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ABSTRACT

Commonly, the dynamic simulation of a robot manipulator is based on the identified mathematics
model. It is difficult to add friction, actuator dynamics to this model so that these nonlinear
dynamics usually are simplified or neglected. Therefore, the simulation result is idealized, and the
reliability of the simulation seems to be in doubt. The paper presents the quasi-physical modeling
of robot IRB 120 using MATLAB/Simscape Multibody for dynamic simulation. The bodies of the
robot are assembled into a physical network with connections that represent physical domains. The
fashions of the quasi-physical model are close to that of the actual robot. The effectiveness of the
proposed modeling approach is demonstrated through some simulations.
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MO HINH HOA VA MO PHONG PONG LUC HQC CHO ROBOT IRB 120
DUA TREN SIMSCAPE MULTIBODY

L& Ngoc Trac'?, Nguyén Phung Quang®, Nguyén Tung Lam®, Nguyé&n Héng Quang®*
lTru’d'ng Pai hoc Bach Khoa Ha Noi,

2Truong Dai hoc Sw pham K3 thudt Hung Yén,

*Truong Pai hoc K3 thudt Cong nghiép - PH Thdi Nguyén

TOM TAT

Hién nay viéc md phong dong lyc hoc cho tay may robot thuong dua trén md hinh toan hoc da
dugc nhan dang. Trong md hinh toan d6, cac thanh phan phi tuyén nhu ma sat va co ché chip hanh
khong hé d& dang khi mudn dwa vao dé phan anh day du ban chét vat 1y cta chung. Do dé anh
hudng cua céc thanh phan phi tuyén nay thuong duoc don gian hoa hodc tham chi bo qua khi xay
dyng md hinh. Diéu nay di lam 1y tuong hoa va giam do tin cdy cua cac két qua mo phong. Bai
b4o nay trinh bay vé xdy dung mé hinh vét 1y 4o va thuc hién mo phong kiém ching cho tay may
robot IRB 120 sir dung MATLAB/Simscape Multibody. Cac b phan cAu thanh 1én robot dugc lap
rap va két ndi trong mot mdi trudng mo phong vat 1y ao phan anh ban chat vat ly tuong tu trong
thuc tién. Vi thé, mo hinh vat 1y 4o cua robot s& ¢6 cac dic tinh va dap ung gan giéng véi robot
that. Cac két qua mo phong s& 1am rd sy hiéu qua cua cach tiép can nay trong viéc méd hinh hoa
robot.

Tu khoa: Dynamic Model; Quasi-physical Modeling; Robot Manipulator; Simscape Multibody;
Joint friction.
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1. Introduction

For robot simulation, many well-known
techniques for establishing the mathematics
model of dynamics of robot manipulators are
published. It is difficult to add friction,
dynamics of actuators, and other nonlinear
dynamics to the mathematics model. These
drawbacks can be overcome in the quasi-
physical model built by Simscape Multibody.
This is an effective approach for representing
multibody systems because of the compliance
with the real plant. The physical system
modeling based on Simscape has been used
successfully in many different fields: PV
generators in microgrid scenario [1], graphene
based nano-electronic systems [2], power PIN
diodes [3], wind turbine gearboxes [4], three-
wheeled electric vehicles [5], and so on. For
robot manipulators, several applications using
this approach are presented, e.g., Furuta
pendulum [6], hexapod robots [7], 3-RPS
parallel robotics [8], 2-DOF robots [9], 5-
DOF robotic manipulators [10]. In this paper,
the quasi-physical model of robot IRB 120 is
constructed based on the CAD models
including mass, inertias, joints, and
constraints in  3-D geometry. Simscape
Multibody can generate and simulate the
model of robot IRB 120, which is
conformable to the real performance instead
of utilizing an actual plant or a prototype. The
paper presents, firstly, the model of robot IRB
120 (section 2). Secondly, we build the quasi-
physical model of the robot - from designing
geometry bodies to completing the quasi-
physical model (section 3). Thirdly, the
comparison between the dynamic behaviors of
mathematics model and quasi-physical model
is given (section 4). Finally, some important
conclusions are discussed in section 5.

2. Robot IRB 120

Robot IRB 120 which is one type of 6-DOF
industrial ~ robots produced by ABB
corporation, has six revolute joints. The robot
configuration with attached frames and the D-

H parameters are described in Fig. 1 and
Table. 1.

X3 I_7> dy dg :

as

XhI

Zg

¥

X5

a, R I >
Zs

Y2 X4

&r;.lz

Z

X0
Fig. 1. The attached frames of robot IRB 120
Table 1. D-H parameters of robot IRB 120
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3. Quasi-physical modeling of robot IRB
120 using Simscape Multibody

3.1 3D CAD models of links

For a real robot manipulator, it is too difficult
to get the precise information about link
centroids and inertia tensors of links. Hence,
some powerful professional 3D mechanical
design softwares such as Autodesk Inventor,
SolidWork, or OnShape (here we use
Autodesk Inventor) can be exploited to build
the 3D models of robot IRB 120 links for
exploring those parameters (Fig. 2 - Fig. 3).
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(@ (b) (©
Fig. 2. The base (a), link 1 (b), and link 2 (c) of
robot IRB 120

(©)
Fig. 3. Link 3 (a), link 4 (b), link 5 (c), and link 6
(d) of robot IRB 120

(d)

Based on the shape, structure, and material
components of links of robot IRB 120; the
approximated values of mass, link centroids,
and inertia tensors can be achieved by
performing the physics analysis method of
Autodesk Inventor. The whole robot IRB 120
assembled from its parts is shown in Fig. 4.

Fig. 4. Autodesk Inventor 3D model of robot IRB 120
3.2 Quasi-physical modeling of robot IRB 120

The quasi-physical modeling of robot IRB
120 can be built by using MATLAB
Simscape Multibody. For 3D mechanical
systems, Simscape Multibody provides a
multibody simulation environment which
enables the bodies to be assembled into a
physical network with connections that
represent physical domains instead of using a
signal-based approach. Simscape Multibody
generates quasi-physical modeling of a
complete multibody system then formulates
and solves the equations of motion for the
system. The quasi-physical model and
visualization of robot IRB 120 using
Simscape Multibody are depicted in Fig. 5.

waﬂu

: 1—%4

Base T
E

Transform
L nk1

[q1]

>t

i g 0 [

Revolute Joint 1 Revolute Joint 2

B
ED

Revolute Joint 6

World

- : i} -
=3
Link2

" a—w——»  [q2] .l‘ >
[Daz]
ED =

E

Link5

——<I— .I' ——«%q .'
B

Link3

[q3]

e &
FR—F

Revolute Joint 3

3 F1
B
Link4

<

- B

Revolute Joint 5 Revolute Joint 4

Fig. 5. Quasi-physical model of robot IRB 120 constructed by Simscape Multibody
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4. Dynamic simulation
4.1. Dynamic simulation without joint friction

The effectiveness of the quasi-physical model
can be illustrated through the comparison
between the dynamic response of this model
and that of the mathematics model for the
same plant, i.e., robot IRB 120. The
simulation schematic is shown in Fig. 6 and
the input torques are generated by the inverse
dynamics as

T=M(q,)d, +C(q,.q,)d, +g(q,) (1)

where M is the general inertia matrix, C is the
Coriolis/centrifugal matrix, g is the gravity
vector; @, = [gyr .96 0" is the given
trajectory of joints as follows [rad], which
satisfies the initial condition: q,.(0) = q(0)
and qr(ﬂ} = '-l(ﬂ},
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Fig. 6. Dynamic simulation schematic for robot
IRB 120
The responses of two models and the output
errors between two models are shown in Fig.
8 and Fig. 9, respectively, under the act of
same input torques described in Fig. 7.
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Fig. 7. Input torques produced by Inverse Dynamics
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Fig. 8. Responses of mathematics model (MM) and quasi-physical model (PM)
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Fig. 9. Output errors between two models
Fig. 8 and Fig. 9 show that the responses of two models are closely matched with slight tracking
errors. Without considering friction, this result confirms that the quasi-physical model
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constructed by Simscape Multibody is
equivalent to the mathematics model.
Therefore, the quasi-physical model can be
used instead of the mathematics model for
robot simulation.

4.2. Dynamic simulation with joint friction

Both joint friction and actuator dynamics can
be added to the robot IRB 120 Simscape-
based model, which makes the virtual robot
manner conforming to the reality. Here we
just add the rotational friction (3) described in
Fig. 10 and Fig. 11 represented by to every
revolute joint of the quasi-physical model,
which makes the virtual robot closer to the
real robot. Friction torque tz; which is a
function of joint velocity «w; is approximated
in the following equation as the sum of
Stribeck 1g;, Coulomb t.;, and viscous

friction Ty; [11]:
2
e e
[WSi] ]WSi

+ 7y

T = \/E(Tbrki —Tei) EXp

ot

+ 7 tanh[

Weli
Where Tppp = Tsirgy + Te: IS the breakaway
friction torque, 7s;q) is the Stribeck friction
torque at the vicinity of zero velocity,
Ty = ks, Ky IS the viscous friction
coefficient, wy; and w,y; are the Stribeck and
Coulomb velocity thresholds.
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Fig. 10. Rotational friction torque

The dynamic responses under the torques
generated by the inverse dynamics (1) are
shown in Fig. 12. Under friction effects, the
joints cannot track the references after a few
cycles. The simulation shows the advantage
of using Simscape-based quasi-physical
model in the presence of friction.
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Fig. 12. Responses of mathematics model (MM) and quasi-physical model including joint friction (PM)
under torques provided by inverse dynamics
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5. Conclusions

The analyses of dynamic simulations in this
paper show the effectiveness of the Simscape-
based quasi-physical modeling for robot
manipulators. The robot simulation is
conventionally executed with the identified
mathematics model which is not convenient
to add complicated terms such as friction,
actuator dynamics. By using quasi-physical
models, the reliability of the simulation is
improved, and we can test the system for
possible failures early in the design process.
Moreover, the fidelity of the identified model
can be regulated and/or verified by comparing
the dynamic response between this model and
the quasi-physical model. From design work
to reality, this kind of approach in simulation
can considerably reduce both time and cost of
research and development.
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