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Many robotic applications require

high precision of the robot. The com-

mon industrial robot has very high

precision, but if the robot is a�ected

by external forces the low sti�ness of

the mechanical structure will result in

a large displacement of the tool. By

changing the mechanical structure to

a parallel structure instead of a se-

rial the sti�ness will be greatly in-

creased. The sti�ness can be further

improved by implementing compensa-

tion for the compliance.

Serial and parallel robots

The �rst robot that comes to most peoples
mind when you talk about industrial robots
is the common serial type of robot, for ex-
ample the orange ABB robot. The robot
used in for the compensation was a parallel
robot of the Gantry-Tau type, see Figure 1.
The di�erence of a parallel robot and a se-
rial robot is that the kinematic chains are
connected in parallel instead of in series.

The Gantry-Tau robot

The Gantry-Tau is a parallel robot with
the arms con�gured in three clusters. The
number of arms per cart are di�erent and
are con�gured in a 1-2-3 con�guration [1].
The basic Gantry-Tau structure of the arms

Figure 1: Gantry-Tau robot denoted L2.

form parallelograms and makes the end ef-
fector to have a constant orientation, mean-
ing that the tool can not rotate.

Sti�ness

To be able to compensate for the compli-
ance of the robot a mathematical model
of the sti�ness is needed. By modeling
the arms of the robot as springs a physi-
cal model with a clear connection to real-
ity is made [2]. The model can be extended
by including more of the mechanically weak
parts of the robot, in the model used the
carts were modeled as springs in the di-
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Figure 2: Spring model of the carts and the
arm system.

rection of their guideways, see schematic
overview of the model in Figure 2.

With a model of the sti�ness by measur-
ing the compliance of the robot can be mea-
sured while a known force is applied to the
tool. With a known sti�ness the compliance
can be compensated for.

Compliance compensation

The compensation for the compliance can
be divided in two parts.

The compensation for the compliance of
the carts when applying a force was mea-
sured and a reference could be send to the
drivers to move the carts in the opposite
direction of the cart movement.

The other part is to compensate for the
compliance in the arm system. When the
compliance for the arms was measured the
compensation for the cars were active to be
sure that the compliance of the cart did not
a�ect the measurement. Then by using the
inverse kinematics of the robot references
could be sent to the carts, see Figure 3. In-
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Figure 3: Compensation of the carts and
the arm system and how to obtain the ref-
erence to the motors.

verse kinematics is when one know the po-
sition of the end-e�ector, were the tool is
placed, and one want to determine the po-
sitions of the joints on the carts.

For doing the compensation one have to
know the applied force and the compliance.
A force sensor was mounted on the tool cen-
ter point and Heidenhain length measuring
gauges, measuring the compliance, was �rst
mounted on the rails obtaining the spring
constant of the carts. Then they where
mounted at the end of the parallel arm sys-
tem measuring the Cartesian displacement.
Obtaining the spring constant for each arm.

External communication

The control system of a robot sets the lim-
itations of what the sensors and external
signals are possible to use. The Automatic
Control Department at LTH has developed
with ABB an external interface to their lat-
est robot control system, the ABB IRC5 [3].
This possibility to also implement custom
algorithms to did not exist on the largest
Gantry-Tau prototype at LTH. Therefore
more information about the control system
was gathered and a program running on the
computer controlling the robot enabling ex-
ternal references and information form the
drives to be sent by a realtime TCP/IP con-
nection.
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Result of compensation

In Figure 4 can one see the displacement of
the the tool center point in x direction and
the corresponding force when no compensa-
tion is active. In Figure 5 force is applied

Figure 4: Displacement in x direction with-
out active compensation.

and the compensation is active. The dis-
place of the tool center point is lower. The
tests for the compensation was only pre-
formed in homing position and in no other
place in the robots workspace.

Figure 5: Displacement in x with active
compensation.
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