Measurement and mathematical function of the
actuation force of the rail switch drive
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Abstract. The paper presents results of measuring the force of the adjustment of the rail switch
drive by spindle. The actuation force is the maximum force with which setting valve of the drive
done to change position of the point. The simulation research requires proper mathematical model
of the actuation force of the rail switch drive. Thus, the verification of such model requires real
data measured on real object. The paper presents results of measurement and method of real data
analysis.
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1. Introduction

The adjusting force is the name of the switches force of switch drive. It is estimated as the
maximum value occurred when the clutch is overloaded. The force setting is an important
parameter related to the safety train traffic control. Therefore, the measurement of the setting force
is very important. Two methods for measuring force adjustment are known and used: the method
of measuring the force of the adjustment of the rail switch drive by spindle and the method based
on the measuring the setting current voltage. The first method is based on the procedure as follow,
placement of the measuring spindle instead of the spindle at the point of connection of the
adjusting rod with the slider and measurement directly the force between. The second method is
indirect and it based on the measuring the current voltage that flows during the changeover of the
switching drive. With the well know current-force relation it allows to determine the value of the
adjusting force [1-5].

2. Rail switch drive adjustment force measurement method

The direct method of adjustment force measurement is a technically complicated procedure.
This procedure requires a lot of preparatory work. Also, it requires the special agreement from the
supervisor of the train traffic control at the station and the switch drive needs to be switch off.
These cause the complications to the traffic control procedure at the station. In addition, it is
forbidden (in the case of many types of spindles) to operate on the direction of the switch in which
the measuring spindle is currently mounted. The next step after obtaining the consent of the
measurement procedure is a mechanical disconnect switch drive from the crossover. This is a
time-consuming activity, especially in winter conditions. It consists in removing the splines
securing the spindle and detaching it from the system. After this step, the measuring spindle must
be fitted. In the case of EZK (electrical train) type spindles, it is not advisable to change the
electrical connections, so must by hand over the crank handle to the extreme position. For other
types of pins — electrically adjust the crossover is possible. According to recommendations [6-10]
the crossover needs to be turned three times and then measurement of the setting force can be
done. It is important to place the measuring spindle correctly in the opening of the adjusting slider
and the adjusting spindle and reset it after several resetting. Correct positioning of the spindle is
shown in Fig. 1 [9]. Sometimes the measuring spindle is not properly integrated in the measuring
system. The manufacturer of the PAMAR-MS recommends the use of special spacers, but
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sometimes it is difficult to determine whether the spindle is correctly positioned.

Fig. 2. Force measuring system (description in text)

The adjustment force measuring system consists of the essential elements such as (Fig. 2):
1 — measuring spindle, 2 — adjusting slider, 3 — adjusting rod, 4 — switching gear, 6 — measuring
electronics. In addition, the needle pin (4) and the control rods (5) can also be distinguished.

The average measuring time is around 10-20 minutes. According the regulations the
measurements of adjusting forces should be provide every 2 months in the drives installed in the
main tracks and every 4 months in the drives built up in the side tracks. Due to the number of the
electric switches used in Poland, which is more than 60000, the problem become much more
important. Thus, the experiments on novel methods are needed.

3. Results of measurements

The experiments were conducted with the measurement of the actuation force of the rail switch
drive measured by spindle. The sampling time was set as 0,00333 [s] for the 10 seconds recording
unit. Some of the results have been depicted in Fig. 3.

The simulation research requires proper mathematical model of the actuation force of the rail
switch drive. Thus, based on real data result the approximation functions were determined. Due
to the analysis of actuation force distribution (Fig. 3) it can be easily recognized the moment of
sliding the clutch, as the period of maximum values. For the better adjustment of the
approximation function the data collected during the switching on, 0,15 [s] period before reached
maximum values, were analyzed separately with polynomial function. The same procedure was
conducted for the data collected during the switching of, 0,666 [s] time period. Such an approach
is due to initial guidelines. It allows to generate polynomial functions with 3 degrees (switch on)
and 5 degrees (switch off) for the better adjustment of the approximation function. Figs. 4 and 5
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present results of measurement and proposition of approximation functions.
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Approximation function presented in Fig. 4 is intensely increasing to the sliding
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the clutch point. The equation of the approximation function is as follow:
y = —18864x3 + 99074x2 — 111551x with the coefficient of determination R? = 0,9945.

Switch off approximation function is intensely decreasing from the sliding the clutch point and
slowly decreasing or remains near to the same value to the end. The equation of the approximation
function is as follow: y = 12971x° — 113196x* + 370288x3 — 539833x2 + 300505x with
the coefficient of determination R? = 0,9222.

4. Conclusions

The paper presents results of measuring the force of the adjustment of the rail switch drive by
spindle. The results presented were collected as real data collection due to research on the real
object. The presented analysis method allows to determine complex approximation function of the
actuation force with the proper adjustment even for the chaotic switch on and off periods. Thus,
such function can be used as the mathematical model for the simulation research.
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