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Abstract: Linear rolling systems are frequently used in industrial practice for the linear motion 
of machine parts or mechanical assemblies. Their reliability and prediction of possible failures 
are, during a production process, highly required to prevent production losses. Unfortunately, 
common diagnostic systems of linear rolling systems in industrial practice still fail in particular 
cases. Therefore, we designed an innovative solution for the diagnostic system based on a load-
free part with a vibration sensor integrated into a carriage of the linear rolling system. A functional 
sample of diagnostics was produced, and vibrations measured on a loaded carriage and the 
diagnostic part in laboratory conditions were compared. Encouraging results were reached by 
time-domain analysis of measured data. On the diagnostic part, the damage appeared clearly, 
while on the loaded carriage, we did not observe any signs of damage.
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1. Introduction

Linear rolling systems realise a relative linear motion between two mechanical 
parts or assemblies. In practice, they are often used in production lines, requiring high 
reliability and predicting possible failures. It means securing the reliability of linear 
rolling systems.

Diagnostics of linear rolling systems is based on knowledge of rolling bearing 
diagnostics. In the diagnostics of rolling bearings, methods usually aim at a measurement 
of vibrations or acoustic emissions. Then, the measured data are analysed through 
an appropriate algorithm. The widely used algorithm transforms measured data by 
wavelet transform [1,2,3] and evaluates them using neural networks [4,5]. However, 
Japanese producer THK in the patent [6] mentioned that the design of linear systems 
might negatively influence the diagnostics based on measuring vibrations or noise 
intensity. Therefore, producers of linear rolling systems proposed diagnostics based on 
the end-cover deflection [7,8,9] that is significant for deep wear progression.

Lately, researchers and producers have focused on developing diagnostics based 
on evaluating measured vibrations through their RMS (root mean square) values in the 
context of lubrication level. Feng [10] explained the influence of lubrication on RMS 
and its distribution in the frequency domain. In the case described, neural networks 
are the suitable algorithm for the evaluation of RMS values comparing a defined 
threshold value [11]. Two patent applications [12,13] proposed that principle for the 
damage diagnostics of linear rolling systems. The producer THK and Schaeffler used an 
acceleration sensor to measure vibrations and evaluated RMS in the high-frequency 
band. When the threshold value is exceeded, the linear guide is relubricated, and the 
level of vibrations is measured again.

The current trend of linear rolling systems diagnostics is developing more 
auspicious input parameters for the diagnostics based on neural networks. Scientists 
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compare the analysis of measured vibrations 
focused on, e.g. spectral analysis, crest factor [14] or 
spectrogram [15,16], considering different types of 
neural network algorithms [17].

Despite these efforts, linear rolling system 
diagnostics still does not appear reliable enough 
in industrial practice. In practice, several cases 
of significant damage to guiding profiles and 
rolling elements were noticed, in those measured 
vibrations did not exceed the threshold value. 
In industry, linear rolling systems are operated 
under varying conditions, which may disable the 
diagnostic function. Thus, the article describes an 
innovative method for the damage diagnostics of 
linear rolling systems.

2. Experimental Section
In the case of handling machines, linear rolling 

systems are frequently operated under enormous 
loads. These loads mainly relate to the mass inertia 
of transported goods. It might be recognised that 
external load influences measured vibrations in the 
way of damping them rapidly or exceeding them in 
orders by the machine's dynamical behaviour [18].

Thus, an innovative principle was developed 
as the linear rolling system with an integrated 
diagnostic system [19]. A load-free part was 
designed in the linear rolling system carriage with 
shared rolling elements. The external dynamical 
load is eliminated, and vibrations measured on the 
load-free part enable recognising the damage more 
easily (Fig. 1).

For verification of the proposed principle, a 
functional sample was produced and tested. The 
testing process was based on the simulation of 
operating conditions and guiding profile damage. 

Figure 1: The linear rolling system carriage with the load-free 
part.

 

Laboratory testing was focused on evaluating 
vibrations measured on the load-free part of the 
functional sample. According to current knowledge, 
measurements were processed in the time domain.

The testing facility enabled the pressure loading 
of linear rolling systems by pneumatic springs. A 
linear motion was ensured by electromotor through 
a rope drive (Fig. 2). When testing, the guiding profile 
assembly moved by the velocity of v=0.42 ms-1 and 
tested carriages, and the functional sample stood 
connected by pneumatic springs to the frame. The 
pressure load used for testing was F=18.5 kN.

Figure 2: The testing facility.
 

The Hiwin linear rolling system, type RGH30CA 
ZAH, with rollers as rolling elements, was redesigned 
for the functional sample with the integrated load-
free part (Fig. 3). The basic dynamic capacity of the 
Hiwin linear rolling system was C=39.1 kN, and the 
diameter of rollers dv=4 mm.

 

Figure 3: The functional sample.

 

Figure 4: The simulated damage of the guiding profile.
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Fig. 4 shows the guiding profile damage as a 
ground groove with a thickness of 1 mm on the 
contact surface. The damage represented a fatigue 
failure caused by contact pressure.

Vibrations on the load-free part and the carriage 
were measured using the 1-axis acceleration 
sensors that were placed according to the picture 
in Fig. 5. The 1-axis sensor of MMF producer, type 
MMF KS97.100, featured the range of ±60 g and the 
linear frequency range up to 13 kHz. The sampling 
frequency of measurement was set to 25 kHz.

 

Figure 5: The placing of 1-axis acceleration sensors.

3. Results and Discussion
The diagnostic function of the proposed 

diagnostic principle was verified via the testing 
in laboratory conditions. On the contact surface 
of the guiding profile, the groove was ground for 
the damage simulation. Then, the vibrations were 
measured and analysed on the load-free part and 
the carriage in the time domain.

The time graph in Fig. 6 shows the carriage 
crossing over the simulated damage. Major 
amplitudes of measured acceleration may be 
recognised at a time period of TBA with parameters 
of time t

A
=2.59326 s and t

B
=2.61268 s.

Figure 6: The time graph of acceleration by the carriage crossing over the simulated damage: Ordinate tick marks 100 ms-2 .

Figure 7: The time graph of acceleration by the load-free part crossing over the simulated damage: Ordinate tick marks 100ms-2.
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These major amplitudes belong to the changed 
status of the rolling element from non-loaded to 
loaded status. In contrast, amplitudes of acceleration 
related to the simulated damage are hidden in the 
vibration noise.

The time graph in Fig. 7 illustrates the load-
free part crossing over the simulated damage. In 
the measured signal, parameters of major T

42
 and 

minor T
31 

acceleration amplitudes of t
1
=1.95636 s, 

( )1
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t
2
=1.96376 s, t

3
=1.97620 s and t

4
=1.98432 s may be 

detected.
Referring to the time graph, major amplitudes 

of acceleration with the time period of T
42

 belong 
to the vibrations excited by the simulated damage. 
In the measured vibrations, minor amplitudes of 
acceleration T

31
 may be observed. These minor 

amplitudes are related to the changed status of the 
rolling element by crossing over from the load-free 
part to the carriage of the functional sample.
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The time period of major and minor amplitudes 
equal approximately to the damage time period of 
the guiding profile, T

42           
T

31          
T

Dp
.

Through a length of the load-free part l=15mm, 
the number of rolling elements n in contact with one 
raceway of the guiding profile may be calculated.

≅ ≅

/ 3.75vn l d= =

The result indicates 3 or 4 rolling elements in 
contact with the raceway each time. Respecting the 
preload of linear systems, by crossing one specific 
rolling element over the damage, the remaining 
rolling elements might absorb excited vibrations. By 
reducing the number of rolling elements in contact 
with the guiding profile, significant acceleration 
amplitudes that belong to the vibrations excited by 
the simulated damage were reached.

4. Conclusions
The diagnostics of linear rolling systems is 

currently based on measuring vibrations and 
evaluating the RMS value in the context of the 
threshold value. In industrial practice, several cases 
of failure without exceeding the threshold value of 
vibrations were registered. Therefore, the innovative 
principle of diagnostics based on decreasing the 
external load through the load-free part integrated 
into the linear system carriage was proposed. Then, 
the functional sample with the load-free part was 
designed. In the load-free part, the major amplitudes 
related to the simulated damage were registered.
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