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Mechanisms of Poor Machinability. of Austempered Ductile Iron

Shigeo Yamamoro, Hirooki Nakayma and Hirobumi Miyan

Synopsis : For the purpose of high strength austempered ductile iron (ADI) has the potential to reduce the size and weight of
automotive parts, however poor machinability has made it difficult to achieve broad commercial application.
To clarify the mechanism of poor machinability of ADI, (i) the chips was analysed by X-ray diffraction, (i) the cutting
front was observed after instantaneously stopping using a quick stop device, (iii) for the turning tool wear was measured
and (iv) sawability of material was compared using a saw test.

The results were as follows :

In the low cutting-speed range, it was found that strain induced transformation from retained austenite (y) to
martensite (") occurred, and this corresponded to the poorest machinability in the saw test.
In the high cutting-speed range. yx—>a’ transformation was limited to the damaged layer, because the temperature

of chips exceeded My point.

The tool wear during turning of ADI was generated closer to the cutting edge, as compared with turning of steels.
Observation of chip forming state showed that this phenomenon resulted from the following two factors: a) the
formation of saw-tooth like chips and the decrease of the tool-chip contact length due to the spheroidal graphite, and
b) the increase of cutting force due to the high hardness of the bainitic phase and the damaged layer hardened by the

v a’ transformation.
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Table 1. Chemical composition of work materials
(mass%).

C | Si|Mnl| S P | C | Mg ! Cu | Ni

3.6 2.6 | 0.15 0.03 0.75 | 0.9
~3.8|~2.8{~0.25 ~0.05(~0.85{ ~1.1

<0.02/<0.03} <0.1

Table 2. Heat treatment conditions and hardness
of work materials.

Work materials Heat treatment Hardness(HV30)

FCD700 270

FCD1000-1 | Austempered (1175~1195K * 7.2ks—650K * 7.2ks) 334
_, | Inoculation

FCD1000-2 | "y tempered (1175~ 1195K+7.2ks 650K -7.2ks) | S/

Dimension of test pieces : ¢pl150X ¢,120X €300 (mm)

ER 71 HS5 HZ4 SERR 74 4 H24B %M (Received on Jan. 5, 1995 ; Accepted on Apr. 24, 1995)
*  SBAMEHEHTZAT (National Research Institute for Metals, 1-2-1 Sengen Tsukuba 305)

* 23EEKkY¥ (Hosei University)

* 3 LB EHEMMZEAT (Formerly National Research Institute for Metals)



Ml 722 &% & $AVol. 81(1995)Ne. 7

i, Table 2 (> BJLISA:, WS R L 12, FCD700&ED
HREIZ 7254 b 28— F 4 MEKBTHIRE S 700N/ mm?
FRET, ROEBREHREHRFERCHES T I L6
WA L LT AW I, FCD1000-130k 3 & ('FCD1000-2308k
A —RF o LBEIT L » THE % LENA + 4 bAlfkE
L2y DT, $HBIIREA— AT F 4 Mhld & Rk B
RO LZ BRI E L THEREZ2IT-> T 5, 5I5RE3 13
1Z1000N/mm?, MR8~ 10%RRETH 510,

BHIA OB BETRAEADBEIR I 7 v T H - —EH
FRTCHESLT S, BERCEMLIZEMRII DV TIT- 72,
BB L FREBA — R 57 74 MHORBEE (%) 108%
SHBGSE R I BB L - TR, ZOROREA —
AFFA MERFAZTEES N EEHS L L, 400
EORBRTRE LI,

22 UIHIRBRSRM

VI REX I HIE Y BSOS A L NEROSA, TL
H b NI & CFEATENC D TiT- 12, BARICRED
0 TARMEBIIARELR O, YHIEE, DHIRE»RE
7552 ETYIMIEORBIKEI K S  Rs 5, ADID R
SATEEHERRTE I I v 2 TAVHEL TV I LY
WMESN TV B9, EERIZHEN > THA 7 ek L fSIC
VA RAH—EALO, DA (SiC/ALO;) TE#H W TADI
KELOYIEI 24T, TEEROETERL TV ARBALHL
72 TOTEIIR I I v 27 TRADOMMERHE L TYIE
27 2 K (08 :0.1mm) 273U Th 2, YIHHEDLORIE
2 b SIC/ALO, TE# Rz, — 7, BfFIEEEPF VT
YR DIRAUIL, T > NI 4E (R AN RO EBCIKIED
BERIE L BB TE (K10) #HC . N6 ERHIDOEROD
AER I YHIHA TR v,

FEMIRER A e TREBRKIZHI X T ( » A —6, Bi
I & OHOKT A 60, BIYIH FA45°, BEY) A A 157, mEaE0.8
mmT » 5, TEEFRRER, YHEDS LYY { FIRED
HIEIEXDc 1 1.5mm, f:0.2mm/revTiT-72. Z DEFEDY)
9 {FTIRERRBMOBRE LIBE LB LR 2SR
LTk, 2 DRI E L TIZADIEEHZ 1B LR IED AR
SRS LBEPLSIETASTREYL LI L, L,
PEIFOE b FIRTEM Y & CHMBE L ISRET—EReH
s T2 s, BEMNRZUSTRELRT L
iz 1, BEILEEZ B CICYHIEOERIUIDe ¢ 1.5mm,
f:0.2mm/revCiTo72, Lo L, HETIEBEIZ - TIRE
EIEEBEORM: e Y »34EL 57291 1 0. 1lmm/revTiT-
72,

SEATHIRERTIZEH 6 SRS U ok g iR BR 5
BERHCI, 2 OREEBEOFBIGYIHIEE R L A b
AMEPBEXETCSAETHL, HBARFETHRHBD Y
DTHMEIZSKHSLTH 3, YIHISE 2w TIIEE DEH
YIEIDBEDOYIYIHEE 2 UL L, 0.33m/st LI 8EH M
bAMEIXTHERIZL > T200N»#ELZ, 2L T, #

20

Bkt DK IZNE25mm, JE 3 10mmiz—E & L1712,

2-3 Y {FXEET
ADIOHIERD—> L 8N TV ABBA—RF7F+ 4 b
(yr) DYIHIM OEER 2 T~ 3 10w, YIHHEDTZ RIZE A2

BAYIHRE T S izt b T2 0w TXEREIT #1T7- 72,

o FIRESH LKL TRk b L, fLEpfgic
& o THALEIE 2 Eth, ARV E— i Y FPr R
L7ze W19 S FUREEERTI 0 { TDled, N F7v AT

BT 2 ETI~2mmOES AR WS N, o a' B
RYAET AR EDIEHICREL Tyv t Bbhis, XiRE

HFICres & FCoZ—» v M v, EEHEEIX0.145rad/ks

T > RenBlXy(111) t 2 (110) D ¥ — 27 DFEFIEE b
LIRD T2,

3. RBRERBIUER

31 #®WHIMD I 7 0B
Fig LIZBHIM O 2 7 e #if& T H 5. FCD1000-150kF L
FCD1000-2i0kH 2 7 v i Ml L T 370w, BET
WOEEREHTEY, RETRAEFHEBEEGTRZR LI
Fig. 2 (C#HIM OB B0 DR R LB Z IR L 72 Béh
RO TFHMEIXFCD1000- 1308404 m, FCD1000-2&0K T

FCD1000-2 FCD1000-1

FCD700

Fig. 1. Microstructures of work materials.
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Fig. 2. Each size distribution of spheroidal graphite.
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Fig. 3. Amount of retained austenite in chips at
various cutting speed, measured by X-ray
diffraction analysis.
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Table 3. Temperature of chips of ADI by temper

color.
Cutting speed(m/s) 0.1/0.2,03|05]08]1.0]1.5
Temperature (K) 480 | 510 | 550 | 580 | 590 | 580 | 560

b FRTBZEVTFEEINS,

Fig. 3 3 & (fTable 3 D#ER» 6 A5 L4 b  TIRENM,
BUECER LT 3UHEERII S T, woa Bt
FREC L A EEHIERIIEBRI NS L3It A LB, L2L,
MITEERADBRENRIZKS {, ZORBBIIM S &
LT & P8R CBREIA) ICIIM S E L e W TS
hd, TOMEBIE oo HRERICL ) TRFGOET L
U I F L LN M8, Hrb OO YIHIEEL~2
m/siZ ¥ W TADIRE 2P L, BB OAREA —R T+
4 VRO o TTEARGRFHEVHAT 5 2 L 28E
LTv3, ZOHMALLTAREA—RATFHA4 FEIEIN
FTAHAILULS->THEEL R AMIEERD=vT 4 b
fteE 2 Tws, LL, YIHEED? LFH L TTARGD
BETFLES2CTC2ORMIEERSFTIRL {NBD
B LLICET EF L L5,

33 YHEIMICHITEIRSA M AL URRBRBOER
FE)

Fig. 4 3 YIHIEEE0.33m/sii 0 T aFIE BB L HC TR
L 2R DIRETH 5, BEETIVHAAES (Do)
DHRITDH 5, Fig. 4 (a) ZFCDT00REDBATH h i
WA EHFRD 6 b, Fig. 4 (b) XFCD1000-2kTH b,
PFEED T CHTRESOEKED OB £ #
ManiooHhsZ tdgs, L»rL, BEKNEOILCLD
CLTYAWDAELIRYD, BRHALDERILZ DERET
BiEL T3, (a) (b)ixdkizg) v K FREHOMMOBIL
CEEBRR DY) B L T D 2 DY, (@) DF VMDD v FHRE

(a) FCD700  (b)FCD1000-2 0. 2mm

(V:0.33m/s, De: 1. 5mm, £:0. 2mm/rev)

Fig. 4. Chip forming state in machining of FCD700
and FCD1000-2, Sample was extracted by
quick stop device.
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