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Effects of the Microstructures on the Wear Characteristics of Cast irons

Sug-Won Kim', Jin-Sung Park, Ki-Kon Kim, Hyung-Chul Lee

Abstract

This study aims to investigate on the effects of the microstructures on the wear characteristics of the different grey cast
iron(GC) and spheroidal ductile cast iron(DCI). Wear test using wear tester of pin-on-disc type was carried out under the condi-
tions of load 47.2N , velocity 0.2m/s, distance 4000m. At the GC, Wear rates depend on graphite type and oxide layer formed at
wear surface. Weak rosette graphites are easily broken and formed wear debris over 30 um. This wear debris occurs scuffing at
wear surface. As aresult of surface deformation, Narrow regions of the matrix between the graphite flakes and the contact surface
lead to the failure of the necks. Wear rate for the DCI depended on hardness of matrix more than size of graphite.

Keywords: Wear, GC, DCI, Graphite type, Oxide layer, Failed neck.
(Received October 8,2004; Accepted December 15, 2004)

—_—

1M B AA8(15%~25%), TeA, T2} 2 vfREAo
S$r3ltt. ol2ldt Bz sl I W WS

IFAS 59 P4 APl B AEAL AT B A FER QAR AN 25, Fa) o

et
¢
o

= 53 99 AxA o4 B dA0de] 7135l o] 8E A= A4 TS FALe
whE P&l o §—_ 78 B2E et FHE Z1AZAQ) Helo|Eel o) E W AEE Zdyxa)
FAAM ] A A U T AT 2 AR 2= 0= ) vle AR Wekeel
M2 I F] glo] 9 A=A et FAR] 7led sk ARESIE SRR dle AR o TS
7} - A1) FEE Qs BRehd A o F2E9 JAH B ks F= nlAazAA g

FH, OV 3AFR, TAZTAFE S08 HRE X2: FAEE, TAUS, 71229 Felo|Ema}
3 iﬁ*&ﬂﬁ«l AS$E JdAAE, AE7L 77 o|E u] B elElEe] &) §5ol) o]5 & A}
(10~20 kgmm?, 90~130HB)E. Fov} d&4el 5§ TAEAFLY 714 S4o) 2 Jgg 7+
A9 BE=R AT Free] gYdld ARE A & A2E g8A vk AslEelM 74 uke F1lel] 3
TEA] T HF F AR EAM AMET FElA T 5 vk AL HEd Astate) 34
A, AR FEFLEAE AT AT, ARFS ¢ 3 9SS s AEel TFHY] W Eed. 3
£ Biolm A= g =3, EdA =3, 850 A FEL2 dwbdoE dAgo|E 39 7R Fxo|H
HI Jx[23], TAEA FHE Mg, Ce53 H7IFF ASTM AFY IR ofF F& ulr AL
o2x WA B FASlEl] $HAFE W AFIRTS]. "l 2 Aol AlHe] T u}
& Y934 I =(30~45 kg/mm?, 130~160HB), & &=} Co} sid) W3l whE Zd3e) A

it

LY
P

[u:d

-
]

AR Aax Fe, FE7)ledFAE, ¥ T Division of New Material Engineering, RCIT, Engineering
Research Institute, Chonbuk, 561-756 Korea)
"E-mail : ksw@chonbuk.ac.kr

2n



~324- 749 vpe sy

o Bl wlAEA] e} g% - A4 - WA

oA - 7

2 Cu, Mn, Cre] HejolE <3} 94 2 Asbs
AL Al obe S99 /1% 2249 wspl
3FE 9 FAEG T vl BAol ojujdt T
S vIXER deiM vhE AYS Sl FHEaat
g},

=

2.4 WY
E A7l AR AL Feh =7 (S kg)E
o] 83}l TFT fFrERoA LB} Al AA,
24, 7VeA(99%), Fe-Si(75%), Fe-Mn(60%)- o}-&
3} C, Si, Mn, Cu, Cr 9] 33 A4 E3FHE =
Aslglor] EF AlHE Table 13 Zo] Axsdd.
=3 FASE FAL HolEdlAM MExYeR T
A3t Aelaledem 1400°C =AM AR EEof F
d3Ie= Fig. 15} 2ol AlHe 574 S:10mm, M:
30 mm , L: 50 mm} S == A2Go ole AlfdE
ol SEMS o83 FAF 2™ 7= HRB
2AYR EA3

olEAIYE ohgd R wfEERACA (hEsE
472N, w2 A2]:4000m, PFE 4-X:0.2m/s) pin-
on-disc 3Je)e] wlRAIF7|E o83t HAEe A4
o vlEAE= HRC 199 AES A SKHSHS
ARl om, 4150 vlE AYPH-L A7 89mm ¥

60

o] 17 mmZ 7}1g3tdet. A wlAle} vi2A|HH
&L Ra=03 ume] AAZIZ drfEaz, AlgAe|
o ELE MAHIYc}. wiEAFHS] FALALS AY
A, Fo] 2A3 vlRAIFRY] FA 8] dejAH
107 g8 77 scalee] o] 2%t} nlRAIFS B3l 7
=9 24 53] AEE] A =17} wiEel v
e S AR

3.AEEn Y uF

3.1 D=

Fig. 29} Fig. 32 DIA(TAEAFA)] WAS=
3 D1, D2, D3¢} sspael m olxz=]e
A Rofrt. AEErt B FAE gelM 7
A5e] 91 FAE0] AR H bl ofsle gk
FRel wile] A Agske AE B 4 A,
Cu o] 0.002%Y 7+ T4FAFTAS 7127 A
F szl ER Fse] w2 dilgel 7= 1
b Cu ol 7HsHA ARlEtel B o3t 28
22 olsle] E2 ooy TAERIAFA F2ALE
szt EolA HepolER H2 & & U E2 of
o] FAFsol BN =it 22g el
E7b 3oz 2S¢ 5 A5

Fig. 4= 33t 24 2J3 5] mMzA W
B2 vepdl ARlelst. GiAleh GaAlE Wlasils
Feho|E <3} 94 Cu, Mn B H3s 3 A

—0 ) A Cro] H7legel F713el wie} PelolBo o] F

60 7Rl 9% el ASTM 459 Sl F

1 AN R FAsH AR AR SRl FAA

% 3 & Wele gultes ARt B me TN )

v v 104 0 2 A FHSEC YEdos wiwgs wa

(Unit: o) 249 F900] D} 312 sleio|E ofofo] RS

Fig. 1. The shape of the step specimens. o}, G3Ae Gal ot sie] ko] 7Hhe| wel

Table 1. Chemical compositions of the specimens.

Specimens C Si Mn P S Cu Ni Cr Mg CE
Gl 3.351 2.142 0.198 0.022 0.009 0.006 0.022 0.012 4.065
G2 3.335 2.143 0.471 0.037 0.070 0.083 0.033 0.053 4.049
G3 3.060 1.849 0.668 0.039 0.065 0.125 0.037 0.097 3.679
G4 2912 1.686 0.767 0.041 0.073 0.146 0.039 0.109 - 3474
D1 3.582 2.534 0.196 0.025 0.009 0.002 0.015 0.009 0.053 4427
D2 3.483 2.564 0.208 0.026 0.007 0.028 0.018 0.019 0.047 4.337
D3 3.352 2.562 0.200 0.026 0.008 0.556 0.016 0.010 0.049 4.206
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Fig. 4. Optical micrographs of GC(M) with different chemical compositions. (a) GIM (b) G2M (c) G3M (d) G4M
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Fig. 5. Optical micrographs of G2(CE:4.049) with various cooling rates. (a) G2S (b) G2M (c) G2L
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Fig. 6. Hardness variation of cast iron and ductile cast iron
with various thickness.
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Fig. 7. Wearing amount and SEM micrographs of worn surfaces and debris with various flake types.
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Fig. 8. EDX results of worn surface of G2.

2SR RS E 5 Ao o) =g A%
HAEdo] ulR F1loll FE2E-E 3l vhEage] 3t
a3ledo). =3 G2 A|He] nf B S XRDE &3 A
F 10um °]3le] wiERo] Abzld Halkg gAJsle=
AL B 5 UdchFig. 8). =3 vheEel sl
Blgol oJ3ted HEAW 2 Al o vlE EAlsl=

(25)

taited
- tiny neck

/\_\\\/\’\‘(

U arophise flakes

NS A LA

cast iron bulk

Fig. 9. Schematic illustration of the sequence of events leading
to the failure of the necks.

HA} EA AAge) ojsle] 7|A|7} md B
(Fig. 79 3RS BAF BHyo| EAsin] o]t
) 7175 73] Fig. 9ol AHslgic). o)A vie
Fo] Qs g BASAE 7IXE AlEE v}
BEAY & o wlEAlHES A vhEael] Heje 240
SJsiA mimsimel] £31 o] Hhlsl vepde) =
g Fde) Yol Andel FYIBAE 7AE G3A
o) 7% ukm Y Bkl o)z AmAFEe] vlH 23]
kol FokslAl A= Qlo] GA HAFI}. 1 A9
30 um °]Ae) T4 mhERo] FAEe) HEA gkl 7
AT A FESAbold 283l E =79 vyAE



—328- T2 vlREA ] v vldzAe] g3 - 7MY - ukRA . o3 - AT
6
5k
S 4t
”
C
: ot
[~
g
-]
2
1L
o 2 i
@9 &M 0 Worn surface Debris
Specimens

Fig. 10. Wearing amount and SEM micrographs of worn
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surfaces and debris of G2 with various cooling rates.
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Fig. 11. Wearing amount and SEM micrographs of worn surface and debris of DCI specimen with various tensile strengths.
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Fig. 12. Wearing amount and SEM micrographs of worn surface and debris of D1 specimen with different cooling rates.
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