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Load-Side External Force Estimation for Two-Mass System Using Load-Side Information

Shota Yamada, Hiroshi Fujimoto (The University of Tokyo)
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Fig. 1. Block diagram of a two-inertia system.
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Table 1. Definition of plant parameters variables.

Inertia moment J | Motor torque Tm
Viscosity coefficient D | External torque | dj,
Torsional rigidity K | Joint torque T
Angular velocity w | Torsional angle | 6;
Motor-side disturbance | dys
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Fig.2. The proposed load-side external torque observer.
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Fig.3. Outlook of the experimental setup (two-inertia system mo-
tor bench).
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Table 2. Parameters of the two-inertia system motor bench.

Motor-side inertia moment Jyy 1.03e-3 | kg- m?

Motor-side viscosity coefficient Dys | 8.00e-3 | N-m-s/rad
Torsional rigidity K 99.0 | N-m/rad
Load-side inertia moment J;, 8.70e-4 kg~m2

Load-side viscosity coefficient Dy, 1.71e-3 | N-m-s/rad
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(a) Casel:Jy = 1.5Jpm, Dy = 1.5Dyy, with vari-

ous ay.

(b) Case2:K = 1.5K,, with various ay,.

(c) Comparison of the integral of the estimation er-
rors in the left two cases.
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Fig.4. Comparison of the errors when JM = 1.5Jp, and Dy = 1.5D gy, or K = 1.5K,,, with various a .
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(a) Larger error in motor side than transmission part:
Dy = 1.5Dyy, K = 1.2K,,.
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(b) Larger error in transmission part than motor
side:Dys = 1.2Dy, K = 1.5K,,.
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Fig.5. Experimental comparison of load-side external torque re-
sponses with various @y when the modeling errors of the motor
side and the transmission part are given.
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Table 3. Statistical analyses in simulations.

Variance | L, norm error
Only motor-side encoder | 8.8e-3 I.1e+2
Motor-side 1.2e-3 3.0e+1
Transmission-part 1.5e-3 44e+1
Proposed 1.0e-3 1.8e+1
azm = Oy — 0 0% + Krog, + Koo, (13)
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Table 4. Experimental results.

Variance | L, norm error
Only motor-side encoder | 0.959 5.96e+3
Motor-side 0.219 4.21e+2
Transmission-part 0.226 4.49e+2
Proposed 0.218 4.07e+2
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