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Table 1 Robot’s pose parameters of static experimental
X/mm y/mm z/mm q, 9, qs qs
0 —1270.00 1569.94 0.500 0.500 0.500 —0.500
-135.0 —1135.01 1569.96 0.500 —-0.500 —-0.500 0.500
-95.46 —1135.0 1374.5 0.27061 —0.65328 —0.65329 0.27058
0.01 —1135.00 1434.96 0 —0.70711 —0.70711 0
95.46 —1135.00 1474.55 0.2706 0.65328 0.65328 0.2706
135.00 —1135.00 1570.00 0.500 0.500 0.500 0.500
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Table 2  Static calibration target results
At Hife
o/ (°) 0.38717
0/ (°) —0.072838
[ /mm 12.868
[,/mm —13.790
[/mm 111.874
F N 0.822687
E /N —7.50664
F /N —6.40837
M,/ (N-m) 0.670826
M,/ (N-m) 0.017602
M,/ (N-m) -0.08231
G/N 69.9968
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Table 3 Robot’ s pose parameters of dynamic experimental

y/mm
-1270.01
—-1135.02
—-1135.02
—-1135.00
—1135.00
-1269.93
—1135.01

1270.01

z/mm
1569.95
1569.95
1704.41
1569.97
1434.95
1574.64
1704.96

1569.95

a9 9 qs
0.707091 0.707123 0.00007
0.499993 0.50001 0.499989
0.998006 0.00202 0.0445818
0.499983 0.500019 | —0.500002
0.00003 —0.70710 0.707118
0.508613 0.491273 —0.491233
0.707107 0.00001 —0.00001
0.707091 0.707123 0.00001
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Fig.10 Calibration verification results after zero point update
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Table 4 Zero point update results

I
F N | FyN | F /N

| My (N'm) | My (N-m) | My (N-m)

0.371792 | —8.9621 | —10.0461
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Research on Contact Force Impedance Control Method of Blisk
Grinding and Polishing Robot

LI Lun"’, WANG Zhengjia"**, ZHAO Jibin"*, ZHU Guang'’, ZHANG Hongyao'*”’
(1. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China;
2. Institutes for Robotics and Intelligent Manufacturing, Chinese Academy of Sciences, Shenyang 110169, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

[ABSTRACT] In order to realize the automatic grinding and polishing technology of blisks, the contact force in the
grinding and polishing process was analyzed, and a new load calibration and compensation algorithm based on zero drift
was proposed by combining the static calibration of load with the online calibration of sensor zero point. It is applied to the
grinding and polishing of blisks in combination with the position-based impedance control. The experimental results of load
calibration and compensation show that with the passage of time, the average error of contact force calculated by traditional
gravity calibration changes from —0.12853N and 0.0055N * m to —1.9826N and —0.1680N - m. However, it decreases to
—0.1532N and 0.0083N - m after the on-line calibration of sensor zero point. It is proved that the algorithm can effectively
reduce the influence of sensor zero drift on contact force acquisition. Meanwhile, the force control experiment shows that
the combination of the algorithm and the position-based impedance control can effectively track the desired contact force
and improve the surface quality of blisk.

Keywords: Blisk; Grinding and polishing; Zero shift; Load calibration; Compliance control; Impedance control
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Effect of Surface Structure on Grinding Performance of
Internal Cooling Grinding Wheel

PENG Ruitao'?, GAO Shan', CHEN Meiliangl, LIU Bo’

(1. Xiangtan University, Xiangtan 411105, China;
2. Engineering Research Center of Complex Track Processing Technology & Equipment, Ministry of Education,
Xiangtan University, Xiangtan 411105, China;
3. AECC Hunan Aviation Powerplant Machinery Research Institute, Zhuzhou 412002, China)

[ABSTRACT] Aiming at the overheating and low machining efficiency problems in grinding superalloys, an internal
cooling grinding wheel with a replaceable abrasive ring is proposed. To improve the flow characteristic and heat transfer
performance of fluid in the grinding arc zone, surface structure of the ring and the internal flow channel outlet shape are
designed based on the sunflower seed phyllotaxis configuration model. The flow field distribution model in grinding arc
zone is established based on the computational fluid dynamics (CFD) method, finally the grinding tests of superalloy
are carried out. Results indicate that abrasive cluster of phyllotaxis configuration leads to enhanced flow and cooling
characteristics, compared with the circular flow channel, better cooling and lubrication effects are obtained by the
rectangular flow channel, and the heat exchange efficiency is more remarkable as the grinding speed increases. Average
grinding temperature and surface roughness of the workpiece are reduced by 24.12% and 18.50% respectively, and the
machined surface morphology is smoother and more regular.

Keywords: Internal cooling; Phyllotaxy configuration; Flow channel outlet; Grinding temperature; Surface quality
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