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Abstract This paper presents a design methodology for improving the energy efficiency by considering the inertial
properties of serial manipulators. This method employed is to put the inertia matrix, which has a critical effect on
the equation of motion, into the constraints of the optimization problem. Through the optimization process, we propose
a design algorithm that can double-check whether the optimized parameters satisfy the required performance or not
by using an auxiliary index associated with the inertia and energy. Using this design algorithm, we were able to
improve the energy efficiency by minimizing the torque. We applied this method to a 3 degrees of freedom serial

manipulator and simulated it.
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Fig. 1. Flow diagram of design algorithm
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Table 1. Parameters of the initial manipulator

Link Parameters Link Number /

1 2 3

m; (kg) 7.89 11.82 5.77
J,, (kgm’) 0.0852 0.043 0.01
J,, (kgm’) 0 0 0
.]“ (kgm®) 0 0 0
gy, (kgm’) 0.0670 0.186 0.09
7. (kgm’) 0 0 0
J, (kgm’) 0.0841 0.161 0.09
l,; (m) 0 0.12 0.15
Loy (m) 0 0 0
l,.; (m) 0.034 0 0
I. (m) 0.12 0.3 0.45

H

1.57 rad/s* & W E worst-case =
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Fig. 3. Inertia of the initial manipulator
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Fig. 4. Kinetic energy of the initial manipulator
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Table 2. Optimization result J— /// - ‘ ‘
- - 0 20 40 60 80 100 120
Link Parameters 1 Link N;mber ! 3 Sampling Time
m; (k) 12,004 o 3 Fig. 6. Total torque of the initial and optimal manipulator
J., (kgm) 1 0.43 0.011
J,, (kgm?) 0 0 0 ° "
‘]mz (kng) 0 0 0 4.5 — — Optimal
J,,, (kgm’) 0.288 0.002 0.006 ar
JJ (kgn?) 0 0 0 5357
J,, (kgm?) 0 0 0.004 g 3t
l..; (m) 0 0.1 0.1 'S 25)
I, (m) 0 0 0 g,
I, (m) 0.033 0 0 -l
I, (m) 0.12 0.3 045 WL
Objective Initial value Optimal value _
function 31402 511338 i _—
OO — /2‘(; i 4‘0 (;0 8‘0 1(;0 120
Table 3. Values of auxiliary indices Sampiing Time
Fig. 7. Total kinetic energy of the initial and optimal
Initial value Optimal value manipulator
Eq. (9) 1.2148 0.6182
Eq. (10) 45361 16115
Eq. (11) 25.48 21.004 5 z=
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