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Numerical Simulation and Experimental Validation of Residual Stress in Heavy
Machine Tool Crossbeam Casting During Demolding
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Materials Science and Engineering, Huazhong University of Science and Technology, Wuhan, 430074, PR China)
Abstract: This study investigates a heavy-duty CNC machine tool crossbeam casting manufactured
by a leading heavy machine tool producer. A numerical simulation model for the demolding process
was developed using proprietary Computer-Aided Engineering (CAE) software. Experimental
validation of the residual stress was performed using the blind-hole method on the guide rail
mounting surface. The simulation results were compared with experimental data, revealing that the
post-demolding simulations exhibited smaller fluctuations than the pre-demolding predictions. The
maximum principal stress prediction resulted in an absolute error of 11.8 %, effectively reflecting the

residual stress distribution for casting design and production optimization.
Keywords: Crossbeam casting; Residual stress; Numerical simulation; Experimental analysis
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Fig. 1 Gating System and Sand Core Design (a) Gating System (b)
Sand Core
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Fig. 2 Chilling System Design (a) Chill(b) Internal Chill
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Tab.1 Heat Transfer Coefficient Settings for Thermal Process
Numerical Simulation
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Fig.3 Measurement of residual stress: (a) The actual production
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Tab. 2 Temperatures of Casting at Shakeout and Pit Removal/°C
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Fig. 5 Top-down temperature cloud map of the solidification
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Fig. 6 Numerical simulation temperature distribution cloud map of the filling process of the heavy machine tool crossbeam casting: (a)
9.16 s (b) 18.49 s (c) 27.82 s (d) 37.19 s (e) 40.00 s (f) 56.91 s
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Fig. 7 Numerical simulation temperature distribution cloud map of the solidification process of heavy machine tool crossbeam castings:
(a) 59.24 s (b) 492.89 s (c) 12048.20 s (d) 39481.99 s (e) 119937.79 s (f) 256140.59 s
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Fig. 8 Distribution cloud map of different pouring temperature
effects on stress of heavy machine tool crossbeam castings
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Fig. 9 Comparison Chart of Experimental and Simulated Values
of ¢1: (a) Line graph comparing the measured values with ¢1
before and after demolding (b) Stress measurement point
position (c) Comparison bar chart of simulated values after
demolding and experimental values
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Fig. 10 Comparison Chart of Experimental and Simulated Values
of ¢2: (a) Line graph comparing the measured values with ¢2
before and after demolding (b) Stress measurement point
position (c) Comparison bar chart of simulated values after
demolding and experimental values
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