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Fig. 1 3D model of ductile iron protective parts
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Fig. 2 Pouring system and finite element model of initial scheme
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Fig. 3 Mold filling of castings at different times in the initial scheme

Ve R E=REREIER (8247 %) B4R, £
FBHRREIRES, RRBELINEA . LETELAERE
I, ATSEISRENHE . 1944 sBT, HHEHMN
SMUFFIRERRE], FA IR MEEPY R O fimAYER @ P95
PRI, BB N10%~20%, RIEREBISTTLE
& FE1 774 SBY, $EHRIERBIGTAEEE], 2 704 sEE
PMEHRFLEOEE

{%PMMSIE%«E%L >FE (B %) WES
Fi. BEBIERSHT, KIMEERENNREN
EE D BB S mn e, FBFLE/913.260 3%, H
FoOHEHFEHERBONEIREZ, FHREZI
M, FHFEREAFER, RESHTRIRE. X5
SLRREFRS, FRIRENFERABE—H. BTIZ
BFENIZSHREASIE, SERESIHEEHREIK

R SE, MIESEINE, NS RmFLERME. AT
z“*ﬂ%%‘r SMHEH, SHBEHFNDNRRTERGLARML



2023%F F11H/%E72%
RS
1.000
0.933 [
ﬁ 0.867
0.800
0.733 |[
0.667
0.600
0.533
0.467
aa 1=944 5 1=11375
0.333
0.267
0.200
0133
0.067
0.000
1=17745 1=2704 5

El4 WA SEASIRI 220 504 (1 [ AR 43 8K
Fig. 4 Solidification fraction of castings at different time in the initial

scheme

WIZ2H, LMEERETLEE™.

4 TZHHSEN
41 IR IZHEMREDHFIER

RIEN DB S ZNHEHEERTUEL, B
FEMAIRIE R IEERR D KIS 5 L Fa i g FLER
b, M TFHEHRERYR, ERERBHIZINALK
PR . ERREMFHERERD RS FLERFAE™
B, HESHEL, AREMBSEETERE, SEHME
BIEEZE, MEBEHEEBLRCERE, NMmERE
TIEH SR AR R BES R N 5T .

HILE/%
10.00
I 9.33
8.67
8.00
7.33 @
6.67 » Q
6.00 1
5.33
4.67
4.00
3.33

267 .
2.00 [
1.33 &

o e
s N

= a

=
t ol o

.*

&[5 Wi T A LA R o3 A1
Fig. 5 Distribution diagram of shrinkage and dispersed shrinkage of

initial process castings

T2 AR Founory

EFULRE, BRI ZREIRFOEM L3
T, SEMMARLE, MUIZHEENEG6MH
o BlFaiERRHEN, ARFRIRGAIEM 1B
MY EFTREMEARRE. EFbhiRERFLEN, £
FRiRERFHEM CIBNETEEMHRINIRE . X
a. bRy ZHITEERIAD TR .

(b) bH%
Ko it T 20 % =g R

Fig. 6 3D modeling diagram of optimization process scheme

FFProE X RIFH T =4IEE, BEA
ProCASTHR{4RfImesh CASTIEER, HITMIELS, %
OMFEIRENMEIDIKENS mm, FHFIRRE
AIRIE RIS E 5 mm, IR BshERBRTH
& AT EMEHEML, EtiRESRTIZNE
—

4.2 ZERMDH

FRATIZHEEFEISHE (B %) WETH
™o IRIBEMEESIIMM AR S ENREILE, ahEN
6.902 5%, bj5ZEHN1.367 5%, bHEMEIARE/N, 5
IR E=HEELGEFLER/913.260 3%HEEY, 45FLEE
BEEKKBER/N. LI, b RFPRIFERKRTIEFL
g, Fit, SapERMNBHERAEL, b RIRE
BAGHE,

(a) ali%

(b) bH%E
K7 RRCE T ES LAl

Fig. 7 Shrinkage pore distribution of different process schemes



Vol.72 No.11 2023

Founory L SIS AR

5 HEIZSHINKL

BEEEHFENFHREZ NS HERNFM,
A EXW=1FETESEHHTHRY —RE
BHENRTEELSERIBLEES50~100 C,
R EERXEFTRE, EEREBENL 250 C,
1280 C, 1300 C. {EEREHEHHHIBEBERHE
Af, BUFSTHGEREAIE700~1 000 CHISBEMITIERE,
ZIFEHERG, %E800 C. 900 C. 1 000 CIEAHF
RETAEE .. REERENRESNHENERS
FEEE, BITESENRERE, HESHEXE
PR, ERFFENRE SS9 0.450 m/s, 0.455 m/s,
0.460 m/s,

FHIERNHBHARBILE, RIECHNSHET
EXREE, FAUMBEENHNTIZSEHTIERA
. EfIEES, HEHRBILRRN, FFIENIE
SHAWSEE ., FIARHRIRNIKE, WERIF7R.

®1 EXRBEERKER
Table 1 Factors and level table of orthogonal experiment

FSEN
KF —— e e
ARTEIRE/C BRAHE (m-s™) CHRLGEHIHRE/C
1 1250 0.450 800
2 1280 0.455 900
3 1300 0.460 1000

RIELERINLG, FepkiBE 9B =R IRITIE]
HEME, KEEXNFENE. FIXE, FEA
&N, WP

F2 EXREHRMER

Table 2 Scheme and results of orthogonal experiment

s WRA  WEB  WEC FEBIHAlS HfL3/%

L1 1 1 1 4.881 1.451
L2 1 2 2 3.925 1.433
L3 1 3 3 3.869 1.442
L4 2 1 2 3.961 1.551
L5 2 2 3 3.918 1.452
L6 2 3 1 3.869 1.402
L7 3 1 3 3.820 1.589
L8 3 2 2 3.771 1.370
L9 3 3 1 3.858 1.321

BIER2FNAIRN SO LIBEEL, BFAE
=/ANBIALY, EN1.321%; FBFLERHZAKAIALT, BN
1.589%,

BRI ERNA B R A IR LR\ R E
¥, BIIMESTFEHAIBICIHEAENZMNITE
SHE, FENRTEE. REERENETNEE

58191 300 °C. 0.460 m/s. 800 °C, F=BUAT[E]/3.858 s,
FEFLEN1.321%,, HIRVIRIPERNEENEILDH
(BB %) WE8FF=.

A/ %
2.00 ;
1.87
173 \
1,50 l

147

133

120 Lsigl
1.07 ; -l
0.93
0.80
0.67

0.53
0.40
0.27

. : :

RIS J/MWIVIES U Rl

Fig. 8 Distribution of shrinkage of casting in the optimal process scheme
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Optimization of Investment Casting Process for Ductile Iron Drilling
Machine Protective Parts

ZHANG Xiao-guang, PENG Bin, CANG Xin-lei, LI Yuan-zhi

(College of Mechanical Engineering and Automation, Liaoning University of Technology, Jinzhou 121001, Liaoning, China)

Abstract:

The protective parts are mainly used in oil drilling machines and play a role in safety protection. Taking
ductile iron protective parts as the research object, the casting process of the original investment casting was
numerically simulated by combining Pro/E and ProCAST to find out the causes of casting defects such as
shrinkage and dispersed shrinkage, improve the casting system, and study the effects of pouring temperature,
filling speed and shell preheating temperature on casting quality. The optimal process parameters were
obtained through analysis. The pouring temperature, filling speed and shell preheating temperature are 1 300 °C,
0.460 m/s and 800 °C , respectively. Numerical simulation was conducted on the optimized results, and it was
found that the shrinkage rate of the casting was significantly reduced, which was verified through actual
casting production
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