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Abstract. The measurement of instantaneous speed is often used in the vibration and noise control
of equipment. This paper designs an instantaneous speed measurement method based on A/D
sampling method. This method mainly obtains the instantaneous speed indirectly by obtaining the
square wave signal. The experimental results show that this method is simple and feasible, and
provides a reference for the establishment of instantaneous speed measurement system.
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1. Introduction

Rotational speed is an important basis for engine comprehensive performance detection, and
its measurement is also an important link in engine research. In fact, the change of speed has a
certain law. The fluctuating speed contains very rich information, which can comprehensively
reflect the operating state of the engine when it is working. In the industries of engine maintenance
and fault diagnosis, the measurement of speed is of great practical significance [1-4]. Among
them, the instantaneous speed contains very rich information, which makes it an effective means
and tool for engine performance detection and fault judgment.

Among the many methods of instantaneous speed measurement, the clock or timer pulse
counting method and A/D sampling method are commonly used according to the different
measurement hardware. The clock or timer pulse counting method counts the square wave signal
of the speed sensor with the high-frequency pulse square wave signal generated by the clock or
timer to measure the speed. Its characteristics are that it needs to build a hardware circuit, less
measurement data and poor expansibility. The A/D sampling method uses industrial computer and
data acquisition card to sample the speed sensor to obtain the speed waveform, and uses software
algorithm to realize the speed measurement function [5]-[8]. Its characteristics are no need to build
hardware circuit, large measurement data and good expansibility.

In this paper, an instantaneous speed measurement system based on industrial computer and
data acquisition card is built to measure the instantaneous speed of small hydraulic motor. The
principle of this method is to collect the square wave periodic signal with amplitude of 11.5 V
generated by the magnetoelectric speed sensor through A/D sampling method, and use the square
wave periodic signal to design a software counting algorithm to count the sampling points of a
single square wave, so as to measure the instantaneous speed.

2. Measuring principle

The signal output diagram of magnetoelectric sensor is presented in Fig. 1.

As can be seen from the figure, when the shaft rotates, the rotating gear teeth pass through the
fixed sensor in turn. Due to the electromagnetic induction effect, high voltage is generated when
the tooth top passes through the sensor, and low voltage is generated when the tooth groove passes
through. The generated sinusoidal like voltage signal is filtered, amplified and shaped by the signal
conditioning circuit inside the sensor and converted into a square wave voltage signal with an
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amplitude of 11.5 V.
The measured instantaneous speed can be expressed by Eq. (1):

60f
=7 1
n=— (1)
where f is the instantaneous frequency of the square wave signal output by the speed sensor; Z is
the number of teeth of the speed measuring gear, and its value is 30.
Then f can be expressed by Eq. (2):

F=1 @)

where T is the period of a square wave signal.
The period of a single square wave signal collected by A/D sampling method is presented in
Fig. 2.

Square wave pulse

Fig. 1. A schematic diagram of signal output of magnetoelectric sensor
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Fig. 2. A schematic diagram of square wave signal period

The period T of a single square wave signal is:
T = tl + tz, (3)

where t, is the elapsed time of high level, t, is the elapsed time of low level.

11 4 'VIBROENGINEERING PROCEDIA. JUNE 2022, VOLUME 43



AN INSTANTANEOUS SPEED MEASUREMENT METHOD BASED ON A/D ACQUISITION METHOD.
GAOQUAN GU, JING ZHANG

The instantaneous frequency can also be expressed as follows:

Folk (4)

where N is the number of sampling points in a single periodic square wave signal, f. is the
sampling frequency set in the measurement and control software of industrial computer.
The number of sampling points n of a single square wave period is:

N = Nl + Nz, (5)

where N; is the number of sampling points of single period square wave high level, N, is the
number of sampling points of single period square wave ground level.
From Eq. (1-4):

60f;
n=—-

N7 (6)

The sampling points obtained by A/D sampling method are and sampling frequency f, relevant
equal time interval sampling points. It can be seen from Eq. (6) that f and Z are constants.
Therefore, as long as the value of N is measured, the instantaneous speed n can be measured.

The flow chart of the test algorithm is presented in Fig. 3.
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Fig. 3. A flow chart of test algorithm
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The high level sent by the speed sensor is a square wave voltage signal with an amplitude of
11.5 V. Set the threshold between 8 and 11.5 V to 9.75 V to judge whether the sampling point is
at low level or high level. If the voltage value is less than the threshold value and it is judged as
low level, the corresponding low level counter works, starts counting the number of sampling
points, and the flag bit value of the level is set to 0. If the voltage value is greater than the threshold,
it is judged as high level, the corresponding high level counter works, starts counting the number
of sampling points, and the flag bit value of the level is set to 1. After getting the number of
high-level sampling points N; and number of low-level sampling points N,, the number of
sampling points N of a single square wave voltage signal can be obtained by substituting into
Eq. (5), and then the instantaneous speed n can be obtained by substituting into Eq. (6). As long
as the measurement process does not stop, the above process continues to cycle, so that the
instantaneous speed of each square wave signal can be measured until the measurement process
stops.

3. Experimental design

The experimental device for instantaneous speed measurement is presented in Fig. 4.

The speed measuring gear is installed on the output shaft of the hydraulic motor. The hydraulic
system is a variable speed open hydraulic system, and the power source is permanent magnet
synchronous AC servo controller and quantitative gear pump. By adjusting the engine speed and
changing the flow of the hydraulic system, the speed of the small diesel engine is changed. The
hardware of the whole measurement and control system is based on industrial computer and data
acquisition card, and the measurement and control program is compiled by LabVIEW. The
collected square wave signal is realized by using the speed measurement algorithm in Fig. 3. This
process is programmed in MATLAB.
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Fig. 4. A schematic diagram of instantaneous speed measurement experimental device
4. Conclusions

The control mode is speed open-loop control. The speed of the hydraulic motor changes with
the speed of the motor. The sampling frequency of the data acquisition card is set to 50 kHz in
LabVIEW software.

In this process, the traditional monitoring method is connected to the API-1 test port and the
monitoring method is proposed to the api-2 test port. At the same time, the monitoring process is
started and two groups of test windows are generated; After 60 s of window operation, 10 groups
of monitoring data of 2 groups of test windows are intercepted instantaneously, and the data time
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interval is 0.18 s; The intercepted data is collated and compared with the background data of

MATLAB to generate a test report which is presented in Table 1.

Table 1. Comparison of effectiveness test data of instantaneous speed detection technology

Traditional technology speed A/D acquisition method speed Background speed
measurement rain/s measurement rain/s rain/s
2530 2734 2746
2624 2827 2834
2426 2658 2661
2353 2578 2582
2365 2558 2560
2978 3056 3060
2987 3108 3112
3024 3134 3140
3078 3168 3175
3062 3160 3166

Through the comparison of revolutions in Table 1, it can be seen that the value obtained by the
proposed monitoring technology is closer to the actual revolutions, and under the same time
interval, the fluctuation between the monitoring values is small and the stability is better.

Figs. 5-7 described the whole time history and the waveforms of 2-2.5 seconds pulse signal
and speed signal, as well as the waveforms from steady-state operation to shutdown of the
equipment. The above phenomenon confirms that the instantaneous speed is proportional to the
instantaneous frequency of the periodic square wave voltage signal. So as long as the
instantaneous frequency or period of periodic square wave voltage signal is measured, the
instantaneous speed value can be obtained.
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Fig. 7. Time history diagram of steady-state operation shutdown speed of the equipment
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