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Abstract—This paper explores the evolution and innovations in
hydraulic valve control systems, emphasizing their role,
technological advancements, and current challenges. Hydraulic
valves are essential components in regulating fluid flow,
pressure, and direction within hydraulic systems, and are widely
used in industries such as aerospace, automotive,
manufacturing, and mobile machinery. Recent innovations in
valve materials, miniaturization, and intelligent control systems
have significantly enhanced the design and operational
efficiency of hydraulic systems. The integration of electro-
hydraulic, proportional, and servo control technologies has
improved precision and adaptability in managing fluid
dynamics. These developments have led to notable gains in
energy efficiency, system reliability, and performance. The
introduction of digital control systems and machine learning has
further expanded possibilities, enabling real-time monitoring,
predictive maintenance, and remote- control capabilities.
Despite these advancements, challenges remain particularly in
addressing high material costs, integration complexities, and the
ongoing need for more energy-efficient solutions.
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L. INTRODUCTION

Modern industrial applications rely heavily on hydraulic
systems because they provide accurate control and efficient
power transfer in a variety of industries, including
manufacturing, construction, automotive, aerospace, and
marine engineering [1]. Hydraulic valves control fluid flow
and pressure, powering industrial machinery. As efficiency
and automation demands grow, advanced valve technologies
are becoming increasingly vital [2]. These elements control
the hydraulic fluid's flow, pressure, and direction,
guaranteeing optimum performance and flexibility under
various operating circumstances [3]. Developments in
hydraulic valve design and control systems have become
increasingly vital as industries pursue greater productivity,
reduced operational costs, and enhanced energy efficiency.
Hydraulic valves play a central role in regulating fluid flow
and pressure within hydraulic circuits, enabling the
movement of machinery and equipment by directing
hydraulic fluid pathways [4]. As industrial operations
become more complex and data-driven, innovations in valve
technology are evolving to meet emerging demands for
precision, reliability, and intelligent control. Modern
advancements like electro-hydraulic valves, proportional
controls, and digital monitoring directly address industry

needs for energy efficiency, automation, and predictive
maintenance. These innovations support sustainability,
enable smart operations, and align with Industry 4.0,
significantly enhancing industrial performance across various
applications [5]. Fig. 1, compares two hydraulic motor
circuits. Fig. | (a) shows a basic setup with a pump, motor,
and relief valve. Fig. 1 (b) depicts an advanced design with
added check and dual relief valves, improving pressure
control, efficiency, and system safety in modern industrial
applications. A relief valve is included into the circuit to
guard against excessive pressure. The motor may revolve
because of the hydraulic fluid that flows from the pump to it
[6]. To keep the system stable, any extra fluid is returned to
the tank. It demonstrates an advanced hydraulic motor circuit
equipped with additional components that enable more
precise control and improved system performance. It has
many valves for regulating pressure and a check valve to stop
backflow. While the pressure and return lines (referred to as
Pu and Pd) better regulate fluid flow and pressure, providing
improved control and safety, the relief valve guarantees safe
operation.

Hydraulic valve designs have significantly improved in
size, materials, and control mechanisms in recent years [7].
Innovations that have transformed the sector include new
materials that improve resistance and durability, intelligent
valves with sensors and actuators incorporated, and the
integration of electronic control systems [8]. These
advancements significantly enhance efficiency, reduce
energy consumption, improve system responsiveness, and
minimize maintenance requirements, making hydraulic
systems more reliable and cost-effective [9]. Simultaneously,
advancements in control systems have contributed to better
precision and adaptability in hydraulic operations.
Proportional and servo control systems, along with closed-
loop feedback mechanisms, have allowed for more
responsive and accurate regulation of hydraulic parameters
[10]. This paper aims to explore the design innovations and
operational efficiencies that have emerged in hydraulic valve
and control system technologies, shedding light on their
significant contributions to the optimization of industrial
hydraulic systems.

II. EVOLVEMENT OF HYDRAULIC VALVES CONTROL
SYSTEM

The desire for more accurate, dependable, and efficient
management of fluid power systems has led to a major
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evolution in the development of hydraulic valve control
systems throughout time [12]. The flow, pressure, and
direction of hydraulic fluids are all controlled by hydraulic
valves, and the correct operation of these systems depends on
their control systems [13]. A number of significant stages
may be distinguished in the development of hydraulic valve
control technologies, which represent advances in materials
science, control systems, and system integration.
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Fig. 1. (a) Basic Hydraulic Motor Circuit and (b) Advanced Hydraulic
Motor Circuit with Relief and Check Valves [11]

e Early Hydraulic Valve Systems: Simple mechanical
devices, the first hydraulic systems were mostly used for
pressing and lifting tasks. Early hydraulic valves were
simple devices that were usually handled by hand [14].
These valves had simple on-off functionality and were
intended to regulate the flow of hydraulic fluid in a
restricted manner. Levers, pulleys, and manually
adjustable valves were used in the mechanical control
devices to modify fluid flow. These systems were difficult
to regulate precisely and prone to failure because they
often lacked feedback and modulation of system pressure.

e Industrial Revolution and Basic Automation: More
advanced hydraulic systems became more and more
necessary as the Industrial Revolution got underway in
sectors like manufacturing, building, and mining [15].
During this time, rudimentary automation was introduced,
and hydraulic valve control systems started to develop.
To automatically manage fluid flow, pressure, and
direction, pressure relief valves, flow control valves, and
directional control valves were invented [16]. By
regulating the fluid flow rate, these valves increased
efficiency and prevented overpressure-related system
damage. These devices lacked exact control over fluid
dynamics and were still comparatively simplistic.

e Introduction of Proportional and Servo Valves: The
advent of proportional and servo valves in the middle of
the 20th century marked the next significant development
in hydraulic valve control systems [17]. By offering
variable control instead of only on/off operations, these
valves made it possible to regulate fluid flow, pressure,
and direction more precisely. In order to respond more
accurately and smoothly to variations in system demand,
proportional valves used electrical impulses to modify the
valve position. Servo valves, on the other hand, provided
very accurate control over fluid power systems by using
feedback loops to maintain constant pressure and flow
[18]. This invention signaled a dramatic change from
simple on-off valves to more advanced control systems
that could more precisely govern intricate, dynamic
processes.

e Digital Control and Automation: By the late 20th century,
advancements in digital technologies and

microelectronics began to revolutionize hydraulic control
systems [19]. The integration of electronic controllers
with hydraulic systems led to the development of digital
control systems that could adjust valve settings
automatically based on real-time data. Sensors and
feedback mechanisms were integrated into hydraulic
valves, enabling continuous monitoring of system
parameters such as pressure, flow, and temperature [20].
These digital control systems could be programmed to
adjust hydraulic parameters in response to changes in
load, speed, or other operating conditions, significantly
improving the responsiveness and efficiency of hydraulic
systems.

III. DESIGN INNOVATIONS IN HYDRAULIC VALVES

The design of hydraulic valves has seen tremendous
progress over the last few decades, driven by the need to
improve performance, energy efficiency, and overall
operational reliability [21]. Hydraulic valves are critical in
controlling the flow, pressure, and direction of fluid in a
hydraulic system, and their innovation has been crucial in
optimizing fluid power technology. Several key innovations
in hydraulic valve design have emerged, improving the
functionality and efficiency of hydraulic systems across
various industries, including manufacturing, construction,
aerospace, and automotive sectors [22]. Fig. 2 illustrates, the
components of a hydraulic valve system. It includes the
flexible coupling, control shaft, spool, feedback spindle, and
piston rod. The diagram also highlights the pilot motor, NC-
valve, and piston area. The valve's function is to regulate the
flow of hydraulic fluid, with pressure and tank connections
(denoted as P and T). The components work together to
control the movement of the hydraulic system efficiently.

Hydraulic Valves - Parts and Components
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Fig. 2. Schematic Diagram of Hydraulic Valve Components and Their
Functionality [23]

A. Advancements in Valve Materials and Durability

The performance, robustness, and resistance to corrosion
and wear of hydraulic valves are greatly influenced by the
materials that are utilized in them [24]. Advanced alloys,
composites, and specialty coatings are gradually replacing
more conventional materials like steel and cast iron. The
valve's working life is increased by these more recent
materials' improved resistance to high temperatures, high
pressures, and abrasive fluids.

e Hydraulic systems often operate in harsh environments
where valves are exposed to corrosive fluids and extreme
conditions. Innovations in corrosion-resistant coatings,
such as nitriding and ceramic coatings, have allowed
valves to withstand these conditions while maintaining
performance. This development not only improves the
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reliability of the system but also reduces maintenance
costs by extending the intervals between replacements.

e Advances in alloy formulations, such as the use of
hardened stainless steel and ceramics, have made
hydraulic valves more resilient to wear from particulate
matter or abrasive fluids. These materials ensure
smoother operation over time, reducing the chances of
valve sticking or failure.

e The use of composite materials, like carbon fiber-
reinforced polymers and composite alloys, has led to
lighter, more durable valves. These materials combine
high strength with lower weight, making them ideal for
applications where weight is a critical factor, such as in
aerospace or mobile machinery.

B. Compact Valve Designs for Space and Energy Efficiency

Smaller and more effective components are becoming the
norm in valve design as industries seek hydraulic systems that
are more space-efficient and compact [25]. In addition to
being physically smaller, hydraulic valves that can provide
the same or even more control over fluid power systems are
the result of the trend toward integration and downsizing.

e In industries like aerospace and automotive, where space
is a premium, compact valves have been developed that
offer precise control while occupying less space and
weight. These miniature valves are designed to be highly
efficient, ensuring optimal flow control in smaller
hydraulic circuits.

e Instead of using multiple individual valves, the
development of modular valve systems allows for the
integration of several control functions into a single
compact unit. These modular systems can combine
directional control, pressure regulation, and flow control
in one assembly, reducing the number of components in a
hydraulic  system, simplifying installation, and
minimizing potential points of failure.

e Advances in compact valve designs have also contributed
to energy-efficient systems by reducing internal leakage
and pressure loss. These valves are optimized for low-
energy operation and can provide precise flow regulation,
ensuring that the hydraulic system only uses as much
power as needed. The result is a system that is both
energy-efficient and cost-effective.

C. Intelligent Hydraulic Valves and Smart Actuators

One of the biggest developments in recent years is the use
of intelligence into hydraulic valves. By constantly
modifying their settings in response to current system
circumstances, smart hydraulic valves with integrated
sensors, actuators, and microprocessors may function more
effectively [26].

e Smart hydraulic valves use feedback from sensors placed
within the valve or throughout the hydraulic system to
make real-time adjustments. These sensors continuously
monitor parameters such as pressure, flow, and
temperature. Based on the sensor data, the valve adjusts
the flow path, pressure, or direction to meet the demand
of the hydraulic system.

e Some advanced systems incorporate machine learning
algorithms that allow hydraulic valves to "learn" from the
system’s operating patterns. This adaptive control ensures

that the valve continuously optimizes its performance,
adjusting automatically to improve energy efficiency,
system stability, and overall operational reliability. For
example, in mobile machinery, such valves can adjust to
varying loads or environmental conditions without
requiring manual intervention.

e As part of the smart valve revolution, intelligent valves
can be remotely monitored and controlled through IoT
(Internet of Things) connectivity. This allows operators to
access system performance data in real-time, make
adjustments remotely, and even predict maintenance
needs. IoT-enabled valves can provide critical
information on valve performance, usage patterns, and
wear, which improves maintenance scheduling and
reduces the risk of unexpected failures.

D. Proportional and Servo-Controlled Valves

In hydraulic systems, proportional and servo-controlled
valves mark a significant improvement in accuracy and
responsiveness [27]. Compared to conventional on/off
valves, these valves provide a much more accurate fluid flow
adjustment by controlling the movement of valve spools
using electronic impulses.

e Proportional control valves provide continuous and
variable control of hydraulic fluid flow, allowing for more
precise adjustments in response to system demands. By
using an electrical signal to control the position of the
valve, these valves allow for finer control over the
hydraulic system, ensuring smoother operation,
especially in applications requiring constant adjustments
such as industrial presses, cranes, or injection molding
machines.

e Servo-controlled valves are even more advanced, using a
closed-loop feedback system to precisely control the
position of the valve spool and maintain the desired
hydraulic pressure or flow. These valves offer extremely
high precision, making them ideal for applications where
the slightest variation in fluid power can affect the
performance of machinery, such as in aerospace systems
or robotics.

E. Energy-Efficient Hydraulic Valve Designs
Hydraulic valve designs that use less energy have grown

more important in keeping with worldwide tendencies toward
sustainability [28]. Innovative valve technologies that reduce
energy loss and increase system efficiency have been
developed as a result of the focus on lowering energy
consumption in hydraulic systems.

e These valves adjust the flow of hydraulic fluid based on
the load requirements of the system. Rather than
supplying a constant flow regardless of demand, load-
sensing valves adjust the flow to match the actual load,
which minimizes energy waste and reduces system wear.

e Similar to load-sensing valves, variable displacement
valves allow for variable control over the amount of
hydraulic fluid displaced, depending on the system's
demand. These valves provide significant energy savings
by adjusting the fluid flow to meet the specific
requirements of the task at hand, ensuring optimal
performance without unnecessary energy consumption.
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e Regenerative valves capture energy from one part of the
hydraulic system (e.g., returning fluid) and reuse it in
another part, significantly improving overall system
efficiency. By reducing the need for additional power to
drive the system, regenerative valves contribute to
reduced energy consumption and lower operating costs.

IV. INNOVATIONS IN CONTROL SYSTEMS

Control systems are crucial parts of hydraulic systems
because they determine how hydraulic valves work and
guarantee that the flow, pressure, and direction of hydraulic
fluid are all properly regulated [29]. Achieving desired
system performance depends on these systems, and major
innovations have been introduced as industries change and
demand more accurate and efficient operations. In addition to
increasing system dependability and adaptability in dynamic
conditions, these improvements have concentrated on
boosting control accuracy, flexibility, and energy economy.

A. Proportional and Servo Control Systems

Hydraulic valve technology has greatly evolved thanks to
proportional and servo control systems, which have improved
fluid control's accuracy and responsiveness [30]. Compared
to traditional on/off valves, proportional control valves offer
significantly smoother and more precise regulation by
enabling continuous, variable adjustments in fluid flow based
on electrical input signals, resulting in enhanced performance
and responsiveness. This allows for more accurate fluid
control, which makes it perfect for applications like hoisting
systems or industrial presses that need reliable performance
[31]. By using closed-loop feedback mechanisms that
continually modify the valve position in response to real-time
pressure, flow, or temperature monitoring, servo control
systems go even further in terms of accuracy. This enables
very precise fluid management, especially in robotics and
aerospace systems applications that need quick and exact
motions. Hydraulic systems have been transformed by both
inventions, guaranteeing peak performance, effectiveness,
and dependability in a range of sectors.

B. Closed-loop Control Systems

Hydraulic valve technology is now far more accurate,
responsive, and efficient thanks to revolutionary
advancements like proportional and servo control systems
[32]. Compared to conventional on/off valves, proportional
control valves provide smoother and more precise operation
by adjusting fluid flow in response to an electrical input
signal. For businesses like industrial presses, lifting
mechanisms, and robots that demand reliable performance,
this variable control makes it possible to precisely adjust
hydraulic systems to match changing needs. This is further
enhanced by servo control systems, which use closed-loop
feedback methods. In order to maintain the required
parameters, these systems modify the valve position based on
real-time data monitoring of temperature, flow, and pressure.
Servo valves provide an even greater degree of accuracy,
which makes them indispensable for industries like
manufacturing, robotics, and aerospace that need quick and
very accurate fluid management [33]. When combined, these
technologies have transformed fluid power systems,
guaranteeing increased performance, dependability, and
efficiency.

C. Elctro-Hydraulic Control Systems

Electro-hydraulic control systems provide improved
accuracy and versatility in fluid power regulation by fusing
contemporary  electronic  control  technology  with
conventional hydraulic power. These systems combine
hydraulic and electrical controls to provide more accurate
fluid flow, pressure, and direction control. Sensor data is
processed by electronic control units (ECUs), which then
modify valve settings in response to operators' or automated
systems' real-time input [34]. Compared to mechanical
control systems, this integration allows for reactions that are
more precise, quicker, and more seamless. Additionally,
remote monitoring and control of electro-hydraulic systems
provides increased operating flexibility, particularly in
situations that are dangerous or difficult to access. These
systems are especially helpful in fields that need high
dependability, remote operation, and dynamic modifications,
such manufacturing, offshore drilling, and aerospace.
Electronically adjusting hydraulic systems has greatly
increased their performance, efficiency, and general
flexibility.

V. OPERATIONAL EFFICIENCY IMPROVEMENTS

Electro-hydraulic control systems represent a significant
leap in hydraulic technology, integrating hydraulic
mechanics with sophisticated electronic control. These
systems offer superior precision and flexibility in regulating
fluid power by utilizing electronic control units (ECUs) that
manage and adjust hydraulic valves [35]. The ECUs receive
input signals from various sensors and make real-time
adjustments to flow, pressure, and valve position, ensuring
smooth and efficient operation [36]. Compared to traditional
mechanical systems, electro-hydraulic systems respond faster
and more accurately to changing conditions, enabling
enhanced performance in dynamic environments.

o Electro-hydraulic control systems combine hydraulic
mechanics with electronic control technologies, offering
superior precision and flexibility in regulating fluid
power.

e These systems integrate electronic control units (ECUs)
that manage and adjust hydraulic valves based on input
from sensors, allowing for real-time adjustments to flow,
pressure, and valve position.

e Compared to traditional mechanical systems, electro-
hydraulic systems respond faster, more accurately, and
adapt more efficiently to dynamic operating conditions.

e Remote monitoring and control is a key feature, enabling
operators to adjust settings and troubleshoot from distant
locations. This is particularly useful in industries like
offshore  drilling, aerospace, and automotive
manufacturing where operations are often remote or
autonomous.

e The systems contribute to energy efficiency by
minimizing energy loss, optimizing fluid circulation, and
reducing the need for excess fluid movement.

e Increased system longevity and reduced maintenance
costs are achieved by optimizing fluid flow and
minimizing wear and tear on components.

e Electro-hydraulic systems are widely used in industries
such as offshore drilling, aerospace, and automotive
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manufacturing, where precision, flexibility, and remote
operation are critical.

VI. CHALLENGES AND AREAS FOR GROWTH

There are still a number of issues with hydraulic valve
control systems, despite tremendous progress. To further
improve system performance, efficiency, and sustainability,
these issues must be resolved [37]. Overcoming these
challenges will open the door for future advancements as
businesses continue to need hydraulic systems that are more
accurate and flexible. The following are some major
obstacles and potential development areas for hydraulic valve
control systems:

e High Costs of Advanced Materials: Although material
advancements have improved durability and efficiency,
advanced materials for control systems and hydraulic
valves are often more expensive. Finding less expensive
options without sacrificing functionality is still a major
obstacle.

o Energy Efficiency and Sustainability: Despite the fact that
energy usage has decreased, more can be done. Future
designs have to prioritize sustainability, power
consumption optimization, and energy loss reduction,
particularly in sectors where hydraulic systems require a
lot of energy.

e Integration with Digital and IoT Systems: Although there
has been progress in integrating digital technologies such
as IoT, further development is required to provide for
smooth communication between sensors, remote control
platforms, and hydraulic systems. This will guarantee
real-time observation and modifications for improved
operational effectiveness.

o Complexity of System Integration: Integrating more
sophisticated hydraulic valve systems with pre-existing
equipment and infrastructure may be challenging.
Widespread adoption will be facilitated by streamlining
integration procedures and guaranteeing compatibility
with older systems.

e Customization for Particular Applications: In order to
satisfy the particular needs of particular industries, such
as manufacturing, mobile equipment, and aerospace,
hydraulic valve systems must be more flexible and
adjustable. Creating adaptable solutions that can be
customized for certain uses will provide new
opportunities for expansion.

VII. CONCLUSION

In several industries, the efficiency, accuracy, and
flexibility of hydraulic systems have been revolutionized by
the development of hydraulic valve control systems.
Developments in valve design and control technology have
greatly enhanced system responsiveness, dependability, and
overall performance, from the earliest days of basic
mechanical controls to the complex electro-hydraulic and
digital systems of today. Proportional, servo, and electro-
hydraulic systems enable precise, dynamic control, ensuring
efficient operation even in demanding applications like
manufacturing, robotics, and aerospace. Notwithstanding
these developments, there are still obstacles in the way of
reaching even greater energy efficiency, cutting expenses,
and enhancing the integration of digital technology with

hydraulic systems. Although the expense of sophisticated
materials and the intricacy of system integration continue to
be major challenges, they are also arecas where innovation
might spur more advancements. Energy-efficient solutions
that save operational costs and their effect on the environment
are also becoming more and more necessary as companies
strive for sustainability.

The future of hydraulic valve control systems lies in
overcoming  current challenges while advancing
technological innovation. Key issues such as high material
costs, integration complexity, and energy inefficiency
continue to hinder widespread adoption. However, emerging
solutions such as the development of lightweight, durable
composite materials, Al-driven adaptive control systems, and
modular design approaches offer promising paths forward.
Innovations including smart valves with enhanced sensor
integration, machine learning-based diagnostics, and energy-
efficient architectures are poised to drive the next phase of
progress. By emphasizing customization, sustainability, and
seamless integration with advanced technologies, future
hydraulic valve control systems will meet evolving industrial
demands while promoting safer, greener, and more efficient
operations worldwide.

REFERENCES

[11 R. Li et al., “Review of the progress of energy saving of hydraulic
control systems,” Processes, vol. 11, no. 12, p. 3304, 2023,
https://doi.org/10.3390/pr11123304.

[2] K. Guo, M. Li, W. Shi and Y. Pan, "Adaptive Tracking Control of
Hydraulic Systems With Improved Parameter Convergence," [EEE
Transactions on Industrial Electronics, vol. 69, no. 7, pp. 7140-7150,
2022, https://doi.org/10.1109/TIE.2021.3101006.

[3] A. Vacca and G. Franzoni. Hydraulic fluid power: Fundamentals,
applications, and circuit design. John Wiley & Sons. 2021.
https://doi.org/10.1002/9781119569145.

[4] B.Xu,J. Shen, S. Liu, Q. Su, and J. Zhang, “Research and development
of electro-hydraulic control valves oriented to industry 4.0: a review,”
Chinese Journal of Mechanical Engineering, vol. 33, pp. 1-20, 2020,
https://doi.org/10.1186/s10033-020-00446-2.

[5] L.Lyu,Z. Chenand B. Yao, "Advanced Valves and Pump Coordinated
Hydraulic Control Design to Simultaneously Achieve High Accuracy
and High Efficiency," IEEE Transactions on Control Systems
Technology, vol. 29, no. 1, pp- 236-248,
2021, https://doi.org/10.1109/TCST.2020.2974180.

[6] P.Kushwaha, S. K. Ghoshal, and K. Dasgupta, “Dynamic analysis of a
hydraulic motor drive with variable inertia flywheel,” Proceedings of
the Institution of Mechanical Engineers, Part I: Journal of Systems and
Control Engineering, vol. 234, mno. 6, pp. 734-747, 2020,
https://doi.org/10.1177/0959651819875914.

[7] B. Li, Y. Liu, C. Tan, Q. Qin, and Y. Lu, “Review on electro-
hydrostatic actuator: System configurations, design methods and
control technologies,” International Journal of Mechatronics and
Manufacturing Systems, vol. 13, no. 4, pp. 323-346, 2020,
https://doi.org/10.1504/1IJMMS.2020.112356.

[8] S. Zhang et al., “A review of valve health diagnosis and assessment:
Insights for intelligence maintenance of natural gas pipeline valves in
China,” Engineering Failure Analysis, vol. 153, p. 107581, 2023,
https://doi.org/10.1016/j.engfailanal.2023.107581.

[9] X.Ji, Y. Ren, H. Tang, C. Shi, and J. Xiang, “An intelligent fault
diagnosis approach based on Dempster-Shafer theory for hydraulic
valves,”  Measurement,  vol. 165, p. 108129, 2020,
https://doi.org/10.1016/j.measurement.2020.108129.

[10] M. S. Hossain, 1. Sultan, T. Phung, and A. Kumar, “A Literature
Review of the Design, Modeling, Optimization, and Control of Electro-
Mechanical Inlet Valves for Gas Expanders,” Energies, vol. 17, no. 18,
p. 4569, 2024, https://doi.org/10.3390/en17184569.

[11] A. C. Mahato and S. K. Ghoshal, “Energy-saving strategies on power
hydraulic system: An overview,” Proceedings of the Institution of

Sree Biddut Kumar, Review of Design Innovations and Efficiency in Hydraulic Valve Control Systems


https://doi.org/10.3390/pr11123304
https://doi.org/10.1109/TIE.2021.3101006
https://doi.org/10.1002/9781119569145
https://doi.org/10.1186/s10033-020-00446-2
https://doi.org/10.1109/TCST.2020.2974180
https://doi.org/10.1177/0959651819875914
https://doi.org/10.1504/IJMMS.2020.112356
https://doi.org/10.1016/j.engfailanal.2023.107581
https://doi.org/10.1016/j.measurement.2020.108129
https://doi.org/10.3390/en17184569

Control Systems and Optimization Letters, Vol. 3, No 2, 2025

189

[12]

[13]

[14

[}

[15]

[16]

[17]

(18]

[19]

[20

[

(21]

[22

—

(23]

[24]

Mechanical Engineers, Part I: Journal of Systems and Control
Engineering, vol. 235, mno. 2, pp. 147-169, 2021,
https://doi.org/10.1177/0959651820931627.

G. Wrat, M. Bhola, P. Ranjan, S. K. Mishra, and J. Das, “Energy saving
and Fuzzy-PID position control of electro-hydraulic system by leakage
compensation through proportional flow control valve,” IS4
transactions, vol. 101, pp- 269-280, 2020,
https://doi.org/10.1016/j.isatra.2020.01.003.

D. Padovani, M. Rundo, and G. Altare, “The working hydraulics of
valve-controlled mobile machines: Classification and review,” Journal

of Dynamic Systems, Measurement, and Control, vol. 142, no. 7, p.
070801, 2020, https://doi.org/10.1115/1.4046334.

L. Lyu, Z. Chen and B. Yao, "Advanced Valves and Pump Coordinated
Hydraulic Control Design to Simultaneously Achieve High Accuracy
and High Efficiency," IEEE Transactions on Control Systems
Technology, vol. 29, no. 1, pp- 236-248,
2021, https://doi.org/10.1109/TCST.2020.2974180.

A. Sharma and B. J. Singh, “Evolution of industrial revolutions: A
review,” International Journal of Innovative Technology and
Exploring  Engineering, vol. 9, no. 11, pp. 66-73, 2020,
https://doi.org/10.35940/ijitee.17144.0991120.

M. Anshari and M. N. Almunawar, “Adopting open innovation for
SMEs and industrial revolution 4.0,” Journal of Science and
Technology Policy Management, vol. 13, no. 2, pp. 405-427, 2022,
https://doi.org/10.1108/JSTPM-03-2020-0061.

P. Cana, R. G. Ripeanu, A. Dinita, M. Tanase, A. 1. Portoaca, and L.
Patirnac, “A Review of Safety Valves: Standards, Design, and
Technological Advances in Industry,” Processes, vol. 13, no. 1, p. 105,
2025, https://doi.org/10.3390/pr13010105.

V. Tic, A. Rotovnik, and D. Lovrec, “Impact of proportional valves’
differences to ensure uniform motion of hydraulic motors,”
International Journal of Simulation Modelling, vol. 20, no. 1, pp. 52-
63, 2021, https://doi.org/10.2507/1ISIMM20-1-540.

V. K. Sundari, J. Nithyashri, S. Kuzhaloli, J. Subburaj, P. Vijayakumar,
and P. S. H. Jose, “Comparison analysis of IoT based industrial
automation and improvement of different processes-review,”
Materials Today: Proceedings, vol. 45, pp. 2595-2598, 2021,
https://doi.org/10.1016/j.matpr.2020.11.338.

J. Salido, C. Sanchez, J. Ruiz-Santaquiteria, G. Cristobal, S. Blanco,
and G. Bueno, “A low-cost automated digital microscopy platform for
automatic identification of diatoms,” Applied Sciences, vol. 10, no. 17,
p. 6033, 2020, https://doi.org/10.3390/app10176033.

H. Wang, Z. Chen, J. Huang, L. Quan, and B. Zhao, “Development of
high-speed on—off valves and their applications,” Chinese Journal of
Mechanical ~ Engineering, vol. 35, mno. 1, p. 67, 2022,
https://doi.org/10.1186/s10033-022-00720-5.

D. Fassbender, V. Zakharov, and T. Minav, “Utilization of electric
prime movers in hydraulic heavy-duty-mobile-machine implement
systems,” Automation in Construction, vol. 132, p. 103964, 2021,
https://doi.org/10.1016/j.autcon.2021.103964.

M. lJelali and A. Kroll. Hydraulic servo-systems: modelling,
identification and control. Springer Science & Business Media. 2012.
https://books.google.co.id/books?hl=id&lr=&id=AukHCAAAQBAIJ.
P. Peng et al. Advances of surface modification to alleviate oxidative
stress-induced valve degeneration. Smart Materials in Medicine, 2024,
https://doi.org/10.1016/j.smaim.2024.08.003.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

35]

[36]

[37]

S. Gennitsaris e al., “Energy efficiency management in small and
medium-sized enterprises: current situation, case studies and best
practices,” Sustainability, vol. 15, no. 4, p. 3727, 2023,
https://doi.org/10.3390/sul15043727.

M. Simic and N. Herakovic, “Characterization of energy consumption
of new piezo actuator system used for hydraulic on/off valves,” Journal
of Cleaner  Production, vol. 284, p. 124748, 2021,
https://doi.org/10.1016/j.jclepro.2020.124748.

V. Bhanuse, S. N. Bhosale, A. M. Bhilare and A. R. Bauskar, "Smart
Servo-Operated Ball Valve with [oT Integration and PID Control for
Precise Fluid Management," 2025 International Conference on
Intelligent and Innovative Technologies in Computing, Electrical and
Electronics (IITCEE), pp- 1-5,2025,
https://doi.org/10.1109/IITCEE64140.2025.10915408.

R. Jin et al., “Energy-efficient design of the powertrain for mechanical-
electro-hydraulic equipment via configuring multidimensional
controllable variables,” Renewable and Sustainable Energy Reviews,
vol. 201, p. 114511, 2024, https://doi.org/10.1016/j.rser.2024.114511.

P. K. Bhowmik, J. A. Shamim, and P. Sabharwall, “A review on the
sizing and selection of control valves for thermal hydraulics for reactor
system applications,” Progress in Nuclear Energy, vol. 164, p. 104887,
2023, https://doi.org/10.1016/j.pnucene.2023.104887.

A. W. A. Alj, F. A. A. Razak, and N. Hayima, “A review on the AC
servo motor control systems,” ELEKTRIKA-Journal of Electrical
Engineering, vol. 19, no. 2, Pp- 22-39, 2020,
https://doi.org/10.11113/elektrika.v19n2.214.

Y. Q. Guo, X. M. Zha, Y. Y. Shen, Y. N. Wang, and G. Chen,
“Research on PID position control of a hydraulic servo system based
on Kalman genetic optimization,” Actuators, vol. 11, no. 6, p. 162,
2022, https://doi.org/10.3390/act11060162.

M. Ghita, M. Neckebroek, C. Muresan and D. Copot, "Closed-Loop
Control of Anesthesia: Survey on Actual Trends, Challenges and
Perspectives," IEEE Access, vol. 8, pp. 206264-206279, 2020,
https://doi.org/10.1109/ACCESS.2020.3037725.

G. Chen et al., “Target tracking control of a bionic mantis shrimp robot
with closed-loop central pattern generators,” Ocean Engineering, vol.
297, p- 116963, 2024,
https://doi.org/10.1016/j.oceaneng.2024.116963.

B. Xu, J. Shen, S. Liu, Q. Su, and J. Zhang, “Research and development
of electro-hydraulic control valves oriented to industry 4.0: a review,”
Chinese Journal of Mechanical Engineering, vol. 33, pp. 1-20, 2020,
https://doi.org/10.1186/s10033-020-00446-2.

A. Menon, V. Stojceska, and S. A. Tassou, “A systematic review on
the recent advances of the energy efficiency improvements in non-
conventional food drying technologies,” Trends in Food Science &
Technology, vol. 100, Pp- 67-76, 2020,
https://doi.org/10.1016/j.tifs.2020.03.014.

S. Nayak and M. Rao, “Design, development, and testing of active
valve piezo-hydraulic pump,” Journal of Micromechanics and
Microengineering, vol. 34, mno. 8, p. 085012, 2024,
https://doi.org/10.1088/1361-6439/ad60d4.

M.A. Halim, M.M. Hossain, and M.J. Nahar, “Development of a
Nonlinear Harvesting Mechanism from Wide Band Vibrations,”

International Journal of Robotics and Control Systems, vol. 2, no. 3,
pp-467-476, 2022, https://doi.org/10.31763/ijrcs.v2i3.524.

Sree Biddut Kumar, Review of Design Innovations and Efficiency in Hydraulic Valve Control Systems


https://doi.org/10.1177/0959651820931627
https://doi.org/10.1016/j.isatra.2020.01.003
https://doi.org/10.1115/1.4046334
https://doi.org/10.1109/TCST.2020.2974180
https://doi.org/10.35940/ijitee.I7144.0991120
https://doi.org/10.1108/JSTPM-03-2020-0061
https://doi.org/10.3390/pr13010105
https://doi.org/10.2507/IJSIMM20-1-540
https://doi.org/10.1016/j.matpr.2020.11.338
https://doi.org/10.3390/app10176033
https://doi.org/10.1186/s10033-022-00720-5
https://doi.org/10.1016/j.autcon.2021.103964
https://books.google.co.id/books?hl=id&lr=&id=AukHCAAAQBAJ
https://doi.org/10.1016/j.smaim.2024.08.003
https://doi.org/10.3390/su15043727
https://doi.org/10.1016/j.jclepro.2020.124748
https://doi.org/10.1109/IITCEE64140.2025.10915408
https://doi.org/10.1016/j.rser.2024.114511
https://doi.org/10.1016/j.pnucene.2023.104887
https://doi.org/10.11113/elektrika.v19n2.214
https://doi.org/10.3390/act11060162
https://doi.org/10.1109/ACCESS.2020.3037725
https://doi.org/10.1016/j.oceaneng.2024.116963
https://doi.org/10.1186/s10033-020-00446-2
https://doi.org/10.1016/j.tifs.2020.03.014
https://doi.org/10.1088/1361-6439/ad60d4
https://doi.org/10.31763/ijrcs.v2i3.524

