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Abstract

This paper studied the controllability of multi-link Pendubot. Derived three controllability index,
and excluded the incorrect parts. This paper calculated the controllability index of Pendubot in
Link 1~6. The results show that with the number of the degree of underactuated freedom in-
creased, the controllability of the system decreases obviously and the attenuation degree increas-
es. Besides, this paper used the controllability index to compare the influence of different degrees
of underactuated freedom on the system controllability, and explains the reason why the Mul-
ti-Link Pendubot is difficult to control.
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Figure 1. Multi-link Pendubot
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Figure 2. N-link Pendubot
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Table 1. Pendubot variable definition
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Table 2. Result of change number of Pendubot link
F2 PRBUAIEEHRER

RETIX Py Py Pys P Py
1 1.10 x 10° 1.36 x 10° 1.39 x 10* 3.03 x 10 7.67 x 10°
2 1.46 x 10? 3.79 x 10° 1.27 x 10° 7.19 x 10° 6.79 x 10°°
3 1.90 x 10* 6.70 x 10" 6.35 x 10° 3.64 x 10° 314x107°
4 -4.01 x 10° 2.00 x 10" 473 x 10" 2.25 x 10° 1.61x10™*
5 -3.02 x 10° 8.00 x 10° 451 x 10* 1.55 x 10° 3.95x 107"

TR05 py» FTAERAER, BEHE RGO, REH TSR AR .
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Figure 3.Simulink simulation experiment diagram
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Figure 4. Q matrix result of the change Pendubot Link
4. TOREUSER Q FEPFINELR
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3.2. BFKETRHEIUE
B =75 Pendubot, & —ZE=FEFAKEMF, M02mF 1mZELL 0.2 m K2R 5 HEEH#1T

T, KRR 3.

Table 3. Result of change length of pendulum bar
3 B KETHAIEEITREER

TR

%’Tﬁ" m pgl ng pg3 pm ps
0.2 1.20 x 10? 5.68 x 102 1.40 x 10%° 7.79 x 10° 155 x 107
0.4 3.74 x 10° 1.22 x 10t 6.46 x 10’ 1.75 x 10° 1.41x10°
0.6 3.49x 107" 1.08 x 10° 2.54 x 10° 0.62 x 10° 2.38x 107
0.8 6.32 x 1072 1.91x 10! 2.54 x 10° 0.29 x 10° 361x10™
1.0 1.66 x 102 5.02 x 1072 427 x 10* 0.16 x 10° 2.20x 107
DOI: 10.12677/dsc.2023.124021 203 1RG5


https://doi.org/10.12677/dsc.2023.124021

A, o

BRAEAR p, » TS RER RS, X TAETEA Z UM A 1) Pendubot, BEZERETIEAT-KEE RN, R4

AT 2 R P A o
R T LQR 28 db TSz h], SN RIEE N 1.2, Z5R K 5.
4 -
o/ AL E _
- mig KA EAE
237 =
g
=x!
o
4
_":H_
S
. HI
0 . . .
1 2 3 4 5
= PendubotEF K EL

Figure 5. Q matrix result of the changelength of pendulum bar
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Figure 6. Result of Pendubot controllability attenuation degree
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Figure 7. Influence of underactuated link
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