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ABSTRACT

Force and torque sensing is one of the important equipment for several automatic and
industrial robotic application. Force and torque sensor use to measure the force and
torque and as control mechanism. It almost use in application of finishing process such
as grinding, drilling and deburring In robotic deburring the force and torque sensing is
use to control the force with the interaction between deburring tool and material part. In
this project the use of the force and torque sensor is investigate to know its application
from past researcher. The related equipment was identified for application the force and
torque sensor in industrial robotic deburring. The relevant data that related to the
experimental set up was analyses to know the measure of force and torque sensor in
robotic deburring. The relationship is made for different selected material. The material
that selected is aluminium, acrylic, copper and stainless steel. In theoretically the

expected result was analyses for the selected material base on its mechanical properties.
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ABSTRAK

Penderia daya dan daya kilas adalah satu peralatan penting untuk beberapa aplikasi
automatik dan dalam industri robotik. Daya dan daya kilas penderia digunakan untuk
mengukur daya dan daya kilas dan juga sebagai mekanisma kawalan. la selalunya
digunakan dalam proses akhir seperti mencanai, menggerudi dan membuang serpihan
pada permukaan. Dalam industri robotik penderia daya dan daya kilas digunakan untuk
mengawal daya yang bertindak antara mata alat dan pada bahagian permukaan bahan.
Dalam projek ini, penggunaan penderia daya dan daya kilas dikaji untuk mengetahui
aplikasinya daripada pengkaji terdahulu. Peralatan yang berkaitan juga dikenalpasti
untuk aplikasi penderia daya dan daya kilas. Data yang berkaitan dianalisis untuk
mengetahui keputusan yang akan diperolehi. Perkaitan dibuat bagi bahan yang berbeza.
Bahan yang dipilih adalah Aluminium, Acrylic, keluli, dan tembaga. Jangkaan

keputusan dianalisis secara teori berdasarkan ciri-ciri mekanikal bahan tersebut.
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CHAPTER 1
INTRODUCTION

1.1 Background

In industrial tasks that require mechanical interaction with the environment, such as
assembly, grinding, or milling. It is necessary to control the interaction forces if the task

is to be performed successfully.

The forces and torques encountered by a robot arm can be measured by joint force
sensing, wrist force sensing, and finger force sensing. The advantage of measuring arm
joint forces indirectly is that a separate system of force sensors is not required. The joint
forces are simply determined by measuring load variables that already exist in the

system.

The major disadvantage of sensing arm joint forces in a manipulator is that the resulting
force measurements do not always provide an accurate indication of the exchange of
forces between the robot end-effector and its surrounding objects. To get accurate force
information, one must account for things like joint friction, the load of the arm itself, and

the inertial forces created through arm movement.
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1.2 Problem Statements

The majority of the robots tasks require contact with the surrounding environment. That
interaction generates contact forces that should be controlled in a way to finish the task
correctly. Those contact forces depend on the stiffness of the tool and working objects
and should be properly controlled.

The difference of the mechanical properties effected the measurement of the force and
torque sensor. It is cause of the strength of the material. The force torque is attached at
the end of the six degree of freedom (6DOF) of the robot arm. The 6DOF is the best
application because of the maximum of the angle movement. The main components for

the robotic deburring processes are robot, force torque sensor, and the grinder.

Deburring process is the removal of rough or thin. The operation is supported by the
force-torque sensors, which are integrated into the end effectors. These sensors allow the
measurement of the force between the workpiece and the environment. In most cases,
these burrs must be removed for improved product/system performance, safety, cost,

ease of assembly, elimination of stress risers, proper tolerance, appearance, etc.

The tool path constructed from the edge profile is used to direct the robot during
machining. The deburring path, automatically generated by task planner, is corrected on-
line by an active end effector with the objective of controlling the chamfer depth. The
sensing system combines the information from force and vision sensors during deburring

to provide and improved depth measurement.
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1.3 Objectives

The main objectives of this project are:
i.  To integrate particular application into force/ torque control using robots.

Ii.  To understand the force and torque sensor use in deburring process
1.4 Scope of the Project

The scopes of the project are:
i.  Planning the experiment set up for robotic deburring base on the force/
torque sensor by using several difference material selections.
ii.  Investigate the problem occur in experimental set up planning.

iii. Do analysis on the force and torque reading especially for different

materials.
1.5Project Outline

This report of the Project is organized into six chapters. The chapter is described as

follows:
Chapter 1 discusses the objective, scope and importance of the study.

Chapter 11 relates the literature review related to the various uses and application

force/ torque sensor in deburring process.

Chapter Ill described the proposed methodology which is the experimental

setup. It includes the proper methodology and optional methodology.
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Chapter IV planning the experimental set up.

Chapter V shows the expected result that can get from the related experiment
from past researcher. Analysis and discuss the expected data. A comparison was

made to find the theoretical relationship.

Chapter VI summarizes the overall analysis of the study and also suggests works

that can be carried in the future.

4
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CHAPTER 2
LITERATURES REVIEW

2.1 Introduction

Sensor is used as peripheral devices in robotics. Sensor also used as integral components
of the robot’s position feedback control system. The sensors used in robotics include a
wide range of devices. The major use of sensors in industrial robotics and other
automated manufacturing systems can be divided into three basic categories. The
categories are safety monitoring, interlocks in work cell control and part inspection for

quality control.

The safety monitoring is Concern the protection of human workers who work in the
vicinity of the robot or other equipment. Interlocks in work cell control are used to
coordinate the sequences of activities of the different pieces of equipment in the work
cell. In the execution of the robot program, there are certain elements of the work cycle
whose completion must be verified before proceeding with the next element in the cycle.
Part inspection for quality control used to determine variety of part quality
characteristics. It also determines position and related information about objects in the

robot cell.

For industrial robotic application Force/Torque sensors are usually placed near the

working tool, generally in the manipulator wrist. This means that the sensor must be
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reasonable small, built in several sizes to adapt the different robot bolt patterns and load

capacities, and mechanically resistant (Pires et al, 1999).

2.2 Force / Torque Sensor Definition

The interaction forces and torques which appear, during mechanical assembly
operations, at the robot hand level can be measured by sensors mounted on the joints or
on the manipulator wrist. The first solution is not too attractive since it needs a
conversion of the measured joint torques to equivalent forces and torques at the hand
level. The forces and torque measured by a wrist sensor can be converted quite directly

at the hand level.

Wrist sensors are sensitive, small, compact and not too heavy, which recommends them
for force controlled robotic applications. A wrist force/torque has a radial three or four
beam mechanical structure. Two strain gages are mounted on each deflection beam.
Using a differential wiring of the strain gages, the four -beam sensor produces eight
signals proportional with the force components normal to the gage planes. Using a 6-by-

b

8 “resolved force matrix”, the eight measured signals are converted to a 6-axis

force/torque vector. (Liu.G. et all, 1998).
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2.3 Previous Achievement

Forceftorque Data

o —

/ . . . |

PCAWINNT loce
Sportansons
Messages
Robot
g‘ Control
System| |

Joint Positions

Figure 2.1: Force/ torque sensor set up (Pires J.N et al,1998)

In this section a set of software tools designed to program, control and monitor the
industrial robot (ABB IRI31400 equipped with the new control system). The main
objective is to design tools to add force control capabilities to the original setup (robot
and controller). A PC based wrist mounted force/torque sensor (from JR3 Inc.) was
installed on the robot. The basic setup is presented on figure 2.1. The software
developed is divided into four main parts are robot communication software,
force/torque sensor access and configuration software, connectivity to windows

applications software and force control application software.

The force/torque sensor access and configuration software, it is a collection of functions
to read and write the memory of the sensor DSP processing board. The robot
communication software is based on Remote Procedure Calls (RPC) made to the robot
control system. This means that the robot control system should implement procedures
that can be executed by the remote host (client). (Pires J.N et al, 1998).

.
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P P

Force/Torque
Sensor

Figure 2.2: N-Joint Manipulator Mounted on a Force/Torque Sensor (Liu.G. et all, 1998)

An n-joint manipulator mounted on a six-axis base force/torque sensor, such as shown in
Figure 2.2. The manipulator is mounted on a base force/torque sensor. Sensor
measurements and joint velocities recorded during manipulator motion are used to

identify the inertial parameters.

The sensor measurements are used to identify the inertial parameters. The manipulator
has n+l links, where link 0 and link n is the base and the terminal link, respectively. The
wrench measured by the base force sensor is denoted as Ws. (Liu.G. et all, 1998).

These parameters can be estimated using the manipulator's joint torques and forces along
with the joint positions and velocities. Most robot manipulators are not equipped with
joint force/torque sensors. A typical estimate is from the motor current. A major
difficulty with this method is that the joint torque/force estimation accuracy is limited by
unmodeled joint friction and actuator dynamics. A base-mounted force/torque sensor has

been used to estimate mass properties of a manipulator statically.
The manipulator is mounted on a six-axis force torque sensor. Sensor measurements and

joint velocities recorded during manipulator motion are used to identify the inertial

parameters. The inertial parameters of robot manipulators can be estimated using the
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manipulator's joint torques and forces along with the joint positions and velocities. A
major difficulty with this method is that the joint force/torque estimation accuracy is

limited by unmodeled joint friction and actuator dynamics.

A base-mounted force torque sensor has been used to estimate mass properties of a
manipulator statically. The manipulator is mounted on a six-degree-of-freedom force
sensor and the reaction forces and moments at its base are measured for different
manipulator positions and base orientations. A base-mounted force torque sensor was
used to estimate inertial properties of a manipulator, without requiring base

reorientation.

The robot manipulator is mounted on an external base force/torque sensor. The force
torque sensor measures a wrench that corresponds only to the forces and torques

effectively applied to the manipulator's links. (Liu.G. et al, 1998).

Figure 2.3: A PUMA 550 Manipulator Mounted on a Six-Axis Force/Torque Sensor
(Liu.G. et al, 1998)

A Puma 550 robot has been implemented and tested in proposed inertial parameter

estimation method. The proposed inertial parameter estimation method has been
implemented and tested on a PUMA 550 robot. The manipulator was mounted on an
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AMTI six-axis force/torque sensor as shown in Figure 2.3. Only the first two joints of
the PUMA were actuated, in order to reduce model complexity. Joints three, four, and

five were immobilized.

The base force/torque sensor is external to the manipulator. The same sensor can be used
for parameter estimation for different robot manipulators. The accuracy depends on the

measurement accuracy of the force/moment sensor.

Figure 2.4: Intelligent Robot Control Task in Defined Contact with a Moving Stiff
Object Exemplified By Screw Manipulation ( Maab. R. et al, 1994)

Figure 2.4 show the screw moving with unknown velocity. The tool is to be kept in line
with the screw, while a defined contact force against the screw head is maintained. In the
screw manipulation task, the manipulator is positioned in front of the screw head by
means of a visual system. ( Maab. R. et al, 1994). After initial contact is established,
neural force/position control in Cartesian space (NFC) specifies that the tool center point
(TCP) with integrated force/torque sensor will monitor the orientation and velocity of
the screw. NFC calculates robot movements in Cartesian workspace based on trajectory

constraints and force feedback.

10
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The 6 DOF robot is equipped with position sensors and 6 DOF force/torque sensor,
which are integrated in two separate feedback paths.

The proposed control concept was developed to implement the following features to
force/position control of robot manipulators. The control concepts are cartesian space
data processing of sensor and trajectory data, singularity robust inverse kinematics,
adjustment of desired trajectories to kinematic and dynamic constraints, neural network

(NN) for mapping operations and neural model based dynamic controller.

The simulation results demonstrate the feasibility of the proposed concept. The
force/sensor was simulated using a model with static and kinematics equations. The

robot finds the correct orientation of the screw by reducing all forces and torques.

CONTROL ALGORITHM

COORDINATE TRANSFORMATION
SENSOR COMMUNICATION
FORCE/TOROUE
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—
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Figure 2.5: Schematic of Force Control System ( Stephien et al, 1987)

The force control system presented has applications in a wide range of manufacturing
problems because of the system’s ability to regulate contact force in an arbitrary
orientation relative to a tool mounted on the endpoint of the robot. Figure 2.5 show the
schematic of force control system which is application to robotic deburring of machined

and cast parts. A General Electric P50 five axis robot and controller formed the basis of
the system.
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