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Fig. | Integrated design of the cylinder head blank
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Table 1 Composition of the ZL702A alloy ~ wg/%

Si Cu Mg Mn Ti Al & ffiFe
6~8 1.3~1.8 0.3~0.5 0.1~0.3 0.1~0.25 4 <0.35
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Table 2 Typical properties of Al alloys for the cylinder head
at room temperature

Ry, CRlE) Ry PabE i

¥ HaS e mpa % res bk
ZL101A, A356,

1 G-AISiTMg 275 185 50 T6 &JRAlHE
2 ZL106, 328.0 265 160 20 T6 4mAE
3 ZL104, AC4B 255 195 40 T6  HbEIEGYE
4 zL107 275 185 3.0 T6 4mAIEE
5 ZL111. A354 380 285 6.0 T6 4JEAiEE
6 ZL702A 372 80 T6 LB
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Fig. 2 Analysis of hot spot area of the casting

(&) R S e BE R PRI A A 1R

(b)) S 8 A 4 ek 61 i
E3 HEISHEELDHT

Fig. 3 Simulation analysis of the casting process
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Fig. 4 Sand core of the cylinder head produced by traditional method
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Table. 3 Comparison of average performance values of the
laser sintering and inkjet printing 8-character samples

i H Wotbestil M5 A4 T E R
RS R (mL-g?) 11.3 9.8
Prhism &/ MPa 3.2 2.1

El6 SRtk REI SR
Fig. 6 Cylinder head sand core prepared by the laser sintering
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Fig. 5 Design of mold and sand core
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Fig. 7 Position of the pinhole in inner cavity of the casting
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Fig. 8 Fluorescence detection results of the airway wall
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Fig. 11 Statistical distribution of the pore volume
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Fig. 10 Distributions of the 2D and 3D pores in the sample
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Fig. 9 Simulation results of the temperature field in the pinhole area of
the cylinder head
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Table 4 Adjustment of the pouring process parameters

GEUE MU/ g5ouhy 4T AR YR

i
REEC (mm-s™) JE/kPa Wf)/s Jf/kPa Bf)/s

MR T 710 60 5 20 10 600
WHHE T2 690 30 2 30 20 600
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Fig. 14 Sampling position and number of the casting body
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Fig. 12 Anatomy and fluorescence test results of the second casting
after pouring
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Fig. 13 Test results of low magnification pinhole of the test blocks under different coating conditions
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Table 5 Average properties of the casting bodies under
different microstructures and pinhole grades

Bk BURE TRELE: FHL i IR R
Sk DIE EEE/am % SREE/MPa HREE/MPa /%

17 58  £IfL5%% 330 244 25
2" 44 g5 341 250 3
Ty 3 41 EHfL3gk 348 269 35
& 21 JEEMLBE 375 273 8
st 5* 29 JCEHALEE 362 270 6.5
6" 52 £FHFL3% 334 248 45
7t 44 EIfL4% 357 259 3
17 56  JCELBEE 350 264 45
2" 45 Ehfligk 361 270 6.5
3 41 JoEHfLEYE 368 279 6.5
HTZ 23 KAHLEE 375 270 8
L 28 KAHLEWE 370 273 6
6" 49  f£IL1% 354 258 5.5
7' 42 Eiflegt 357 259 5
SEHk:
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Research on the Casting Process of High Performance Complex Diesel

Engine Cylinder Head

LI Ze-hua', FENG Zhi-jun’, LI Yu—fei', XIN Shi-wei', LIU Wen-long', LIU Dan', MA Ying-bo', HU Ding—yun®
(1. Shenyang Research Institute of Foundry Co., Ltd., Shenyang 110022, Liaoning, China; 2. China North Engine Research

Instiute, Tianjin 300000, China)

Abstract:

This article is aimed at the development of complex diesel engine cylinder head casting process. Through the
thermal analysis of the cylinder head casting, the anti-gravity casting process of the sand mold was designed,
and the temperature field of the casting filling and solidification process was simulated. The 3DP technology
was used to quickly prepare the sand mold and sand core, and the rapid trial production of the cylinder head
blank was completed. The causes of porosity formation in the inner cavity of the casting were analyzed, and
the solutions to the porosity defects of the cylinder head were proposed and verified by the actual pouring
results. As the secondary dendrite arm distance increased from 21 pm to 56 pum, the tensile strength of the
casting body was reduced by 25 MPa, the yield strength was reduced by 6 MPa, and the elongation was
also reduced from 8% to 4.5%.When the secondary dendrite arm distance was within 40-45 um. When the
pinhole grade increased from 0 to 5, the tensile strength, yield strength, and elongation of the alloy gradually
decreased, and the maximum decrease was 25 MPa, 29 MPa, and 3.5% respectively.
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