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The Compare of Several Variants of Flexible
Members with Electromagnetic Elements for
Robots with Variable Joint Stiffness
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Abstract — The article presented two proposals for [l. THE SAFETY
construction of a flexible element with variable stiffness, in o the issue of improving security in cooperation with the
which construction is limited, or is it completely eliminated theghot man can be accessed in several ways. The new
mechanical elastic member such as spring. Their prOpertEéneration of lightweight (LWR) robots are developed,
vary in the extent applicable member stiffness and speed @fimpared to conventional industrial robots to increase their
reaction to contact with an obstacle. By limiting, Oleffectiveness, agility, and simplify the handling.
eliminating the mechanical elastic member can be achieved bysecyre interaction with the environment and especially with
increasing the life of the flexible joint. people in these robots ensure effective sensory systems and

reducing the inertia of the system using special composite

Keywords—joint stiffness, safety of robots, electric drive formaterials. The sensors provide feedback to both internal and
robots. focused on the regulation of the robotic system drives, and
external feedback to allow positional oriented adaptivity
effector contact with the environment.

The disadvantage of these robotic systems is their price,
This research work has been made within research projegiich rises sharply by using composite materials and high
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Another option to ensure safe interaction robotic system
I. INTRODUCTION with the environment is an approximation of stiffness joint

THE assurance of safety in the field of the collaboration éitiffness of the robotic system to interface to the robot and the
robots with humans is now one of the most actu&@nvironment. Use of variable stiffness of the robotic system

problems. Motivation of this exertion is to bring near théneets all the requirements for precise and safe robot
function of robots to humans activities. Typical examples afBteraction with an unknown man and environment.

the co-operation with human in dangerous ambient, or
assistance to disabled human. Standard industry robots are
inadvisable, because they have outsize value of torque and .

value of inertia of its parts. This is why the big care was /_ - \

consecrate to problematic of safety of robots in the next years. / \
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[ll. FLEXIBLE JOINT
Flexible joints with adjustable stiffness settings allow the

robotic system stiffness depending on the speed of effector, \\\\ ///
where the velocity decreases with increasing stiffness of the oo PRI &
robotic system. The development of these joints is currently /

one of the trends in robotics. In addition, the already
mentioned ensure safe robot-human collaboration are utilized
also for robotic prostheses, rehabilitation robotic systems,
walking robots, etc.

The function of the first type is shown in Figure 3.1. The
drive shaft is fixed positioned electromagnet flexible member.
Arm robotic system is attached to the shaft via a rotary
bearing. In the body of the robot arm is coil, which creates an
electromagnetic field. A magnet placed in the field is
maintained at a constant position by force directly proportional
to the intensity of electromagnetic fields

Fig. 3.3 Auxiliary mechanical flexible member

When you reach a point of nonlinearity is to increase
o , stiffness of the equivalent stiffness of the material stops the

i Tcon sum of the electromagnetic coupling stiffness.
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. In order to achieve maximum stiffness joint robotic system
\/ is equipped with electromagnetic brake. The effect of the
brakes, this flexible joint becomes fixed mechanical linkage.
: The advantage described structure with variable stiffness
(compared to flexible mechanical joint) is a higher rate of

Fig.3.2 Graph of Torque Vs Angle of first type of joint without change of stiffness and minimizing stress on the mechanical
auxiliary mechanical flexible member elastic member. This member is (compared with the
mechanical elastic members) connected only when crossing
Basic chart curve of the size of the drive torque, dependipgint nonlinearities.
on the angle of rotation of the magnet towards the link of the The disadvantage of this type of joint is relatively lower
robot under ideal conditions is a sine wave. Much of thijaximum steering stiffness. Thus the possibility of using this
characteristic is almost linear. When the angle of rotation, igpe of joint is limited.
which chart curve ceases to be linear, let us call it pointincreasing the maximum controllable stiffness can be
nonlinearities, there is a flexible mechanical connectioachieved using a second type of flexible joint, from whose
member, starting participate in the creation of stiffness joint. structures are flexible mechanical parts completely excluded.
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Drive shaft joint is fixed to the shaft EC motor with its own Increasing the range of stiffness using gear box here leads to
gear-box. Gear ratio of this gear-box is lower than the geslow reaction to contact with an obstacle. This problem may
ratio of gear-box main drive. not be limiting, since the reaction must be at least comparable

To control the motor will be used by the regulation shaftith the maximum speed effector. This condition can be
position to be included in current limit. This will ensure thdulfilled.
desired torque setting on the gearbox shaft and thus theThe chart curve (stiffness vs angle of this described elastic
required stiffness of the flexible joint. joint) is dependent on the selected control algorithm of EC
motor flexible member. This chart curve is also slightly
influenced by flexible stiffness of the gear member. When
using the higher quality gear, however, this effect due to the
overall stiffness of the system is negligible.

To achieve the maximum possible stiffness will again be
flexible member equipped with electromagnetic brake, which
can completely to block the function of flexible member.
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APPENDIX
When the request to reduce the stiffness of the joint, systerr\/

is reduced torque, which is held by the motor shaft in the basic ery important is also the |ssye of thg Impact .on pOWer
supply network - for example, in case if there is a high

osition . e .
& performance drive or if it is installed large quantity of such
il | type of drive. Although observed so far for the type of drive
"] Bref S cannot yet consider it a crucial aspect, there are displayed the
Breal — current waveform drawn from the power grid. Fig A.1a current
15| D waveform is assumed ideally smooth (for using a large
(_ﬂf'eal — inductance). Fig A.1b expected current waveform significantly
Vet — crimped (for using a small inductance).
0r lreal i Figure A.1 also shows a comparison of the content of higher
harmonics in the current phase of the network.
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