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Abstract: The hydraulic pilot valve is an important component in hydraulic systems. Hydraulic systems and hydraulic 
control technology are the core of the development in the field of construction machinery. This article mainly introduces 
the concept and research significance of hydraulic valves, analyzes the current research status, level, and development 
trends at home and abroad, and is committed to researching, designing, and applying a hydraulic pilot valve with an 
electromagnetic positioning handle to improve the control performance of construction machinery.
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1. Introduction
As a common component of hydraulic systems, hydraulic valves are mainly used to control the pressure and 
fluid flow within the system. With the rapid development of computers and intelligent devices, factories have 
put forward higher requirements for the accuracy and digitalization of hydraulic systems. At present, the main 
research directions of digitalization are focused on improving performance parameters such as response speed 
and output flow rate. The research areas mainly involve signal control, valve body structure, stepper motors, 
and so on. New materials such as piezoelectric crystals and magnetostrictive materials, as well as digital 
hydraulic valves, have become the research hotspots and directions of digital valves.

2. Research status and development trends of hydraulic valve control technology
2.1. Research status of hydraulic control technology at home and abroad
Research on hydraulic pilot valves abroad mainly focuses on how to improve their performance, response 
speed, and control accuracy. At present, hydraulic systems are applied in fields such as agriculture and 
construction, and hydraulic control systems have always been the forefront direction of research in the field of 
construction machinery [1]. Among them, the application of electromagnetic positioning technology to improve 
the intelligence level of the control system is a research hotspot in the field of hydraulic control abroad. In 
addition, exploring new materials and structures for hydraulic system components to improve energy efficiency 
and stability is also a hot research topic for foreign research institutions [2–3].
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The research on hydraulic control technology in China mainly focuses on improving system efficiency, 
reducing flow loss, and improving sealing performance [4]. Significant achievements have been made in the 
design and performance optimization of hydraulic components in China, but the integration application of 
electromagnetic positioning handles and hydraulic pilot valves is still weak. The research on domestic hydraulic 
systems tends to focus more on system stability, and the widespread application of hydraulic control technology 
has led researchers to pay more attention to the ability of construction machinery to operate stably under various 
complex working conditions, meeting the actual needs of enterprises.

2.2. Development level of hydraulic pilot valve technology
Hydraulic pilot valve technology has achieved fruitful research results worldwide, especially in terms of 
structure, materials, control algorithms, and electromagnetic positioning handle technology, which have made 
significant progress. The research and development of this technology abroad mainly focuses on structural 
optimization and material innovation, which enhances the performance, durability, reliability, adaptability 
to changing working conditions, and service life of hydraulic pilot valves [5]. In terms of electromagnetic 
positioning handle technology, the human-machine interaction experience has been optimized, allowing 
operators to operate construction machinery more intuitively and flexibly.

In China, research on hydraulic pilot valve technology focuses more on performance improvement and 
cost control. Many enterprises, universities, and research institutions are committed to optimizing the structure 
and improving materials of pilot valves to enhance their response speed, stability, and accuracy [6]. Although 
significant progress has been made in hydraulic pilot valve technology domestically, there is still a certain gap 
compared to foreign countries. However, both domestically and internationally, the continuous innovation and 
improvement of hydraulic pilot valve technology have injected new vitality into the development of engineering 
machinery, providing more advanced and reliable hydraulic control technology for the field.

2.3. Development trend of hydraulic pilot valve technology
With the development of society and the advancement of technology, the awareness of environmental protection 
among all sectors of society is constantly strengthening, and the development of hydraulic pilot valves is also 
moving towards the direction of environmental protection and easy operation. The development of hydraulic 
pilot valve technology in the future will pay more attention to intelligence, automation, and human-computer 
interaction [7]. The selection of materials and processes will also be more economical and environmentally 
friendly. The accuracy of user operation of hydraulic pilot valves will be improved, and the user experience will 
be enhanced. The firmness of hydraulic pilot valves will be stronger, and their service life will be longer. The 
introduction of electromagnetic positioning handle technology provides a new way to improve the performance 
and intelligent control of hydraulic pilot valves. There is a need to conduct in-depth research on the 
collaborative working mechanism between electromagnetic positioning handle technology and hydraulic pilot 
valves, improve the stability and reliability of the system, and inject new power into the future development of 
construction machinery.

3. Design scheme for hydraulic pilot valve
3.1. Structural design
Digitization of hydraulic control components has gradually become an inevitable development trend, and 
digital valves, as a type of digital fluid component, play an important role in hydraulic servo systems. Firstly, 
the design of the structure of the electromagnetic positioning handle includes sensors, control levers, and 
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electromagnetic components [8–10].
The hydraulic digital valve combines the axial movement of the main valve core and the circumferential 

rotation of the valve sleeve to independently adjust the valve opening and achieve precise control of large 
flow. Its structure covers three major modules: valve body, electro-mechanical conversion, and transmission. 
The valve body includes a main control and a diversion valve body to ensure precise flow distribution. The 
electromechanical conversion is achieved by linking the controller with the brushless DC motor to convert 
electrical signals into mechanical actions. The transmission mechanism integrates the coupling, screw nut, and 
main valve core finely regulates the valve opening, and together form an efficient hydraulic control system [11].

In the design process of valves, when the opening of the valve and the structural dimensions of the valve 
core and body are fixed, the flow rate is proportional to the pressure loss, that is, as the flow rate increases, 
the pressure loss also increases. Reasonably controlling the maximum flow rate of the fluid inside the valve is 
the key to the design. The conventional design sets the flow rate within the range of 3–6 m/s in low-pressure 
environments and relaxes it to 10–15 m/s in high-pressure environments. The flow rate limitation is not 
absolute and needs to be flexibly adjusted based on specific structural design. This project uses pure water as 
the medium, and based on its low viscosity characteristics, we set the flow rate limit value to 10 m/s. Based on 
this, we optimize the basic size design of the valve body to ensure system efficiency and stability.

Firstly, calculate the diameter of the inlet and outlet of the valve body. The inlet and outlet diameters of the 
valve body are the same, and the calculation formula is shown in Formula 1.

 (1)

In the formula:
Qmax: maximum flow rate, L/min; V0: Limit value of flow velocity inside the valve body, m/s; The rated 

flow rate of the valve designed in this article is 28 L/min, which means Qmax = 30 L/min.

Take d0 = 8mm, connect it to the second branch pipe joint, and externally connect the second branch 
hydraulic pipe. Verify the fluid flow rate inside the valve body,

Calculated as:

The calculation shows v0 = 9.29 m/s, which is less than the set flow velocity limit of 10 m/s inside the 
valve body and meets the design requirements.

Next, calculate the structure of the valve core, including the large diameter D and small diameter d1 of the 
main valve core shoulder.

To ensure the overall structural strength of the valve core, d1 ≥ D/2 is generally taken. The small diameter 
part of the valve core forms an annular channel with the valve sleeve, and the flow formula for pure water 
passing through this annular channel is shown in Formula 2.

(2)

In the formula:
D: Large diameter of the main valve core shoulder, cm; D1: Small diameter of main valve core, cm; V: 
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Flow velocity of the water in the valve chamber, m/s. If d1 = 0.5 D and v ≤ 6 ms, then:

This design takes D = 2 cm and d1 = 1.0cm, and the reverse calculation meets the requirements.

3.2. Control system design
The application range of digital valves is limited by their control accuracy, and the performance of stepper 
motors, especially output accuracy and step accuracy, is one of the limiting factors. By improving the control 
accuracy of digital valves and simplifying their structure, a new idea of using DC motors to drive hydraulic 
valves can be proposed to construct corresponding control systems. Figure 1 visually illustrates the workflow 
of this system. In traditional designs, stepper motors have limited resolution, which limits the control accuracy 
of digital valves and results in slow response speed [12]. Therefore, using brushless DC motors as an alternative 
solution, as the energy conversion core from electricity to machinery, it can efficiently convert digital signals 
into mechanical actions. With the help of a rotary to linear motion mechanism, the rotation of the brushless DC 
motor is accurately converted into linear motion, thereby achieving precise control of the main valve core and 
enhancing the digital control capability of the entire valve. In the scheme shown in Figure 1, both the control 
logic and user interface are developed on a PC using C language. The user sends instructions to the controller 
through the interface, and the controller then drives the brushless DC motor to rotate at a predetermined angle. 
This rotation action is directly applied to the main valve core through a precision transmission device, achieving 
precise adjustment of its position. This design not only overcomes the shortcomings of stepper motors but 
also improves the overall performance of the system and the convenience of user operation through structural 
optimization.

Figure 1. Control system workflow diagram

To ensure the smooth operation of hydraulic digital valves and efficient data collection, it is necessary to 
design and create integrated software as a solution. The core of this software is program development for the 
digital valve platform, relying on the powerful computing power of external X86 architecture computers to 
achieve precise command sending to the controller, and then drive the brushless DC motor to ensure accurate 
adjustment of the valve core position [13]. The core functions of this software are reflected in two aspects. 
Firstly, through an efficient command transmission mechanism, it accurately controls the motion trajectory of 
the brushless DC motor, enabling the main valve core to reach the preset position accurately and without error, 
ensuring the stability and accuracy of the system operation. Secondly, real-time feedback on key parameters 
of motor motion, including motion angle and direction, provides a reliable basis for verifying the accuracy of 
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valve core position and enhances the system’s self-monitoring and adjustment capabilities [14]. The design of this 
software enhances the overall performance of the digital valve system and provides a method for subsequent 
data collection and analysis.

3.3. Experimental system design
To ensure that the experiment can proceed normally, the team needs to analyze the feasibility of the experiment. 
Firstly, under the current technological conditions, both electromagnetic positioning handle technology and 
hydraulic pilot valve technology have matured. Secondly, the combination of numerical simulation and 
experimental verification can comprehensively evaluate system performance. Furthermore, team members have 
relevant technical and experimental experience, and schools and enterprises have strong guarantees in terms of 
policies, financial and material resources, as well as technical experts and advanced equipment. The experiment 
can be conducted safely and efficiently.

The first step of the experiment is to establish a joint experimental platform for the electromagnetic 
positioning handle and hydraulic pilot valve, ensuring the tight integration of the electromagnetic positioning 
handle and hydraulic pilot valve, simulating the real engineering machinery control environment, and 
establishing a reliable communication mechanism to ensure real-time signal transmission and response. Next, 
design experiments under different working conditions, including different workloads, speeds, and directions, 
covering the diverse control requirements of actual construction machinery, and determine key performance 
parameters in the experiment, such as control accuracy, response speed, and system stability, as indicators 
to evaluate system performance [15]. Then collect data and analyze it for user experience evaluation, real-
time record electromagnetic positioning handle output signals, hydraulic pilot valve response, and other data, 
collect subjective feedback from operators, evaluate system performance under different working conditions, 
and further optimize system design. After completing the basic experiments, it is necessary to conduct system 
stability testing and performance optimization experiments, run the system for a long time or under extreme 
conditions, adjust parameters, and conduct repeated experiments to verify the stability and adaptability of the 
system in harsh environments, identify potential problems, continuously optimize system performance, and 
ensure that it can perform well under different working conditions.

4. Conclusion
To meet the rapid development of science and technology and keep up with the trend of social market 
development, all industries need to carry out reforms and innovations. China’s research on hydraulic systems 
started relatively late, and domestic research on the integrated application of electromagnetic positioning 
handles and hydraulic pilot valves is still weak. Therefore, strengthening research on hydraulic valves can 
elevate China’s scientific and technological level to a higher level.
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