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When considering material strengthening, full knowledge of the mechanism of destruction is required
to develop the strengthening method. Although thermal fatigue is a problem faced for cast iron engine
parts due to pouring operations or the operating environment and many researches on thermal fatigue of
cast iron have been reported, little research has been conducted on the effects of graphite morphology and
matrix structure on thermal fatigue properties. In this research, the effects of graphite morphology and
matrix structure on thermal cycle fatigue properties of cast iron were investigated in thermal cycle fa-
tigue tests on thermal fatigue at the explosive side using a sample resembling a cylinder head made of
cast iron. The results showed that cracks generated by the thermal cycle fatigue of cast iron are closely
related to graphite shape and generate early in the order of flake shape, CV, and spheroidal shape. The
progress of cracks was also found to be strongly related to thermal stress generated by heat load and .
static strength ratio. The difference in the size of thermal stress generated in cast iron is governed by the
physical properties of the material. Since physical properties are related to the graphite morphology, the
thermal cycle fatigue properties of cast iron also depend on the graphite form. The effects of heat conduc-
tion are especially large, and since CV graphite cast iron showed good heat conduction, and exhibited
static strength, the thermal cycle fatigue properties of CV graphite cast iron were found to be excellent
in moderate cooling conditions.

Keywords : thermal cycle fatigue, cast iron, CV graphite, graphite, matrix, thermal stress, heat conduction
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Table 1 Chemical composition of -thermal cycle fa-
tigue test piece.

(mass%)
C Si | Mn | P S Mg
FC250 3.33 1.74 0.60 |0.030 |0.050 -
FCV410] 3.68 2.54 0.29 10.024 |0.011 | 0.016
FCD450] 3.65 2.60 0.08 |0.023 |0.008 { 0.038

S04 m

Fig. 1 Microstructures of thermal cycle fatigue test
piece as cast, annealed and normalized.
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Fig. 2 Shapé of thermal cycle fatigue test piece.
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Fig. 3 Schematic drawing of thermal cycle fatigue
test equipment.
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Fig.4 Heating-cooling cycle of thermal cycle fatigue
test.

Table 2 Properties of various cast iron.

JE (GPa)| a(10%/K! )| & (cal(mm-5.-K){ v |cg(MPa)
FC_P | 103 13.6 0.0125 0.23 | 250
FCF | 93 13.6 0.0137 0.23 | 150
FCV P | 147 13.0 0.0103 025 | 520
FCV_F| 132 13.0 0.0119 025] 320
FCD P| 186 12.3 0.0078 0.26 | 780
FCD F| 170 12.3 0.0090 0.26 | 400

Table 3 Results of calculation thermal stress.
(e (MPa)

i
Atme S TeC FlFcy BRCY BFCD BFCD F

TO0K gomksmky 44.1 | 366 | 739 | SR1 {1153 ] 926
600K (tomsk47Ky 37.8 § 313 1 633 [ 498 | 988 | 7194

Table 4 Thermal stress ratio Omay/ Os.

Omax/ OB
ZTmax
FC_P | FC_F |FCV_PMFCV_KFFCD_PFCD.F
700K (1073k-373K)| 0.176 | 0.244 | 0.142 | 0.181 | 0.148 | 0.232

600K (1073k-473K)| 0.1512| 0.209 {0.1218] 0.156 |10.1267| 0.199
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Fig.5 Relationship between thermal stress ratio and
thermal fatigue life.

WT, A#Y A 7 vEFRRBRICLORBRFCARSATY
BEIES] Onax #FE L /12558 %, Table 3iZ/R7.

FRESNSES I, BRIRBNSES & N TRRERHIK X
{, WEEMERED/NS Wi, BETAIREHIINELR
3. Ff, OTNORERIGHE ZEESHZOBIMRELL
ToEThHs. EHUBE EHIREE O L &R
B OIS/ Onax/ 08 & LT, Table4iZ;Rd, TH&
DFRESMSS BB SR LR E L, B LTidnE
DTSRV EEZ SN B, F1, BRREMNSBHKIHN
HMEMNAZV—HT, BEBNHOKREL, HHMBEICE
WEERLTEY, BELTREELPTVI L8bh 3,
—%, HELCVENSBSRBUSHEMSE/NT, AERE
HTRLBEIBHECEBN TV S ETFHIN S,

2T, BEREBRILE-HEELE (TRHLOHECES
1o ER UED) EBUE L Ona/ 08 & OBAR%E, Fig. 5 IR
T, 75 7 0HEEAHT AERIC S NITEFEI IRV
THHEWVR B, FETTFHsh IRETRER, R
FRR<CV Bk Hicn B 5Nh5b, 77705
FHRESNSES O AL EMICAHT 2EEMBH 0, BESR
HHECTHNIE, Mok s HEk U TBag s sy
TEMBHOLTH BH, CV RN L RIREMSHEH TR
BEECRECH D, BIEEREICIHBENE S S 2 EEH
Bhouaw, EESRIhETR, BUEREHVT,
ARFZEIT TR E B HERE & RERIE CfT - o BEE
HR Ok wB0T, BN KELEHETR, CV
BN I F IR BRSO W EETRRE LRI, BUR
TphE 23 s, RIREBHHBHKLFEREIINLID D
KESCHAIEEHELTVEY, TolEPLCVER
SBUTRBIESEWNEL BB ST, thoEHkib
By A4 7 AMEFCLOBHECW L AEGESHBULERIKC
HE2bDLEELISNS,

T I TEEEN AR S AEHBRSR TORERIGTCRIET
REBEEDEVE LT, BEERSSFONDE. KER
THDIES & 575 reh = 0.002 cal/secomm-K BEDOE B
DEBTIE reh = 0.01 cal/secemam K & VI KBERED
BALHELT, red/h&w, ok (D RiBVT,
reh O/NEVRAETEIMHOMEERE OTHOEEN K E



S DB A 7 VRN R IE T B & A O 23

100¢ycle
FCV_F

60(,}1{31&2
FC F

Send
Wum

Fig. 6 Crack propagation around graphite matrix.
(1073 K-373K)
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Fig. 7 Crack propagation around graphite matrix.
(1073 K-473K)
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Fig. 8 Results of measuring crack length on various
test piece. (1073 K-373 K)

30
l T :Crack through test area I & FC F
250 & FC_P
-0-FCV_F
X 20 = FCV_P
g -O-FCD_F
= 1St
2 I ®-FCD_P
5 10} )
SF
0 l i ek b Aoa b1l 1 " TV S S S §
10 10? 10° 104

Thermal fatigue test cycles, cycle

Fig. 9 Results of measuring crack area on various
test piece. (1073 K-373K)
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Fig. 10 Microstructures of test pieces on before and
after thermal cycle fatigue test.
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Fig. 11 Results of measuring crack area on ferrite
matrix test piece.

BRI, BHNT7 2514 MELEbDEEZLI NS,
PDEDZ & oAERD XS uERFIBVT, CVEH
ek BRIREMNSE I ORMEBS ~— 54 P TH -
THH A 7 VBOBIELICL VBREERORKETT = 5
4 MELTW®), 7 =54 b EEUSEHIEEERL
tEEZOND, 754 FEMBHOBRIREST S L
Fig. 11 © X 5 ic iR Bangsek, BRIKEMNSE, CV B
SR DINEICBEF 1 7 VR, BYbtick 3 FHIE
—HT B, IDIEISN-FA FBHRTEDOEIET
AL, EHEoMmLETAE, FiREMNEEEk T I BE
FREoR L TREN, CVEMNSEH RREHSEH®T
3E S ICBIEHEBEOR EASTRETH B LEL LN,
3.4 ¥4 7 VEFRIERARE CKIETEMERO
-2
RIEAEBRTEHONIFEEREH» S 107T3K-373K 4 1
7 VIEIT BT B IR BAEESR, CV Eaghek, RIRESH
BYOBILERBROEFVER L, HIREMNSHHTI
Fig. 12 1R LA & 9 Ic o i3 80 & B ik 5 57 i 2»
SFHE L, BROEBRHROEMCEMNETIEESN S
EIRETHBL TV, ¥4 7 VHOBNc k@RI
EEAMICENETBR L EASHUTYE, BEBICES.



SEPE DB A 2 VI I I 4 EATER & B MR R O B 25

]

FauIVainp

] ;

\
{Q

) ®) (d)
*Initial graphite  -Graphite growth. *Same of crack *Lead to crack
and matrix. «Crack cause in propagation through test area.

matrix at graphite  direction graphite
circumference. begin to join
themselves.

Fig. 12 Crack propagation model of flake graphite
cast iron.
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Fig. 13 Crack propagation model of CV graphite
cast iron.
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