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This is a popular scientific summary of my master’s thesis, [16],
with the title Prediction of position errors for an industrial robot,
using a model of the robot with parameters acquired from the
clamping procedure. The master’s thesis was done at the
Department of Automatic Control, LTH, Lund University, and at
Cognibotics.

1 Preamble

There are unmodeled effects in robots that make them less accurate. These
effects include strains in the robot’s gearboxes due to the load that the robot
experiences. The strains make the robot’s position deviate from the desired
position, even though the load that the robot is going to experience in many
cases is known in advance. If the load information should be known, but not
used, it is a waste of information which could have improved the accuracy. For
more information about the general problem, the methods used, and the used
tools see [16], [20], [15], [13], [1], [3], [2], [6], [7], [4], [5], [11], [12], [19], [9], [8],
[18], [17], [10] and [14].

2 How to increase the accuracy

First the information of how the gears behaved was to be derived from the robot.
This was done by locking the robot to a stiff point in its workspace (also referred
to as clamping), and then carefully try to run the motors, and record the small
corresponding displacements in the gearboxes. The robot used for experiments
in the thesis work is seen in Figure 1. Since the robot was stuck, there was very
little motion, and the main part of the displacements was due to strains in the
gears. The recorded displacements in the gears and data from the motors (how
much force that had been used), then contained information about the robot’s
gearboxes.
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Figure 1: The experimental setup for the clamping experiment. The robot is
going to be fixed in the metal block seen in the picture.

The next step was to use the recorded information to derive parameters
that described the gearboxes, and that later could be used in a model of the
robot. The parameters that described a gearbox was a spring constant (how
much strain will a given force result in), a backlash, and friction. A program
was written that took the recorded information from the robot, and calculated
these parameters. The recorded information from one joint is seen in Figure 2.

A model of the gear was used, were the parameters had come from the
experiment of trying to move the robot, during clamping. The model was able
to recreate the recorded data for some of the gearboxes. This proved that the
model well captured the behavior of the gearboxes, and that the calculated
parameters were enough to describe the behavior. A simulation is shown in
Figure 3, where the simulated data is plotted on the experimental data.

Because the models of the gearboxes, with the right parameters, were able
to recreate the recorded data (see Figure 3), the position accuracy could be
improved. This was to be done by running a simulation before the actual run of
the real robot, and use the result of the simulation to compensate for deflections
and thereby increase the position accuracy for the real robot. This kind of
evaluation will be subject to future studies.

The idea to let the robot lock itself to a stiff point in space, and record
the strains that is caused by its own motors, is called the clamping procedure.
The clamping procedure is an easy and inexpensive way to derive the properties
of the robot, since no external measurement devices are needed. It can be
performed on individual robots to increase the accuracy. The advantage by
letting the robots be tested and controlled individually, is that even robots of
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the same type differ in their properties. The properties also change with time as
wear take place. By using the described methods the accuracy can be increased,
and maintained over time, at a very low cost.

In this thesis parameters that describe the gearboxes of a robot have been
derived from clamping experiments. Software was developed that was used to
identify the parameters from the data that was logged during clamping experi-
ments. Logged data from a clamping experiment for joint 1 is seen in Figure 2.
A model of the gearbox was implemented where the identified parameters were
used. The model was then able to recreate the logged data with great accuracy.
The result for joint 1 is seen in Figure 3. The effects in Figure 2 make the robot
deviate from the desired path, but since they can be recreated, see Figure 3, if
the process forces are known, the accuracy can be increased when these effects
are accounted for.

Figure 2: The experimental data from a clamping experiment for joint one, i.e.,
the base joint of the robot in Figure 1.
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Figure 3: The simulated clamping curve is plotted on the experimental data
for joint 1. The red curve is from the simulation and the blue curve is the
experimental data.
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