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HE: ESRERRBRITAR, BIAOEE=/KEMNRGEIE, HITRESTMESTEY
MERERVHER DT, FRARLIBMISERR BRI . ERER: EAREEMDHICUCrMoSniK
Bk, RIRAREEESER (LARAENE, BEEIEMD. EELAR) , DHALED
%), CuCrMoSn& & TR BEBAERNELR, XEERFHRAANE S, BINEMAREAR
FARISMARAENHE, IXAENEHEE. ST REE. IineE. KX, B
TR ENSREXRFRNRMNEESHITENESE: 0.4%~0.8%Cu. 0.2% ~0.4% Cr.
0.4%~0.6% Mo. 0~0.06% Sn.

XEEE: IREERL; 615, ERRI; Rt IREDHT

FUMRHEA TR EERMRBIVHEERNTERNER, EESEY
BRI AREFEEMGYY . BESHRDIINENTEHIRF, IR
FHAQFMREIREESE K, RSAMNINERNERES, KW EERIH =
HISTHEMRFARLENER, HmsIRIHARERRSNE" . RAilt, KAk
FIIEER R ISR SRR VL SR ERAN S, FISMENERR, FIE
AR 2 EREE— T BFRRRAIMER .

1 o iERFhZERHIE

NTRERBFUNEREME, FERDETRAETRUNRSITEZEXIHEHR
SN . MoFICuEHHFPEERIIEARUWAIER, BNERIEEFIREE,
BEE—TCNERREMR. CrouRTHERPRER AR, HasE. Crokil
RES P ABORITFTRE, BS-ERERKY, SEIFMERE. SneLifa
EFMUIENE, SNEEL90.06%, GRS EHBIT0%, SN Ei#Bid0.12%,
BHMALRLSFTEBEEERECY., ZEMRE, BEFTESETEMNIRETE
Bl: w(Mo) =0.2%~0.6%. w (Cu) =0.4%~0.8%. w (Cr) =0~0.4%. w (Sn)
=0~0.09%. IFRIXIEZ=KFERIFEL,

R E SIS P s o

KABERNE (MEE=/KFE) ik, ®EUERZELI (3°) , =FHBmETE
B, it TMoCuCrSnsEaEKEEk, MoRITIE2., BIHEGGW-0.012
FERRN AP PIET . SRABIIMNISACIE, S/ FEL 480~ 1 500 CE#LE3 ~5 min,

1 450~ 1 460 ‘CH75SiIFeZ BRI (IIANE0.4% ) BE/HMNELLIE, 1380~1 400 C
e (EL) . FAHB-30008 A ERIEE T (B = ) MG ERIEE .

FBNicon300E! £HZEHMEBEMR S EMHESHE (BIRAPHI%EERER ) . %GB/
T7216—2009 { KEBESASHEIGLS ) FNGB/T 9439—2010 ( M5 ) BRI S 2/
ASEEFR. BUADHINNFMEEE.
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3 ZHR59MH
3.1 EHEAR

B2 0 REE S 5 BICUCTMoSn R 55k 55 A5 5t [E]
FAOAER (KRIEMR) . RINNTNEDABIFIESR.,
BILIEH, BEECUCIMOSNA DRI, FIRAES
2%, nhttRYS. aEFELUABAERLE, BE
HIDERID. EEVASE, AEFRN3~4E, FHRT
20~23 pm. Mo0.2Cu0.4%1M00.2Cu0.6Cr0.25n0.06 &
SHAEFHRTBIT24 wm, Mo0.4Cu0.6Cr0.452
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FHRFEF19 wm. CuCrMoSnEEA AR T, HHI Bl EnEE
BASHERINTS-10 pmiRES, ABEK Fg- 1 Sand mold of test bar
. N " R2 BERERBHREZRELERD
=3 | = <
fi“i?:%] o_EE%JE\IE\CgCTMOS\nE\I;E\ %ﬂ R Table 2 Chemical composition of high strength gray iron
FEBRITREEERRANKDITS, Azt for orthogonal test Wg /%
KA @NEREET ENiiaes Mo Cu cr Sn
1 0.2 0.4 0 0
F1 EXRBEEZEKFER 2 0.2 0.6 0.2 0.06
Table 1 Horizontal table of orthogonal test factors 3 0.2 0.8 0.4 0.09
4 0.4 0.4 0.2 0.09
KR 2 Mo Cu Cr Sn 5 0.4 06 04 0
1 A, (02) B, (0.4) C, (0) D, (0) 6 0.4 0.8 0 0.06
2 A, (04) B,(06) C,(02) D,(008) 7 0.6 04 0.4 0.06
8 0.6 0.6 0 0.09
3 A, (06) B, (08) C;(04) D, (009) 9 0.6 08 0.2 0
(a) Mo0.2Cu0.4 (b) M00.2Cu0.6Cr0.2Sn0.06 (¢) Mo00.2Cu0.8Cr0.4Sn0.09
(d) Mo00.4Cu0.4Cr0.2Sn0.09 (‘&) M00.4Cu0.6Cr0.4 (f) M00.4Cu0.8Sn0.06
(g) Mo00.6Cu0.4Cr0.4Sn0.09 (h) Mo00.6Cu0.6Sn0.09 (i) M00.6Cu0.8Cr0.2

E2 AEEEMPDCUCrMoSNKEIKIES RMERLR (REH: 100x )

Fig. 2 Metallographs of CuCrMoSn-alloyed gray cast irons ( without corrosion )
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B3NN EEEMHDAICUCTMoSnik 55k 5575 8¢
ElLHR (@) . JLAESE, BECUCrMoSnak Y
Ty, BEREBRHERCRFBEEER, REREHIKT
90%. NFALUH—FFE, FRASBLUSERRRRL
MRAABEMERGFE, B—A=SHEE. H
MIZEARRE, BREDAEIRERR.

3.2 EXRWERSHHT

RIES IR EME R B S EN R X EF R
IMEZZE, RIS MEIRSKENRAIINRR, HMES
REOMHOKFRS . REHRK, NFRZERDLEE
3 R AR i =t e (= N R E =2 0] NS
M, RIBEE. hnaE. MEImMEEEEIR, o
mzIUEiR N ERSLEHIF . RANTFEAEESHS
AICUCTMoSnAR$EEX I F 4 BEIR BuLEER o

FSAREBEE D AICUCTMoSn R SE Sk IEE 04T
=, BAARFKFENTMIEEEENTm. JLE

(a) Mo00.2Cu0.4

(d) Mo0.4Cu0.4Cr0.2Sn0.09

(h) M00.6Cu0.65n0.09

VEREIZEAR (IR 100% )
Fig. 3 Metallographs of CuCrMoSn-alloyed gray cast irons ( corrosion )

) M00.6Cu0.4Cr0.45n0.09

E3 FREEZM 7 CuCrMoSniEzs

£, EEERFCEMEZREL, EX2Cutx,
DOASNTTE R FERAVIEE ERERAL, MoHIIMNA SN &
N, B{EEERELLLACr0.2Cu0.8M00.6, Zp D it

R3 AEEEMHCuCrMoSnAEER
Table 3 Graphite grades of gray cast irons with different
CuCrMoSn alloy compositions
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Loas) AR HE pm

(b) M00.2Cu0.6Cr0.2Sn0.06

(e) M00.4Cu0.6Cr0.4

24.00
25.30
20.27
21.27
18.87
20.40
23.60
20.70
21.20

© 00 N o o B~ W N e
A A B B B B B WO D

(c¢) Mo00.2Cu0.8Cr0.4Sn0.09

(f) M00.4Cu0.8Sn0.06

(i) Mo0.6Cu0.8Cr0.2
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woma itttk . FEESHELRTUEL, AZEHAR
AZERIY—, BREREEBIT96%, BTEERN
RER, BERSYRERBERRR/N, BEERENEEIE
Fro EAMMAKFLESGACr (0.2) >Cu (0.8) >Sn
(0) >Mo (0.6) , FfEFCEL9Cr0.2Cu0.8M00.6.

X6ATRBAELH D HICUCTMoSn K55 Sk L
BEDITE, BSAEFKFNTAIRALEERN
g, JUUEY, RiEEEFRECTEMEXREK
K, HXREMofCu, BN ANFCr. Sntx
28, SnTEFBEHR/D, RiEENRERILS
Cr0.4M00.4Cu0.8Sn0.06 . E5ESAILIBBEERS,
ECr. MojT=EIEMN, MALRERIENERIE; BE
CurcXIBN, HiimELEIEEIEM, BESNTTX
B0, RAREE ERESE., Cr. SnEF&ILRTT
E, BZERKRITSTERKY . EIEREE S
WEERFLIREFBR, MINERENRERD NS
Cr0.4Mo0.4Cu0.8Sn0.06 ,

XIHRTREE LMD RICUCTMOSNIR F AR IKE S
i, E6ARFKFENZMIMEEENZM, aJLiE
H, MotHEBKEERRERKA, REMoHIFIIRAK,
Culdf R EE M/ . SEHXREIEST, Cro Snit

x4 TEBEMRSHICUCTMoSNIREEK T F AR IO A R
Table 4 The testing results of mechanical properties of
CuCrMoSn-alloyed gray cast irons

S Mo Cu Cr  Sn HHEHBW R,/MPa As/%

1 A, B, C, D, 1934 247 50.66
2 A, B, C D, 2233 260  50.50
3 A, B, C, D, 2268 278 5058
4 A, B, C, D, 2226 270 5074
5 A, B, C, D, 2133 283 50.77
6 A, B, C, D, 2059 278 50.68
7 A, B, C, D, 2071 270 5065
8 A, B, C D, 1972 238 50.69
9 A, B, C, D, 2550 268 50.68

R5 AEEEHDHICUCTMoSNIkEEATE R ZE N TR
Table 5 Hardness range analysis of CuCrMoSn-alloyed
gray cast iron
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Fig. 4 Effect of factor level change on hardness

#x6 AEAEMSHICUCTMOSNIRSESRITFRERENTTR
Table 6 Tensile strength range analysis of CuCrMoSn-
alloyed gray cast iron

KLt ESES
HE Mo Cu Cr Sn
ks 261.93 262.5 254.7 266.37
k, 277.2 260.53 266.1 269.43
ks 258.87 274.97 2772 262.2
WER 18.33 14.44 225 7.23
RHEfF 2 3 1 4
R &R 0.4% 0.8% 0.4% 0.06%
280
275}
g 270}
= 265}
&
18 260+
- Mo
255} ~a
¥ Sn
250 . .
1 2 3
HFHH

ES5 HEF KPR ERISN

Fig. 5 Effect of factor level change on tensile strength

R7 FEAEMSHICUCTMoSnIk kK RIRE N TR
Table 7 Elongation range analysis of CuCrMoSn-alloyed
gray cast iron

KFLEE ESEN KVLRE S
YH Mo Cu Cr Sn PME Mo Cu Cr Sn
ky 214.57 207.74 198.87 220.61 ky 50.58 50.68 50.68 50.7
k, 213.97 211.32 233.68 212.14 ky 50.7 50.65 50.64 50.61
ks 219.79 229.28 215.79 215.58 ks 50.67 50.65 50.67 50.67
MR 5.82 21.54 34.81 8.47 MR 0.12 0.03 0.04 0.09
REFT 4 2 1 3 REFF 1 4 3 2
A& 0.6% 0.8% 0.2% 0 Wfbeae 0.4% 0.4% 0 0
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EWHRRIDBRAZMN, RMAHSEFSEN0,

R /IM00.4Cu0.4 072
AT EEEM D HICUCTMoSN K FEEK IE i 50.70
WMoTER. AJUEL: BWENNAKFEESHFR 50.68
Cr(0.2) >Cu(0.8) >Sn(0) >Mo (0.6) , ¥ifu « 5066
SRE IR FAEHERFACr (0.4) >Mo (04) > B sos4
Cu (0.8) >Sn (0.06) , HEEMNMUKFEEEH 5.6
F#IMo (0.4) >Sn (0) >Cr (0) >Cu (0.4) , Cr 50.60 e
TR KERREEMNNAGRERR IR, Mot 50.58 el
ZAUSSEIMRBRN R, SEEREE. 7 S0.56—— . .
FRE. BIENFMRE, REKNRMNHAHSH: HFH%
0.2% ~0.4%Cr. 0.4% ~0.8% Cu. 0.4%~0.6% Mo. E6 FEFKERT TR E IS
0~0.06% Sn, Fig. 6 Effect of factor level change on tensile elongation
*8 AREEMHHICUCIrMoSnIkFEHRIERZIRIE N ITE R
Table 8 Orthogonal experimental analysis results of CuCrMoSn-alloyed gray cast iron
R TN FWRNG ALK -5
[o05S Cr>Cu>Sn>Mo Cr(0.2) >Cu(0.8) >Sn(0) >Mo (0.6)
iR Cr>Mo>Cu>Sn Cr(0.4) >Mo (0.4) >Cu (0.8) >Sn (0.06)
fife Mo > Sn>Cr> Cu Mo (0.4) >Sn (0) >Cr (0) >Cu (0.4)
4 g5

(1) fECuCrMoSn& &I EHF, FRAZESER, PHHERYS (LARAERE, BEEIERID.
ERAE) , HIBRASHMERTS~10 pmiIFIRAE, AEEKZEIRS]. CuCrMoSnE £ (R BE Es& It E(RRY
B, WEBERFENANEE, BINEFRERFNRIHRAENHE, IXAaENSHEE.

(2) BEREDIE, TTLBES MEsERMLEL : BENRMAELLICr0.2Cu0.8M00.6, ifsaERIRMg
BCELACr0.4M00.4Cu0.85n0.06, EIKRAVGRMECEL IM00.4Cu0.4 . GEEFEMRFHAIEE . RALRE . BRR, &
SRR AES S 0.2% ~0.4%Cr. 0.4%-0.8% Cu. 0.4%-0.6% Mo. 0~0.06% Sn,
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Study and Development of Gray Cast Iron Material for Cylinder Head
Based on Orthogonal Test

LI Tao', SHA Yu', ZHAO Yong', LI Jin-hui', GUO Yi', YU Zhen®
(1. Casting and Forging Center of Sinotruk Jinan Power Co., Ltd., Jinan 250200, Shandong, China; 2. School of Mechanical
Engineering, Shandong University, Jinan 250061, Shandong, China)

Abstract:

This study developed a new type of gray cast iron material for cylinder head by using the orthogonal test
method with four factors and three levels, range analysis and the data analysis of the mechanical properties.
The results show that the flake graphite in gray cast irons with different CuCrMoSn alloy compositions has
different shapes (mainly A-type graphite, a small amount of D-type and E-type graphite locally), and the
distribution is relatively uniform. Cu,Cr,Mo and Sn alloy elements can obviously strengthen the structure of
the matrix, improve the pearlite content in the matrix, increase the amount of small and medium-sized flake
graphite, and increase the degree of graphite bending. Considering the mechanical properties of hardness,
tensile strength and elongation, the optimal chemical composition of the CuCrMoSn-alloyed gray cast iron is
Cu: 0.4%-0.8%, Cr: 0.2%-0.4%, Mo: 0.4%-0.6% and Sn: 0-0.06%.

Key words:
gray cast iron; cylinder head; orthogonal test; optimal ratio; range analysis
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