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A study on the Mechanical characteristics of austempered ductile
cast iron to hardness and texture variation in drilling
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i Abstract f

This paper was carried out to know the influence of advanced austempered ductile cast iron (ADI)
on the tool life and mechanical properties of drilling machinability. For manufactured method of ADI,
the spheroidal graphite cast iron were austenized at 900TC for 1 hour and then austempered for 2
hour at 370T in the salt bath. And interrelationship has been investigated between tool life and
mechanical characteristics of specimen material on drilling condition when the ordinary and step-feed
drilling are carried out to drill holes of specimens. Tensile strength and hardness of ADI decrease and
elongation of ADI increases with the increase austempered temperature. It is known that about 2
times of tool life in the case of step—feed decreases compared with ordinary feed due to the high
hardness of ADI and hardness ascribed to the fact that retained austenite became to martensite state
due to cutting heat in drilling. Under the constant feed rate 0.lmm/rev relation between hardness
and length of end tip after drilling can be formularized to Hv=788.46L "% for the cutting speed
6.1m/min.

keywords @ ADI(S.2HIM Y3 +4EAFAY), Retained austenite(FF L2HU0lE), Step-feed(RA0)4).
Austempered temperature(2AHHg &%)
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Fig.1 Schematic diagram of experimental apparatus

gole Agwe MAL AFHAN HXE £ J=5 F
Zg opdza A3E opdza txd  H@)(analog-
digital converter, Metrabyte DAS-16)E o]&3le]
OAgs d¥n, HFE A4E Aze Ay AZE
ol & ol &3] A3l

Ao A48 =YL Gihring/te] n&EZH(HSS) %
FLE 38 FEEZF(HSS+Co)=¥E AMgslglen,
AL 26x70x102mme] AEHE HA=H(strai
-ght shank drill) 24 A@zt 130°, A&z 11° ¢ 4]
Y7 38° ot} '

A S A T iAol HaA
nA B 7o 9IS A GrE smmold HEE
gl AldHe] 12709 7Y U FHols HAY
3uiel 15mme 4A3A dded, HBE 715g &%
o =dg ZYE 02 AFAY o] Adge 2 A
4E e 49 ddlMe =8o] FEs] o|$EEE F
g oz AAIHD. HEEE 6.1, 7.8
10.3m/mine &, ol$&EE Zb HaEmdA (.05,
0.08, 0.1, 2 0.15mm/revE #H3AZon A4 AA
A8E &9t

B A7 ANAPAAN FFEHE dE57] A
2SA(GA 204) & ol88tden, FA7A ASAANFS
(KSB4010)oll &gt 234 wole uig HolAM 1.2m
2 393, #EYAs FAAY BHAN ImE 8
% ZF9As 2EAIAY gH, SH, 4S89 4749
A gt 75dB-100dB(F-438 Al 70dB)A & ¥
2 A AHE stz 105dBeldte] B wW 2T}
opdd)] o3 sieg Hog WYsled 27E maiich

9
o
=

=]
=



2FA-FFE AN FH DA

cdo| vhdFEe g 2~57 71Ed F F3FEvA
{(Mitsutoyo, TM101) 2 o] &3t S8t =3t Zx
248 CYE 3 AIPBE Al vlelAE HAA A
%A(Shimadzu, No 3341)2 Ahgsle &3340}

AgHe NAZY 2 T BUGANY FHL FAM
A e (JEOL,JMS-840A) 2.2 #&sict, i 7]
AZFAUY HoluolEel RS L X-A A/
(Rigaku geigerflex D/max-B)& o| &3}t

Eoz9 HAL uAolH EYEF (indicater flat
type) EL3 ¥ (torque wrench, Kanon. 450K)&
AHestd . ~2]2E9 BAL 2eM(load cel)? T4
2E Q) HEelE Agate] FAe

3.2 AI8HE HE ¥ H2|

AEHoE o] &3 FHAEE Yt TAEAFY 49
o} Fe-99.9% Ni, Fe-60% Mo, 2 99% CuZ #H7}sl
o 3% T FEG Rl U= A FHA FRIF
of Azadct.

Fig. 20l& oWt FAZATEY A #n7
S Jehld. di¥Ee] 42 4 bz EA
t2, 71X z2Ae ZA8)a F9d slgelErt dAEo|
2 EAYAe} Bojrl RSN w4 sdejolEg
@3lE A7t EAske £ olol(bull’s eye) A&
el o, PAEAFAEY exHHY Huls Yt e
2 p2HYo|EZ} 7] A% /e YR 850~95
0c7t Agsign e ek 0 deby @ AEo)
E Zo| gado] wddlA E wiA FAREE st
we o xHolE 258 o AHU0E AAYol 2}
A so AR AL APIlE w2 LAHVR|E
L= F3ld 900TE FAE A&2oA 1A Bt
LxEUolES} sigitt. dAeld] AMER He 229 @
2HUOlE A E Y8 55% NaCl-45% KCl18l $4%
g, AL FYdME 55.2% KNO;s - 44.8% NaNO0z9
AFHE L AHgstgnt. ditdoz o ~vlHy 2%(29
0~450T)7} Asteld A%, dAg € Awst ¥
A Aot

HiaAgE TAEAFA(GCDE00)H AHHYT
FAEAFE(ADD B AH83lIgen, satale 33
AR 9 7|43 AAL Table 1 ¥ Table 29 #t} A
FHY F7e APAE H(chuck)dl IFANAE o #H
AL AAs st 27 260%x30mme] HEE

-

o by

30

A7tE F FEE HFEAT

(b) Detail of (a)
Fig. 2 S.E.M of GCDo600

Table 1 Chemical composition of ADI (wt. %)

C Si [Mn| P S Cu | Mo Ni Mg
3.5212.7710.2510.03]0.02(0.38]| 0.231.39 | 0.05
Table 2 Mechanical properties and volume

fraction of ADI

Heat treatment

900C x1hr — 370T X2hr W. Q.

Volume fraction Martensite | Bainite i;eg:;;]ii
o, g,
2.4)% (78.6)% 19)%
Tensile strength
(Ke/mm®) 125
Elongation(%) 4.8
Hardness(Hv) 408
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{c) 410T

(d) 450T
Fig. 3 S.E.M of ADI for 1 hr

Table 3. Mechanical properties of ADI

. Heat treatment Tensile Elougation | Hardness

Material . strength b

(Austempering) 2 (%) (Hv)
(kge/mm”)

Austemp | 290C X lhr W.Q 145 1.7 498
ered 370C x1hr W.Q 125 4.9 384
ductile |{ 410CX1hr W.Q 75 2.3 325
cast 450C X 1hr W.Q 69 2.0 310
Iron 370C x2hr W.Q 125 4.8 408
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Fig. 8 Micrographs of ADI
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