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Fig.1 Flow diagram of sensitive region recognition
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Fig.5 Dimensions and boundary conditions of workpieces in

different processes during multi-process milling
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Fig.7 Workpiece side milling assembly model
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Fig.8 Assembly and mesh generation of thin-walled parts and milling cutters
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Fig.9 Diagram of test processing field
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Fig.10 Chart of deformation measurement
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Table S Orthogonal test table for milling parameters of thin-walled parts

KT T n/ RN S RRAYIEIRE a/ | RHEVIHIREL o/
(r/min ) (mm/z) mm mm
1 5000 0.06 0.3 5
2 5000 0.07 0.5 6
3 5000 0.08 0.7 7
Fo6 EXRBWRITHRRHELER
Table 6 Orthogonal test design scheme and simulation results
Ko FHFEHE n/ | LS| VIBIKIE af | VIMVRIE ) | YOTiIECR
(r/min ) (mm/z) mm mm AN /mm
1 5000 0.06 0.3 5 0.056
2 5000 0.06 0.5 7 0.087
3 5000 0.06 0.7 6 0.063
4 5000 0.07 0.3 7 0.105
5 5000 0.07 0.5 6 0.0198
6 5000 0.07 0.7 5 0.069
7 5000 0.08 0.3 6 0.053
8 5000 0.08 0.5 5 0.0987
9 5000 0.08 0.7 7 0.198
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Table 7 Range analysis table

G 4 B c
1 4, B, C,
2 4, B, @)
3 4, B, @
4 A, B, G,
5 A, B, @
6 4, B, C,
7 A, B, c,
8 A, B, @
9 4, B, @
K, 0.0532458 0.06611 0.057136
K, 0.05619598 0.05743 0.050809
M1
K 0.08606963 0.07198 0.087567
R 0.0328238 0.0146 0.03676
K, 0.05313947 0.06368 0.055791
. K, 0.05958963 0.06098 0.050768
B2
K, 0.0817173 0.06979 0.087888
R 0.0285778 0.0088 0.03712
K, 0.0542256 0.06795 0.05799
K, 0.06085687 0.0631 0.053602
#3
K 0.0926992 0.07673 0.096189
R 0.0384736 0.0136 0.04259
K, 0.0566239 0.07158 0.074573
. K, 0.07088175 0.06544 0.054308
R4
K, 0.10642223 0.09691 0.105048
R 0.0497983 0.0315 0.05074
U, U2/mm
+7.806e—-02
+6.072¢-02
+4.337e-02
+2.603e-02
+8.680e—-03
—8.606e-03
-2.601e-02
—4.336e-02
—6.070e—-02
—7.805e-02
—9.539¢-02
—1.127e-01
-1.301e-01
z
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Fig.11 Simulation cloud map of sidewall deformation during milling processing
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Fig.12 Simulation cloud map of sidewall

deformation in different positions during
milling processing
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Fig.13 Optimized milling machining sidewall deformation simulation cloud map
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Fig.14 Simulation and experimental
deformation values in the Y direction of
longer side wall of thin-walled components
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Research on Identification and Prediction of Deformation Sensitive Region of
Frame Type Thin-Walled Parts Based on Finite Element Simulation

YUE Caixu, LIU Xiaoqi, WANG Le, HU Desheng, LIU Xianli
(Key Laboratory of Advanced Manufacturing and Intelligent Technology, Ministry of Education, Harbin University of
Science and Technology, Harbin 150080, China)

[ABSTRACT]
walled parts, this study employs the ABAQUS finite element software and adopts the element birth and death method to

To address the deformation problem that occurs in the semi-finishing stage of large-scale frame-type thin-

simulate their cutting deformation process, conducts in-depth research on the maximum deformation area, and achieves
accurate identification and prediction of deformation-sensitive areas from the overall to the local level during processing.
Results show that the deformation follows a “larger at the top and smaller at the bottom” pattern along the height
direction with the maximum deformation occurring at the top, and through orthogonal experiments and range analysis
on the combinations of radial cutting width, axial cutting depth, and feed per tooth, the optimized parameter combination
is obtained as follows: radial cutting depth ¢,=0.5 mm, axial cutting depth a,=6 mm, and feed per tooth £,=0.06 mm/z,
which reduces the local maximum deformation by 46.41% compared with traditional milling parameters. This method can
effectively improve the accuracy of identifying sensitive areas of thin-walled components, providing important theoretical
support and guidance for the efficient and low-loss machining of large-scale frame-type thin-walled parts and the
optimization of process parameters.

Keywords: Thin-walled parts; Processing deformation; Sensitive area identification; Residual stress; Finite element simulation
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