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The comprehensive compensation method for machining
deformation errors in large thin-wall components

Yi Yali'*,Chen Yifan®, Cheng Yangyang”, Wang Zhiyong”, Jin Herong'>

(1. State Key Laboratory of Crane Technology, Yanshan University ,Qinghuangdao 066004, China; 2. School of Mechanical
Engineering, Yanshan University , Qinghuangdao 066004, China)

Abstract: To address the issue of processing deformation at the bottom of grooves during discontinuous slot milling of large thin-walled
components—caused by their weak rigidity and uneven wall thickness, which impacts processing accuracy — a comprehensive
compensation method for processing deformation errors is proposed. Initially, a milling force measurement experiment is conducted using
empirical methods. Through regression analysis, a mapping relationship between processing parameters and milling forces is established,
and a milling force prediction model is created. To overcome the low simulation calculation efficiency for large thin-walled components,
the equivalent stiffness theory is applied to simplify the deformation region. An improved substructure simulation method is then
introduced by replacing the main structure to simulate multi-layer milling processes. Combined with the milling force prediction model,
this method predicts processing deformation with a 27.27% improvement in calculation efficiency compared to the full-structure finite
element method. Next, using an in-machine measurement system to collect wall thickness data at the groove bottom, a deformation
correction model is developed. The predicted processing deformation is corrected by applying inter-layer and node correction coefficients.
The inter-layer correction coefficients are iteratively calculated using the secant method, and discrete compensation points are fitted to the
machining path using non-uniform rational B-splines. Finally, an in-machine measurement system tailored for the robotic milling of large
thin-walled components is designed and implemented. Comparative experiments on milling processing error compensation are conducted.

Experimental results demonstrate that, after applying the comprehensive compensation method, processing error is reduced by 92. 09%
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and 77. 63% compared to no compensation and the mirror iterative compensation method, respectively. These findings validate the

effectiveness of the proposed comprehensive compensation approach for processing deformation errors.

Keywords : large thin-wall components; machining deformation; on-machine measurement; comprehensive compensation
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Fig. 1 Machining feature of large thin-walled components
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Fig.2  Robotic milling system
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Fig.3 Machining error caused by milling force
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Fig.4 Error compensation process
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Table 1 Tool parameters
HA KE/mm BEmmis/c)  K/mm BRERKE/mm
8 75 35 16 18

RS RIS RN T2 BOT R BEHI 1 1E A5, If
REEBEHI I Kt i T EER AR I 2 I £ 252 F.
WL SR, SO Fokm g A, RS
I B AT B D1 R B R T TS 4
BEH FI BRI FAE R 2
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Table 2 Milling forces corresponding to different

processing parameters

e Etilgy BRI G B BEH 1

2/ (remin") a,/mm  y/(mm-min”") F./N
1 10 000 0. 40 240 9.17
2 10 000 0. 40 360 11.34
3 10 000 0. 40 480 13.08
4 10 000 0. 40 600 15.43
5 10 000 0. 40 720 18.41
6 6 000 0. 40 360 19. 40
7 8 000 0. 40 360 17.58
8 10 000 0. 40 360 11.39
9 12 000 0. 40 360 10. 90
10 14 000 0. 40 360 10. 36
11 10 000 0.20 360 10.51
12 10 000 0. 40 360 11.20
13 10 000 0. 60 360 12.97
14 10 000 0. 80 360 14.98
15 10 000 1.00 360 16. 12
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Fig. 6  Construction process of equivalent stiffness method
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Fig.7 Simulation process of the modified substructure
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Fig. 8 Comparison of different simulation methods
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Fig. 9 Schematic diagram of deformation correction
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Fig. 10 Schematic diagram of machining measurement
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Table 3 Processing parameters of finishing stage
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Machining error compensation test of large thin-walled component site
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Fig. 12 Thickness distribution and error distribution of the bottom wall of the groove in the finishing stage for

different methods, along with the arc groove after processing completion
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