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Influence of thermal factors on precision stability of

wire—controlled puncture robot

WANG Guan-bin"?,SUN Ye-wang"?, GAO Peng-kai"*, YANG Lu-wei"*
(1. Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing 100190, Chinas; 2. University of
Chinese Academy of Sciences, Beijing 101408, China)

Abstract: This article focuses on the micro invasive process of variable path wire controlled robots with
micrometer precision, and studies the influence of temperature factors on puncture accuracy. By integrating
thermal analysis and structural mechanics analysis, the non—uniform temperature field and structural
deformation characteristics of key puncture needle components were obtained. By combining the orthogonal
experimental analysis method, the influence of transient and steady—state temperature changes on the
changes of puncture needle components was analyzed. The results show that the transient and steady-state
temperatures from 23 “C to 40 “C have a significant impact on the precision of micrometer level puncture,
and the accuracy impact indicators of the two temperature conditions are consistent: the maximum thermal

deformation of the puncture needle with process parameters of 40 “C-3.1 mm-3 mm/s is 0.012 mm, and
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the corresponding system impact reaches about 0.1 mm; In addition, based on the characteristics of clinical

puncture technology, a 3—factor 5-level analysis of variance and regression analysis were conducted to

reveal the non—uniform thermal deformation law caused by thermal factors of titanium nickel alloy puncture

needles and the influence of temperature T on puncture accuracy, which is greater than the diameter D of

the puncture needle and the injection speed V.

Key words: thermal effect; flexible wire—controlled puncture; precision minimally invasive; experiment

analysis
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Fig.1 Key structural characteristics of precision wire controlled variable path puncture robot
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Fig. 2 Analysis and setting of thermal field and structural mechanics coupling analysis method
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Fig. 3 Analysis model design for influence of temperature on precision of puncture needle structure
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Fig.4 Temperature field characteristics simulation and experimental analysis
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Fig.5 Analysis of influence of temperature on structural displacement deformation
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Table 1 Orthogonal experimental analysis data on
influence of thermal factors on displacement

changes of puncture needles

FY  W(T)/C 2(D)/mm 3(V)/(mmes ')  #HfiF/mm
1 23 2.3 1 5.832 7X10 *
2 23 2.5 3 6.6131x10*
3 23 2.7 5 6.669 210 *
4 23 2.9 8 6.779 610 *
5 23 3.1 10 6.829 110 *
6 30 2.3 3 5.268 710
7 30 2.5 5 5.290 3 10°*
8 30 2.7 8 5.3354x10°
9 30 2.9 10 5.423 71077

10 30 3.1 1 5.463 3x10*
11 37 2.3 5 9.878 710~
12 37 2.5 8 9.9194x10*
13 37 2.7 10 1.000 4 X 10~*
14 37 2.9 1 1.016 91077
15 37 3.1 3 1.024 4% 10°°
16 39 2.3 8 1.119 6 X 107"
17 39 2.5 10 1.1242x10°*
18 39 2.7 1 1.1338x10°*
19 39 2.9 3 1.154 3% 10°*
20 39 3.1 5 1.160 9X 1072
21 40 2.3 10 1.1854x 107"
22 40 2.5 1 1.190 3 10°*
23 40 2.7 3 1.200 5X 107*
24 40 2.9 5 1.220 3 10°*
25 40 3.1 8 1.229 2 107"
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Table 3 Results of analysis of variance
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