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Modeling of Flexible Maﬂipulators Using Virtual Rigid Links and Passive Joints

Tsuneo YosHikawAa* and Koh Hosopa*

In this paper, we propose an approach for
modeling flexible manipulators. This approach
consists of modeling each flexible link by
using virtual rigid links and passive joints
which - consist of springs and dampers, and
modeling the whole arm by connecting the
models of individual links. The parameters
of the model are determined to make the
dynamic and static characteristics of the model
coincide with those of the real link. First,
the structure of the model is discussed, and
a way is shown for determining the param-
eters of the model from measured charac-
teristics. Then, the dynamic and static charac-
teristics of ‘the model are calculated from its
parameters. Using this model, the dynamic
equations of motion of the flexible arm are
derived in the form of Newton-Euler equa-
tions, then reformed to be convenient for
solving the direct dynamics problem. An ex-
perimental result show that this model can
simulate the dynamic and static motion of
the real flexible arm fairly well.

Key Words: flexible manipulators, modeling,
passive joints, virtual rigid links, identification
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(a) Real flexible link (b) Model of link

Fig.1 Modeling of flexible link using virtual
rigid links and passive joints
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Fig.2 Virtual links and passive joints
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Fig.4 Flexible link model with 1-end clamped,
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Fig.5 Algorithm to solve direct dynamics problem
of flexible arm using proposed model
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Table 1 Characteristic data of real arm and of model

Link

Anguler displacement for
M(rad/N-m)

1st Natural frequency (Hz)
2nd Natural frequency (Hz)

9.25
72.75

number Item % L
Displacement for P(m/N) 0. 000216(0. 000298
Anguler displacement for P(rad/N)|0. 000408 0. 000629
Displacement for M(N) 0. 0004080. 000629
Link 1 |Anguler displacement for 0. 000869/0. 001465
M(rad/N.m) |
1st Natural frequency (Hz) 24.5 25.5
2nd Natural frequency (Hz) 138.5 142.6
Displacement for P(m/N) 0. 004682|0. 006850
Anguler displacement for P(rad/N)|0.013260|0. 013400
Displacement for M(N) 0.013260(0. 013400
Link 2

0.053150(0. 031680

9.37
72.77

Table 2 Parameters of the model (2-link)
(a) Virtual rigid links (link 1)

Ttem Link(1, 1) | Link(1, 2) | Link(1, 8)
Length : 5;(m) 0. 0061 0. 2806 0.3233
Gravity center : §;(m)| 0.0031 0.1403 0.1617
Mass : m; (kg) 0.0048 0.2211 0. 2548

Tnertia J;(kg-m?) |4. 495X 10~|1. 452X 10-%{2. 221 X 10-*

(b) Virtual rigid links (link 2)

Item Link(2, 1) | Link(2, 2) | Link (2, 3)
Length : 5;(m) 0. 0360 0. 2940 0.2700
Gravity center: §;(m)| 0.0180 0. 1470 0.1350
Mass : m;(kg) 0. 0088 0.0722 0. 0663

Inertia 7; (kgem?)

9. 744%10-7|5. 201 X 10~44. 028 X 10~*

(c¢) Virtual passive joints (link 1)

Item

Joint(1, 2)|Joint(1, 3)

Spring constant : k,; (N.m/rad)
Damping constant : d,; (N.m-s/rad)

1.80x10% 1.10x10°
0.5

1.0

(d)

Virtual passive joints (link 2)

Item

Joint(2, 2)|Joint(2, 3)

Spring constant : k:; (N.m/rad)
Damping constant : dz; (N.mes/rad)

54.0
0.1

76.0
0.2

Table 3 Characteristic of the motors

Item Active joint1|Active joint2
Inertia under spring(kg-m?) 0. 4643 0.151
Static coulomb friction(N) 7.0 5.0
Dynamic coulomb friction (N) 4.79 2.9
Viscous friction(N.s?/m) 3.18 3.55
Spring constant(N.m/rad) 2800.0 1400.0
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proposed model

(the case when the joints are controlled by PD feedback)
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