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Table 1 The factors and levels of response surface

experiment
- P
-1 0 1
AERNEEES (r-min) 4000 5000 6000
Bt/ (mm-s™) 100 110 120
CHEHI YL % 70 80 90
DHEHITEEE /mm 2 3 4

REMDERSIEAER-RRETNE, REHEE
EEARAENMNCHRERMENE . T HEY
B, SRERFYERE=TUESRYT, ="TNE
REEHE. STEEDE, BER=1"1TENERER
TJIE, WTERDE, 85 By 0P £ heis
45°, WRETAING; DRERTBRRE=TNE
RRY, B=1MNESHFHEE. EENNERE
AEFROBEMNE, BEHCHREEMREREN
SRFVERHEANERTESE, EELTEER
EBISHHN S RETHEEETS, T <ISE
BN ERNZNE. BRIMEEFNLFVER
THEEMNEXICRImAL, SREEEERISSNEF
R AR BRI [ S 0 A7 A 36 A9 R

2 ISR ESH
IRIEMA EIRXIEESR, KA Design-ExpertEX {4 Xy
INERHTEITDNT, SRIFHER. HERE.

BEHIR EF BRI XA B s B E RIS 1
. PR EERNSEDHTINR2ER6 .

o B ESERFRMUSHI RS EIFSER
(1) .:H(2).=(3).:(4).
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Table 2 ANOVA of regression model for SQ

IR CFA AME By PlE Pl WEE

MR 01241 11 00113 5442 <00001 TEE
A 00120 1 00120 5805 <0.0001
B 0.0020 1 00020 987 0.0060
C 00042 1 00042 2005 0.0003
D 0.0197 1 00197 9522 <0.0001
AD 00012 1 00012 591 00264
BC 00020 1 00020 977 0.0062
BD 00023 1 00023 1127 0.0037
A? 00275 1 00275 13244 <0.0001
B’ 0.0483 1  0.0483 23310 <0.0001
c? 00057 1 00057 2749 <0.0001
D’ 0.034 1 1 0.0341 164.74 <0.0001
52 00035 17 0.0002
Jtwi 00029 13 0.0002 147 03813 AEE
4z 0.0006 4 0.000 2
ME2% 01276 28
R,=0.9724 R%4=0.954 5

®3 BERMERTHBEDFERTESTR
Table 3 ANOVA of regression model for C

TR PR AdE ¥y FE Pl WEE

A 0.0710 11 00065 5843 <0.0001

A 0.0068 1 00068 6195 <0.0001
B 00027 1 00027 2442 00001
C 0.0025 1 00025 2265 0.0002
D 00300 1 00300 27138 <0.0001
AD 00005 1 00005 493 0.0404
BC 00025 1 00025 2262 0.0002
BD 00152 1 00152 13760 <0.0001
A’ 00057 1 00057 5164 <0.000
B’ 0.000 8 1 0.0008 7.54 1
(o8 0.000 1 1 0.0001 0.8622 0.0138
D’ 00067 1 00067 6071 03661
5% 00019 17 0.0001 <0.000 1
JeflIi 00013 13 0.0001 0.6779 GiES
aliR7z:  0.0006 4 0.000 1 0.7340
MBS 00729 28
R,=0.974 2 R=957 6
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Table 4 ANOVA of regression model for RH

RE REMLEDFREFTENTR
Table 5 ANOVA of regression model for Sa

JIENIE FRRL AmE ¥y P Pl BEME IENRE CFR AmE ¥y P Pl BEN
BT 01216 9 0.0135 2575 <0.0001 H A 35154 10 3515 1865 <0.0001 T
A 00631 1 00631 120.26 <0.0001 A 33.33 1 3333 1769 0.0005

B 0.0028 1 00028 534 00322 B 38.52 1 3852 2044 0.0003

C 00027 1 00027 515 00351 C 37.63 1 3763 1997 0.0003

D 00059 1 00059 1130 0.0033 D 45.05 1 4505 239 0.0001

BC 00044 1 00044 847 0.0090 AD 18.06 1 1806 958  0.006 2

BD 00345 1 00345 6571 <0.0001 BD 8.27 1 827 439 00487

A’ 0.0070 1 00070 1338 0.0017 A’ 86.32 1 86.32 458 <0.0001

B’ 0.008 3 1 0.0083 15.86 0.0008 B’ 83.39 1 83.39  44.24 <0.0001

c? 0.0108 1 0.0108 20.59  0.0002 c? 38.28 1 3828 2031 0.0003

D’ 0.0100 19  0.0005 D’ 53.3 1 533  28.28 <0.0001

5% 00087 15 00006 181  0.2998 [T 33.92 18 1.88

Jef 0.001 3 4 0.000 3 R 2747 14 1.96 122 04674

4tz 01315 28 AL 4tz 6.45 4 1.61 ANHE
PEN=P B2 38547 28

R,=0.924 2 R,;=0.888 3 R,=0.9120 R’\;=863 1

S(=11.339 42-0.000 630 x A-0.163 317 x B-0.020 811 x C-0.041 444 x D-0.000 018 x A x D-0.000 225 x B x C-0.002 417

x B x D+0.000 000 065 055 6 x A*+0.000 863 x B*+0.000 296 x C*+0.072 556 x D". (1)
(€=3.097 39-0.000 464 x A-0.029 267 x B-0.017 189 x C+0.165 33 x D+0.000 001 6667 x A x B+0.000 0025 x A x C-
0.000 062 x A x D+0.000 000 029 666 7 x A*+0.000 113 x B*+0.000 038 x C*+0.032 167 x D°. (2)

RH=7.435 05-0.000 801 x A-0.060 828 x B-0.055 789 x C+0.144 056 x D-0.003 333 x B x D+0.000 000 072 888 9 x A’

+0.0003 29 x B*+0.000 358 x C*+0.040 806 x D*.

(3)

Sa=719.4-0.031 771 x A-7.635 83 x B-3.709 58 x C+11.175 x D-0.002 125 x A x D-0.143 750 x B x D+0.000 003 647 32

x A’+0.035 854 x B*+0.024 292 x C*+2.866 67 x D.
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Fig. 1 Influence rule of single factor on SQ
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Fig. 4 Influence rule of single factor on Sa
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Fig. 5 Response surface plot of the effect of interaction on SQ

B BIR TR ERISI—E

Ele B S FRX B AR R TR ERISZ IR [ N E
El. El6aflbsy 5 AEMLRIHLREFESIERAXIE
BRI EERIZ NN EEERMGH R ER A1
AR ERIBENSIE .. JLIEEBGERS
BRERYEFDER BRI —E.

El6cHEMLERMIFEREBSIERY R
BRIBEMNMNEE . E3HieRE/N, B
RIYREEEEREIRERIBINEIIBAAIES; =3
EHEERRAR, BFEVERIREEREREIRE
AR . REETEEMEZRR/NRISRSEIZT]
SREMWIERBR AR EIZIIEKR, RILEETH

[0 DB 1 75 R T

5 4
70 4 000

(a)

REREN, TJEMNSEIZTISRNERE, EitkE
BERM. SEMEERRAN, BT HEIREBAMN
FERNRELTDEXNEDRISEIFR, RILERHE
RIYBEETWR/N . SHEIRER/NT, EHEE
MEFHER T REBRIZIMR/N; SHEIRERK
Y, B ER S REERE THMZERAE 2T
NS . REETHEIRERNRERZDEX,
EEIEERAIB NP EIZTI SR, RILEFEDER
TREEZIR/NIEE . SRIRER/NT, $iE1Z
TER/NN, EMEERNZUXS T RAIZTIERF DK
N, FIRS EHFZRIEAAIZ DR SIREEKSHE
BRI REERE LT .

o =
i ¥
3] h

n
——t
\

(64 P 1 760 R 1 fmm

@ 4500
24000 gyt

(b) (c)

E6 BEFAXEIMER T EEERIS MR EE

Fig. 6 Response surface plot of the effect of interaction on circular accuracy
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Fig. 8 Response surface plot of the effect of interaction on Sa
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Fig. 9 HV value and IGD value of MOEAD algorithm
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Fig. 10 HV value and IGD value of NSGA-111 algorithm
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Fig. 11 HV value and IGD value of NSGA-II algorithm
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Fig. 12 Pareto solution set of MOEAD algorithm
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Fig. 13 Frozen sand mold and castings
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Research on Optimization of Forming Parameters for Digital Milling of
Frozen Sand Mold

ZHANG Guo-lei', SHAN Zhong-de"?, LIU Li-min’, LI Zheng', LIANG Hao-tian', MING Yu'

(1. State Key Laboratory of Advanced Forming Technology and Equipment, China Academy of Machinery Science and
Technology Group Co., Ltd., Beijing 100044, China; 2. Nanjing University of Aeronautics and Astronautics, Nanjing 210016,
Jiangsu, China)

Abstract:

The resin sand mold contamination problem was solved due to the use of water as a binder in the frozen sand
mold and the green casting came true.The high precision and high efficiency machining of frozen sand mold
was realized due to the digital milling technology based on the principle of material reduction.Inthis paper, the
influence of digital milling process parameters on the forming quality of frozen sand mold was studied based
on response surface experiments. The spindle speed, feed rate, milling width and milling depth were taken as
the research factors, and the dimensional accuracy and surface roughness were taken as the response variables
to fit the response equation. The optimal solution of surface roughness optimization parameters was obtained
by response equation, and different algorithms (NSGA-1I, NSGA-IIl and MOEAD) were used to multi-
objective optimize the dimensional accuracy of digital milling of frozen sand mold. HV and IGD were used as
evaluation criteria. The results showed that the MOEAD algorithm was more suitable for the study. The HV
value was 0.324 and the IGD value was 0.2. The optimized parameters were selected for pouring test, and the
surface quality of the frozen sand mold formed by milling met the pouring requirements.
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frozen sand mold; milling parameters; response surface experiment; multi-objective optimization
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