0] <0.5 |<0.8
4,0,
5.0.8,[<0.4 P Y I r 3,0~0,8 | 1.2~1.8 | 0.4~1,0| 0.5 |<0,6
0.4~2,0 % | > pu 190~500 3.6~4.8 | 1.2~1.8 o.:.-l.ol 0.5 [<06|
_N0, e el = | PSS
2.0~6,0 28 BY7A 5T /.93—6500 3.8~4.8 | 1.2—1.8 | 6,4~1,0] <0.5 [<0.6
6.0~10,0 28 S |1z o~ 5.8~5.8 | 1,2~1.8 | 0.,~1.0] <0.5 [{0.6
10.0~25.7 | =27 i3 |12 490~500 3.8~4.8 | 1,2~1.8 | 0.4~1.0] 0.5 [<0.8
v,C
5.0.K,|<0.4 i Y 5] T50—500 38~ 8 | 1,2~-18 u.l.~1.tj 0.5 [<0.8 Bal
LAY - f— — e P —
5.2 £ I YA T f_ﬁﬁﬁ 58=4.8 | 1.3~1,0 [ 0.6-1.0| 6.5 |<0.6
2.0-6.0 B | B B — 493‘_:;‘ T 9.8~4.8 | 1,218 | 0.4~L.0] 0.5 [<0.6
$,0~10.0 3] 555 |2 /.93;300 3.6~4.8 | L.2~1.8 | 0.4~1.0| 0.5 [<0.6
o282 nD, The Sams with 5.D, 90~510 %.0~4.8 | 0.6~1.2 | 0.6~1,0{0,6 1.0 ¢0.8 R
ic, ¥.C.
4,0, - Alr Cool ¥.C, = Water Cool S « Plate
TABIE XVII
SPECIAL CASTIRG ALLOY (HIGH STRENGTH) - CHEMICAL COMPOSITION
Specification Hardness Annealing | Quenching Temporing Cu Mg Sn Al
Number H-V Temp. Temp, Temp,
4701 40 200°C 2,0~3.0 7.0~9,0 |[<02 bal,
a.C,
4702 60 3000C 500°C
110 4.C. quickly 200°C 3.5~4.5 1.,0~2.0 2,0~4,0 |<02 bal,
cool
2. The more common types of iron and steel for shipbuilding purposes

are shown in specification form in Enclosures (A) to (0). I1n most cases both
the prewar and emergency types are shown.

3. To summarize, the Japanese were critlcally short of nickel and co-
balt and had to use substitute alloys. Molybdenum was substituted until 1t
became a secondary critical 'item, and tungsten, too, was eventually in short
supply. Japanese shortages were much more severe, however, than those which
made the "NE" series of steels necessary 1in the United States, and the substi-
tute alloys were proportionally inferior.
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ENCLOSURE (A) ENCLOSURE (B)

¥i-Cr Steel Prew
Carbon Steel = Prewar = e el
1o o b 1 G
Kind Mark [ 83 Mn M g iy or Cu uo | Foint ‘l’o!.nt“z atzxolz- ?}Tr::l;“ 3:;[01: gﬁ:ﬂ
Kind Merk c s1 Mn. P S Cr, Breaking | Elong~ | Bending Rg/un?| Kg/mn2 | Fts
;‘;}::’12 at;” Angle Lt %o.1/a [ [.25~.40 35| 35~.65 | <05 | @05 |1.0~25 .3~ .9 <40 <60 | <20 <45 a.s
- oy B_m_sm [.25~.40 35 | 3585 [ <033 | O35 [1.0-25 | I~ 9 (74 T80 | < s 3.5
No,1 A 15 el =211 .05 ~,30 3~7 |03 <.03 <.15 34~ 40 ?’01 }53L 180 th sﬁ T T o B (1055 3~ 3 = ri i Ko = == e
0.2 A 20 .16 ~,20 .05 ~,30 3~.7 |03 <.03 <.15 39~45 | 90 'B 180 B %_.25-.1.0 <35 | .55~.85 | <035 | 035 |1.0~2.5| 3~ .9 {50 <70 | <22 <50 .5 >200
= +1,5L TSk (B~ | G35 [3565 | w05 | <05 |2.5-3.5| .3~ .9 36 | 0 |<20 | <o |a.s
No.3 A 25 W21 ~,25 .05~.30 3 ~7 [<03 <.03 <.15 44~50 [90 B 180 2n |Ro,1| 700 | ==
+1,5L Class B isgc‘ 25~ .70 G35 [35~.65 | <035 || 035 |2.5~3.5] 3~ .9 <50 <10 | <20 <40 3.5
No.4 A 30 .26 ~,30 ,05~,30 3~7 <03 <,03 <.15 49~55 |90 B 180 !02‘ ;ﬂm‘ 25~.40 35 | 35~.65 | 05 | <05 |2.5~3.5| I~ .9 <65 <80 | <18 <45 .5 | »230
+1,5L .2 — — o P [Ny
Fo.5 | & 35 | .31~.35 | .05~.30 | 3~.7 |¢03 [<.03 <15 54~60 |90 B | 180 P o] R e (el e BB R IR s A (e [
+1,5L | 1[8RC [.25~.40 <35 | 35~.65 | <.05 | <05 3~4 | -.5~1.0 <60 <75 | <18 a5 3.5
! — g Mol —
No.6 B0 | .36~.40 | .05~.30 [ .3~.7 [<03 <.03 <.15 60~ 70 9+°1 gL 180 Olaee T% =35 [ B~ | 05 | <0 | 3% | S~Lp @ | 5 < | @5 a3
For A 45 W41 ~ 45 ,05~,30 3~,7 <03 .03 .15 & .”a SIC [.23—.4D | IB5~85 | (05 | <05 | 3~h | 45~1.0 <75 <90 | <15 <40 6.0 | >260
Forging i te=T B[ 35~ | 035 | <035 | 3~4 | -5~1.0 &5 Go | <15 <40 6.0 | >260
For L350 [ .36~.50 | 05~.30 [ .3~.7 [<03 .03 <15 ] - e -~
Forging ¥ = L o BB [ 408 | < %5 1-2 <75 <90 | <12 0 <15 | 260
High K55 | 5T~.55 05~.30 | 3~.7 [%03 | <.03 .15 LS el 2 o oy LB Py X T s R e r T B KT BT PO IS
arbon om |
Steel | A 60 | ,56~,60 | .05~.30 | 3~ |03 [ <03 | <15 o - g [ i) Kl il IR I Sl i e L3 e
. ffﬁfw—w 35~.65 | <038 | < =3 | 1~% <150 | <7 | <25 [c2.5 | 420
A 65 61~,65 | «05~,30 3~.7 <03 ¢,03 .15 1T eto. (61 |2 =3 |05=.30 .3 —.7 | 035 | .03 | 3~4 | -6~1.0 <20 @ -2 | as {50 Tt-1ba | 5200
<
170 ,66~ .70 ,05~,30 3~.7 <03 ¢.03 <15 @7 [,2 ~a3 | 05~.20 |3 —.7 | <035 | <03 |1.5~2,0 [1.0~1.5 <20 PO T~ S ) &0 é’t:zlba 5200
T T =3 B0 5 =7 [ 0% |0 [L3~50[L.0~L] (B |.2~4| &7 |82 | <18 50 ft-1bs | »200 |
No.l SF34 Acid {050 34~40 [ 90 B 180 <20
<.055 +1,5L
Baglc | ¢.050
<045
No.2 SFag <.050 39~45 | 90 B | 180 L
+1,5L
No.3 SFM {,050 ] 44,~50 | 90 B 180
+1,5L ;
No.4 9 <.050 79~ 758 940 B | 180
— -1,5L
No,.5 55'54 <050 5,~60 | 90 B 180
+1,5L ’
No.6 SF60 <,050 60~70 | 90 B 180
+1.,5L .
13
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ENCLOSURE (Q)

ENCLOSURE (F)

Ni Steel Prewar
Kind Kark [} 81 ¥ P s NL  |Yield |Breaking|Elong- |Contraction|Shock [Brinnell
;;}:2 ;;/1:;2 Atilf)h of Area ¥ V:]_.;; Hardness
Lo| SN654 | J3d W35 | 3 .8 | OS5 -(.'0;___ -1.o~2.5 538 >65 2 >50 24
e B | SN65B | I—4 | <35 | .3 .8 035 | <035 | 1l.0~2.5| >38 | >65 >2 >50 >
4 | SN 6B | 34 <35 | 3 8| <05 | <05 2.5~3,5| >42 >68 16 >30 >5
B onees | ot | <35 | 3 o8| <095 | <035 | 2.5-3.5| sa2 | 68 | >16 >30 >5
Ao osnroa | L34 <35 | .3 .8 | «05 | <05 I~4 | 7 | >70 516 >30 >5 | >200
o2 B | sn70B | .3~.4 <3 | .3 .8 <035 | 035 3~4 @1 | >0 16 »30 55 |>200 |
£ ) SNT0C | .25—35 [ <35 | 3 .8 | «05 | <05 3.5—4.5| >50 | »70 520 »40 >5 |
Mo e [ ontm | 2535 | <35 | .3 .8 | 035 | <035 | 3.5-4.5| >0 | >70 | >20 540 >5 | >200
ENCLOSURE (D)
. Stesls for Gls;_ﬂa-rdenj.ng Prowar
Kind Mark G si ¥n P S Ni Cr Yield |Breaking|Elong- |Contraction|Shock
Foint | Point |ation | of Area ¥ |Value
Kg/m?| Kg/mm? %
[ SH 504 ¢18 | ¢35 | «6a | <.045 | <045 >30 50 >20 350 7.5
i SH 50B <.18 <.35 <.60 <030 <030 >30 >50 520 350 >7.5
SHBA | <18 |<.35 | <60 | «ou5 | <os5 | 2~3 | 3 555 | 80 | »17 %5 .0 |
P2 Taem | <18 | <35 | <60 | <030 | w030 | 23 | <3 555 | 80 | %27 45 6.0
No.3 SH 90 <.15 <35 <60 <.030 <030 3~4 &5 >70 90 15 245 ¥5.5
954 <.18 <.35 <60 <.045 <045 I~4 .5~1,0 575 395 >15 >4g >5.5
Ho-4 SH 95B <18 [<.35 | <60 | <030 | <030 5~4 5~1,0 | 75 95 15 45 |55
No.5 SH 100 <15 | <35 | <60 | <030 | <030 4~5 | &5 >80 5100 | >12 >45 5.0
SH 110h <.18 <.35 <.60 <045 <.045 4~5 S5~1.0 >90 >110 12 >45 >5.0
ROt o 1im | <18 | <35 | 460 | <030 | <030 | 4~5 | 510 >0 | >mo |>12 45 35,0
ENCLOSURE (E)
Stainless Steels - Prewar
Kini‘ Mark c s1 ¥n B R} N4 Cr Inside |Bending|Yield |Breaking|Elong-|Centraction|Shock Hardnass
Radius | Angle §§}$2 '};;1/::'2 at;orn of Area V:ll-.l,:z Brinnell
to,1 | EB3 «25—,40 | <,60 <5 <.035 €,035 7~10 14~19 | B 150xr| 18° 45 >75 245 >50 >11 170~220
No.2 | EBg <20 | €,60 <5 <.035 <.035 <2 11~15| B 1.0xr| 189 40 _>60 >25 >40 >9 170~230
N |A | EBp 2 ~3 | (60 <5 <035 <035 _'a' 11~15 >50 >70 17 »25 >3 2200
g‘ B | EBy 2 ~3 [ {60 5 035 <.035 <1 11~15 >60 >80 >12 >20 >250
No.i | EB7 | .3 ~.4 | <60 | <5 w035 | <o | « 1~15 60 | >80 | >12 >20 >250
EBg <20 .5 <5 €04 <.04 7~10 | 12419 0 | 540 260 H5 >50 r:alba 160~220
BB, | .08~.12| &5 | 45 €04 | <04 T~G | Lb~17
BBy | .2~.3 (<3 2~,6] €035 | €030 | 1.5%2 | 12~ {75~95 18 ;;;n»s
14

Ordinary Cannone-ball Steel Prewar
Mark c Si Mn P ] N Cr Cu | Mo | Yield |Breaking|Elong-|Shook
Point | Point |ation |Value
Kg/om2| Kg/mm2 | ¢ [Mt-lbs
FSqa | 41— .45 | L05~,3 | .3~ .7 . <045 <04 1;2~1,7 <25 >50 75~100| >12
FS3b | 53—,58 | .05—~.3 |.8~1.4 <.035 <03 0~ ,3 | ,7~1.,0 >50 75~100| >12
FS3e 45 .3 .5 <045 <. 04 <1.7 <1,0 »50 75~100| >12
G N el <35 ] .3~ .7 |<.035 <035 | 1,5~2,0 | ,2— .6 »55 | 80~100| >12 | 310
No.1l 45 <.3 »5 <045 <.04 1.7 Q.o >50 75~100| >12 >10
¥o.2 o45 <3 5[ <045 <.04 <a,7 <1,0 »50 | 75~100| >12 | »15
Fo.3 45 <3 5 <.045 <.04 6—~1,7 | 5~1.,0 >55 80—100| »>12 >10
ENCLOSURE (G)
Steels for Pish-Torpedo-Prewar
Mark| © s1 Mo P s " or Cu Mo | Yield |Breaking|Elong-|Contraction|Rardness | Shock
Point | Point . |atien | of Area ¥ |Brinnsll Value
Kg/mm2| Xg/mn2 | % Ft~1bs
v7|.2~,30].05~,30|.6~1.0|¢03 |03 | 1.4~2,0|.9~13 |.8~12|.4~.6 [>W00 |>10 [>13.5| > 305~365 | 720~722
>95 | 305 |>15 >30
v8|.33~.37| .8~1.2 | .8~2.2[¢.035 |<.035 1,0~1,3 | .25 3~.5 [>100 |>10 135 | 27 305~385 | 720~722
> 95 | >105 [>15 30
v9|.27~.35 |3 B-1,20c035 |05 | .8~12|.8~1.2 [.2~ 5].25~.45[%100 | >110 [>13.5 | >27
>95 | >105 [>15 >30
VT [.37~.43 [¢3 8~1.2 035 | <035 | .3~.7].8~%2 [ad ,05~,25 >95 b2 280~385
V3 |.25~.35| ,05~.30 | .3~.6 |¢.035 | <035 | 2.5~3.0| .6~ .9 |2 3~.7 >0 |>uo b1 | s 305~385 | 720~722
>95 | >205 >3 >30 :
ENCLOSURE (H)
Carbon Steel
Kind Mark c s1 Mn P ] Cr Break Elongation|Bending
Point % ingle
Kg/mm2
No.l SMCy | <.10 35 €0.75 <05 <05 3245 >33
Fo.2 | sMC, | ,20~20 [ <35 | <0.75 | <.05 <05 38~52 | >30
No.3 SMC4 20,30 | ¢35 <0.75 <05 <05 45~58 >27
No.s | SMC, | .30~40 | .35 | ©.75 | 05 | <05 5266 | >23
No.5 SMCs A40~,50 | <35 <0,75 <05 <.05 58~73 >20
No.6 | SMC6 | .50—~.65 | <.35 <0.75 <.05 <.05 66~85 >15
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ENCLOSURE (1)
ENCLOSURE (M)

Ni-Cr Steel
Nark [ 8 ¥n P ] .11 Cr Cu Mo Yisld |Broaking|Elons-|0 ‘A et ghﬂok Haidt
’ el Br. 11
;:jt:?‘ ;:7::2 .tion oA n.ﬁ:, i Ordinary Cannon-ball Steels
o 23 | W05z | 3 095 |03 | 3 6-1.0 |20 | o | e6~e2 | 316 >0 [>0 | 200 Mark c 51 Mn P s By Cr |Cu | Mo | Yield |Breaking|Elong-|Shock
o 23 | 052 | 97 [<035 | 03 | 1.5~2.0 | L.o~L5 247 | 66~e2 | 26 »0 |20 | >200 ];r;}'::,z 1}(’21/-::2 "‘;” ;ﬁ‘{;s
25, 052 | 377 |<.035 |03 | 1.5~2.0 | 1.0~1L5 [<20 | .24 | >47 [66~82 | 516 >0 | »20 | >200 g/
o) | 2903 |02 fedee T IS : ¥o.l 45 3 5 lwus | won | < <10 ¥50 | 75~100| >12 | 510
w .53~,58 | .05~,3 | .8~L.4 [<.035 <03 <3 »7~1.0 >0 | 75~100( >12 | >10
ENCLOSURE (J)
i { Stesl for Pish-Torpeds
Mark ] Si Mn P s Ny Cr Cu Mo Yield |Breaking|Elong-|Contraction|Aardness| Shoeck
N1 Steel Poimt | Point |ation | of Area ¥ |Brinnell| Valus
Fg/m2| Rz/m2 | % Ft.1lbs,
- Shock
Kind Mark c S1 Mn P 8 N1 Tield |Breaking|Elogg-|Contraction A4t 35 | .50 1,0 [«035 | <.045 1.0 1.5 .25 .20 >100 | >110 5135 527 108 20
Poimt | Point |ation | of Area % |Value | >95 | 105 |5105 >30 585 | >22
Kg/mz Kgfmlz % E‘Kg f
Y [.3~.35 |3 | 8~1.2 [.035 | <045 | .B~L2 | 8~12 | L3~6 | 2~ >110  [5135 >27 305 | >20
- = o5 | <05 | n.0-2.5] >3 565 S22 550 54 S105 5105 >30 385 | >22
No,l | SN65L | 34 | &35 | 38 | ¢ = — W |97~ (w3 | e~12 fcoss [<os | a3~ | a1z | <4 | o5~z 595 |>12 2
No.3 | S0 | 34| <35 | 3~a8 | 05| <05 | 3~ 7 | >10 | X6 30 |4 25
Chemical composition ¥ Mschanioal properties
c S1 lin P S NL Cr Cu by Tis1ld | Tensile Em_r— Reduction | Impact Remark
! l’oﬂ.nt'.2 Str?u'th nt;cn of Area % F‘{.M;;
Steels £or Case Hardening Eg/um? | Kg/wmn -1bs
Breaking|E1 Sontraction] Shook ;;:or PLI .43/ -05/ .30/ <035 ¢.030 3-742 1.8/2a &20 NG| 50 85 >18 240 mn ;go Th'il.gknau
Xind S P 8 )= Cr Yis1d |Bre g |Elong= ra | Shoo! te 53] 728 W45 i P ?}; 375 m™
_— & Z o Point | Point. [ation | of Area % |Valus VG | 545 [ e 5 T
Kg/me?| Kg/mm2 | % n-Kg W[50 | 5 |32 | 3@ [Hean > ——
- v - y — 108 % En_>g_g %180
Fo.l | sA 50| <18 | .35 | <60 | <045 | <045 >0 | >80 |>a0 >50 >7.5 L 2P ‘:31 ’zo i o
. 240 5 > >40 Mean >33
. .18 . ,60 .0, 045 2~3 | &3 >55 >80 17 245 6.0 08 Win 528 5180
Fo.2 | @M 80 | < <35 < <.045 <04 SIS | 80 [T [ 540 [Uean 533
Ko.3 | M 90| 15 | .35 | <60 | <ous | o5 | 3~h |55 [ >70 | d90 |15 | duf D55 I R P Bl Ml - { PP
o ety — A% Min 30| g0 |
PuIof.88, [ .05, | .30, <035 [ <030 | 2.5, 80, 90 >80 5 | o190 | 040 Yean >
T Y| AT 3.0 130|430 6 | | o |wn 30|
FLIT 30, 1<35 .30, 33 1.8 25 7 WG| 550 @5 320 540" " |liean >35
£ a5 | coas | <os0 | A8 | 42 20 Win 330 | 75~180

ENCLOSURE (L) p 540 ;{:L)g 348 mg e

e 3, O35 | 0 ENEX
44

g

i
o
N
N
=]
NS

kS
O\
o

f A - 3 f _ 330
[CHeZ[.36, [C33 30 G035 | <045 | 1.3 1.7, 260, 1 560 80 P U Y
M %5 A8 Ao A0 | s %0 >30,
" [ Shell | 813 [,55, |40 [<.30 030 | <030 | 2.5, 2.0, 3, 70, | >0 | 20 | Anvealsd
Stainless Steel Steel 65 » 3.0 2.6 70 100 W
_ EES s <GB [430 €030 | <.030 3./% o 6.0/1 .48 7. 4%0 70/11 ik § [ >’ nnea
S: Mn P s N Cr Yield |Breaking|Elong-|Contraction|Shock|Hardness 265 A 2 .80 i
Kind Mark c 1 | Point | Point |atdon | of ires % |Velus|Brinnell B3 &3, [0 L7 G030 | <.030 7 13, Y 53/ 7& 310 >20 Armsalsd
Xg/m2| Re/m2 | % n-Kg|_ : 53 1.2 1.2 2.2 40 7™ | 700 i Condition
Ho.2 | EBo 2 |6 | 5 | «os5 | os5 | <2 1~15| >0 | 60 [ >25 >40 29 ||A70>200
No.3 EB]_ 2~ | 6 &5 <045 <045 <1 11~15( >50 |, >70 >17 >25 >3 >200
EBg G2 | <5 &5 <045 045 7~10 12~19 | >40 >60 >45 >50 >t‘z]-.ll:l 160~ 200
16 37-239 S&CLtd 10/47
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