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Abstract

In this paper, an attempt is made to simulate the grasping process of an underactuated robotic
manipulator. A mathematical model of grasping forces of the manipulator was introduced, then a simulation
model was built using MSC. Visual Nastran software. In order to validate the simulation model, different
locations of the grasped object were considered. Contact forces were calculated theoretically and obtained from
simulation of each grasped object location. Results obtained for each case are in good agreement, thus validating
the simulation procedure followed in this study.
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1. Introduction

The idea behind underactuation in grasping is to use an ingenious mechanical system that can adapt to
the shape of the object automatically. The four-bar linkage mechanism is one of the most common mechanisms
used as a transmission mechanism in industrial underactuated robotic manipulators where large grasping forces
are needed, as compared to the tendon and pulley mechanism.

Many researchers have investigated the underactuated mechanism as related to its analysis and design [1] and
[2], its usage as robotic hands or grippers [3], [4], [5], [6] and [7], its geometric optimization [8]. In their work
they derived a mathematical model to calculate the forces induced on the grasped object and studied the
performance of the robotic manipulator and the stability of grasping.

Due to the non-linear dynamic behaviour of the underactuated mechanism, many issues arise in investigating
grasping, control and optimum design of underactuated manipulators. For this reason, research wok, [9], [10],
[11], [12], [13], [14], [15], [16] and [17] mainly in the last 10 years, started to implement different simulation
procedures and algorithms to solve this problem.

In this work, contact forces between the underactuated manipulator and the grasped object were calculated
theoretically for different locations of the grasped object on the workspace of the robotic manipulator where it
can be reachable and grasped. Then a simulation model was built using MSC. VisualNastran software, from
which contact forces were obtained and compared with those obtained theoretically. The main purpose of this
work was to obtain a simulation for the force transmission from the underactuated robotic manipulator to the
object. Results showed good verification for the accuracy of the proposed simulation procedure.

2. Theoretical Analysis

A model of the underactuated manipulator used in this study is shown schematically in Figure 1.
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Figure 1. 3-DOF Linkage Type Underactuated Manipulator

It is a planner 3-DOF manipulator with 1 degree of actuation. The general contact forces expressions have been

derived by Birglen and Gosselin [1] and are as listed below;
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Where

T,: Torque of the actuator

T,: Torque of spring 1

T5: Torque of spring 2

fi. f2, f3 : Normal forces of proximal, middle and distal phalanx respectively
l;, Iy, I3 : Length of proximal, middle and distal phalanx respectively

k1. k,, ks : contact locations on their respective phalanges

6,, 85 : angles between the phalanges
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The above equations were derived hence to maintain the mechanism in static equilibrium for a known actuation
torque and a known manipulator position.

3. Simulation Procedure and Case Study

The simulation procedure was achieved by using MSC. VisualNastran software. The model of 3-DOF
underactuated robotic manipulator is shown in Figure 2, presenting the main parts of the manipulator.
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Figure 2. Model of the manipulator; (1) Rotary actuator, (2) Proximal phalanx, (3) Identical springs, (4) Middle
phalanx, (5) Distal phalanx, (6) Transmission mechanism
Referring to Figure 1, the design parameters of the manipulator are listed in Table 1

Table 1. Design parameters of the manipulator

L l, I3 a; b, €1 a; b, C2 > K
266 265 233 220 278 151 272 283 175 85.6 46
mm mm mm mm mm mm mm mm mm mm N/m

Other parameters such as kq, ky, k3, 60;, 6, and 65 are determined according to the size of the object to be
grasped and its location on the work space of the manipulator. The grasped object taken into consideration is a
cylinder of 240 mm diameter. This cylinder is placed in 10 different locations, the x and y coordinates of its
center with respect to the location of the rotary actuator, point 1 in Figure 2, are as listed in Table 2.

Table 2. Location of the grasped object

CASE 1 2 3 4 5 6 7 8 9 10
POS X 150 138 150 189 200 247 244 214 300 500
(mm) Y 181 214 381 171 131 33 81 131 31 31

4. Results and Discussion

Grasping forces calculated theoretically and obtained from the simulation procedure followed in this research for
the ten cases are listed in Table 2, where each case represents a specified location of the cylindrical grasped
object. All the cases taken into consideration are for a stable grasping condition in which all the contact forces
are positive thus insuring no ejection of the grasped object. The results obtained for these forces are listed in
Table 3.
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Table 3. Grasping forces for cylindrical object D = 240 mm

CASE Theoretical (N) Simulation (N) % Error

Fl F2 F3 F1 F2 F3 F1 F2 F3
1 15.86 - 0.81 15.59 - 0.76 1.7 - 6.2
2 1.48 9.69 0.97 1.59 10.21 1.03 7.4 54 6.2
3 - 5.87 5.86 - 5.51 5.72 - 6.1 2.4
4 2.17 8.87 0.96 2.29 8.68 1.02 5.5 2.1 6.3
5 14.63 - 0.81 1441 - 0.75 1.5 - 7.4
6 0.29 12.52 0.94 0.31 12.39 1.02 6.9 1.0 8.5
7 1.34 9.47 0.88 1.42 9.21 0.93 6.0 2.7 5.7
8 1.42 10.59 0.97 1.33 10.57 1.01 3.5 0.2 4.0
9 - 9.69 1.37 - 9.26 1.43 - 4.4 4.4
10 - - 7.47 - - 6.86 - - 8.2

It can be seen that the percentage error between the grasping forces calculated theoretically and those obtained
by simulation is almost acceptable for all the ten cases, the maximum value of this error was found to be 8.5%
for case 6. Some of the forces are not apparent in the table, this is attributed to the effect of location of the
cylindrical grasped object, for which contact is lost between the object and one of the links of the manipulator.
This can be clarified in Figure 3, where each case represents the simulation of one of the ten cases of location of
the cylindrical grasped object.
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Figure 3. Grasping of cylindrical object
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It is obvious that contact is lost between one of the links and the grasped object as shown in cases 1,3,5 and 9.
While in case 10, contact occurred between the grasped object and the distal link only.

5. Conclusions

From the results obtained, the following concluding remarks can be withdrawn,

Grasping forces calculated theoretically and those observed from the simulation procedure seem to be
in good agreement, where the maximum percentage error was found to be 8.5%.

Grasping forces obtained by both methods showed the same trend of variation as related to the location
of the grasped cylindrical object.

Grasping forces have higher values when the cylindrical grasped object is located near the fixed center
of rotation of the underactuated robotic manipulator.

Full contact between the grasped object and the three links of the manipulator is dependent on the
grasped object location.
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