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Introduction
We know that thermal deformation is very complex matter related not only to the material but
also to the geometry, production technique and environment condition. So it can only be
addressed in a dedicated way for each piece. For this reason, we face the topic in a heuristic way
with a number of adjustments that vary from situation to situation.
The thermal compensation takes care of correction of the machine (axes) and correction of the
part
Axes correction
It is applied separately to the three machine axes. For each axis it is performed applying in
sequence compensations derived from the axis structure. We considered up to 3 offset in the
structure:
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𝑋0  distance of the position to correct from the constrain point (fixing point) of the scale
𝑋1  distance of the scale fixing point from the beam fixing point
𝑋2  distance of the beam fixing point in case of beam bound to another beam (Z-axis case)
𝑋1

Scale

𝑋0

X

Material 1

Material 2

We indicate:
 Ksc  scale thermal coefficient
 K1  beam1 thermal coefficient (material 1)
 K2  beam2 thermal coefficient (material 2)
 ΔTsc = (Scale temperature – Reference temperature 20°)
 ΔT1 = (Beam1 temperature - Reference temperature 20°)
 ΔT2 = (Beam2 temperature - Reference temperature 20°)
Thus the compensated position𝑋𝑐 of the value read on the axis scale 𝑋𝑙 is:

𝑋𝑐 = 𝑋𝑙 + (𝑋𝑙 - 𝑋0 ) * Ksc * ΔTsc + 𝑋1 * K1 * ΔT1 + 𝑋2 * K2 * ΔT2
In simplified cases, where the measuring time is short compared to thermal events, the effect
on offsets may be disregarded.
I.e. the formula becomes:
𝑋𝑐 = 𝑋𝑙 + (𝑋𝑙 - 𝑋0 ) * Ksc * ΔTsc
Part Correction
Concerning the thermal expansion of the Part, because we know it strictly depends on the
peculiarities of the part and a general algorithm is unthinkable, we look for a solution that can be
applicable to each part and based on “experience” parameters. We start from the concept that
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the environment temperature has effect on the thermal expansion of the part, so starting from
the measured temperature difference (from 20°) of part and air we define what we call:
“equivalent ΔT”:

∆𝑇𝑒𝑞 = ∆𝑇𝑝 + 𝐾1 (𝑇𝑝 − 𝑇𝑎𝑖𝑟 ) + 𝐾2 (𝑇𝑝 − 𝑇𝑎𝑖𝑟 )
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where:

𝑇𝑎𝑖𝑟 = air temperature
𝑇𝑝 = part temperature
𝐾1 and 𝐾2 = constant values to establish experimentally
Then the compensated length 𝐿20°𝐶 of a part of measured lenght 𝐿𝑚 will be:

𝐿20°𝐶 = 𝐿𝑚 ( 1 − 𝐾𝑚

∑𝑛𝑖=1 ∆𝑇𝑒𝑞𝑖
𝑛

)

where:

𝐿20°𝐶
𝐿𝑚
𝐾𝑚
n

=Length of the part at metrological reference temperature (20°C) (output)
=Length of the part at measurement temperature (Input)
= thermal coefficient of the workpiece material
= number of sensor applied to the workpiece

Very important can be also the point where the part is fixed, the invariant point of the fixture
system. This is the point not subject to thermal deformation, starting from which the thermal
deformation occurs.
The calculations above are based on a 𝐿𝑚 measured from the invariant point
Keep in mind that if the measurement cycle time is short compared to the time of thermal events,
the concept of invariant point may be disregarded and the lengths may be used as they are
without using their differential to the invariant point coordinates.
Tangram must implement the interface that is necessary to introduce all the required
parameters for each part (i.e. each project in Tangram structure):

- coefficient of thermal expansion for each sensor
- 𝐾1 , 𝐾2 experimental values (if non linear compensation is not used both must be 0)
-

Coordinates of invariant point (in Machine Coordinate System).

Prediction of temperature
Sometimes the time required to the sensor to reach the actual temperature from the moment it is
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in contact to of a workpiece is critical. This can be due to the sensor model or the application itself.
Typically, the application consists of:
1. Place the workpiece
2. Close the fixture, if necessary
3. START to measure
The interval from 1 to 3 could be not enough for the sensor to reach the real temperature
value, so we introduced an option to estimate the real temperature before the sensor is able to
provide it.
The trend we observed is the following:
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Figure 1

The idea is to identify the temperature trend according to the newton's law of heating
described by the formula:

𝑑𝑇
= 𝑘 (𝑇𝑟 − 𝑇)
𝑑𝑡
Where 𝑇 is the current temperature given by the sensor, 𝑇𝑟 is the real temperature
(temperature of the workpiece to measure) and 𝑘 is the constant to evaluate.
The differential equation results in an exponential function:

𝑇 = 𝑇𝑟 − (𝑇𝑟 − 𝑇𝑡0 )𝑒 −𝑘∗(𝑡−𝑡0)
The trend you can see in figure 1 in case of 𝑇𝑟 = 40 °C and 𝑇𝑡0 = 20 °C.
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In our application some measurements are taken at the start moment in such a way to have a
number of points in the diagram and obtain by bestfit the parameters of the equation.
We have the first point (𝑡0 = 0, 𝑇𝑡0 ) and n following points and we look for the parameters
k , 𝐴 e 𝑇𝑟 of the equation:

𝑇 = 𝑇𝑟 − 𝐴𝑒 −𝑘𝑡
Then we use 𝑇𝑟 temperature in the thermal compensation algorithm.

Temperature compensation in Tangram

Configuration

In the configuration form, compensation panel, select the I_TBOX02 or I_TBOX03 device. It
allows managements of many sensors, up to 10 for each destination (10 for X axis, 10 for Y axis,
10 for Z axis, 10 for the part, optional 10 for X slave axis, optional 10 for Y slave axis, optional 10
for Z slave axis) plus an additional sensor for the air.
Then select the interval between two readings and the COM port. Enable/disable the reading
during a part program run. Concerning this point there are different opinions about, we advise
not to enable the reading when the program is running because the granularity of the sensor
environment may make the system less accurate then using a temperature not perfectly precise.
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Set parameters
In Tangram, the thermal coefficients and all the other parameters involved in thermal correction
defined in the above sections can be set by clicking the

button on the top toolbar.

The following panel brings up:

The relevant parameters can be set in the white panels.
Moreover :
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the thermal compensation can be activated or not with the checkbox at the bottom
the sensors reading can be disabled while maintaining active the compensation.
This situation occurs in case of manual reading of temperature that can be written in the
column “value”

“TempSensor” Element

This function provides run-time modification of the active sensors. Users can operate this
modification selecting “TempSensor” in the “Program Element” left panel. In the element
window the list of connected sensors appears with a check-box allowing enable/disable of each
probe.
After this element is executed only the enabled sensors are used for the thermal
compensation of the measurements that follow.
Besides, it is possible to modify the set of sensors applied for temperature compensation
during the program sequence.

Setting the "Show not available" option is possible to have all the possible sensors listed (even not
phisically connected) and also enabling sensors not yet connected that will be added in the future.
The "Update" column allow to perform a new reading in the moment this element is executed.
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