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Results of Tension and Bending Test
of Black Heart Malleable Cast Iron,
According to JIS G 5701 (1952)

Table 1.

| 3w oY R R S

OBR T amvmal o | e | AREE
s (kg/mm?2) (%) (mm)
;i‘%{ag Eff . FUNB M R sk ! 90° 14 I- 40
et | FCMB 132 ot k| s k| 120° ke 0
e L Bk 100 150° LLE | 40

2 £ HrRoaHEgtgtoidmng
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Fig.2. Axle Housing and Gear Carrier
(As Cast) (Auto-Rear-Car Parts)
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Fig.6. Pipe Cutter Parts
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Fig.14. Compression Test
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Table 3. Properties of White Heart Malleable
Cast Iron

Bl BB v & X 30~45 ko/mm?2
b R =X 20~27 kg/mm?2

110~130 (Zm)
150~170 (D)
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i G 51| 40~60 kg/mm?2
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C Si Mn Cr Mo ‘ v P&S ‘ Cu

| |
0.35/0.45 |  0.90/1.05 |  0.20/0.50 | 4.50/5.25 |  0.85/1.05 0.45/0.55 | <0.030 ‘ <0.25
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Fig.55. Steam Chest Made of Mo Cast
Steel
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Table 6. Chemical Analysis and Mechanical Properties of Various
Type Ductile Cast Iron

| N . e |
BB | fe i 7y o (NS | A | M w | oy
| AN E BEREE =
|
| =3 4 | 3.83 0.94 0.39 | 0.112 0. 042 49.1 | | 321
" ‘ AV I PR 3.83 2.90 0.43 |  0.112 .039 62.5 0 321
fiad —— — — e e
i - M-472 3.80 2.38 0.41 0.077 0.027 67.2 4.50 | 293
|
| M-560 3.75 2.48 0.19 0.028 | 0.019 83.3 5. 92 ‘ 262
| =54 R B -29 3.69 2.29 0.32 0.027 ! 0. 022 74.2 2.40 | 285
| M-573 3. 75 2.50 0.16 0. 035 0. 024 79.2 3.50 | 262
| M-467 | 4.10 2.19 0.58 0. 028 0.019 80. 0 4.95 | 262
| |
JEE | 7 ]
M-563 3.72 2.38 0.15 0. 032 0.018 77.4 8.08 235
e S M-560 3.60 2.45 0.16 | 0. 041 0.019 51.6 6.75 235
| M-329 3.48 2.13 0.16 | 0.111 0. 034 61.4 6.80 - | 197
£l 774 +E | |
| M=232 | 355 | 2.60 0.45 0.102 0. 30 59. 8 | 6.30 | 197
M-181 4.11 |  2.85 0.48 0.133 |  0.036 | 68.2 7.10 | 229
o M-470 3.72 2.62 0.32 0.083 0.026 | S | 18.0 | 156
o M-476 3.69 2.52 0.36 0.003 0.024 52.0 | 18.6 156
7 x5 4 A M-502 3.74 2.60 0.27 0.086 | 0. 027 51.0 19.0 163
It M-359 3.97 2.25 0.26 0. 001 0.029 48.7 20.5 162
Al M-363 3. 76 9.46 0.24 0.4 0.031 £9.6 24.0 170
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gorrdr¥k| 79.2| 5.00| 269 0.05 1.8 —1.3| 11.0
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Table 8. Chemical Analysis and Mechanical
Properties of Cupola Ductile Cast
Iron (As cast)

ot 2 S OE (%) |FEHIM O TR
MRS —— (kg _
‘ § | Si ‘ Mo |-P |8 ‘mm:’-’) (%) ‘Jbﬁ'ﬁﬂ}f

C-2-2B | 3.98 2.84 | 0.14 0.030 0.007| 77.4 | 3.59 269
C-2-3B  4.01 2.72 0.14 0.033 0.022% 76.0 | 4.25 | 255
C-2-4B | 3.92 2.60 0.15 0.032 0.019 79.5 | 5.00 262
C-2-4C | 3.92 2.55| 0.15|0.028 0.027| 82.3 | 3.67 | 269
C-3-3D | 3.77 2.05| 0,18 | 0.028 0.019| 71.5 | 3.60 | 248
C-3-4A | 3.68 | 1.75 | 0,17 | 0.030 0.022 72.1| 4.0 | 248
C-3-5A | 3.69| 1.89 | 0.18 0.027| 0.024' 80.5 | 4.0 | 262
C-3-5A | 3.60| 2.02| 0 4 3.60 26

116 | 0.028i 0.018 | 79.

1
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Table 9. Specifications for Ductile Cast Iron

# A f(likg/?im;)j " (%) % 7Y RV
B2 1 T = 5 T —_ 230~290
2 2 i 65 LI E 2 Bt _E 225~265
= 3 o ad Ll _E o Ll E 195~225
H 4 e 50 &1 E 8 I |k 170~195
2 D Tl 40 I E 1588 E 140~180
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Fig.79. Various Size Cotters
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Fig.80. Various Light Castings
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Comparison of Oxidation when
Specimens Were Heated for 30
Hours at 800°C in Oxidizing
Atmosphere
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Specimens Were Heated for 15

Hours at 980°C in Acidic
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The Extent of Growth when Speci-

mens Were Heated Repeatedly at
450°C to 950°C

Fig. 83.
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Fig.84. Several Kinds of Articles Made
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from T.H.W. Casting

HEAEIE LT\ 5, X 900°C Dl bLoERECHEES 5
2V M PEEOTREL, A 7OMmE LTHIAL#
HENTW%, TOMEEEHRREE. BIRAE » PR
CE . EREERH, BEPERE hﬁiji?diiﬂx’r S\
FH X v =N~ v 7, K FERE T Bl

CIEUD A %, BRI & ORED—Ha R,

73 i
Yasugi Special Steel

M R B S
Steel Plate, Steel Rod
6 Ex 5 E Eﬁﬁlzmﬁﬁﬁﬁﬁ@%‘ﬁﬁ@%ﬁ
R T L SR ST v~ A OV RN TS A
DN R zich)ﬁi% L XD S B IR A SR T R A
Bk 0 4 BT BAEAC LTI L IEFS L & A3
g Hilta .

¥

M L TR ElEaT e T A C e S A BRI O
BEMEIEOL AT TE 5, IR O 4 eI

Wi, el 4 BRS AR A F I UEPE L TR 2D
Th A, SEIFAYDOY=2 3 9 VL L WIEFHRD6E
EIHIEAEEE AR A LT D TC—E LRI HH- L—J‘%ifﬁ
HRE TRMREERBIB L, ZAUTEE T ORG
a9 % .

Cl1) & 1d DO % W

— i

M2 FEF T RIT 5 B i HF ilf o g B

9

6 B % M E ZE &
o-High Cold Rolling Mill
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Specifications of 6-High Cold
Rolling Mill

# 10 % 6
Table 10.

iz

EX 1%

T T I T TR

i = HIr T W& A e Va2 PV
e % o — < | 130¢ < 200 1.
T TR T SH >095°
J& # oo — v 2500 % 170 L
Bl %o — R SH  8°
El'r B @ & 27, 37, 52m/min
T E B OE A 100 t
B OE O8O B fl
B - Y i 4 WA P Y)Y *,TJFI'JFE"_J'HF’
& - 2
1 B | o fE fr
L B OH W B M '1 %
d~u — 7 F @ FF B B
= 11 £ EEME S kK &~ A E

Tolerance for Thickness and
Thickness of Rolled Materials

Table 11.

#l & <F & i JI5 (3311 1 ﬂ‘z'_ﬁ.f gl AEEERE G AZE
0.5 | +0. 020 | +0. 010
0.4 +0.020 | +0. 008
0.3 +0.015 +0. 006
0.2 +0.013 +0. 004
0.1 +0. 010 +0. 002
0. 08 +0. 008 0. 002
fFE) EIRME XY 10mm OFFAHIES 5,
Bifr mm #HSE 100 mm
FFE#SEZ0.00lmm D Solex type BE v 4 # 9|2 TE S
HEE5H 6 BHETHEAERE DO HAEDO TR L E8SE 2O &
10RICRT,
C2) B B hH
SRR ) SRR O SRR LTS LT 400

kg AVEAE D, e hBIFEIEE £k H 110 mm O
M &35, RC/NHEEBCHE D E X 2mm, fF§ 100
mm D 2 A VEAfE D SEEETS LB S, FIE
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Fig.86. Microstructure of Rolled Material
0.1 mm KK Strip x400
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%mm< STIREL BFTH S,
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MDA HEE TR TH S .
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— TR % B SR D BRI R RN L aarvh D%
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Fig.87. 610x92) Two-High Sheet Mill

# 12 F 610x90 — = K M K JE & &
Table 12. 610x9)0 Two-High Sheet Mill

el R £ ¥ F = 2
| > y ¥ F # X — = P m K
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B o e O HETLMAEFREBTH
| Tl 2y EFBD-BR

B yi 550 HP
T | [7] i = i 880r.p.m.

A 7 7| 60=
B - G | H I M & Fr
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ir | W Hr Pl 10mmx2,200mm 1 2
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= 15 F# B REEFZHHEH KT &K ZE
Table 13. Tolerance for Thickness of
High Class Special Steel Sheet

e E~F & (mm) | yis ax | & & #F 7% 8 R & E (%)

E 3IXExXE 3 %) | AUEEAEE | AFvARMAE
1.0 % 750% 1,500 +11 +10 +8
1.0~1.6x750x1,500 +10 | ol A=
1.6~2.3x750x1,500 | =+ 9 ‘ + 8 +6
2.3 un X750x1,500 ! ol o= T —_

|
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Fig.88. Prescription for Obtaining Test
Piece
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5 Ni Cr Mo
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Fig.89. Mechanical Property at High
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Fig.90. Visible Fibrous Structuie
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Fig.91. Microscopic Structure x100

TURIL HB

AR A

S P(%)

-
¥

L1

W 572

T (0

il

3E {835 £(%)

%36?’% g{rl

P U TR A E R O R H i #EAR A ko B
X b Tungential 7%t} Radial o HECHEENLOE
AR AT L7, 7ck Cfilix Creep HRERICHLES
HIcHHEIITHICTCERDTH S, BBREELFEEOAR
Bz X h#E T v 300, 400, 500 JLyr 600°C & L1,
S ERE ORI E I i - A —FE L TR L
72o Al Tungential » Radial o AEMELIEE IO
I T Y AE T 4 Loy RO B & D & A
Th BHTHEETEHL O, FL-FRERCINT 538M
HHAHE L CoEZ TR U FRC AR o Taes
SirH Rk 4 O [ 911:_?mu<.w FHEOEFIT LT
BEhZ % RLT

ZS &% £
Stainless Steel

REEXEGEAXA—-E 7 UL—FosE &

B8R X b BIEFESANCH A L7 50,000 kW Z%
BRICHH L% — VL EIEOREHOHTEH B H%
CHIfFER L2~ v —
7o BN LR OEY FEICNT RN AE

DThb, 2OX—E v v — FEHLE T HRWERTZ

NN THRYEL 72 ;“ijkzﬂf—fva—ﬁ
B —T R ERFICAIR L S E ol flE & EiRSE S
FIICR D & LB ER OIFE T L 5
ok I

.?

#£92 50,000kW X — vy w~—2ZX
Fig.92. 50,000 kW Turbine Rotor

Y -

b RO KT >

5k BT

[



EE{ %m 28 11 F“

700 M

T

0 100 200 3[]0 400 5(J](] GUD
|

. ffﬁ“{ I.F\J;w;
R e e RAR

EZ2WBHK ¥ — ¥ v 7 v — F

Fig.93. Turbine Blade
407 -
006 +
S o5
1|
W oo -
07k
& q205
= gzt
. HN G,
" — )
0a1 +
/L/Cf & e -0
| R ]
¢ J da [0 15
Mo (%)

A mekME I RE I Mo o
Fig.94. Effect of Mo on Corrosion
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Table 14. Value by Mechanical Test
LR OB OB DM TR Y| e | B E
AT |( mmﬂﬂ(kcrfmm?)l (%) (%) LR (RC)
1 92.3 110.5 12.4 | 30.4 7.93 | 35.0
2 | 9L.0 109. 2 16.4 | 46.9 7.93 | 34.0
3 | 94.4 113.1 16.0 | 49.0 0.27 | 34.5
4 | 90 109.2 14.0 | 36.0 8.80 | 34.0
5 61.0 103.4 | 11.3 | 29.0 | 10.86| 34.5
6 92.3 110.5 15.6 | 46.9 | — -
7 92.3 110.5 | 15.6 | 46.9 | 7.93| 34.5
8 0.0 | 109.2 10.4 | 28.0 | 10.69 34.0
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Fig.102. Relation between Si Content and
Magnetism
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Table 15. Relation between Si Content and Magnetism
{t. & R, 4 (%) 1 & 19 5 /=]
: ! ) B1 | Bso Ba | Bs | B, i H
C | Si Mo 3 | 2 o | o U ren) | ey | (eR) | (FeR) | (FeR) | (2rxmvEF)
0.02 | 1.15 | 0.09 | 0.009| 0.02 | sNil | 0.04 — 12,500 13, 900 14,200 14,500 14, 000 0.24
0.02  1.33 | 0.02 | 0.009| 0.017 | Nil | 0.08 - 12, 900 13, 800 14,100 14, 550 14,100 0.21
0.03 | 1.65 | 0.05 | 0.013 | 0.014 | Nil 0.05 | 0.02 11,450 12, 650 13,100 13, 650 12,550 0.34
0.03 = 1.65 | 0.02 | 0.016 | 0.013 | Nil | 0.05 | 0.04 9,750 12,400 13,150 13, 700 12, 350 0.51
x10°
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Fig.106. Qu-:lity Cortrcl Chkert of Siin Steel

# 16 = Si B B £ 8

Table 16. Transition of Si Variation
| ek o = j 454 ﬁ D IR o
T IE o I o B | e }ﬁ' S o |
| B B r]J_I_ SIS E R il Iﬁ.ﬂiﬂ “ HACEH] | FEARER
X (%) 0.31 0.23 0.21 | 0.24 | 0.15 | 0.15
a (%) 0.11 0.0C5 0. 04 0.03 0.03 0. 02
N 40ch 50¢ 10ch | 40ch | 35¢ch i 40ch
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Table 17. Standard for Substitution of SC
for SS and SF
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Fig.107. Rolled Round Steel Bar
Made of Carbon Steel for
Machine Construction,
Ready for Shipment

#£ 18 % SC # o f& % w % Lk v #& WK W & H
Table 18. Chemical and Mechanical Properties of SC

e * i & (%) #: i Fy iz B
= io|m = » (R GRS BIEEEE g op & y & B Hm | B &
mm=</\ mm#e /' & g/cme) - |
10 # S @ |S10C 0.05~0.15 0.15~0.40 0.30~0.60 <0.045 <0.045 =21 >32 | >33 — — 11T K
15 fe % 8l | S15C 0.10~0.20 0.15~0.40 0.30~0.60 <0.045 <0.045 =>24  >38  >30 = — 109~152 %
20 fit = 5 |S20C 0.15~0.25 0.15~0.40 0.30~0.60 <0.045 <0.045 =>26  >41 = >28 ~ — 116~156 &
25 & & M |S25C 0.20~0.30 0.15~0.40 0.30~0.60 <0.045 <0.0i5 =28  >45  >27 — - 124~167 7
0 REHMAF S30C A 0.25~0.35 0.15~0.40 0.40~0.80 <0.045 <0.045 >30 | >48  >25 | - 137~174 %
30 % = 8 O 'S30C B 0.25~0.35 0.15~0.40 0.40~0.80 <0.045 <0.015 >34 > 52 >23 57 >11 148~183 i
S5 EHEM (S35C A 0.30~0.40 0.15~0.40 0.40~0.80 <0.045 <0.045 31 >52 | >23 — - 143~188 . &
BikEMT [S35C B 0.30~0.40 0.15~0.40 0.40~0.80 <0.045 <0.045 =40  >55  >22 55 >10  159~212
10/ =HH |S40C A 0.35~0.45 0.15~0.40 0.40~0. 80; <0. 0-15| <0.045 >33 >55 g2 ~ | = 159~212 #%
40452 H# < |S40C B 0.35~0.45 0.15~0.40 0.40~0.80 <0.045 <0.045 >45  >62 | >20 50 > 9 179~255 &
A5 RFHAE | S45C A 0.40~0.50 0.15~0.40 0.40~0.80 <0.045 <0.045 =235 = =58 | >20 — ~ 167~217 3%
45 FEMTL S45C B 0.40~0.50 0.15~0.40 0.40~0.80, <0.045 <0.045 >50 | >70  >17 45 > 8  201~269 ¥
50 =g |S50C A 0.45~0.55 0.15~0.40 0.40~0.80 <0.045 <<0.045 >237 > 62 >18 -~ - 179~235 ¥ #h
S0 =  S50C B|0.45~0.55 0.15~0.40 0.40~0.80 <0.045 <0.045 >55  >75 | >15 40 > 7 |212~277 % #
S5 ZEET  S55C A 0.50~0.60 0.15~0.40 0.40~0.80 <0.045 <0.045 >40 = >66  >15 - —~ 187~269 &
5=z S5 C B 0.50~0.60 0.15~0.40 0.40~0.80, <0.045 <0.045 >60 >80 >14 35 > 6 229~285 £
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= 19 £ #H H & 4 e Table 19. Size of Products
-@ ‘mm) 15; ‘ 140 | 130* 120.., 110 141'5:_‘ 100 ‘ =95 90:7“ 3:5 80 75 | 70 _55 60 55 __ 50__
& & (ke/m)| 139 ’ 121 | 104 | 88.8| 74.6 68.0‘ 61.?' 5.6 | 49.9‘ 44.5| 39.5 34.7’ 30.2 26.0| 22.2| 18.7| 15.4
E 2 (mm) | | S ;,006 i E Z.Tl EOR e y
Mo b - 4 Bl E
S-C gl DT 2 oV ElR (JIS ;@A
Ci) Atzeriey IS G 3102) RN T Dm0 .
fb2e i b ) <407 (L /15 1T Xk A, Cu<0.35% Ni<0.20% Cr<0.20¢9
(n) I ¥, 4 &

Lo N i oo e S Sheosoe 9o
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Fig.i12. Test Material for Fixing
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Fig.113. Result of Fixing of S35C Rolled
Round Steel Bar
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Fig.111. Magnetic Proving Test of Products Fig.114. Result of Banding Test of S35C
(30kVA Steel Proving Device Used) Rolled Round Steel Bar
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Fig.115. Result of Macro-Corroding of S35C
Rolled Round Steel Bar
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Microscopic Structure of Annealed
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Fig.118. Microscopic Structure of S45C
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