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Abstract: Design aspects of a robotic end-effector are discussed in this paper, which is
planned to mount onto a Fanuc LRMate 200iC industrial robot. The end-effector is used for
sophisticated assembling tasks therefore a load cell is built into the unit. It is a design target
that the measured force in the gripper has only axial direction. The rest of the forces and
torques are eliminated by two built-in thin plates. Strength analysis of the load cell and the
stiffness effect of the plates are calculated and also considered in the assembling force values.
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1. INTRODUCTION

Due to lack of human resources, nowadays even in Hungary more and more robots
are applied in small and middle size companies. Robots are used not only for lading
different workpieces but for sophisticated applications, e.g., assembling, welding,
machining, etc.

The industry demands such robotics, which are based on haptic concept. The term
haptic is originated from Greek, it means ‘sense of touch’ [1]. The machine haptic
could be based on the one hand measurement of the forces, moments in the joints
and on the other hand measurement by the end-effector. There is a great variety of
commercially available end-effectors, which are used on robots. However special
end-effectors often required in special purpose assembling tasks.

An elastic element with strain gauges, i.e., 6 axis force-torque sensor is developed
in ref. [2] to create an intelligent end-effector for polishing operations. Naturally
there are commercially available end-effectors equipped with force sensors [3] but
those cannot be programmed, e.g., complicated industrial operations like snap-fit
problems. However in ref. [3] also deals with the opportunity of the human hand
guiding. Robotic grippers are also important in agricultural applications, e.g., for
fruit harvesting [4].

3D printed fingertips can be useful in many fields like assembling. Ref. [5]
contains three main types of 3D printed fingertips: integrated capacitive touch
sensing, integrated bend sensors and integrated fingertips with electromechanical
switches. Ref. [6] deals with a sensor fusion, which can perform robot force control.
The device contains a 6 axis force sensor and an accelerometer.

The main purpose of this paper to design of an intelligent and relatively cheap
end-effector, which equipped with a microcontroller (uC) and could be programmed
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for sophisticated industrial assembling processes. The unit is planned to contain a
load cell to measure the assembling force between £200 N. Two plates are built in
to constrain the deflection of the load cell only in one direction. Therefore the unit
can measure the force only in axial direction.

The paper is organized as follows. In Section 2, the schematic of the planned end-
effector is discussed. The strength analysis of the elements of the desired end-
effector are detailed in Section 3. The FEM simulation of the load cell is performed
by Autodesk Inventor 2016 software. The deflection-load curve of the two plates is
also determined. The concluding remarks are presented in Section 4.

2. SCHEME OF THE END-EFFECTOR

In this section the design aspects of an end-effector are discussed. This unit consists
of a load measurement system equipped with a uC and a traditional pneumatic
gripper. The end-effector is planned to mount onto a Fanuc LRMate 200iC industrial
robot. The mounting holes of the robot are shown in Figure 1, where the diameter of
the light grey coloured connecting element is @ 40 mm.

M5x8 holes

Figure 1. Connecting element of the robot with the mounting holes

The scheme of the end-effector is shown in Figure 2. The beam type load cell can
measure the assembling force since it has four strain gauges, which are used in a
Wheatstone bridge configuration. The load cell purposed to measure shear force in
general. To perform accurate force measurement two steel rectangle plates are
mounted onto the load cell, which is practically a flexible parallel mechanism. The
ends of the plates are mounted onto the wall of the end-effector. Thus the structure
will measure only the force in the direction of the assembly. A 24 bit sigma-delta
A/D converter is built in the uC unit (See Figure 2).
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Figure 2. Schematic drawing of the designed end-effector

A Gimatic GS25 type pneumatic parallel gripper will be used to grip work pieces. It
can be mounted onto the intelligent end-effector with two M6 x 12 threaded holes.
One dowel pin and one centring disc are needed to set the reference position of the
gripper. The robot has built-in pneumatic valves therefore the gripper will be
actuated from the system program. The maximum closing force of the unitis 127 N
at 6 bar pressure.

3. STRENGTH ANALYSIS OF THE STRUCTURAL ELEMENTS

It is worth to analyse numerically the load cell for the nominal load F = 200 N in
order to determine the maximum deflection, which may occur also on the thin plates.
It is assumed that both the load cell and the plates are linear elastic.

Finite element analysis has been performed by Inventor 2016 with a very fine
mesh with number of nodal points 560,494 and number of elements 379,030. The
displacement is constrained in two M5 holes where the load cell is fixed to the end-
effector. The force F = 200 N is applied in the axis of the pneumatic gripper (see
Figure 2).
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Figure 3. Deflection of the load cell

The deflection of the load cell is shown on Figure 3 and the distribution of the strain
&y Is displayed on Figure 4. The maximum value of the displacement is 0.1063 mm.
The strain distribution has got four local maximum values in the vicinity of the
double cross holes where bending takes place. It should be mentioned that the strains
of the opposite strain gauges are equal but with inverse signs. This fact allows the
load cell to measure only shear force.

According to Figure 2 rectangle thin plates are connected to the load cell and to
the wall of the end-effector as well. One of the ends of the thin plate is clamped while
at the other one the vertical displacement is free but the rotation is constrained as
shown in Figure 5. In this case the plate is bended only in direction X.
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Figure 5. Bending model of the thin plate
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This simple plate bending is analogues to a beam bending but it is a plain strain
problem therefore the constitution parameters are different. For plate bending the
elastic material parameter is calculated as:
E
E, =——, 1
1712 @)

where E is the Young’s modulus, v is the Poisson’s ratio.

Table 1
Specification of the steel plates
Value | Dimension
Thickness (b) 0.5 [mm]
Wideness (a) 23 [mm]
Length (L) 21 [mm]
Young’s modulus (E) 210 [GPa]
Poisson’s ratio (v) 0.3 ]

The model parameters of the thin plates, i.e., thickness b, width a, length L, Young’s
modulus E and Poisson’s ratio v are given in Table 1.

Since the plate is loaded and constrained only at both ends, thus one beam like
finite element is enough to model the problem shown in Figure 5. Since there is an
analogy between the beam and the single bending plate the stiffness matrix of one
plate element can be written as [7], [8]:

12IE, 6IE, 121E, 6IE; 1
13 12 E 12
6IE, 4IE, 6IE, 2IE,
_ 12 L Sz L
K=\ 1215, ‘615, 121E,  6IE,} 2)
32 312
61E, 21E,  6IE; 4IE,
12 L 12 L

where L is the length of the plate and I is the area moment of inertia:

ab3
| = —. 3

- ®)
The equilibrium equation of the plate bending problem for one finite element is
written as:

Kq = f, (4)

where f is the column vector containing external force F, q is the vector of
generalized nodal displacements
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q" =Wo Px0 WL Pul. (5)
The displacement boundary condition is given as

w(0) =0,¢,(0) =0,9,(L) =0, (6)

it means that there is only one entry, i.e., displacement w;, which is unknown.
Therefore matrix equation (4) is simplified to the following scalar equation:

12IE,

L3 wp = F (7)

Assuming that the displacement w;, is equal to the deflection of the load cell shown
in Figure 2 the supporting force of one plate is

Fe 12-0.2396 mm* - 230769 MPa

9261 mm3 0.1063 mm = 7.6159N. (8)

Since two parallel plates are connected to the load cell the effective load producing
the maximum displacement will be increased twice of F given in (8), i.e., the force
of the two plates is F, = 15.2318 N.
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Figure 6. Original and the changed force displacement diagram

The effective load versus deflection diagram of the load measurement structure is shown
in Figure 6, where the dashed line represents the force arising in the load cell F; .

If the calibration is performed itself on the load cell then the strain gauges provides
only the load cell force, which should be modified with proportional part of F, in order

to obtain the effective load at an arbitrary deflection w;, of the load cell:

F, +Fp

P 9
L'0.1063 ©)

Feff =w
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4, SUMMARY

Design aspects of an intelligent end-effector has been discussed in this paper. A cheap
beam type load cell, which measures the force has been built into the end-effector.
Two thin plates have been connected to the load cell in order to constrain the undesired
lateral deflection and axial rotations. This simple but advantageous constructional idea
filters out those forces, which are acting not in axial direction.

Simple finite element plate model was used to determine the deflection force of
the plates, which is necessary to involve to the determination of the effective axial
force. The built-in pC makes it possible to program it for different characteristics of
assembly forces, which enables it to handle specific tasks like snap-fit problems.
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