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Abstract. With the rapid development of modern science and technology today, a
variety of emerging technologies representing advanced productivity can not only
greatly improve the effect of equipment automation, but also promote the overall
quality and level of manufacturing equipment, and even to the greatest extent to avoid
the occurrence of safety accidents caused by human factors. Recently, in the
mechatronic pump industry has emerged with the development of artificial
intelligence technology color, the complexity of its internal structure and the precision
of electronic control system has even reached a jaw-dropping degree. Artificial
intelligence technology involves a wide range of knowledge, and has a very high
degree of complexity and technology, the use of mechanical and electronic industry
will certainly promote the whole industry to a higher stage of development. It can be
expected that if ai technology can be applied continuously and stably in the mech
industry, then the integrated drive system is expected to achieve the goal of high
turnover and low cost, and will achieve value compensation in terms of economy and
efficiency by improving operation characteristics and saving energy.

Keywords: Artificial Intelligence Technology, Mechatronics Pump, Instrument
Automation, Electronic Control

1. Introduction

Modern mechanical and electronic pump system is an engineering system with many design
disciplines, which can also be classified into the category of mechanical integration [1]. The
development history of mechatronics pump can be roughly divided into the following three stages: the
first stage is also the primary stage, in this stage, mechanical electronics is still in the embryonic stage
of development, there are more development constraints, many development opportunities are not
mature, the efficiency of the machine chemical industry production is low; The second phase is also
called the development phase, at this stage, machinery and electronics engineering began to move
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towards marketization of mechanical production direction, formed the assembly line production mode,
to improve the labor efficiency greatly, and the precision of the products, also has further guaranteed
and the worker's labor has been greatly reduce [2-3]. However, market demand is not static. With the
development and growth of the market, higher requirements are put forward for products [4]. The
operation mode of the assembly line can only process the standard parts, and its disadvantages are
exposed. The third stage is the mature stage, which shows that with the continuous penetration of
artificial intelligence technology into all walks of life, it has been more and more widely applied in the
field of mechatronic, making the field of mechatronic engineering finally enter the mature stage of
development [5-6]. With the penetration of artificial intelligence technology, mechanical and
electronic products have become smaller and smaller in size, but more and more powerful in function,
thus meeting various high requirements of the market [7].

In the development process of the machinery industry, research achievements on mechanical
systems engineering and artificial intelligence technology are also emerging, and the relationship
between mechatronic engineering and artificial intelligence technology is getting closer and closer.
The former provides product support for the application of the latter, while the latter provides strong
technical support for the former [8-9]. At present, the research on mechanical and electronic pump
system at home and abroad is focused on the linear system. Foreign researchers believe that the
characteristics of mems are their multivariable and nonlinear outputs. If the traditional system analysis
method is used to identify the mems, it will be found that there are still insurmountable obstacles in
mathematical theory [10]. In China, on the basis of complex calculation and batch processing, some
researchers began to study how to use the genetic algorithm of artificial intelligence combined with
relevant theories to solve problems encountered in reality [11]. However, current researches only focus
on system prediction, system identification and optimal control, and the research on mechatronics
pump simulation modeling and artificial intelligence technology combined with neural network
algorithm is still in a blank stage [12-13].

The research in this paper regards artificial intelligence technology as an unconventional
expression, gives it the function of establishing system models, and regards it as the inverse dynamic
model of controlled objects [14]. In the research method, the neural network method and the
mechanical and electronic pump system component modeling method are used to solve the electronic
pump system identification problem. According to the experimental results, the average error between
the test data and the ideal value obtained by combining the above two methods is only 6.45%. This
indicates that it is feasible for ai technology to distinguish the mechatronics pump system, and ai
technology has the potential to solve the control error of the mechatronics pump system and optimize
the performance [15].

2. Method

2.1 Construction of Mechatronics Pump System Component Model
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Figure 1. Mechatronics pump system component model framework diagram

Speaking of the mechatronics pump drive device, in most cases can be understood to be controlled by
the frequency modulation motor. In this respect, the function of the frequency-modulator is to allow
the user to control and adjust the alternating current of constant amplitude and frequency to a variable
configuration as required. Electronic pump speed regulation can also achieve the purpose of energy
saving. As the volume of the electronic pump module continues to shrink, more and more components
have been allowed to merge into a physical whole, and the model composition of the electronic pump
module has been presented. The model composition of the system component is shown in figure 1
below. It can be seen from the figure that which of the physical components of the whole mechatronics
pump are integrated together and the implementation components of its assembly are fully viewed.

2.2 Requirements for Artificial Intelligence Integrated Drive System

In recent years, the realization of partial intelligence of partial artificial intelligence has promoted the
attention of artificial intelligence devices. Based on these deployment goals and requirements,
electronic pumps play an essential role in the overall process. Partial artificial intelligence means that
the electronic pump needs to undertake the functional adaptation of connectivity and adaptation to
changes in process requirements as well as its own monitoring. Based on the fact that ai electronic
pump drives often work in complex processes and in different applications, we outline a wide range of
requirements:

High reliability and availability;

-- Simple matching with application through field parameterization;

-- With integrated drive protection function and defect diagnosis function;

-- Achieving required and economical fluid transfer through speed adjustment;
-- Electromagnetic coordination;

-- Having an interface to communicate with the superior system;

-- Mechanical compatibility with [EC standard motors;
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-- With pump characteristic control function;

-- Simple mechanical and electrical connection;

-- Simple operation, local control or remote control;
-- Simple mechanical and electrical connection;

-- With local artificial intelligence characteristics.

2.3 Neural Network Algorithm Based on Artificial Intelligence Technology

The neural network structure of feedforward network is adopted in this paper. In order to adopt
sufficient system information, the inlet water temperature of condenser, compressor frequency,
condenser water flow, evaporator water flow and inlet water temperature of evaporator are taken as the
network input. Two neural networks are used to output the outlet water temperature of the condenser
and the outlet water temperature of the evaporator respectively. The characteristic parameters of other
heat pump systems can be calculated based on these two and known parameters, and the weight
adjustment rate of the neural network is selected as:

Aw=J"T+ul)'Je (1)

In the formula of the weight adjustment rate, J is the matrix of the derivative of the error with
respect to the weight, e is the error vector, is a scalar when is very small, the above formula becomes
the gauss-newton method. In this method, is adaptive. In order to facilitate the convergence of the
network, the network input is normalized, and the normalized formula is:

(x—a)/(b—a)=(a—x)/(a—b) 2)

Where, x is the actual input vector before normalization, a is the minimum input in the actual input
vector, and b is the maximum input in the actual input vector.

3. Experiment

In the experiment of the mechatronics pump, we set the inlet temperature of the evaporator to keep
around 40°C, while the inlet temperature of the condenser was set at 50°C, 45°C, 40°C, 35°C and 30°C.
After the system was stable, the data began to be read. If manual recording is adopted to read data, the
acquisition frequency is once every 10 minutes, while the computer acquisition frequency is once
every minute to collect 20 sets of data. Then the frequency converter is used to adjust the input
frequency of the primary compressor. The set compression frequency is altogether 5, respectively
30Hz, 35Hz, 40Hz, S0Hz and 55Hz.

After the tests of 5 groups of different frequencies are completed, the inlet water temperature of the
condenser is adjusted to reach another temperature set point, while the inlet water temperature of the
evaporator is kept at about 40 ‘C . Then the test is conducted according to the above 5 groups of
frequencies and the data are recorded. After all the above tests, change another condenser water flow
rate.
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During the whole test, a total of 5 condensers were transformed, which were 0.053kg/s, 0.082kg/s,
0.151kg/s, 0.136kg/s and 0.162kg/s. That is, fix two of the three variables, change all the variable
values in the change field of the other variable once, and make a round of experiments until all the
operating points of various combinations of the three variables are achieved. In this study, a total of
130 groups of experimental data under working conditions were recorded, and the data collected under
these 130 groups of working conditions constituted the data sample set for establishing and testing the
system model.

4. Discuss

4.1 Identification Analysis of Electronic Pump Heat Pump Based on Neural Network Algorithm

In this study, the training network adopted experimental data of 130 working conditions, while the test
network tested the water temperature test error at the outlet of the condenser and the water temperature
test error at the outlet of the evaporator with five groups of evenly distributed data. The data results
obtained from the identification of electronic pump heat pump were shown in figure 2 below.

Condenser and evaporator export water temperature test
error of the result

60 4.50%
4.00%

30 3.50%
40 3.00%
2.50%

30 2.00%
20 1.50%
1.00%

0 0.00%

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

N Relative error Evaporator [l Relative error Condenser

Relative error Evaporator Relative error Condenser

Figure 2. Test error results of water temperature at the outlet of condenser and evaporator

When the neural network algorithm based on artificial intelligence technology is applied to the
research of mechatronics pumps, it is necessary to use the random method to program the primary
generation population, and to generate the primary generation individuals by the hybrid method.
During the crossover process, the maximum depth of the individual algorithm tree is 17, the crossover
probability is 0.86, the maximum depth of the initial generation individual algorithm tree is 7, and the
number of individuals in the group is 450. Four individuals are used to illustrate the overall process of
identification. The individual adaptability measurement results are shown in table 1 below.
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Table 1. Individual adaptability measurement results

a('C) b(Hz) c(kg/s) d(kg/s) E(C) T(C)
1 50 55 0.1442 0.2653 36.342 59.01
Sample
2 50 55 0.1643 0.296 37.183 61.23
3 50 55 0.0874 0.2649 37.827 66.07
Individual 1 31.7 8.058 48.536 -49.215
Individual 2 31.7 6.382 47.541 -49.274
Return value /
Individual 3 31.7 4.709 45.031 -49.196
Individual 4 42.48 6.731 44.905 -57.939

In the table, a, b, ¢, d and E respectively represent the inlet water temperature of the evaporator, the
compressor frequency, the evaporator water flow, the condenser water flow and the inlet water
temperature of the condenser, and T represents the measured value of the outlet water temperature of
the condenser. It can be seen from the table that individual 3 has the best adaptability, while individual
4 has the worst adaptability.

4.2 Application Analysis of Artificial Intelligence Technology in Mechanical Pumps

In this paper, the neural network algorithm as the underlying algorithm, combined with artificial
intelligence technology, through the experiment to collect a variety of operating conditions of samples,
to determine the mechanical and electronic pump system model. From the process of obtaining the
model, the neural network algorithm has the ability of learning and adaptation. Therefore, in the field
of mechanical and electronic engineering, artificial intelligence can promote the development of the
entire industrial production and manufacturing.

The application of artificial intelligence technology in electrical engineering automation is in the
central link, which can reduce the coordination problem between equipment and production in
traditional industrial production, ensure the simplification of production and manufacturing process,
and greatly reduce the manufacturing cost, so as to avoid safety risks caused by manual operation.
Since artificial intelligence has its own calculation program, it can make everyone have the knowledge
and experience of experts, and conduct automatic analysis and processing of the problems encountered
in mechanical and electronic pump control to ensure the accuracy of calculation.

For the neural network model, if the accuracy after modeling cannot reach the required accuracy, it
can use the good self-learning of artificial intelligence technology to improve the accuracy of the
model; From the expression form of the model, it can be seen that the model determined by the neural
network algorithm can be expressed in a simple and explicit way, which indicates that the
mechano-electronic pump based on artificial intelligence technology can find out the factors and
variables closely related to the output, and is more consistent with the physical law.

5. Conclusion
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Mechatronics pump system has entered the mature stage of later development with the support of
artificial intelligence technology, and the further development of artificial intelligence technology is
feeding the field of mechatronics engineering to develop in depth, so that the performance of
mechatronics pump system will be improved to a greater extent. In the near future, by intensifying the
research on artificial intelligence technology, we can not only gradually improve the existing
application field, but also open up more extensive application space more actively, so as to better serve
the field of mechatronics.
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