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Fig. 2 Schematic diagram of the thermal deformation
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Table 1 Physical parameters of the tested part

Material Mass density /(kg * m °)

. / .
Poisson's ratio

Expansion coefficient Elastic modulus /GPa

Al alloy 2770 0. 33

2.3 71
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1000.00 U 1000.00(mm)
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0.57947
0.43460
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0 Min
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Fig. 3 Simulation model. (a) Number of reference point; (b) result of the simulation analysis
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Fig. 4 Thermal deformation offsets of the reference point in different directions. (a) X-axis; (b) Y-axis; (c) Z-axis
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Fig. 8 Transfer errors of different stations. (a) Error of the direct transfer; (b) errors of different transfer methods
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Table 3 Date of the experimental measurement
M1 M6
Point t,/C te/C
X/mm Y/mm Z/mm X/mm Y/mm Z/mm
D1 3514. 374 —834. 94 —722.189 1829. 876 1500. 231 —728.182 23.5
D2 2351.999 —492.782 —724. 254 2961. 833 1932. 464 —727.186 25.5
D3 3361.72 —476. 897 —486. 847 2167.471 1308. 338 —491. 105 27.4
D4 2673.413 —274.29 —488.175 2837.833 1564. 298 —490. 580 29.7
D5 3102.173 —87.686 —352. 824 19.7 2609. 409 1156. 213 —355. 169 34.2
D6 3593.193 80. 431 —376. 340 2320.699 724.836 —379.065 29.8
D7 2780. 36 319. 77 —377.812 3112. 419 1027. 007 —378.565 27.7
D8 4072. 565 251.791 —592.493 2043. 82 297.658 —595. 569 25.8
D9 2471. 164 723.275 —595. 400 3603. 658 893. 059 —594. 389 24.0
R4 ARSI L B e vl iR 2
Table 4 Transition error of the non-uniform temperature field unit: pm
Point D1 D2 D3 D4 D5 D6 D7 D8 D9
e 214 155 82 172 265 106 84 166 163
e 23 56 55 71 38 64 62 33 36
ey 18 60 30 41 31 39 53 24 38
AL B s BT sl ) ) il R ZE RO L R 2 J5 I ANSYS sy 1 0 R IE 1% 22 Wb R
H 1409 pm; 2805 KM FAR TE R B AME IS BRRL A X b S 0 A S BB L S T

A5 1R B i DR 25 P AT R MR A R TR 25 0 ol B Dy
438 pm 1 334 pm, XRULEIEE SR T 2K
ST ZRBCRMEE IS e W S B o e il RS B L HL ORI
T EAMEE .

6 44

P Tl 9 R RS st e PR I AR 22 b
07 Wk 5 BT AR SR A I B R v T A AR
SET i RS S R E R A Z B BRI R R

i

T S AR R R S B v AR — Sk
S+ AR Bz B3 A R Iz I R AR b A 3 o A
T 8% o I X5 AN [R) i BE T A4 6 o 5 A b iR 22 14T A
2%, SEBREE S S0 00 45 L 3 WL AH HE AR R A B, 3R
T R BMEE T SR E S AR SR E S T
REVIAS RE > B4R 5 81, 28 %5 FI 76. 26 %, I i Tl E
MR EE S I — 2RI T AR TE 3R ORI 0k X e il
K B IR THE T
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Method for Compensating Thermal Deformation Error in Transfer Station of
Variable Curvature Workpiece

Li Zhuyue, Hou Maosheng ™, Liu Zhichao, Li Lijuan
School of Optoelectronic Engineering, Changchun University of Science and Technology , Changchun, Jilin 130022, China

Abstract

Objective
the instrument, environmental vibration, temperature change, and other factors severely affect the accuracy of the

Large-size measurements are usually accomplished through multistation measurements. The accuracy of

transfer station. To improve the accuracy of large-size measurements, many scholars have conducted extensive
research on large-size measurement errors and proposed numerous compensation methods to achieve the accuracy of
large-size measurements. However, most compensation methods compensate for the measurement errors by
reducing the measurement errors. Moreover, research on the effect of temperature on the measurement results is
relatively rare. In fact, the error caused by changes in temperature has severe impacts on the measurement

accuracy. Additionally, the experimental steps of most temperature compensation methods are complicated, the
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model is difficult to solve, and the research object is a regular rectangular or wedge-shaped tooling structure; these
disadvantages limit the application of such methods. No study has discussed the characteristics of the variable
curvature workpiece, owing to which these compensations exhibit strong limitations in improving the accuracy of
large-size transfer stations. To ensure the manufacturing and assembly accuracy of large-size variable curvature
components on the actual site and decrease the large-scale measurement cycle, a new method for compensating
thermal deformation errors of large-scale transfer stations is proposed and numerous related experiments are
designed. Experimental results show that the proposed method can effectively improve the transfer accuracy of large-
scale measurements.

Methods The new method for compensating thermal deformation errors of large-size transfer stations is a universal
method. First, several temperature values and reference point coordinates are obtained using the fiber Bragg grating
temperature sensor and laser tracker. Then, all the measured coordinates are converted into the global coordinate
system using the station alignment method and the changes in temperature at different stations are calculated. Next,
the linear regression analysis method is used to establish a mathematical model between the thermal deformation of
the reference point and the change in temperature using these recorded experimental data. The linear regression
analysis method is also used to calculate the thermal deformation coefficient matrix in the global coordinate system.
Then, ANSYS is used to simulate the thermal deformation. The comparison and analysis of the simulated thermal
deformation offset data of the reference point with the offset obtained using the measurement confirm the consistency
of the two trends. Finally, the coordinates of the reference point in the subsequent measurements are obtained using
the mathematical model of thermal deformation offset established using the following compensation method: the
compensated theoretical coordinates are aligned with the actual measured values for the transfer station and the
transfer station error caused by thermal deformation is compensated during the measurement of the large-size
variable curvature transfer station.

Results and Discussions To verify that the proposed method for compensating thermal deformation errors of the
large-size transfer station can improve the accuracy of the transfer station, multiple sets of uniform temperature field
transfer station experiments are designed. According to the transfer results (Table 2), after the simulation thermal
compensation, the maximum point error of the four transfers is reduced by 50%-65% compared with the
uncompensated one. Moreover, the overall transfer accuracy is improved by 63%-76% . After the thermal
deformation coefficient compensation, the maximum point error of the four transfers is reduced by more than 70 %
compared with the uncompensated one. Additionally, the overall transfer accuracy is increased by more than 80% .
Subsequently, a nonuniform temperature field experiment is designed. According to the error table of the nonuniform
temperature field transfer station (Table 4), the transfer station error formed when directly transferred to the
station is extremely large, with a total error of 1409 pm. After the compensation, the transfer station error is
reduced by 68.87% . After the thermal deformation coefficient compensation, the transfer station error is reduced by
76.26% . These results can be observed more intuitively using the error map of the nonuniform temperature field
transfer station (Fig. 9). After the compensation, the transfer error of each point is considerably reduced. The
above experimental results show that after the thermal deformation coefficient compensation, the accuracy of the
transfer station is considerably improved and the efficiency is significantly higher than that of the simulation
compensation method.

Conclusions This work proposes a new method for compensating thermal deformation errors of large-size transfer
stations. Based on the experimentally measured temperature and reference point coordinates, the mathematical
relationship between changes in temperature and reference point offsets is established; then, ANSYS is applied to
component physics. The model is simulated, and a mathematical model for thermal deformation error compensation is
established. By comparing the experimental measurement data with the finite element simulation data, the
consistency between the deformation of the simulation and experimental reference points is confirmed. Finally,
according to the thermal compensation mathematical model, the reference point offset when the temperature changes
is reversed and the difference between the reference point coordinates under the influence of temperature is
compensated. Furthermore, the actual transfer station experiment is designed and the proposed method is used to
compensate the offset of the reference point coordinates measured in the uniform temperature field, improving the
accuracy of the transfer station by 81.28%. This proves that the proposed method affects the temperature. The
effectiveness and superiority of compensation are verified. Finally, the temperature of the experimental site is
changed, large-size space assembly site is simulated, nonuniform temperature field measurement experiment is
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conducted, and thermal deformation offset of the the reference point coordinates is compensated at different
temperatures using the proposed method. The accuracy of the transfer station is improved by 76.26% , which is
considerably higher than that of the simulation compensation. These findings confirm that the proposed method is
beneficial for improving the accuracy of the transfer station and has important engineering practical significance for

transfer station measurements of large-size variable curvature components.

Key words measurement and metrology; thermal deformation simulation; temperature compensation; transfer

accuracy
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