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Design and Application of a 12-DOF Sensor on the End of Large Space Manipulator

NI Fenglei, ZOU Tian, SUN Yongjun, LIU Hong, LI Kui
(State Key Laboratory of Robotics and System, Harbin Institute of Technology, Harbin 150001, China)

Abstract: For the large-scale space manipulator, a 12-DOF (degree of freedom) sensor is designed, which consists of a
6-dimensional acceleration sensor and a 6-dimensional force/torque sensor. The high-speed multi-channel data acquisition
system based on FPGA (field-programmable gate array) is integrated. The least squares method and the static and dynamic
calibration method are adopted to calibrate torque and acceleration sensors respectively. The designed sensors have the
advantages of small dimension coupling, high integration, easy assembly and high reliability. Finally, the 12-DOF sensor
is installed on the end of a large-scale manipulator, and the residual vibration suppression experiment is carried out. The
experimental results show that the inertia force is compensated and the residual vibration of the manipulator is restrained

effectively according to the acceleration information from the designed 12-DOF sensor. The designed sensor is reasonable

and feasible.
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Fig.1 System diagram and photo of 12-DOF sensor
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Tab.1 Main parameters of the sensor
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Fig.2 Structure of the elastic body and simulation result of the

torque sensor
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Fig.3 Principle of acceleration measurement
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Fig.4 Configuration and photo of the 6-DOF accelerometer
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Fig.5 Electrical system diagram of the sensor
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Fig.6 Calibration system of the torque sensor
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Fig.7 Calibration system of the accelerometer

3.2 RSN SHRE L
321 640/ HFEERRRSRAIARE

SR 6 4E 7/ A AL AR M RS P ) R R &R
AR RIS YRR G, I SR E S

1 2 A TR bR e FE R . AT BRI 4 5/ 0
fREAR A 8 HAHNE T, W Us, ARG
J AR S HAERE, v T TSRS i,
JEAE S IR BB IE R H ) AD B, 3 Fou NIRE
JIERE, EHEIEIAEA R, @ Ass NIRER
s Qg REARZEFFE, WA

Foyxi =Agxg - Usyxi 4+ Ogxi @)

| | | |
B W N =
[ I e R =]
(= )
T T T

IR 71/ I AE /(N, N-m)

|
WD
o
(=]

—

—SIOO I ‘—3I00 -100 l(l)O ’ 3(I)O‘ I ‘S(I)OI
FulfhtE 3 /N
B8 {E F, 77 I {8

Fig.8 Sensor output when loading in F, direction
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Tab.2 Calibration results of the accelerometers

F5 b /(m/s?) S; ul rf /mm

Al 0.1850 0.9908 [—0.0163 0.9998 0.0089] [34.4 0.8 —0.2]

A2 0.4286 0.9896 [—0.0122 —0.0137 0.9998] [34.4 0.8 —0.2]

A3 0.1053 0.9874 [—0.0070 0.9999 0.0103] [34.6 0.6 18.0]

A4 —0.4088 0.9936 [—0.0118 —0.0162 0.9998] [34.6 0.6 18.0]

AS —0.1721 09853 [—0.9993 —0.0371 0.0090] [—1.1 35.0 0.4]

A6 0.4082 1.0013 [—-0.0192 —0.0187 0.9996] [—1.1 35.0 0.4]

A7 —0.0148 0.9786 [—0.9987 —0.0431 0.0275] [-0.5 35.2 18.1]

A8 —0.0851 09869 [—0.0035 —0.0103 0.9999] [—0.5 35.2 18.1]

A9 —0.7967  0.9902 [0.0068 —1.0000 0.0052] [-35.0 —1.2 —0.7]

Al10 0.1052 0.9919 [—0.0146 0.0041 0.9999] [-35.0 —1.2 —0.7]

All 0.3287 0.9820 [0.0074 —1.0000 0.0050] [-35.2 —0.9 17.9]

Al2 —0.3227 1.0022 [—0.0300 —0.0019 0.9995] [—35.2 —0.9 17.9]

Al3 —0.2697  0.9826 [0.9985 0.0483 —0.0245] [0.7 —34.6 0]

Al4 0.4850 0.9942 [—-0.0085 —0.0171 0.9998] [0.7 —34.6 0]

AlS 0.3407 0.9896 [0.9987 0.0427 —0.0265] [0.7 —34.2 18.0]

Al6 —0.2870 09911 [—0.0042 —0.0025 1.0000] [0.7 —34.2 18.0]
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Fig.10 Experimental platform for 12-DOF sensor
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Fig.11 Position control diagram based on accelerometers
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T3 RBNINHIRR T

Tab.3 Comparison of vibration suppression effects

BhR RBVEEIIIE] /s REASIRZE /() BRARIRIE /()

AR > 40 0.033 0.014
N > 30 0.033 0.003
Jink 2 it 15 0.001 0.00015

5 452 (Conclusion)
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