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Abstract: This paper introduces the working process of the system hardware block 

diagram of the motor automatic test system based on PLC, analyzes each part of the 

motor automatic test system in detail, and explains the structure and function of each 

part. And gives the system hardware and software optimization advice. The cost of the 

design system is lower than that of the one-click test system based on microcomputer 

system under the condition of satisfying the regulation and control, and the structure 

is simple, which can satisfy the general automatic test of asynchronous motor, and can 

also improve its precision by changing the module of the system. It is very practical. 
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1. Topic Background 

Motor test is the use of instruments, instruments and related equipment, in accordance 

with the relevant standards, the electrical properties and mechanical properties of 

semi-finished products and finished products in the process of motor manufacturing, or 

auxiliary products with the motor as the main body, Safety performance and reliability 

of technical indicators such as testing.[1]Through these tests, all or part of the motor 

performance data can be reflected, using these data, we can judge whether the 

products meet the design requirements, the quality of the advantages and 

disadvantages, as well as the improvement goals and directions. The finished product 

test is a part or all performance test for the motor after assembling the whole machine. 

The finished product test is divided into two categories: type test and inspection test. 

[2]. 

 

2. Research Status 

In the past, the electric motor test often used the ordinary needle instrument by 

manual reading, manual recording, and then manually collated the data and drew up 
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the curve or the report of the experiment. For some reasons, such as voltage 

fluctuation, frequency fluctuation, and load fluctuation and so on, the pointer of the 

instrument will swing. In order to read the parameters of a given moment accurately, 

it is often necessary for several people to read the meter at the same time, so the 

working efficiency is low. Not only that, because of the difference of reading table, 

reading, recording and calculating, all kinds of human error also make the experimental 

data dispersive, the accuracy of experiment result is low, the repeatability is poor, and 

now this kind of test method is basically eliminated. Another method of measurement 

is to use various electronic measuring instruments, such as multi-function electric 

parameter tester, to measure the parameters of three-phase voltage, current, power 

factor, frequency and so on.[3] For example, the torque and rotational speed tester 

can be used to measure the torque, speed and output power of the motor under 

various conditions. This kind of instrument is generally composed of a single chip 

microcomputer, with high measuring precision, digital display and complete function. 

The automation degree is improved, but the problems of data processing and reading 

synchronization are still not satisfactory. In order to ensure the reliability of the system, 

effective interlock, isolation, anti-interference and other measures are adopted in the 

system.[4] Operation The system can complete all kinds of characteristic experiments 

automatically by setting up the experimental environment and issuing the starting 

command. There is also one of the few scientific research institutions, such as 

Shanghai Institute of Electrical Science, Shanghai Institute of Electrical Technology, 

Tianjin Institute of Electronic Science, Guangzhou Institute of Electrical Science and 

Research Institute of Electrical Type Test Microcomputer Motor automatic Test system. 

They are composed of microcomputer, various transmitters, converters and measuring 

instruments. They can complete the data processing of the test items, the table output 

of the test data and the drawing of curves. [5]. 

 

3. Scheme Design of Motor automatic Test system 

The hardware block diagram of the system is as follows: 

 
Figure 1. System hardware block diagram 
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The application of PLC control technology in engineering is the process of designing 

control system based on PLC. The design of control system based on PLC will be 

different in different applications. For example, simple applications may only need to 

design the functions of input / output modules of PLC, while complex applications may 

need to design complex functions such as PID control and PLC networking. 

The composition of PLC is very similar to that of computer. It is mainly composed of 

CPU (CPU), memory, I / O interface, power supply and so on, as shown in the figure. 

 
Figure 2. The basic structure of PLC 

 

The working process of PLC can be summarized into five stages: the process of 

self-diagnosis of PLC, the processing of network communication, the scanning of user 

program, and the processing of input / output information. [6] The diagram shows the 

working process of PLC. 

 
Figure 3. The working process of PLC 

 

The main functions of PLC are as follows: the realization of test algorithm, the 

communication of PLC, the remote control of various measuring instruments, the 

processing of data and the output of data. 
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The function of A- / D conversion is to convert the analog which is continuous in time 

and amplitude to discrete in time. The digital signal. A- / D conversion with discrete 

amplitude usually goes through four processes: sampling, keeping, quantizing and 

coding. In practical circuits, some of these processes are combined. For example, 

sampling and holding, quantization and coding are often implemented simultaneously 

in the conversion process. 

The keyboard indicates the connection and control sequence between the test 

functions applicable to the whole motor automatic test system. Liquid crystal display 

screen is used to output and display the test results of motor automatic test system. 

The resistance tester is used to measure the rotor resistance of the motor, and it is a 

kind of signal acquisition. The functions of keyboard, indication and LCD screen are 

used for manual input and output, and the test interface is used for the collection of 

various signals. Ac amplification is a signal that amplifies the weak input signal to the 

required amplitude and is consistent with the original input signal, that is, the signal is 

amplified without distortion. Only in it makes sense to magnify without distortion. The 

essence of amplifying circuit is the control and conversion of energy. According to the 

common end of input circuit and output circuit, there are three basic forms of 

amplifying circuit: common emission amplifier circuit, common set amplifier circuit and 

common base amplifier circuit; 

 
Figure 4. Mu-circuit 

 

Ac-DC conversion includes pulse width modulation unit, DC converter unit and 

self-oscillating circuit. The pulse width of the pulse width modulation unit used to 

output PWM signal is determined by the level signal. The DC converter unit receives the 

first DC voltage and converts it to the second DC voltage, where the level of the second 

DC voltage is determined by the PWM signal. The self-oscillating circuit generates an 

AC voltage to the lamp according to the second DC voltage. The level of the output AC 

voltage can be determined by a DC AC converter through a level signal. When the DC 

AC converter operates in burst mode, the level signal is staggered between high and 

low. Level, so that the output AC voltage is burst; 
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DC amplification: the collected electrical signal is often very weak, and changes slowly, 

contains DC components, after amplification is easy to detect, record and process; 

 
Figure 5. DC amplifier circuit 

 

Filtering is an important measure to suppress and prevent interference. It is a 

probability theory and method to estimate another stochastic process by observing the 

results of a random process. In fact, any electronic system has its own band width 

(limiting the maximum frequency of the signal), and the frequency characteristic 

reflects this basic characteristic of the electronic system. The filter is an engineering 

applied electricity which is designed according to the influence of circuit parameters on 

the frequency band width of the circuit. 

 
Figure 6. Band elimination filter 

 

An important aspect of automatic motor testing system is logic control. With the 

development of computer hardware and software, PLC can be controlled by computer. 

Popularization and use can improve the reliability and flexibility of the system. The 

computer has powerful data and logic operation ability, but the ability of relay control 

and anti-jamming is insufficient, but the ability and reliability of PLC are incomparable, 

but the logic operation and data processing are clumsy. It is a trend to realize the 

control of the system by combining them organically. 
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Four, the main link design of the motor automatic test system 

The measuring method of contact resistance of metal electrical contact material with 

reference to the national standard GB/T 15078-1994 "measuring method of contact 

resistance of noble metal electrical contact material", the four-point method is used to 

measure the contact resistance of metal electrical contact material. Because the 

four-point method uses the constant current source of 20mA/100mA to measure the 

contact resistance, the essence of measuring the contact resistance is to measure the 

contact voltage. 

The A / D converter is mainly used for data acquisition and conversion of all kinds of 

electrical signals. A 16-bit high precision A / D conversion chip ADS7809 is used in this 

system. The single channel serial communication mode of the chip, the reference 

voltage is 5V, and the input voltage is 10V under the single-stage operation mode. How 

it works is shown in the following figure: 

 
Figure 7. The principle of A / D Converter 

 

The circuit of the amplifier section is shown in the figure: 

 
Figure 8. Mu-circuit 

 

The display part of this system mainly includes El display screen and SED1330 display 

control module. EL160.80.50-ET display screen is a small dot matrix graphics display 

screen with no built-in controller. The full screen 12800 pixels are set up independently 
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and driven by graphic mode. Clearly display the various graphics and text required by 

the user. Full screen can display 16 ×  16 dot matrix Chinese characters 10 ×  5 or 8 ×  

8 dot matrix characters 20 ×  10 .EL160.80.50ET display screen has a standard data 

and power interface and a brightness adjustment interface. Power requirement: 12V 

display voltage, 5 V logic voltage. The interface signal includes 4-bit video data signal 

sent in parallel, vertical synchronization signal VS, horizontal synchronization signal 

HSS, video time clock VCLK and display self-test. SED1330 LCD control board is 

designed and manufactured around SED1330 controller. Is used for MPU system and 

liquid crystal display module between the control interface boards. It can quickly 

interpret the instructions and data from the MPU system at a very high operating 

frequency, put the parameters in the corresponding registers, and produce the display 

of the corresponding timing and data control liquid crystal display module. Control can 

manage 64K Display RAM, manage both internal and external character generators. 

 
Figure 9. Flow chart of master control program 

The direct control of hardware can be realized by using assembly language with high 

reliability. The whole test software all Chinese menu operation, using structured, 

modular design method. The program includes five parts: master program, test 

program, common subroutine, initialization program and self-test program. The master 

control program is the core of the system program that manages and controls the 

system hardware and software resources comprehensively, such as scanning the 
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keyboard, controlling the transfer of the test function, converting the man-machine 

dialogue screen, and so on. [6]. 

Common subprograms are used to realize general functions such as state setting, data 

operation, nonlinear error compensation, display, parameter query and so on. In order 

to ensure the normal operation of the system, every time the system is powered on or 

reset, each part of the system hardware is detected by the self-test program. 

 

4. Performance Analysis and Feedback of Motor Automatic Test System 

The motor automatic test system has no feedback link, is a simple open-loop system, 

among which there are several links that affect the system error: the information 

acquisition error of test interface, the error of AC amplification, the error of AC / DC 

conversion. The error of DC amplification, the error of filtering, the error of A / D 

converter in signal digital-to-analog conversion and the error caused by PLC calculation. 

The total error of the whole system is equal to the product of each error. 

The cost of the design system is lower than that of the automatic test system based on 

microcomputer, and the structure of the system is simple, which can satisfy the general 

automatic test of asynchronous motor. It can also change the module to improve its 

accuracy and practicability. 

Recommendations for further improvement of the system: 

 

4.1 Hardware 

Current sampling: the input current of the motor is extracted by using a shunt. Because 

the resistance of the shunt is very small, the generated voltage signal is very small, the 

maximum range is 150 MV, and so the small voltage signal is easy to be interfered with. 

If the current sensor is adopted, the anti-jamming ability will be improved. Now it has 

been changed to Hall sensor, the signal is not only current signal, but also isolated from 

the main circuit, which eliminates common mode and other kinds of interference. 

Instrument: in the measurement of voltage and current parameters, the frequency of 

output voltage of frequency converter is sometimes lower than that of IOHZ because of 

the testing of frequency conversion motor, but the current testing range of electric 

parameter tester is only 10Hz or DC. In debugging, the performance of some test 

instruments is not very ideal, such as rotating speed and torque meter frequency 

converter open, received a lot of interference, serial port is not isolated. The selection 

of test instruments and anti-interference measures are needed. 

 

4.2 Software 

The main improvements of the software are as follows: 
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(1) Optimization of automatic test algorithm: in automatic test, automatic test 

algorithm is very important and complex. On the one hand, more and more 

comprehensive consideration is needed in safety, especially in torque and speed test, 

if the algorithm is not good, The test instrument is not reliable, which may cause the 

motor to run too low speed for a long time and overheat the motor, thus causing 

damage to the motor. On the other hand, the optimization algorithm makes the speed 

of motor test to be the fastest and the data more accurate. These things need to be 

improved and optimized in the actual debugging and running process. 

(2) Improvement of data processing: the characteristic curve is based on the 

experimental data and the fitting mathematical model. In the test data, it may be a bad 

value, it should be eliminated, but at present, there is no method to remove the bad 

value, nor has the bad value been eliminated. In this way, some adverse effects are 

caused on the fitted function, so the processing of the data still needs to be further 

optimized. 

 

5. Conclusion 

In this paper, the system hardware block diagram and the working principle of each 

part of the motor automatic test system based on PLC control are given. The 

corresponding circuit diagram is given, and each part is introduced in detail. Finally, 

some suggestions on how to improve the system in hardware and software are given. 
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