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A Study of High Tension Malleable Iron

By Katsuki Shioya, Michio Makino and Masaki Matsuo
Tobata Works, Hitachi, Ltd.

Abstract

High tension malleable irons are made from white cast iron added with
various types of alloys. Being so much harder, stronger and more resistant to
abrasive wear than black heart iron, they are used for such services where the
toughness and high yield points are the first requirements.

The writers had reported in their previous article on their research works
concerning the factors influencing mechanical properties of the high tension
malleable iron in the course of manufacturing process.

In this issue the writers summarizes the results of their experiments on the

mechanical properties of this material, i.e. tensile strength, fatigue limit, abra-
sive wear resistance, selective hardenability, heat resistance and machinability,
giving at the same time some instances of high tension malleable iron castings
manufactured at the Tobata Works.
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Table Pearlitic Malleable Iron Specifica-
tion (ASTM)
. . HL B8R b B R OB HEAeR ) .
5 B OWEE kgmm?) kg/mmd) () T OF
A-220-4T 43010 1944 42.2 | 30.2 10 | EEHRE
A-220-4T 50070 1944 45.7 35.2 | 7
A-220-4T 60005 1944  52.7 42.2 5
A-220-4T 70003 1944  63.3 |  49.2 3
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Table 2. Pearlitic Malleable Iron Standard

(SAE)
@ | BB AR A& M R | R

- (kg/mm?) (kg/mm?2) (%) (79 %)

e R B0
43010 42.2 30.2 10 163—207
48005 49. 2 33.7 5] 179—22
53004 96. 2 37.3 - 197—241
60003 96.2 42.2 3 197—241
70002 | 63.3 49.2 2 241285
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Table 3. High Tension Malleable Iron

Specification
! (kg mmd) (%) (Fyvxn1) (kg/mm?)
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Table 4. High Tension Malleable Iron Speci-
fication of Tobata Works (1955)

| | H & 7| HE MR | W B | 9 Jf 3! l?‘
| (kg/mm?) (%)  (Fy ) | (kg/mm?2)
& —45 ! 45 | 6 } 150 | -
BH—50 50 5 | 180 —
th—ss | 5| . 200 )
"= —60 I 60 ! 3 240 | 20
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Table 5. Chemical Compositions
K ¥ R A (% | 494

alflad s A& 27 S |
J “lc|[si M| p | s |*EE

\
| | | | |
1

BM | RBib~=v 7 2,54 1.07 | 0.32 | 0.146 | 0.073 | 137.0

HM45 & b — 45 2.54  1.07 | 0.32 0.146 | 0.073 | 160.0

-

HM50 ¥ 5 — 50 2.32  1.04 | 0.68 0.154 0.069 228.0
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Table 6. Results of Tensile Test

—— LB R A HoaE b | aEmR | B ¢ R
2P =1 0 : e it
mElEl s # (= (kg ‘mm?2) (kg;mmﬁ) (%} (kg/mm?2)
22,8 30.4 6.3 18, 500
BM | v Fa
22.1 30.8 7.3 18, 500
30.5 43.5 6. 4 17,400
HM 45 # 5 — 45
29. 8 40.7 4.5 17,200
' a7 51.6 5.1 19, 000
HMS50 | & - — 50
36.7 49.4 4.9 18, 500
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Table 7. Chemical Compositions
W % w4 (%) | ?‘*ﬂff
seEE # ® Ji
c | si|Man| P | 5 |%&

HM-50 & 5 — 50 2.32 1.04| 0.68  0.154 | 0.069 50.0

.

HM-60 ¥ 5 — 60 2.48  1.13 | 1.03 | 0.132  0.078 66.7

HM-60 | ¥ 7 — 60 2.42 1.09 + 1.00 0.101 0.088  63.7
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Chemical Compositions

=8 | woOo% ok 4 (%) 79 %
| & B |——
A0 & C |8 Mon| P S | g

S SESM (I MEE0R) | 0.58 | 0.21 | 0.51 0.051 0.008 190
ClI | 3% i # &
cS | 0 0.12 0.30 0.71 0.031 0.009 126
BM | BLvyv S| 2,54 1.05 0.32 0.130 0.093 137

2.12 1.04 0.171 0.049 160

HM #~v 7a 2,32 1.04 0.68 0.154 0.069 228
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Fig.1. Tensile Test Piece
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Fig.2. Stress—Strain Curves
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Fig. 3. Fatlgue Test Piece
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Fig.4. Results of Fatigue Test
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Table 9. Results of Mutual Abrasion Test
FEHE R MR i &= | | & FE Ht (g) 1 HFE % » ENBRC T
TR BN ] AN AN
FHsUTHE | (ke) LA THATRER (R OF ke R RERR @ (kg-cm)
CS/CS 25 100, 000 T (i N d 1.0902 1.8013 0.18013 100
CS/CS 100 20,000 3.1641 1.0726 4.2367 2.11865 >150
CS,CS 200 1,000 0.0612 0.1254 0.1866 = >150
Ci/Ci 25 100, 000 0.0993 0.1042 0.2035 0.0204 35
Ci/Ci 100 100, 000 0. 6923 2.0050 2.6973 0. 2697 140
Ci/Ci 200 50, 200 1.1404 4.7802 5.9206 1.1793 >150
BM/BM 25 100, 810 0. 2349 0. 2667 0.5016 0.0500 25
BM/BM 100 100, 000 2.4015 3.3415 5.7430 0.5743 68
BM/BM 200 50, 000 2.6890 4.2268 6.9158 1.3833 90
HM/HM 925 100, 050 0. 2006 0.2741 0.4747 0.0474 70
HM/HM 100 101, 270 1. 2890 1.4227 2. 137 0. 2656 =150
HM/HM 200 — — — - — >150
# 10 F Mo B OF R B oo O
Table 10. Results of Relative Abrasion Test
kA % & | 75 3 g (g) 1 T E % v | EEBRECHT
TR s | 3 F A 2
THEA A MR (kg) LR AEREEE | FIRSREREREE (BB B Rt 5| R ERK & (9) (kg-cm)
S/BM 25 100, 030 0. 0022 0.2772 0.2794 0.0279 21
S/BM 100 102, 030 0.0014 4.0679 4.0693 0.4008 53
S/BM 200 50, 020 0. 0032 12. 5620 12.5588 2.5118 90
S /HM 95 100, 000 0. 2594 2.1952 2. 4546 0.2454 105
S/HM 100 100, 000 0.3371 5. 8294 6.1665 0.6166 >150
S/HM 200 50,000 0.1203 10.7393 10. 8596 2.1719 >150
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Fig.6. Results of Mutual Abrasion Test Fig.7. Results of Relative Abrasion Test
-_%f.»ﬂzf;l»& L OoOTEHERE L, 10,0001qu11 U @3{-'51‘5'-J1:'f“‘.51?&££ B CIREERO R FEZ R L7z, 100 kg (280 TE
2R L TR © i & 17072, ERATIRIEE 9 Bl b 7 ARk, @l v SIS LT AT
=, %miﬂr-_«:; U 6 [, %72:?11“4‘ "L L TH B, HLBBOETIEE ASFREOREELZ R L, 200

it d o & L B
Eh = vt 25kg I

A BFEIZOWTR

e

{.];I:'{_\..‘ < bV 7L ’

kg TREL=VIALEZDF TS

Lo ) N A

— b ——

0, S,

> RE
{ =~ 1=

Al = DJ”J“HHUJ k

=y B B i )

A1 DAl



I s B 7> B | S i
g 11 % AR o ALF ks & B
Table 11. Chemical Compositions
ir % i, g (%) |
= —— - i i
% Si Mn | P S i ¢ ‘
~ — o = N .
o~ U S A 2.43 | 1.02 0.36 i 0.106 0.123 ! 0.030 = HB 126
|
R 2. 54 1.06 0.72 | 0.118 0.094 | 0.030 _ HBHZE% = aae
> NP ) o A = 4.32 — i -~ — - n 11.35 HB 150
; " | | Ni 0.18
2 7 i 0.22 0.23 0.65 | 0.018 | 0.009 | 111 . Moo.24 | HB 406
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Fig.10. Results of Abrasion Test
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Table 12. Chemical Compositions
|  m R B G |Fyan
MRS M " |
C | Si | Mn & S B B

BM  ®=ih~vFa | 2.54 ‘ 1.07 | 0.32 | 0.146 | 0.073 | 137.0

HM = 5 —50 2.32 1.04 0.68 0.154 0.069 228.0

Fig.12. Test Piece for Induction - B L
Hardening
2 13 = SEBEABZOERMBEE s L BEAEE
Table 13. Results of Induction Hardening
BERS ; ## i | TR | R i g (HS) P g | SRS
BM-1 ) Lﬂ vy 7oA 4.5 5.0 23.0 ‘ 23.0 20.5 22.5 2.0 | 22.5 | 22.6 0
BM-2 RBRL~wv 7 5.0 5.5 28.5 | 28.0 28.0 | 27.0 | 28.0 . 27.5 | 27.8 0
BM-3 ®BiL~vv7a 6.0 7.0 30.0 |  30.0 28.0 28.0 29.0 29.5 29.1 0
BM-4 L I o P A 7.0 8.0 33.0 | 33.0 30.0 29.5 | 29.5 28.0 |  30.5 0
HM-1 i_;:‘;‘ }J ~v 7 | 4.5 50 6L0 68.0 67.0 73.0 75.0 70.5 69.8 1.3
HM-2 ®#Eh~v 7 a | 50 | 5.5 75.0 77.0 74.0 74.0 71.0 | 73.0 | 74.0 1.0
HM-3  ®h~v 72 6.0 | 7.0 78.5 76.5 75.5 79.0 81.0 | 77.0 77.9 3.7
HM-A4 | H~v 72 | 7.0 | 8.0 67.0 | 69.0 68.0 66. 0 70.5 76.0 69. 4 5.0
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Fig.13. Results of Induction Hardening
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Fig. 14. Fractures of High Tension Malleable Iron after
Induction Hardening
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Table 14. Chemical Compositions
e % R 2 (%) PAEY
e A - S e R |
| C Si Mn P S i@i B
B - | : i,
HM | & 5 — 60 2.30 | 1.12 | 0.94 | 0.142 0.073 255
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Fig.19. Test Piece for Flame Hardening
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Table 15. Hardness after Flame Hardening
oy [
=2 az(mumfgxlﬁmgs’)fiﬂ' it £ R T
1 1.0 | 10| 27.0 | 25.5 | 20.5 | 26.5 | 27.1
2 1.0 14 | 32.0 | 30.5 | 26.0 | 29.5 | 29.5
3 1.0 15 | 26.0 | 24.5 | 25.0 | 26.5 | 25.5
4 1.0 15 | 32.0 | 30.5 | 26.0 | 29.5 | 29.5
5 1.0 | 19 | 53.0 | 59.5 | 55.0 | 56.5 | 56.0
6 1.0 | 19 | 59.0 | 62.0 | 62.5 | 65.0 | 62.1
7 | 1o } 20 | 62.0 | 64.0 | 62.0 | 69.0 | 64.3
8 1.0 | 25 | 65.0 | 65.0 | 63.0 | 65.0 | 64.5
|
9 1.8 5 | 62.0 | 60.0 | 63.0 | 61.5 | 61.6
10 1.8 8 | 65.0 | 60.0 | 58.0 | 61.5 | 61.1
11 | 1.8 | 10.5 | 57.8 | 54.0 | 49.0 | 58.0 | 54.7
12 | 1.8 14 | 58.0 | 60.0 | 52.0 | 65.0 | 58.8
13 E 1.8 15 | 59.0 | 61.0 | 59.0 | 64.0 | 60.8
14 | 1.8 20 | 45.0 | 56.0 | 49.0 | 51.0 | 50.3
15 i 2 5 | 25.0 | 59.9 | 65.0 | 64.5 | 53.6
16 | 3.2 8 | 55.0 | 57.5 | 55.0 | 61.0 | 57.1
17 | 3.2 9 | 28.5 | 62.0 | 66.0 | 65.0 | 55.4
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Fractures after Flame Hardening
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Table 16. Chemical Compositions Table 18. Chemical Compositions
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. ; | | :
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Table 20. Chemical Compositions
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% &% | C | si an\s

r oy ry7h ! 230 | 1.10 0.94  0.142 | 0.073

axsFrraY | 2.34 1.26 1.14 | 0.142 | 0.071
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Table 21. Mechanical Properties

===" i

CHEE Al (@;ﬁnﬁ-) BT ‘ @
60.8 | 2.5 | 262
_ | 59.4 3.5 | 255
RE BB oy 3.0 | 255
63.1 3.0 248
G s | 60.8 2.5 241
66.9 3.0 248
X 7k 64.4 | 2.0 255
69.5 3.0 255
) L 7e SRBRAT i
66.3 3.0 | 255
75.4 3.0 | 255
| s 3.0 255
| 7.5 | 3.0 255
i] 56.4 | 3.0 241
| 57.0 | 3.0 241
WO B 6L.4 | 3.0 241
ajsFy | 637 | 3.0 241
| 6.2 | 3.0 241
7 a Y E : . _—
| 54.4 2. 241
ENIL s 710 3.0 241
| 68.6 2.5 248
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Chemical Composition of Diesel

Engine Piston

Table 22.

R ¢ | s | M | P | 8

830 252 | 1.0 0.55 0.147 ’ 0.071
804 2.60 | 1.03 | 0.60 0.145 | 0.074
805 | 2.44 | 1.01 ‘ 0.51 0.137 i 0.069
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Table 23. Mechanical Properties
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804 .
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45.8 | 8.0 161
805

45.9 | 8.0 161
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Fig.28. Microscopic Structure of High
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