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Abstract: This paper establishes the dynamic equivalence conditions and control scaling laws between ground and
space manipulators, thus a ground manipulator can be designed to verify the performance of controllers that developed for
space manipulators. First, the dynamic equivalence conditions between the space and ground manipulators are obtained
by using the dimensional analysis, based on which, a ground manipulator can be designed for the given space manipulator
leading to the dynamic equivalence between the two systems. Then, the control scaling laws between the two systems are
formalized, therefore the given controller of the space manipulator can be transformed to that of the ground manipulator
and verified on the ground system. Finally, unlike the space manipulator, since the ground manipulator may not have the
complete six degrees of freedom for its base and it suffers from the gravity effects, the realistic dynamics of the ground
manipulator may deviate from the dynamic equivalence conditions, thus a feedback linearization technique based dynamic
error compensation scheme is developed for the ground manipulator to make it have the same joint movements to those of
the space manipulator. As a result, controllers of the space manipulator can be verified on the ground manipulator, and it is
shown how the performance of a PID controller for the space manipulator is verified using the designed ground manipulator
in the simulations.
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Fig. 1 A schematic of a space manipulator system
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Fig. 2 The block diagram of verifying the controller of the space manipulator on the ground manipulator
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Table 3 The dynamic parameters of the space

manipulator
milkg  ag,bilm  Jxx, Jyy, Jus l (kg - m?)
HPE 100 — 0.9 25 25 35
T 2 0.09  0.09 0.1 0.1 0.1
2 8 07 07 05 0.8 0.8
M3 5 015 0.15 03 04 04
M4 40 0128 0.128 03 03 0.2
RS 20 0.09  0.09 0.1 0.1 0.1
M6 4 0.128 0.128 03 03 0.2

* 4 TRWME R G FE

Table 4 7 group values of the space manipulator

Tm; Ta; Th; T Jax? 7TJyy, Ty

B — —  1.5213 07143 0.7143 —

HEFF1 0.02 0.1521 0.1521  0.0029 0.0029 0.0029
HEFF2 0.08 1.1832 1.1832  0.0143 0.0229 0.0229
EFF3 0.05 0.2535 0.2535  0.0086 0.0114 0.0114
EFF4 0.04 02164 0.2164  0.0086 0.0086 0.0057
EAFS 0.02 0.1521 0.1521  0.0029 0.0029 0.0029
A6 0.04 0.2164 0.2164 0.0086 0.0086 0.0057
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Table 5 The dynamic parameters of the ground

manipulator

milkg  a; bi/m Jxxs Jyys Juz ! (kg - m?)
HFE 5 — 04811 0.3571 03571 0.5
ZEAFL 0.1 0.0481 0.0481 0.0014 0.0014 0.0014
EAF2 04 03742 03742 0.0071 0.0114 0.0114
M3 025 0.0802 0.0802  0.0043 0.0057 0.0057
R4 02 0.0684 0.0684 0.0043 0.0043 0.0029
¥EMS 01 0.0481 0.0481 0.0014 0.0014 0.0014
ZEAF6 02 0.0684 0.0684 0.0043 0.0043 0.0029
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5.2 MU HUARE I UE 23 AU £ 8 (Verifying
the space manipulator controller on the ground
manipulator)
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6 %51 (Conclusions)
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