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1  Introduction

The focus of this research is to apply a diverse measurement

procedure to investigate the thermal error propagation in a gantry-type

linear axis under different thermal load cases. Based on these results

an error prediction model is developed, which is able to capture the

thermal behaviour based on present and past effects. Additionally it is

shown that the input selection of such models has a great influence

on the prediction quality and the robustness, especially under varying

thermal loads.

2 Experimental Setup

The enabling technology to compensate thermal errors of linear axes

with a phenomenological model approach is the capability to measure

the most dominant deviations in a short time, with a reasonable

accuracy and in a repeatable way. Due to the fact that most

measurement devices do not guarantee a long term stability,

especially under varying environmental conditions, a comparator

system (Heidenhain VM 182) is used. The comparator consists of a

scale embedded in a U-shape steel profile and a scanning head that

moves over the grating without mechanical contact. The two phase

grating allows to measure not only along the axis of travel but also to

detect movements perpendicular to the direction of motion, see Fig. 1.

Figure 1. Illustration of components and installation of the comparator system

(Heidenhain VM 182)

Figure 2. Schematics of different used load cases for the characterization of a

linear axis. The area in red depicts the oscillation length/duration of the ball

screw drive.

In order to characterize the thermal behaviour of a gantry type linear

axis, the thermal response of the TCP under different load cases

needs to be evaluated. It is chosen to use four different load scenarios

to represent different extreme use cases of the machine tool. The

objective is to have different time intervals and locations of thermal

loads introduced in the linear axis.

To investigate the local thermal heating effects on the positioning error

of a gantry axis, the load case “MultiRange” is performed for 36 hours.

As schematically illustrated in Figure 2, the axis is oscillating only on a

segment of its full stroke followed by a stand still period. This is

repeated twice on different sections while the positioning error is

measured every 10 minutes. The most important result of this

experiment is that there is no significant local positioning error change

due to the bound oscillation ranges. This leads to the conclusion, that

the location of the axis movement in this case is of minor importance

Figure 3. Positioning error of the Y-axis (EYY) during a “MultiRange” heat load

of around 36 hours. Oscillation feed-rate 12’500 mm/min, for three intervals,

indicated by red areas, followed by intermediate intervals at standstill.

Measurement time interval: 10 min.

To model the temperature dependency of the positioning error, a set

of equations of polynomial structure is chosen. It is found that the ARX

model structure is the most robust and shows the best fitting quality.

The set of polynomials can therefore be described by the following

equation: 𝐴 𝑞 ⋅ 𝑦 𝑘 = 𝐵 𝑞 ⋅ 𝑢 𝑘 + 𝑒 𝑘
q stands for the time shift operator in discrete time representation,

A(q) and B(q) denote the different polynomials influencing the input

u(k) and the output y(k) and e(k) represents the noise term. Figure 4

shows a comparison between a measurement of the positioning error

EYY and the modelled error with optimally chosen inputs. For the

validation data set an NRMSE of 40.7 % can be achieved. This

corresponds to an average prediction error of 0.11 µm and a

maximum deviation of 0.5 µm from the measurements.

Figure 4. Results of EYY measurement (left) and model (right) with the load

case “Stairs”. Illustrated with a green plane is the separation between training

and validation data. The resulting average prediction error is 0.11 µm.

A measurement setup and procedure for thermal error

characterization of gantry type linear axis is introduced. Four different

load cases are presented to capture different thermal characteristics

at the MT TCP. It is shown that with an ARX modelling approach the

time and position dependent thermal errors can be modelled

accurately.

In future work an algorithm for the time efficient evaluation of optimal

input selection will be developed and an adaptive input selection

depending on the load cases will be implemented.


