jujo Vol. 13, No. 2

Journal of the Korean Foundrymen’s Society

—187—
am X
7% ADIS] 7)o -3 /frlo]| B3l o
ST, SN, RS, RAEE

Development of Control Technology of Austempered Ductile Iron with
High Strength and High Toughness for Gear Parts,

Won-Yong Kim*, Kwang-Bae Kim**, In-Chan Kang*_and Sang-Uk An***

Abstract

In this study, it was examined the relationship between the microstructure, fatigue properties, me-

chanical properties and retained austenite volume of Mo-Ni ADI correponding to various austempering

temperatures.

When the austempering temperature is increased to 370°C, acicular bainite structure was found to be
transformed to feathery bainite structure. But at the austempering temperature of 420°C, the dissolved
bainite lath was showned. Up to the austempering temperature of 370°C, the volume of retained aus-
tenite was increased. However at the austempering temperature of 420°C a large amount of retained
austenite was decreased. In this study, the retained austenite volume was determined by XRD(X-ray

diffraction). It was observed that the optimum fatigue properties can be obtained at the condition of

austempering temperature 370C.

Under the such conditions, fatigue limit determined as the value of 290 MPa, tensile strength
877MPa elongation 6%, hardness 285(BHN), impact values(CVN) 9.2J and retained austenite volume

30.3%, respectively.
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Table 1. Chemical composition of ductile cast iron.(wt. %)

Material T.C - Si Mn P S Ni Mo Mg
Mo-Ni 3.98 2.47 026 0.078 0.016 1.12 0.18 0.024
22 ANEe| HXE| Y TZ2AY A S FAA WSl stair-case® Vol uhe)

L24E3LE A7) 915te] A A A AAIES 50% ¥TIEEE A YE FHE
A% chipfel] Alg8g 1 AV|2g ol-g--a}cﬂ AAsgon  HAFTS  60Hz HHEET
900CNA 1A FAI3ke] &A8F 3 F 270C 3600rpm 0.2 &, 7] Fol 4] dA| 0}951‘3} f
~420C29] Zt 9-8(NaNOQ, : KNO;=54 : 56)°ﬂxﬂ |
Z2k AR st 1%1?} A4 % Y39 Fig 1 3. A&t 9l o

e B Ao AxE THe YE Rol .
H2AE L IAFY HZAIFI]E 0] &5}
%0 T
- 1 hr
2
~ S/Q
g
a8
]
g,
g 420 ¢ _
o0 370 € ‘\
=)
'5 320 ¢ \air cooling
E 270 T
2 1 hr
<
Austenitzing Austempering

Austempering time ( hr)
Fig. 1. Heat treatment cycle for austempering

of ductile cast iron.

(76)

31 oM =2 aHE o ZRFAHLI0|ER
Photo 1& & A7olA YEeEld 2+ Q2w g
Z3(270C~420C)oA 9] mAzz dAxE
Epdiziolty. Q2"Hy 257t 270C Lo o]
UolE %32 olF nmlAda A (acicular) o] Hjo]
Lol A& #F & = g on wojyeolE
o] F gl g g iAlolo] AL FA o}
Elyic). gt HEFH o7 D]%EH

(untransformed austenite)® =3I T &

T
.

O{

aar:} |
A 2o A Q2 HAY T AL wo]}o)E g
‘lJ ,%],&-]_6‘:.1:7]_ A“ZJ—___:__.T: HE]'E un].a}\_] ]j]x_ng]_
o] weljolExZ o] Eyton T3 Ry
Rl mHE] . AH| o] ES] AL B %?oﬂfﬂ
Z3F 1IAZEe] g2 E A A]7ko] 270°C ol A]
o] HoJtpolEWE ] A1FA (ro—Ba+ru)¥H-$
& &8 AFV)de FE5S A wRo|gtn A
Ak 2"y 2wyl 320CYwE 270CY
QAR AN el udyg] 9 AFH|UolE
S-E=F7Het Gl Eo] ©hhe] sl 3HAbA F o 4

o] =

R

o



X A 1338 A 23(1993. 4) &} I - % 38} 3] —189—

untransformed
austenite{ 7o)

Photo 1. Optical micrographs of austempered ductile irons(ADI)
(a) 270°C austempering (b) 320°C austempering
(¢) 370°C austempering (d) 420°C austempering
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Table 2. Mechanical properities of austempered ductile iron

Austempering Tensile Yield Percent Hardness Impact
temperature strength strength elongation (BHN) absorption
(C) (MPa) (MPa) (%) energy(J)
270 1174 1046 4.3 409 4.2
320 1121 920 5 367 6.9
370 877 718 6.2 285 9.2
420 788 643 3.5 272 2.5
LAHHY %7} 270CAA 320C% S71s A3t ZlEd o] HWoJLfo]E 29t MY HFQ
et ANE H FAEFFIANYAE Frkeke A 2ol B gk veRd dlolgtr Az
S el ol e2dEEg 252719 o 3hat
Eo] ©AShboodt wigiE o AH o] Eg -
ololE WHAPow IFeiH ol E ) 33 254
Z7} 9 less aciculer bainite lathol] 7)1l t}kar Al Fig. 2= 7zt o 2®Hl#gy A 23} 3A
A=) =N Fote] #AE YEpd RAeEH 270C 2"
2"y 2%y} 370CAHME 7MEES & F3 Az FHZFe] 7P WA ek e, o
AgsodA 2 ANERE AL F Aed shit)2 370CAHAH e2dwad AR Mz
ol L adu e B9 Wolto|Ee] 4% dol HlA & HeEpigleh ol shate] 270C 2.~
£erl 9 AAEE BT e zusa i g ge Age szsol /% WA UEhG ol

(78)



jujo Vol. 13, No. 2

Journal of the Korean Foundrymen’s Society —191—
600 0.30
A : 270°C Austespering
500 r
Q) ¢ —_
E 400 |- ® G
= :' 0.25 |-
g 300 | S
3 g ' -
=
200 =
= 020
0 103 106 . ““1.07 . ““1.03 =
Number To Failure (Nf) =
Fig. 2. S-N curves for ADI on rotary bending $ o015 k
fatigue test. =y
< .
%%%é%i*ﬂ%ﬂé,15ﬁ T3t BFRES
MelzRos Q% R vAE A o 0.10 _
5 15 25 35
S8 Z y 5)-2.
E7b A& LL 2%t A= Ao H2ES Retained austenite volume (%)
SER ol Aedld AT BFesHo | | | |
Egfo] By Eak Foar ZEAe] Wo|ho]E Fig. 3. Rellatlon bzt}vet?n retained fslllustemte
- volume and ratigue strengt
Z2o] Yepd A¥tet A4 & FoLH exponent of ADI.
Holerl RaEgon std FAATA 713
7] (strain-induced) v}l Alo| & HE|E U oA 300 1— 0.50
FAAE 2 A FHARES 5] wEole A i
W2 \ -
Endurance limit
A QAR PLE 420C 24 A Wol y \ e
250 - 0.
GolE wejel A2eA wgol AAse] 284 3 N -
sz BREYH AResHUoEye = =
daol ARG A2 Fig 3¢ BHes 4 N
E 2001 / N -0.30 &
HuolEas A2gsAsete] @A depd = _ L
Ao g 2T A e dEAA U ddo st o =
oh =
NS Hepdle AR IF o AHUolERF = \\\
25 ] 1
o) FAFoz FU WY ATHo BROE = N
uebsith Fig 48 Q37 =e W70 9 923
o] #AE Ve QAo A4FEr} 877MPa |
- 00 T Y i T +0.10
Jduj e 2 gZ3o] 7} ERoE VB 0500 800 900 1000 1100 1200
=4 ol ol F& TEAdo] Al =gt Tensile strength (MPa)
5 2 2 »
AAH o] e AFLAHUOE O_O] ? K} Fig. 4. Relation between tensile strength and
T RAEAe] ARuojgelExFHol A3 43 fatigue limit, endurance limit of ADL
e 7kt
o A$ WARE ot FUol AAshe F4T
. OLA)L.O. ) 8] ] €]
4. moiTbA o] FgE el %Ef%_._‘?_f—%«ﬂ g =57}
F7hstel 30T A9 AR H g vAE
Photo 2= 7t o~dme zAcAe] a3 $ol EAY AYANe dehin ok ey
"o B Ao erdHY Lwr} 270C exdsY ex 4209 A dsate] shdol

(79)



—192—

%% ADI9] 7o) ¥ Eo

43 A7 A9S, 2PN, 32U, @

270°C austempering

320C

austempering

420°C

austempering

Photo 2. Fatigue fracture surface of ADI.
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