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- 1. lurgical specifications used in the Japanese Navy, including iron and steel,.

N
by
i

‘;_elemenﬁg;were nickel, molybdenum and tungsten. The substitute alloys develop-

X-35(N)

i

SUMMARY

MISCELLANEOUS TARGETS
_ JAPANESE METALLURGICAL SPECIFICATIONS e
IRON AND STEEL, SPECIAL STEELS, SPECIAL NON-FERROUS ALLOYS

b ‘ _
: ! Vai . : 3 .
This report contains tabulatjons of some of the more izportant mstal--

specialisteels and special non-ferrous metals. Principal eritical alloying
ed did ‘not approximate the prewar variety as closely as did the NE steels ia

. the United States.

2 ' The eritical metal-saving alloys were developed for special case~ -
hardened’ parts, special structural steel, high-speed steel, non-magnetic wire
rope, aircraft armor plate, ball bearing: steel, non~-ferrous alloy piston and
.eylinder head castings, special casting alloys, carbon steel, stainless steel,
cannon-ball steel, fish-torpedo steel, aad others as indicated in the tables -

it

[}
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Location or Target' _ ~
" Yawate Technical Research Institute, YAWATA,
« Navy Technical Bureau (Air). .
_ Navy Technical Bureau (Ships).
Japanese Personnel Assisting in Gatheri:g Documents: i :?k
’ V  Capt. Ochito OHIRA, IJN, Navy Technical Bursau (Ships)
‘( 'Comdr. Kazuma KOTO IJN Navy Technical Bursau (Air) -
Gapt. I. IWATA, IJN, Navy Tecpnical Bureau (Supply)
Talji IYOKU, Yawata Technical Research Institute, YAWATA.

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

Japaneqe Personnel Interviewed- :

Capt) Ochito OHIRA (20 years experience as Naval Engluoeer; very cap-
able). .

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

. Capt. I. IWATA, IJN, (no technical experlience; substituted for a de- -
;ﬁ” mpobilized technical man)

Taiji IYOKU (30 years research experience- very able),
Kanichiro TAGHIBANA (no teehn‘cal experlence).
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LIST OF ENCLOSURES
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(Gl‘iarté of Common Iron and Steels. - Prewar and Wartime

:.filze.cifiogt'ionsg - Physical and Chaq@ical Properties)
Garbon Steel (Prewar) | '
Ni-Cn Steel (Prewar)
Ni S1:eel (Prewar).
Caseéf-Har.daning_ Steel (Prewar)
'Stai?iess_Staef ,(Prewa;)
.Cannpn-Ball Steel (Prewar)
~Torpsds Steel (Preﬁar)
| Car'qon Steel (Wart.‘.]‘::me)
Ni-Cr: Steel (Wartime)

. "Ni Steel (Wartime)

’Casé;Hardening;Stéel “(Wartime)
étafé;eééfSteel_ (Wartims)
Cannon-Ball Steel (Wartime)
‘I'onpit;:idq Steel. (Wartime)

Armor and Shell Steel (Wartime)
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LIST OF ENCLOSURES

(Chartasof'Commbn,Iron and Steels.-fPrewar and Wartime
Specifications - Physical and Chesidcal Properties)

carbén,Steel (Prgwar) @

'Ni-Ci:Steel (Prewar)

Ni Sﬁeel ‘(P:ewar)
Case%ﬂandaning'Steelc (Pﬁewar)

~Staﬁﬁiessf8teel. (Prewar)

Cand%n—Ball,Steel‘ (Prewar)
Torﬁﬁdo Steel (Prewar)

Carﬁgn Steel (Wartime)

Ni-Cr: Steel . (Wartime)

NL Steel (Wartime)
Gasé%ﬂhrdening Steel (Wartime)
StagpleSS'Steel, (Wartime)
candbi—aail Steel (Wartime)
Toré%ﬁoféteel_ (Wartime)
'Armé;}and Shell Steel (w;rtime)
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i Severe shortages of metals, particularly njckel and ccbalt, forced
the Japanese. to iavent alloys. without these eélements: some were; serviceable
substitutes and the special alloys listied in the following reports are exam-
ples of: these substitutes. In the more;common iron &nd.steel alloys both the. -

T

prewag“andiemergencx'types’are shown. i . .







THE REPORT

PART I. SPEE)IAL STEELS

l. o "Since the pfincipal,metallic ;Ehortage of the Japanese: was nickél,

the rirst substitute steels to be examined are the nickel-conserving type. The

composition of this series is listed in| Table I and the physicai properties in
_-Table II. ' i L o

TABIE 1

NICKEL CONSERVING SPECTAL STEWL ~ CHEMICAL COMPOSITION

Hame c 8 o P | s B ] e ke
Crlo Steel = | g - : '

(4107} 0,17~ 0,23 | <0.35 { 0,70~1.0 : . 0,20~ 0.40
Cr-Ni-Mo Steel.. A oo
(a108) 0.14~0.,20 | ©0.40 | D60 ' ,3 | 0,20~C.40 §.

1 Tow:Cr-kn-Mo 1 - i : .
Steel.(A224) 27| 0.30~0,37 | <0.35 | 0.50~0;80 ’ 0,15~ 0.25
3

i o

High Cr-dn-Mo, 1| 0.24~0,34| ®©.40 | 0.60~1.0 ; 0,20~ 0,40
Steel (A225) 2 i

Low: Cr=Ni-Mo 1 B, - : : :
Steol (A226)/2| 0.26~0,34 | €©.40 | ©.80 . 1,8~2.3 0.20~0.40 }
3 . )

High
Creli-Ho Steel: [ 0.25~0.30| <0.40 | 0.80~1.50 1.5~2,0 0,20~ 0,40
(a227) ’ P -
Cr-Ri~-Nn-¥o i

‘Steel (4228) 0.15~0.22 | €.40 | 0,80~1i20 1.8~2.3 0.20~0.60

1
B
.

TEZ 1T
I i

| ymaT TREATMENT & PHYSICAL PROFERTYIS OF NICKEL CONSERVING SPICIAL STRELS

Horzalize.| Ammealing Tenpsrature | Timpering | T1e1d | Tensils | Elong- | Rduction |
- Temp,9C I II . ..Texmp, Point_ | Strength | atien af Area
. ¢ i Eg/m?| Eg/mm2 % 3

850920 -800~850. | 100~200 | >80.-| 100 5 | 40

|_in oll | :
850~920 X ~850 [ 120~200 | >90: | >L0Q 212 40
%, | inosl | mout |
830~880 | . 60~700° [ )70 »18 >50
.| 830~~880 | 500~600 : .5
830~880- 5 R 450~550 >95 12 0

§30-80 | ¢ 3507450 >7 | @

850~920° 550""650 : >15 >40
850920 |- 750600 : Y]
F70~900 550670 | o8¢ >0
20500 150430 ; >0

§20~900° | $50~550 T 53
517850~910 | _ 350~910 | 200 25

air Li
850~920 : | 850~920 "1 200 540
. in air i -
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I

_ MOly;'b_&'enum was use&. in the nickel-con%faerving s.er-ie‘sf but eveatually
le: & secondary shortage itself. The molybdisnum-conservicg series is shown
ible III for chemical composition and-Table;IV for heat physical prcper-

4 TABIE TIT | ‘
" GHENICAL COMPOSTTIUN OP XOLYEUENUM CORSERVIIG SFECIAL STEEL

c e ¥n P - ) Cr

0,17~.0,23 |©.35 0.70~1.00 [{,020 1.0~1,5 0.4~0.8

0.14~0.20 |@.40 0.60° ©.0% | 1.8~2.3 Du4200.8
TR 1.C
Fltriding 0.35~0.45 |@.50 ©.60 - {0,090 |0.0%0 | - 1.4~1.7 0.6~1.0
Steal (A131) i -

75 Kga St L - i I
Ma=Cr Stsol | 0,25~ 0,35 |9,7~1.0 0.7~1,0 | |9.030 | o 0.7~1,0

0.33~0,40|0.30~0.80.| 0,8~1.2 |®©,030 | | o.80~1.2

1i, . - B ! . ¢
High CreBi=R i : . -
Steel (4237) 0.25~0,35 ©r 10,8015 | 25~20 | 2.5~3.5 0.4~0.3

Credi-kr il .' ‘.
Steel (1238) | 0.15~0.22 0.8~1.5 1.86~2.3 | 1.8~2.3 0.7~1.1

I

mzEw :
HEAT: Tl&lm ARD PHYSICAL PROPERTIZS OF Hﬂmm_clmm SPECIAL STEEL

Amnealing | Quunohing: [Tempera«.| Tempering Tie1d ]Tensilo Eloqu Raduction
i ‘izing- | Temp. °C c ture °C | Temp, °C' | Foint |iStremgth | ation | of Ares %
.|itemp, °C.| I hed Xg/um? |i Xg/mm? 3

1 ert:steer. 850~920 | 700.4.C. | 8s0~g20- [e00 &0 | 100~200° | >80 || >200 >15 20,
(4137) . in water: in water, . i

| “CraH1W Steel. |i850~920 | 700.4.0. | 800~880 -|780 850 | 100~200 | >90 [ d10 12 0| >0
1 (a138) ] . in:oil: | in ofl i

Gred2 Mbriding-|1880~680 | 750.4.0. | 8880 700 >0 | 85 50) 50
Steel. (A131) ! . in-ofl . ‘ :

.| 75'1g; si-wacr![|aso~g00 | esoric: | 850~900 am | 550~650. |. >60° [ >75 »20 >50 212~277
| stesi.(az32) oil: or water 12

g

850~900|: 850 F.C, | .850~900 in. 450~ 550 & i >98 >13 >40° %9 ~141
oil or-watar: :

850~900| 850 F.C. '850~900 1in 350~450 i >8 >35 1383
. < oil or water| :

| 90 xg: s1-Encr |l 850~500-| 850F.c. | 850900 1n: 600~660 >18 350 262321,
i{ Stoel (a234) |ii: o1l or water ;

‘! 850~900:] 850 F.C. | 900°in oAl 450~600 i >12 >40 331~401
1 . or water- ;

'850~000:| 8s0F.C, | 850~900:dn | 450600 : >40 I75~429
. ¢ 0il or-water i -

"

1'850--900 | ‘850 X.C.. | §50~900.in. 350~500 i >20 " 375~219
{:- oil or water

1 g emsa | 1i850~910] 70086, | 850~910 1 200 4 > s =524
Steal (2237) |- air-or-oil ; ’

CreNieH-N .:850~920 | 650.A.0. | 850~920 in: 200 > i 540 B ET R

Stesl (A238) . atr-or-<il - : .

Atr.Coal -.A.C.},  Tumaoe Cool = F.C.




X-35(N).

Tungsten, although relatively:plentiful at the: beginning of the war,
in time: became: a eritical material. Taltle V lists the composition of a tung=-
sten-conserving series and Table VI the heat treatment and physigal properties
of thei series. Tables VII and VIIT g:Lve; the pertinent data on a special low
tungstun tool steel.

CHEMICAL COMPOSITION @F TUNG:jSTEN-CONSERVING SPECILL STEEL ﬁ/

mam v

.

N

3 -

* Name

o c

Si

"

P

]

Cr Steel
(a147)

0.17~0.23

| 0:70~2.00

<0.030.

Cr=Ni Steel.
(128)

0.24-~0.20

i

<0.60

<0.030

1.8~2.2

W

‘Pigh Cx-Ni
Steel. (A247) -

0.25~0.35

0.8 ~1.5

€0,030

1,5~2.0

Cr~Ni-ln:

Steel (A248)

0.15~0.22.

0.8 ~1.2

€0,030

1.8~2.3

¢

um: A2

wmmmmmmswmmmmxum

I
%

fed
S¢

‘rum-
Axy: Toxp,
1 oc

Y114
Point
Eg/nn2

Teastle
Strength
Xg/mm2

Eloag-
ation
%

| Eco~870
in water

1xj~200 | >80

100 18:

TEO~850

in

100200

30
oil

Hue »n2:

00

>0 Y7

00

120

4

TARIE: VIT

[ i
COXPOSITION OF TUNGSTEN-COINSERVING HIGH SFEED SYERL

81 ¥

P

/8

Cr

v

0,65~0.90

3.

5~4,5

13~1.8

0,65~0.90

3.5~4e5

3440

i

'nm: vz

'

1.3~1.8"

HEAT TREATHENT AND HARDNESS CF "UNGSI'EN CONSERVING HIGH SPEED SPEEL

Anpaaling
Temperature
. oG

Quenching
Temperature
cc

Temps ring
Touperature
o

Hardnesa

at Annealsd
State
Brinmell

- State

Rockwell Ko.,
at Quenched
and Tempered.

850~-880
F.C.

1240~1290

550 ~580

<248

262

850~ 380
F.C.

1240~1290

560~590
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- Airc.raft armor: and. non—magnetic wire rope are metallurgical special-
s on which'. considerable alloying materials were expended. These items are =
charted in ;.ables II, X and XI. ; N . .

i

TARIE IX 3
NON-MAGNETIC WIFE ROFE - CHEMICAL COMPOSIPION

i

si . ¥n B 1 er

21.0~12.0

. umxxr
CHEMTCAL COMPOSTTION-OF AE0R PIATE UR ATRCRAFY

¢

8% n P s Ri.

0.8~1.0

| 0.18~0,25+ 0.8~1.2
B gfo-.za_eo.ao . 0,6~1,0{0.8~1.2

R TAHIE XI.

mr TREATMENT AKD PHYSICAL PROFEKTIES OF mna PIATE FOR AIRCRAFT
analtng Quenching-| Tempering Tensils:;| Elongation Iu'pact
T'ufp.» oC Teipf oG Texp. °C Sggr;gtzh i waz
- . | VA
510550
390~ 435
435~ AT




K-35(NY 5

Bt

i

5. 1 ; ; was used for ball-bearings as exam-
1ned in. Tables XII and XIII. ' :

=

TABL; XTT

CHEMICAL COMPOSITION, OF BAIL EEARING STEEL .

"Specification | . ¢ | st |l wm | -p
" Number i1 :

(a511) 0.50~0,65 0,80~1,0 | 6.7~8.0

{l
3,03,5

" (as13) ¢ | 0,55~0.65 | 0,7~0.90

. msmE I ,
Mmmnmmmummmsummmn

Amnealing o hing Ty Yield Tensils . Rlongation
Temp, °C Temp, °C _Tenp. oc ! Podxt Strength
: . 0 i | Kg/im? | Eg/m2

$00~950. 1100~ 1200 500 !
Furnsce - Adr Cool . Alr Csol‘ >30 >70

Cool
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PART II. NON-FERROUS ALLOYS

-
B

'

Thii shortage nf alloying elements aiso made itself felt in the non-

rferrous field; particularly that of the high-strength light alloys. Tables

- KIV
she’
als

'and XV show high strength casting and forging materials. Table XVI gives -
:physical ‘and- chemical properties of a series of high-strength sheet materi-
‘while Table XVII shows a special high stre_:;xgth casting alloy.

. ‘

TABIE XIV U

mucmmon&msmummswmmcuxmﬁmﬁmmmm

P

Cem ¥ ) s o Hi  |Tonsiis [Xlongation|Hardmessldmmealing
o ) Strongth £ Brinell | Zemp.
¥g/mn? ’

0,513 | 0.8~15 | >3 >110

2.523.5 | 1.0~2,0 | 0.2~0.4 530; 90 S0~0
N ! we,

i

>20
1.0-2,0 i
I

wC, or A.C /1

535 490~510%

3.5:%.5 | 1.0~2.0( 0,2~0,5
: ¥.C. ar A.C.

TABIE XV
CHEMICAL COMPOSTTION & PHYSICAL mmmmsmxr ALLOY CASTINGS

Specifiostion 1t - Elongaticn | Brinoll | Quenching | Temperssg [  Cu Vg
Kunber’ % Teup :

i

Hardness |" Teamp,

0

i . 2

3.5~4.5
>1 :i

2.0~4.5 3.0~6.0: |

0,3~0.,8 | 8.0~10.0

@b 6.0~10.0

3uli~h.5 4,0~5,0 | <1.5

2.0~4.5 .3.0~6.0 1| <2.0

i (Fa <2,08) (51 Yo <10%)
(Fo <2.08) (1 Fe <108)

1




nam
CHENICAL COSPOSTIION & PAYSICAL FROFSNYIES HIGH STRRIUTH SEKSY MAPARIAY
| Tensils { E1, | Amnoeling niq-rm Ca - | 73 -
e | e i
40 . |38 . o T} 1.5~25 0308 0.5

543 |78 o~ 08 152371 03-08 0.5
350 | %6 ‘ 0,8 1.5~2,5 | 0.3-0.8] 0.5
1% 240

BANED : MY 0.8 1.5-%.5 | 0.3-0.8] 0.5

Y D) 3.8~4:8 | 1.2~1,6 [ 0.4~1.0] <0.5

243 nz2 . 0 Y 3.,8~4,8 | 1,2~1,86 | 0.4—1,0] <0.5
) o *
>25 12 e i 3.8~4.8 | 1,2—1.8 | 0.4~1.0] <0.5

25 515 | . 3878, 2~1.E [ 0.4~1.0] <0.5
325 P2 | 5 1 3848 | La~LE 0.4—'1?_0! 0.5
&P ; 3EXE | L3-L0 | 0.4~1.0] <0.5
EET : ! 3.8~4.8 | 1.2~1.6 | 0.4~1.0] <0.5
‘ P23 5 e ) - 3.8~4.8 | 2.2~1.0 | 0.4~2,0[ <0.5
S B o 38718 | L2140 | O410| <85
S5, B . 3E~EE | L2-L0 | 6.4~1.0] <05
33 |18 3.8~48 | 1.2~10 [ 0.3~1,0] 0.5
SEP® ' g AL 12~ | 6.0=108] <03
LY LI o) 58748 | 1710 | 0.4~1,0] <0.5
S 2 0 3848 | 1.2~L4 | 0.4~1.0] <0.5

0.4~6,0
§5-20.0.
T
0.4~2.0
26,0
€.0<30.0 -
10,0~25.7
L[
[o~2.0
7:0-6.0
$0=10.0

wf ul w8l nf 8l w|sl o o s B R E

The Sams with 8D, ~510 3.0~4.8 | 0.6~1,2 | 0.6~1,0/0.6 1,0
. A0, : i} .

A0, - AdrCool W0, ~

SPECIAL CASTING ALLOY (HIGH srimm) - CHEMICAL CG[POSITIOH

Specifi-'ation . Hardness 'Annealing Quenching 'l‘enpsr:i.ng Cu Mg
Kumbise- HV = Tenmp. Tenp, Tenp. .

470]
e ACL

E

. The. more common types of iron and stesl for shipbuildlng purposes
are shown in specification form in Enclosures (4) to (0). In most cases both.
the prawar and emergency types are shown. C o K“
‘ To summarize, the Japanese were crltically short of nlckel and co-
balt and had to use substitute alloys. Molybdenum was substituted untill it
becameé 'a secondary critical ‘item, and tungsten, too, was eventually in short
supply° Japanese shortages were much sore severse, however, than those which -
made the "NE"™ series of steels necessary in the United States, and the substi-
tute elloys were proportionally inferlor.
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- .65—..,-‘39

05 =30,

f'°-5;'.30

05~.30

.05 ~.30.

05=.30

: 005.-.‘.30 /‘

—.05~.30

“.05 ~.3°

| -05~.30
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£

e
NE
v

ICTED | ‘ o ~x-,3skh§)_7

. Yia2d

.85 ¥n : H : Poirt
a : Kg/in?

<35 | #3565 | < L.0~2.5] . . ‘ <40

<35 | -35~.55 1.0-2.5] . i &0

<35 [ 35,68 T.0-5.5 red
BB » T.o~25] ‘
35, [ I8 3535 <5
5 555 " 7.5~3.3 <55
I [35~85 ' 12535
<35 [ 5~55 5551 K
I[85 | =% | &5
B[ o &6
T <B[5=5 T3% | a5
— 5 =5 .
<33 | 35~.85 L~5 <75
35 [ ~58 75 75
<35 | 35~u88 4~5
[~ <235 [ <3508 | &~
205,20 |3 ~7 ‘ 3~4 | 6~1.0

05~,20 1.3 —.7 1.5~2,011,0~1.5
2 3 {

520 |3 T T3~ (1015
. . 3




ENCLOSURE (C) -

+ i 11018
|| Podnt
| Eg/m2
1,0~2.5) »8

<035 | 1.6~2.5:>38
w05 | 2.5-3.5 >42
o5 | 2.5-3.5] 42
05 3~4
«035 | 035 | 34
€05 | €05 | 3,5~4.5] >50
035 | <035 | 3.5-4.5]

ENCLOSURE(@)

Steols for Case Hardening Premar
P s | ®M| '

R

w|e|wle| oirla)=

i 6r Elong- {Contraction
F; of Arua %

<045 _ N 50
<030 . 550

045 i >45
© 030 | <030 ‘
<030 | <030 5
045 | G5 ¢ 5~1.0
€030 | <030 | 3 +5~1.0
- €030 | <030 ] <,5
| 045 | <045 1 is~10
<.030 | <030 L5~1.0

ENCLOSURE (E)

Stainloss Steéls - Prewar

¥ ¢r |Inside |Bending c tion
Radius |iAogle of Area %
: Kg/1 %

. i
14~19 | B I50xr|; 18° X 50

11~15 | B 10|l 180 ] 0

i1~15 i ) 325
11~15 . i ! 0

1~15 a ‘ 320

12~19 H 50

14~17

12~14




A-35(N)

ez, i

ENCLOSURE (F)

 Ordinary Cannon-ball Steel Prewar

P s K Cr Cu

<085 | <04 ' <25
<035 | <. 5 7~1.0
<015 | <o 7| <o
<035 | <035 | 1.52.0 | .2~ .6
“us | o | | ao
045 | <04 1417 <1.0
055 |04 | .6-17 | 510

'ENCLOSURE (G)

Steela for Fish-Torpedo-Frewar

.5 1 cr Cu Ho Yie1d
: Point

Kg/m?

1.4~2,0|.9~2.3 |.8:2.2].4~.6 | D100
.. 5o > 95

> 95

8~1,21,.8~1.2"| .2~ 5] .25~.45| 2100
’ i : >95

1.0~1.3 | .27 ' 3~.5 2100

S~ 7| BL2 [eh | 0525

2.5~3.0|6~.9 ¢20  |.3~.7 [>100
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'ENCLOSURE (H)

Garbonz Steel
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.75
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ENCLOSURE (1)
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<03 3~4 61,0
<03 | 1.5~2,0 | 1.0~1.5
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ENCLOSURE (J)
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38 | G605 | 05 | 1.0~2.5
o348 | €05 | €05 | 3~4
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ENCLOSURE (K)

Steels for Cane Hardening

P 8 .43

ENCLOSURE (L)

Stainless Steel
R ¢ ©er

@ | 1
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7~Q0
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* ENCLOSURE (M)
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b
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Ordinary Cannoa-ball Steels
8 | it Cr

«os | «os | an <o
G035 | <03 | <3 710

ENCLOSURE (N)'
Steel for Hﬁh;i?orp-do

N Cr } '3 Elong- cmruceim!r!lﬂm
of Ares § ]Brinne

350 K 1,0 1.5 27
g - . E i >392
1.3~.35 .8~1,2 | .8~1.2 : >27

o o >3)

a1 3~.7 | 8~12

ENCLOSURE

" Chemical composition §
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