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Fig. 1 Schematic of sampling
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Table 1 Chemical composition of ZG230-450H

BEFABTE, UEREBER N FEERIEN steel casting wg /%
TE, KARNIFRENRIFH3IAHFIEHITZIT C Mn Cr Mo Ni Cu \%
LELIEES, SRINEL, HEIEFZEFHEEHR, 0151 114 0180 0.039 0221 0016 0.031
R2 ZG230-450HEHE M T RRMA SR ER
Table 2 The original position analysis results of elements in ZG230-450H steel casting
WAL E 2w H C Mn Cr Mo Ni Cu v
PRI Y% 0.15 1.11 0.182 0.04 0.219 0.015 0.033
A ST ONTL]Y) 1.539 1.144 11 2475 1115 1.14 1.107
FEAHT0-170 mm it it 0.1799 0.074 4 0.066 7 0.1050 0.068 3 0.067 8 0.058 7
SR EE%  88.83 85.69 93.33 87.35 84.92 92.15 97.21
PR % 0.145 1.052 0.170 0.037 0.207 0.014 0.032
TR A EE 1.864 1.138 1.159 2.732 1.201 1.389 1.115
FEAITI70-330 mm ST 0.292 1 0.056 0 0.071 5 0.120 8 0.066 5 0.069 7 0.062 0
SR EE%  78.20 82.93 93.06 80.22 83.06 87.68 97.23
IR Y% 0.17 1.134 0.185 0.04 0217 0.017 0.036
B T330-500 mm E‘i?(ﬂﬁ*ﬁ@f 2.593 1.097 1.120 2.457 1.107 1.773 1.103
it 0.208 5 0.097 3 0.1213 0.1779 0.1029 0.135 4 0.102 3
GETHF G /% 65.99 74.88 82.31 72.46 79.49 78.05 80.71

]R3 ZG230-450HEN R EFM 75765 E
Table 3 The strength and composition dispersion range of ZG230-450H samples at different tempering temperatures

Bl HES S8 /MPa JRIF S A%
HE/C Bom R. R, C Mn Cr Mo Ni Cu A

560 6 287~420 459~666 0.112~0.234 1.13~1.25 0.181~0.202 0.041~0.053 0.218~0.253 0.015~0.018 0.030~0.035
580 4 288~343 455~482 0.116~0.196 1.06~1.17 0.182~0.191 0.041~0.049 0.219~0.240 0.014~0.018 0.030~0.034
600 4 311~530 498~706 0.167~0.330 1.12~1.36 0.188~0.214 0.044~0.055 0.231~0.277 0.016~0.019  0.032~0.038
620 5 284~407 455~617 0.113~0.265 1.04~1.30 0.181~0.206 0.041~0.052 0.226~0.264 0.015~0.026 0.030~0.036
640 4 293345 467~574 0.130~0.199 1.13~1.15 0.185~0.195 0.043~0.047 0.233~0.254 0.015~0.016 0.031~0.033
660 4 281~306 442~456 0.111~0.147 1.08~1.11 0.179~0.184 0.040~0.043 0.224~0.226 0.015~0.016  0.029~0.031
680 4 281~307 444~465 0.115~0.127 1.08~1.10 0.175~0.185 0.041~0.042 0.217~0.228 0.013~0.017 0.030~0.031
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Fig. 2 Microstructure of samples at different tempering temperatures
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Table 4 The multivariate linear regression analysis result of strength
v H A .
e = wE o RD R
CVRES ¢ W(c) W (Mn) W (cr) W (Mo) W (Ni) W (cu) W (v) mpieinyia
Y4 690.4 83.9 -467.1 -5240.6  539.1 5165 94358 0.008 =5.7
Rat Frifi2E 264.8 179.2 1820.5 44659 969.0 844.0 7987.6 0.117 2694  0.8520 09423
UioL oA 2.61 0.47 0.26 1.17 0.56 0.61 1.18 0.07 0.02
FA 1291.6 -39.0 -1348.8 -72762 10724 424.5 6907.0 -0.189 558.7
R, brifi2s 193.6 131.1 1331.2 3265.5 708.6 617.1 5840.7 0.086 197.0 09534 09792
oL Tar 6.67 0.30 1.01 2.23 1.51 0.69 1.18 221 2.84
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Table 5 The result of principal component analysis
s X Sk, AHE(
W(c) W (Mn) W (cr) W (Mo) W (Ni) W (cu) W(v)

A 0.389 49 0.390 55 0.3899 0.396 64 0.370 77 0.310 44 0.390 61 87.58 6.130 6
1, -0.233 17 —-0.041 39 -0.117 63 —-0.105 22 —-0.068 8 0.938 6 0.1825 6.60 0.461 73
13 -0.323 99 0.010 92 0.026 16 -0.226 92 0.879 21 -0.086 25 -0.249 57 2.74 0.191 86

LISB—EM D FARMEFNATESAD S R6 FERHE THHERNERERE

2, ASEREHEENEZE, LURARERIEA
TE, XKAETFTR/NIFRENZLS LG EH
HMlE, BEIRFIRATEE 0 FAT
R,=829.2x1,-261.6 (R=0.918 6, R’=0.8330) (1)
R_=1048.8 x 1,-0.28 x T-57.6
( R=0.9474, R;’=0.8866 ) (2)
ML ERRIRFIR, FIE L, R, AVEE A
=, izt (1) BIR < 0.85, FEIAEESZR, AT,
ﬁ—y%mﬁﬁsqﬂ% FRDFXINTES EE’\J?%
#H, IS TRRIEEZLEYNTF04, HBEE—
T SUTHn%iﬂ%ﬁ“ﬁjﬁ?umﬁﬁﬁ:’i%’:%ijLTﬁJ’,
HRBZELS R AFIEETEFIE, ERUT:
R,=853.5xw (C)+183.4 (R=0.9343, R’=0.8642)
(3)

FEI

R=111.97 xw (C) -0.19 x T+442.9
(R=0.9770, R’=0.9496) (4)
= (3) 71z (4) BB (1) =X (2) 1BE
L, BERXTWNR,EEZESCTEREEBX, MR,
FESCRRBENMENEREGX . FHIEEMEEM
=, CTREERFNTBTRSENRM.
BEEIERNZ, U ELEIEFHLLIFENE
HRSRAIENEIR. RESHEXNER, SHFELIRE
KR A8.59% (d=18.9pm ) ~8.0% (d=22.5um) .
ARIFEZFEMECEEELIRHFE (F6) , 1RIEH-P
N =0 K - d"”, BBHKA841.1 MPa + pm'”,

®7 HWEESWE .

CLHERET

Table 6 Yield strength of samples with different grain sizes

BLJGEEE/C AR/ ARIRS d/wm Ry/MPa
560 8.0 225 291
680 8.5 18.9 307

MAERBAEN (R,-R,) BRI, B
(5):
R,-R'.=R,-R'.=841.1x (0.230-d™'*) (5)
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Table 7 The measured strength value, calculated and measured “equivalent strength” values of
sample with heavy wall thickness
E TR VA w (o)/% ik R./MPa  R,/MPa R, /MPa R, /MPa R, /MPa R, /MPa  &HIKM
E1N) 0.147 8.09% 266 471 308.9 489.7 282.2 487.2
B T/4 0.125 8.59% 252 445 290.1 465.1 252 445
LEB 0.197 8.54% 286 524 351.5 545.7 286 524 AR
Ein) 0.154 7.59% 246 478 314.8 497.5 276.7 508.7
C T/4 0.155 7.5%% 256 469 315.7 498.7 286.7 499.7
L 0.182 8.09% 273 496 338.7 528.9 289.2 512.2
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Fig. 3 The relation graph providing calculated and measured “equivalent strength” value of heavy wall thickness casting
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Fig. 4 Microstructure at different positions of heavy wall thickness steel casting after heat treatment
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Table 8 The validation results using strength predicating model

Ay we)/%  ERE RJ/MPa R/MPa  fxR,/MPa  f,xR /MPa R /MPa R, /MPa  #bs =\ 45

A 0.171 7.59% 264 468 286.5 512.0 294.7 498.7 920 CHA
/4 0.164 7.5% 254 466 281.3 504.3 284.7 496.7 +600 °C [1]

Lo 0.172 7.5% 257 481 287.3 513.1 287.7 511.7 (D)

FIh 0.129 7.0%% 280 465 2553 4583 310.7 495.7 920 C KA WSS
T/4 0.186 7.5% 263 478 297.7 521.1 307.3 5223 +640 °C [l

IS 0.178 7.0%% 251 480 291.7 5123 281.7 510.7 (E")
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Fig. 5 Microstructures at different positions of heavy wall thickness steel castings after undergoing different heat treatment processes
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Strength Forecasting Method for ZG230-450H Castings with Heavy Wall

Thickness

CHENG Ying-jin, YANG Shu, WANG Xing—hua

( Luoyang Ship Material Research Institute, Luoyang 471023, Henan, China )

Abstract:

Heavy wall thickness in ZG230-450H steel castings make segregation more serious. In order to forecasting
the strength property of castings, ZG230-450H samples with size 1 000 mmx1 000 mm>20 mm and 1 000
mmx1 000 mmx1 000 mm were cut and tempered at different temperatures after annealing and normalizing
treatments in the present study. Through analysis of the composition and strength data using principal
component analysis method and multivariate linear regression method, respectively, it was found that carbon
content and tempering temperature were the major factors influencing the strength property of ZG230-450H
steel castings with heavy wall thickness. After analysis of the relationship between chemical composition,
tempering temperature and the strength of ZG230-450H with certain grain size, a strength forecasting model
was established to describe the strength of ZG230-450H castings with the grain size number of 8.5 level, and
a conversion equation was developed based on Hall-Petch relation to calculate the strength of ZG230-450H of
castings with different grain size numbers. The forecasting model was adjusted and verified with considering
the effect of wall thickness and combining with the production data. Results showed that the method had some

value in practical applications.
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