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Power equivalent model of industrial robot and parameter identification
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Abstract; Aiming at the problems of complex energy consumption of industrial robots, strong dynamics
and unpredictable real-time power, based on the energy consumption analysis of permanent magnet
synchronous motors, servo drives and other functional components in the robot system, an equivalent
power model for industrial robots was proposed. The model established a mapping relationship between the
robot’ s loss power, motor torque, and motor angular velocity through high-order polynomials. The
coefficients in the model were solved by least squares, and power prediction could be performed under
unknown robot motor parameters. The results show that the root mean square relative error between the
theoretical calculation value and the experimental measurement value based on the power model is 8.11% ,
which proves the correctness of the power model and identification parameters.
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Fig. 1 Robot electrical system
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Fig. 2 KUKA KR60-3 robot
%1 KUKA KR60-3 DH ¥
Table 1 KUKA KR60-3 DH parameters
ESatlia=] HEFFFE ff1 / rad AT K /m HEFFR E / m
0 0.000 0.000
2 /2 0.350 0.000
3 0 0.850 0.000
4 /2 0.145 —0.820
5 —x/2 0.000 0.000
6 /2 0.000 0.000

£ 2 KUKA KR60-3 i= 3 IR # & 4
Table 2 KUKA KR60-3 movement restriction

KWL= KA o ME/ (O AT R KAE/ (O BRI/ (s
S 1 —185 185 128
xKH 2 —135 35 102
K3 —210 68 128
S 4 —350 350 260
XI5 —119 119 245
K6 —350 350 322
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Fig. 3 Robot trajectory
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Table 3 Parameter identification results

P onst /W k/W kio/(W-(N-m) ') kis/(W-(N-m) *)
133.000 203.337 11.116 —17.455
kiy/(Ws.rad ") koy/(W-(N-m) ') kys/(W-(N-m) ?) kyy/(Ws.rad ")
1.605 —9.946 —1.459 2.974
kso/(W+(N'm) ') kss/(W+(N-m) %) kyy/(Ws.rad ™) kio/(W+(N-m) ")
7.929 —9.280 1.739 42.410
kis/(W+(N-m) %) kiy/(Ws.rad ') ks,/(W+(N-m) ') kss/ (W (N'm) %)
29.573 —1.318 —25.807 10.655
ks../(Ws.rad™") koo/(W+(N-m) ") kos/(W+(N-m) %) ko.s/(Ws.rad™ ")

0.093 —9.666 —36.983 1.014
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Table 4 Power-related errors of identification trajectory
TR 75 Ty A4 5 i
Wik BREFE/W  ITEERERE/] BREREIR2E/]  BREFEMIXTIRE/ Y
iR2/W MR/ % e © © ) '
67.785 8.11 17 827 17 643 183 1.04

T S REFEAR B AN S O R A5 R A RO BT TR AT R SR A B . 32 LI R S B 2 R
AT Dy 5 Je P B 22 NI 5 s o DR FIREFE RO AH G IR 22 T AN SR 5 PR

2 000

1500

1000

500

— B
— TR

tls

Bs5 #SEAREHTEIEE

Fig. 5 Robot power diagram of verification trajectory
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Table 5 Power-related errors of the verification trajectory

PRSI RIESCPIEN

g ——— W SREFE/W  IFEBREFE/)  BREREIR2E/] BRBFEAEXTIR2E/ X0

71.435 7.91 18 905 18 693 211 1.13
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