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Numerical Simulation and Optimization of the Casting Process of a
Machine Tool Spindle Box
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(National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology Institute, Nanchang
Hangkong University, Nanchang 330063, China)

Abstract: Based on the analysis of the structural characteristics of the spindle box parts of a certain machine tool, the sand
mold casting process scheme was preliminarily determined, and the casting process scheme of the spindle box was
numerically simulated by ProCAST software. Through the analysis of temperature field, solidification process and shrinkage
cavity and porosity, and the optimization measures such as reasonable setting riser and chill, the optimum casting process
scheme of spindle box casting was determined. The results show that the filling and solidification process of spindle box
castings is reasonable and the defects of shrinkage cavity and porosity are effectively avoided when the medium enlarge
runner system is used 1:1.4:1.2 (Aingate:Aruuner:A sprue), the pouring temperature is 1 370 ‘C and the pouring speed is

5.7 kg/s.
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Fig.l Machine tool spindle box
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Tab.1 Chemical composition of gray cast iron HT300 (%)
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Fig.2 Spindle box parting line
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Fig.3 The initial pouring system scheme of the spindle box
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Fig.4 Simulation results of the initial scheme
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Fig.5 Optimized pouring and risering system of the Spindle box
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Fig.6 Simulation of the filling process of the spindle box casting
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Fig.7 The solidification process of the spindle box casting
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Fig.8 Simulation of shrinkage porosity and shrinkage hole and elimination of spindle box casting

3 it

(W& REAPR EMBEGSE W ED
ST, RAET A 434 w3SA 4 =1:1. 412 P ESE
WMABERSG, BEERE 1370°C, B EE R 57ke/s,
FHAR M SRR ECR 500 Wm?- K, %5
¥4 8k B e #4 R 3 000 W/m?-K

(2)i it Xt ProCAST %4 BUE i F2 B B 45
Rom a3 aBRERSMEASIERELE O 68
WS ERASE M A R E SR EE, AR
HERAEN AL GRFE A, X TR A %
B b= BAE R FHEE X,

SEM .
(1] NE. HHHHLAE B M), JL5 B AR 2014,

[2] #B3R BE, L¥E, F O MERETHHMEE T 2T %
P KA B4 4, 2019, 39(11):1229-1231.

[31 XBum, Ui & ¥y, (£ SL. 3 F ProCAST # {4 #9 ZL101 fii =5 5%
B TABRFE[). #n T T2, 2014, 43(13):90-91, 98.

[4] XIZ, E4. HF Procast & L 6 (Bl HE % 15 T 2 itk [J]. #
T TZ, 2019, 48(15):72-77.

[S] Kumar R, Madhu S. Casting design and simulation of gating sys-
tem in rotary adaptor using procast software for defect minimiza-
tion,Materials To day: Proceedings,Volume 22, Part 3,2020:
799-805.

[6] #HEFMESH FEIRIE¥2EEST SR, FETZMIL
A6 50U Tkt Rt AL, 2014,

[7] FEo,FEREBMEMR, 5. 5T ProCAST M ] in T .0 4L
F i BUE AL BT ()], F R, 2016, 37(9):2017-2020.

(_EHE55 909 71)

[2] % FZ. WEET i X oL b & T2 KX¥ e H Z#F 5 [D].
JoMN AR R TR, 2011,

[3] &=, W, 2. SLM il 1 & J8 UM # 0F aT AT 1R 5 0],
B T 5 8E 2016(3):0042-05.

[4] ER EFHEBOCHE Y &R T HERRDIR[D]. R 4 HF
BK¥,2012.

[5] Ali Gokhan Demir& Paolo Colombo& Barbara Previtali .From
pulsed to continuous wave emission in SLM with contemporary
fiber laser sources: effect of temporal and spatial pulse overlap in
part quality[J] Int ] Adv Manuf Technol ,2017(10).

[6] KR EFEHEFOLHER kPN T TZSHMPR[D]. AL &L
Tolk k% ,2019.

[7] #RELFE. e 3 M BOGKE b R 2 8 R P B 5E (D). A58 . & A
Tolk K% ,2018.

[8] Leonardo Caprio*, Ali Gokhan Demir, Barbara Previtali.Influence
of pulsed and continuous wave emission on melting efficiency in
selective laser melting [J]. Journal of Materials Processing Tech-
nology, 2018, 11. 019.

[9] Yali Li, Dongdong Gu. Thermal behavior during selective laser
melting of commercially pure titanium powder: Numerical simu-
lation and experimental study [J].Additive Manufacturing, 2014,
(1): 99-109.

[10] By h, i e | B SO, %5 B 2 IR AL O % X 48 1k U it
WEFE[T]. H E Bt 2018(4):40.

[11] Giovanni Strano*, Liang Hao, Richard M. Everson, Kenneth E. E-
vans. Surface roughness analysis, modelling and prediction in se-
lective laser melting[J]. Journal of Materials Processing Technolo-
gy 213 (2013) 589-597.



