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Table 1 Chemical composition of copper containing cast steel materials ~ wg/%

Cc Si
0.10~0.13  0.10~0.50 0.40~0.80

Mn P S Ni Cr \Y% Cu
<0.020 =<0.030 1.30~1.60 <030 =<0.10 0.50~0.80
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ZFEMAENS. (BERCAREMIBINSRRINGIMYT, BNKEE, SFERET
SEME. L, RSHNCRERFEINEXSFIMEMEED . Eit, 1ZEiEHEN+
CEE12#1£0.10%~0.13%
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Table 2 Experimental details of copper containing cast steel
test blocks

IR R RO RA% e s
A 300 mm x 300 mm x 500 mm 4 A-A,
iRHB 400 mm x 400 mm x 650 mm 3 B,-B,
itHC 450 mm x 450 mm x 650 mm 3 C,-C,
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Table 3 Heat treatment process plan of the 300 mm wall
thickness test block A
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Table 4 Heat treatment process plan of the 400 mm wall
thickness test block B

Hir's AR b 2 TEAHRAb 3 [l Je AL 3
Bl 660 °C x324 hiin 920 C x9hZzs¥% 620 C x13h
B2 660 °C x324 hififr 920 C x9hX#& 620 Cx13h
B3 660 °C x 324 hJA’J" 920 C x9hK¥ 620 Cx13h

RS 450 mmEEXRCHALETZH =
Table 5 Heat treatment process plan of the 450 mm wall
thickness test block C

%' jifaevisdl IEKFALE T Ju] e P4k FE

C, 660 °C x324 hHir 920 C x10hXA 620 °C x15h
C, 660 °C x324hifif* 920 C x10hzs5¥> 620 C x15h
C, 660 °C x 324 WAl 920 C x 10 XA 620 °C x 15h
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Table 6 Requirements of mechanical properties for copper
containing cast steel test blocks

FIRMRSREE  PhiaRE WUE MR WnEikdEs -40 il
R MPa  R,/MPa Al% Z1% WE TN,/

=370 =490 =20 =40 =27

Hir's g P B TE AL [l b 2
A, 660 Cx216hALlT 920 Cx7hzs¥% 620 °Cx10h
A, 660 °Cx216hi" 920 C x7hK¥ 620 C x10h
A, 660 °C x 216 MW 920 C x7hz5#% 620 C x10h
A, 660 °Cx216 hAH" 920 C x7hiX& 620 Cx10h
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Table 7 Results of mechanical properties of the 300 mm
wall thickness test block A

RS WAENLE  Ry/MPa R /MPa  Al% ZI% -40 °C K,/

SR 392 518 300 76 63
A, T/4 393 516 310 74 86
R 391 511 305 74 89
S 395 521 325 73 69
A, T/4 394 517 315 73 71
Py 393 514 315 72 86
AN 392 515 315 74 73
A, T/4 388 509 320 T2 79
R 389 510 315 74 85
S 398 521 315 75 73
A, T/4 392 515 330 74 82
PO 391 515 325 73 82
ERIEIN, 2N RRERE ~E, MHIEEIE

F+; 300 mmEEE4 MR ="PEVHZ BRI REES RIT AT
PERARFHERK.

3.2 400 mm EEEifik B

400 mmEEERVITRB S 3EHITINIE, HPREB,
FIB R RABIFES, BilRRAMSIES; B
BRTFIRIERDK, F—IRIEXEATS, B KIE
NSNS, MBAIBIdHRA—RIERN, FXEB
XS . 400 mmEEEIHRIMR . T/IAFDGERUEBUFIC
MEER RS,

8 400 mmEEEIX BT /1 14 RE
Table 8 Results of mechanical properties of the 400 mm
wall thickness test block B
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7~9 MPa, HSBEIES5~7 MPa, /FdFIMHELF.
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R, JURIEEZSIMAHINGDWZE I EEOBEE;
400 mmEEEi{ R = MBI ERMRERERARZHE
K, {BIREMELLT300 mmEEEif tREVE A EHIERE
K—L, ElRERESIHIREEENEX.

3.3 450 mm EE¥Eifk C

450 mmEBEEANKRC O 3EHETIHIE, HPRSC,
FICHBERBBIES, CIIEEARSNES; CH
CtRIEAFERAHENS, CitRIEXERBES,
450 mmEEZi{HRIMER . T/AFDEER A BBV MIZEER I
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Table 9 Results of mechanical properties of the 450 mm
wall thickness test block C

RIS BREAIE Ry/MPa R/MPa A% ZI% -40 °C K,/

A 382 499 340 76 69
C, T/4 368 488 345 76 70
rosd 367 487 350 74 86
AN 368 492 340 76 70
C, T/4 359 483 335 76 79
R 358 480 345 75 82
SR 375 496 340 74 70
C, T/4 365 484 335 75 78
g | 364 483 345 74 79

RIGGS BOREAIE R MPa R/MPa A% ZI% -40 °C K,/

AN 397 518 335 76 71
B, T/4 384 501 335 75 86
Py 378 498 335 76 100
MR 390 513 330 77 68
B, T/4 377 496 330 75 81
PriNY 375 493 325 76 83
S 388 512 325 76 69
B, T/4 376 495 335 76 78
o 370 491 330 76 84
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Table 10 Results of microstructure inspection and grain size
rating of the 300 mm wall thickness test block A at three
sampling positions
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Table 11 Results of microstructure inspection and grain size
rating of the 400 mm wall thickness test block B at three
sampling positions

G R SHUIL AR

SN BRER+ BRI 75

B, T/4 BRE MR AR 75
P BRER+ BRI 75
PN [P AUSE: SR 7

B, T/A [5S JUNE7 SN 6.5
S [/ NS7 SR 6.5
A IS UNEY SN 7

B, T/4 S AUNE7 SN 6.5
T BRE M+ 6.5

RIS HREN SARLIZ YA S
SN /S JUNEZ SN 7
A, T/4 BRRR+BRIE IR 7
A BRFE MR 7
S8 [FEAUNT SIGIN 7
A, T/4 BRE MRS A 7
P BRER+ O 6.5
SIS BRE R+ BRI 7
A, T/4 BRE R+ 7
ot (AU SIGIN 7
SIS BRFE MR 7
A, T/4 BRE RO 6.5
A BRI+ BRI 6.5

F12 450 mmEE B RC = AN EEAL B B LRI R B
ETRER
Table 12 Results of microstructure inspection and grain size
rating of the 450 mm wall thickness test block C at three
sampling positions

e o e HURE 5 SARL AR
SN o AUNE7SIRIN 6.5
C, T/4 BRBE MRS AR 6.5
A S AUNE7 SN 6.5
SN oS LNTISIRHIN 6.5
C, T/A IS JUNE7 SN 6.5
S [/ NS7SIRIN 6.5
SIS 7 LS/ SIRIN 6.5
C, Ti4 S AUNE7 SN 6.5
Pt 7 LS/ SIRIN 6.5

HRTANENEHABLRB AL, 300 mmEEEid
REBHNAFHESLAREERE, 450 nmBEEI{RE
BELRFEEREER D, BAEREENZ PN
TidHReENSK.

(a) AJRBRT/A0 B4 100 x

(b) BARIT/4fi #2404 100 x

(¢) CylRT/40; E2HZH 100 x

El =MARERIMSIDRNERHER
Fig. 1 Optical microstructures of three different sizes of test blocks
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Experimental Study on Properties of Large Size Copper Containing Cast

Steel

ZHANG Hong-sheng, FU Xiao-hu, XU Nuo

(CFHI Tianjin Heavy Equipment Engineering Research Co., Ltd., Tianjin 300457, China)

Abstract:

Heat treatment was performed on three kinds of copper containing cast steel large test blocks with different
sizes and specifications, and the mechanical properties were tested by sampling on the surface, T/4 and core
positions of the test blocks. The results showed that the copper containing cast steel test block could meet the
performance requirements of 300 mm and 400 mm wall thickness components after heat treatment, but the
450 mm wall thickness test block with larger size specifications showed unqualified results in performance
testing. Within a certain cooling rate range, the normalizing cooling rate was helpful to improve the strength
of the copper containing cast steel. The comprehensive mechanical properties with twice normalizing
heat treatments were better than those of once normalizing heat treatment, and the grain size of the copper
containing steel was finer after twice normalizing heat treatments.
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