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Abstract

A new finger gripper design had been proposed in the present work. The existing design of finger
gripper has limitations in manipulability. Earlier the tension wire and pulley system has been used for
the finger gripper movement. Due to that, the load-carrying capacity of the finger gripper is very low.
The proposed design has a combination of serial linkage and parallel linkages. Each finger has 3-DOF.
The four fingers of the gripper are attached to the common shaft, and the joint was actuated by one flat
plate EC motor. The last finger is attached separately to the shaft and each joint was actuated separately.
The dimension of the finger gripper is kept approximately to the anthropomorphic finger. Jacobian and
singularity postures were computed for different orientations.
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1. INTRODUCTION

The robotic finger gripper design can increase the dexterity and manipulability of the robotic hand. A
proper design of a robotic finger can easily grasp the object and avoid collision between the fingers.
The automation of a multi-finger robotic end effector plays a crucial role in agile manufacturing for
grasping objects [1]. The recent trends have changed in finger gripper design. In place of rigid finger
gripper, the research community focus on flexible soft robotic grippers [2]. The soft robotic gripper can
easily manipulate the object in an unknown environment [3].

The EMG control interfaces closely interact with the object and perform the task. Multi-finger joint
control is an issue. A single actuator control differential mechanism is used to operate the closing and
opening of the fingers. Soft robotics emerges in clinical operations as an alternative for therapeutic
abilities [4]. A single actuator Differential mechanisms reduced the actuator requirement and possess
convenient grasps [5],[6]. The help of a flexible roller chain and simple mechanism allow the finger
gripper to grasp a big object. The tendon movement and elastic force of the spring help the finger to
open and close very easily. 3- D printed robotic finger was fused with the thermoplastic polyurethane.
The fused soft robotic finger has pneumatic sensing chambers. The control of finger force, as well as
position, was achieved with the help of a pneumatic sensing chamber. The biomimetic and
biomechanics properties were implemented in a new robotic finger gripper. The robotic finger gripper
was actuated using five pneumatic cylinders. The motion is obtained similarly to the human upper limb
finger. The efficacy were obtained 0.93 i.e closer to the human finger movement [7].

Soft and actuate robotic finger gripper has an advantage over rigid finger gripper. The compliance
feature of the soft gripper has a broad range of object manipulability [8],[9]. Controlling the multi-
finger robotic gripper is a tedious task. The grasping force of the finger with an object depends on the
hemispherical fingertip radius of contact. In the biomimetic finger gripper. Muscle force and moments
were tendon driven and match with human finger capability [10]. Generally, lightweight materials like
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elastomer material were used for developing the finger gripper. Elasto materials are lightweight and
durable and very easy to maintain [11].

The proposed research work was carried out for the combination of serial and parallel multi-finger joint
actuation. The development of a flat plate EC brushless DC motor enables to actuation of the finger
joint individually. The flat plate DC motor size was varying from 6mm -19mm in diameter and the
length is varying from 10-20mm. The finger length is kept the same approximately to the
anthropomorphic finger. There is no motion between the crossed fingers. The combination of the serial
and parallel finger increases the manipulability of grasping the object and load carrying capacity also
increased.

2. CONCEPTUAL DESIGN AND MODELLING

The design was developed in the Solid Work software. Each finger has three parts. The first part of the
finger is named as finger base. The center distance between the two ends of the finger base is 37.5 mm
and 15mm in width. The detail of the finger base is shown in figure 1. An assembly has been developed
by adding the EC flat motor and shaft. The first part of the finger is connected to the palm. The base of
all the finger base parts is concentric. The shaft is inserted in the hole, i.e. also concentric to the base
part. Each finger is bolted on the shaft so that each finger move simultaneously. The flat plate motor is
supported on the palm and drives the shaft, so that the finger base part has the same motion. The finger's
second part is also connected in the same way. The EC flat motor is supported on the finger base part
and drives the shaft. During motion, all the second parts of the finger move simultaneously and there is
no collision between the first part and the second part. The last part of the finger is also connected in
the same fashion. The fifth finger i,e thumb is connected in the same way, but actuation is done with
the help of three individual flat plates EC motors [12]. A 3-D model of robotic fingers were shown in
figure 1.
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Fig. 1 a) 3-D view of robotic Fingers b) Joint-link description c) Collision detection
2.1. Forward & Inverse Kinematics

The kinematic model describes the finger movement in space. Each finger has 3-DOF. All the joints
are revolute and active joints. The four fingers of the gripper has the same orientation and moved in the
same plane. Each of the four fingers is separated by a distance of 10mm. So there is no collision occurs
in the crossed finger position, because the mechanical configuration of the finger does not allow it to
move in another direction. The fifth finger has the same orientation but rotates in the opposite direction
so that it can grasp the object. Each finger can be modelled as a kinematic chain with three links
connected by the three joints [13]. The Denaavit-Hartenberg method was adopted for finding the
workspace of the finger. The workspace of all the fingers is the same. The joint notation scheme and
complete frame assignment are shown in figure 1 a, 1b, and 1c and joint link parameter for the finger
gripper are determined and tabulated in table 1.



Table 1. Joint link parameter for the finger gripper

-ink Parameters 1 Joint parameters Parameters 2 Parameters 3
(6)) (dy) (L) (a;)
6, 0 L 0
0, 0 L, 0
03 0 0 0

Where 9; is a rotation about Z;_; axis,d; is the translation along Z;_; axis, a; is the translation by
a distance along x; axis,a; is the rotation about x; axis. The workspace of index finger 1 is evaluated
as follows

OT = 9T % IT % 2T ()

cos(6; + 6, +63) —sin(6; +6,+63) 0 [,cos(0; +86,)+1 cos(8,)+ l5cos(6; + 0, + 03)
sin(6, + 6, +63) cos(6;+0,+65) 0 I,sin(8, +6,) + [, sin(8,) + l5sin(8, + 6, + 05)
0 0 1 0
0 0 0 1

Similarly, the workspace of the other finger was evaluated. The joint displacements(6,, 8,, 65) that lead
the finger gripper to a certain position and orientation T can be found by solving the kinematic model
equations for unknown joint displacements. The close-form solution was obtained for different values
of finger joint with equations (1) to (5).

_1 dx—l3nx)?+(dy—l3ny)2 =13 —1;

6, = cos 2L, (2)
01 =@ —P+costC 3)
Where ¢ = 6, + 0, + 05 = tan™* 72 4 180° (4)
X
— -1B
1 = tan e

x =d +d,? =1L, — 1% = 13% = 2l,1,c08(6,).
A= 2l1l3 + Zl3l2 *U ,B = 2[3l2 * U

u = cos(8,), v = sin(6,),

X
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05 = tan™' 2 + 180° — 6, — 6, (5)

C =

2.2 Jacobian & Singular Posture

The finger movement depends on the finger joint velocities. The Jacobian describes the finger joint
position with respect to time. The Jacobian relates the joint velocity of the finger to the end finger
velocity. The closing and opening of the gripper depend on the Jacobian matrix[14]. The Jacobian
matrix for the first finger is computed as follows with equations (6) and (7).

J@=101 J2 Jsl (6)
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The loss of motion of the finger will start at the point from where the finger is coming into contact with
the other finger. Since there is no lateral degree of freedom, due to other finger is not affecting the
motion of the other finger. But possibility occurs at the point from where the thumb finger is coming
into contact with the index finger. Two types of singularity were computed. The interior singularities
were occurs when the tip of the finger is located inside the reachable workspace of the finger gripper.
These are caused when two or more joint axes become collinear and at a specific end-effector
configuration [15]. The computational of internal singularities can be carried out by analyzing the rank
of the Jacobian matrix[16]- [22]. The Jacobian matrix loses its rank and becomes vanishes [23]-[27],
that is det|/| = 0. This is computed by portioning the Jacobian matrix into three 2X2 submatrices.

—L,sin(6; + 6,) — l; sin(6,) — I3 sin(6;, + 0, + 65) —1,sin(6, + 0,) — I sin(6; + 6, + 65)

= I, cos(0; + 6,) + 1, cos(6,) + I3 cos(0; + 0, + 03) 1, cos(0; + 6,) + 15 cos(6, + 0, + 03)

] _ _lz Sin(91 + 92) - l3 Sin(91 + 92 + 93) _l3 Sin(91 + 92 + 93) (7)
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From expression (7), the interior singular position was obtained by solving the expression

det|]1| = lllZ Sln(gz) + l1l3 Sln(gz + 93) =0 (8)
det|J,| = lyl3sin(65) = 0 ©)
det|]3| = l2l3 Sin(93) + lll3 Sin(92 + 93) =0 (10)

Since the thumb finger and index finger i.e. fingerl and finger2 are parallel in orientation. During
grasping, both fingers made contact at three points. Condition 1 occurs at the point where both finger 1
and finger 2 comes in contact. Condition 1 is shown in figure 2. These points were computed by the
expression (7) to (11).

91 + 92 + 03 b Sin_l (11)

2(l1+l2+13)

3. RESULTS

The first singularity posture was obtained at 6; = 0° and 180°, the second singularity posture was
obtained at 6, = 0° and — 180° . The actuation constraint does not allow the 6,to rotate more than



90°. Singular postures were obtained at a different computed angle. Figures 2 and 3 show the simulated
result of singular posture.
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Fig. 3. Collision detection in all the fingers

4, CONCLUSION

The robotic finger gripper design has been considered for the grasping of the object. : A new finger
gripper design had been proposed in the present work. The propped design can actuate the four joints
of the finger simultaneously. The other two joints of the finger have also actuated with the help of a flat
plate EC motor. The index finger was actuated separately. Singularities were computed for the
different angles. A collision-free movement of the gripper was observed during the operation.
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