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Oil Quenched Malleable Iron, the Strength of an Old Material in a
“Green Cast” Development and a New Future

Cornelis J. van Ettinger
(Gieterij Doesburg, The Netherlands)

Abstract: Recent developments shows, however by using new technologies and combined with
practical experiance, it is possible to increase the casting yield of malleable iron to the same level as
of ductile iron. The mechanical properties, specific the yield strength of malleable iron according to
the standard are equivalent to those of ductile iron, however the yield strength of oil quenched
malleable iron is significantly higher than that of ductile iron. An extensive investigation is made
between ductile iron, air quenched-and oil quenched malleable iron based on the properties of more
then 350 test bars produced under the same conditions. The results are compared with the existing
international standards and discussed. Other properties like fatigue strength and response to
surface treatments as induction hardening are discussed. The costs of malleable iron are reviewed
and compared with other ferro-alloys. These recent developments in increasing the casting yield, the
understanding of the strength, makes malleable iron competitive with ductile iron and cheaper then
the first grade of ausferritic ductile iron, or steel qualities. It is possible to design lighter and save
weight which is essential in the automotive industry. An example of “green cast” development for
typical applications, used in automotive transmissions and engines are shown.
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Fig. 1 Ferritic Malleable Iron. Magnification
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Table 1 Typical composition of malleable iron
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C 2.45-3.00
Si 1.20-1.50
S 0.05~0.10
P 0.01~0.05

Mn 0.20~0.60
Cu 0.10-0.60
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Fig. 2 Effect of aluminium, magnesium or superheating on the shape of
the cooling curve in the liquidus-arrest arca
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Fig. 6 Detail of simulation of reaction gear
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Fig. 7 Complete machined reaction-gear
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Fig. 8 Difference in tensile curve between ductile-and oil

quenched malleable Iron
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Fig. 9 Yield-tensile ratio of the three irons

VR ] en RS H,  BIVE IR LR o 5 o
FER.ZE (Ryoo/R.x100%) . FE21FHr T A [6) 5 8k Y )t
(i A

TR B S5 A 5 14 R FE B A% A R B A
PR BIRRE. PREBEYANZS T ek B Rk
FCRERCARF— e B ek F Rk 2L, W 10afn
€ 10b.,

(@ 2 VEnTiRe (b) ERESGHHK

P10 e BE PR SR R BB 925 3

Fig. 10 Difference in Matrix structure, especially the pearlite
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Fig. 11 Typical structure of oil quenched malleable iron, with a matrix of

tempered martensite. Magnification

52 RBERSHRHEEN 1562F1EN 156319 b 45

X B /0 ek AR SR EE 190 45 SR 5 H 1 TR R A
HEEN 15621 H T ER B BRI FRMEEN 156357 45 %2 Y%L
PEHEAT T Hede, W3, K3, TERMEH PR IEEN
15621, X448 EN-GIMB-550F| EN-GIMB-650, 43!}
TR, % DK T A 0 S A58 B i P v 6 o
POk R RAT, AR SOk B K.
RERE H 3 A JFT P 7E 13X JLAS S 2L RE RE % ] 25 T Lg%
PR ke s o il i AN TR 5L, 2 i)



7SS VN B ATY i pri

o] #R #5 $X

N BE ] A4 1R 1) 5

F3EH, T EHS5026504:1%, FREEN 156248
e ST A = S BRas S . TR AT SRR A S o L L 2
PR R Y o b H26%, 1 BRSSP & .

F3 WEAREEAINIEE RE I FREEN1S62FIEN1S 630 IR
Table 3 Review of yield strength results and the specification

EN1562-EN1563

) SR e
DALIDL S et M
R./MPa  ENI1563 ‘E/45H EN1562  AE/=iii =gt
Rg:/MPa  Ru./MPa  R./MPa  R../MPa R, /MPa
350 220 210 200 210 A
400 240 240 - - -
450 310 270 270 270 A H
500 320 300 300 300 AH
550 = = 340 330 410
600 370 360 390 360 450
650 - - 430 390 490
700 420 420 530 A 530
800 480 480 600 AHH 600
/R ys IR, - ~60% - ~60% ~76%
53 EH=RE

AR, CABLRIPETT EREAE A A I FER A
B —I0 A A e . TR E I HE- RO R e e
JEITIRRE . (Bl = Al P 2 A BT SCRRAF AT 3
B, E N SCRR AP AR A BSR4 STk P T 7 0 P B
IR 55 58 FE (19 SCRIR[11-12). Gicterij Docsburg 23 7 7L
20084F (AR EE TSR (LFE.G) 320 7 9 ]
Py SR AR, JLHIME T 30M Bt

A= 7= 0 A — A 90 A B G WS AR TR Y H - B
YRGB AT T A0l e Ak SR R Y
TR RS2 560 22 4 Pl 8 Inl K R AS [] A4 s 52 5 B
it 4 % 11 B A 16 1B 78 5 b o EN-1562(1 650-2 1 700-2
M58 (HB 212~262F1HB 241~293) ., Fit 2 (14 i 5 1k 5
HB 235~277.

M T 3% 57 156 1% 290, BUR =RAS
A 1 5 T ) e T 0 2 s o T 2SR ) ) 2 R
RV ARG BE . PSR EE R g B E R h  WE
HB 235~277, JH MR EER 02 749520~613 N/mm®, i fifi 3
FERA1654~750 N/mm?, {424 43.5%~4.5%.

i FEbR A ASTM E466 %) H T 9% 57 1A 58 119 22 MR 10 B
PEATHLEOM T, BT 160GASE, M5E HIEI7 A . iX
AMAIEHOE N TR ARG b nl SR A9 I 45 1 2 1 08
(1., i F (1 iR 08 3 A2 HB 248~26930 Bl . 955
JEH L, S0% KM AL S50 E F1241 MPa, %K
FHLER R 55758 0] 238 MPa, ULIE12,

FH TRk S8 5 Bk 1) 4 - 47 156 1) 4 11 EN-GIS-700-2 1
P 57 R L 1 SR U] 24200 N/mm?,

340,00 - P
o R
» =07 ]

P=5.00%

. a f, 0o P=10,000%
600 < 5\ By ;
\ \ =50),005%
» — P=00.00%
" |
\
| \ \
202.00 | \

= 268,00

244.00

.

220,00 ]
11] 10 1] 1] 1

12 frvEal Pk o7 e

Fig. 12 Fatigue strength of oil quenched malleable on

5.4 3 %Rz REAL, B el R

Al RGeS LB . Bk BEIL B A B e —
AT PR B MO B FRIE . S A, TE U A (o] SO
FER AL IR O 2 PR R TR AR 8

BRI ] 5 Bk B 05 38 Al I I A R K B KA
TIAF- PR KA 32 PR GE W ) T A B e i EE , AT B
WAL il FRATO o047 T 8l BRI T e Bk Y
FBEILRRPE, AR B B T A e S e i o
IR E B R A A Y. R, (6 i B LT
) 2% v ek B AR AR BE L 1) B TR EE S L Y, RS
LRI fEHRC 55~600 i BE AN 23 18 1) 7R K i) FRIME

1% she B B K Z R0 RN AL AL TR, Biln
IFEAFEAE. P38 T — A H bk WLASE 46 48 1Y I
WAL Ab R H A e R, A REIA FIHRC 56, A%
A i e S R AL B HRC 67,

FEI3 TET R Rk a2 ) S R {2 21
Fig. 13 Uniform induction-hardening structure ofoil quenched malleable Iron
T 5 1 P R O it 8 7 A R B s Acb 0 i7 Ji
f— Btk I
WAR, FREBFFEAEREILS Mok AT ESE it —Fh R mT
B MRE I —BE, S A T8 AR AR B 20

6 RUASLEE:

AR R B BT, R O o]
BRI TR 1 K72 h, BB AT SR 1 P b
Bl 117524 h, 1) H 42T H T & I 28 i1 e B iR



CIR:3757S

SHERE T I N A SRR it

fi. L, XtGieterij DoesburgZy w4 7= (1445 Fi i 2k i
17 BT BUA 22 B A9 TEA AR fE 5 BRaE
PR AR A P S BRSO T, AR ol B R 2
$20%~25%.

W A] SRR S 1S R S ER AR R R A s (R U1
AR, BTG P8k 0 5 a2 1l A= A0 it 5 il AR A
. X el goRBe, TR a KR PEM,
B, RESAC, A BA R RN, TSR
TERER BRI X 6 JB I A T ) 5 04 N B b 3

PR ek S EUR ek, kR & ik
FTREM RO R . TR RO 8RR 2 T4,
PRI 38 AR 3, 5 T BRARR13%, i, YMHTF
RBAERT, BRATEEL M (R RE L pe I 248, 37 T A K
REGBMAAAAE T o X T REBRBHE, TR
A 1 5 A R R b FRAE S S BN A, IR
EXNEHTH RN . SERBHEAMLL, nTHREEN
PAL RS FRAOTE SR o T HRARRIBER Sy, X
R T —H AR . SR R ERER B LL, W]
SRR P B P HH 24 Sk TR BR AR A HE 2R FH Y
=42 —. JREEF G E ARt
AAEFRAY, BERAEFRE A LA, bR R4 A
IFEJEE A QT WHETIEM ., BEER B b
WJRFEAHESEATRY, W H 2 A RAEART AT, i
FE Ll AR FR A R T

T VAR T 6 B4R A AR A A 2 R R ATT B BT o BT R
AR BHE T R . (B2, YR TSR N AT LR
FEMFRTEALIE, JF LA S 10U T B i 0 1Y ) 7P g
BRI, TGP AR SERBHE T .
Pl 1435 2 R I AE AN R MR R AOIE LT, dhiAnT
B S — R PR B, IRAX A S
R R RS A O, WS nT RS ke SR B
O

o bW SRk

=AM
. 4
"l L

140 |

PR, B (-
P14 WG A i) L3

Fig. 14 Companison of relative costs

7 NMA

Pl 1S 7R 1 4% o e i o anp e 7 U Pk R K 2 B
PLAYTE 2E. IR FRRE23~7.4 kg, i SEREH

El1s #HREEE
Fig. 15 Various piston parts

FRARIE S, BEJE H5-30 mm, (TR, B
A1 00 B A A € DU T 1 00 20 5 J2 T RN 25 (9 2
o AR HAE AT R HOR 5 030 R 2 240
A REAF] .

Pl 16-197h i A2 I A o] 8 4k Rl no 1% sh 28 8
AR TP AT X TR P AR B 43,5 R 4200 [ b g
B L ST A FH e vl B ik ) x5 T[] ok 2]
EN-GIMB-650-24% . it f3 % {3 BEAE 32 3] 25 ok 19 DX Sl
RV 2 N AR Ab A A T 3RS.5 kg,

IH1e  fesh3eE A M ff

Fig. 16 Various transmission parts, gear reaction,

carrier and gear diff carrier

OB R AE 19504 F sk E A, JF HES
R ph— L FAE W TSR . AERIE, SWA
b, SERASBAMRREN . A B0k G %
N, XA 7L 0 — Bt ] 5 FEUE
By B A B 4

P 19a i T 250k 9 97 R 00 5 640 i 1938 i f _L
1R . P19 S % T — A FH i R T R Ak o i
BURR G HE , T 280 5 P 10a M ] A% 3t 56 A DL i Y
i .

M ] e B SR, ik, —FIRAH A
MK E A FRRER EH T Fhsl ik, %%
{6 201 VEEEAAE ™ 0T 68 5 kak T FHF 254l
E20F0E 21 R i /hNEAF, B E— IR EE 4
F B4 B AR 196 ghO%RET, PEI21 ob BT i B RE i H T
1o B0 Ao D2



SRR 7T B N R SR AS ik

o] #R #5 $X

MAJOR MECHANICAL COMPONENTS
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Fig. 17 Cross section of a detailed area out of an automatic transmission
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Fig. 18 Various transmission parts, gear rear internal, shaft stator and overrun clutch housing
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Fig. 19 Damage compare between same ring gear made of steel and

made of oil quenched malleable iron
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Fig. 20 Anchor made of oil quenched malleable iron. Weight 196 grams
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Fig. 21 Threaded nut made of vil quenched malleable iron, @70 mm.
Weight 600 grams
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