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Abstract. Energy efficiency is important for a greener future and economics. Looking at the
energy usage statistics in Turkey, most of the energy is used by industry. In the study presented in
this article, low-cost solutions for reducing throttling losses in hydraulic systems have been
examined. In this context, two units using fixed displacement pumps were designed. The energy
consumption of these hydraulic units during the working process has been measured and
examined. In line with the measured values, both systems were compared in terms of energy
efficiency. According to the results obtained, it has been observed that with the simple design
changes that can be made in the hydraulic systems, there are 44.5 % throttling losses and 24.4 %
energy efficiency in the total cycle time.
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Nomenclature

/A Displacement per revolution in cm3
Ap Differential pressure in bar

n Speed in rpm

My Volumetric efficiency

Nmh Mechanical-hydraulic efficiency

1. Introduction

Energy efficiency is an indispensable condition today. By increasing energy efficiency, costs
can be reduced and a greener world can be left for the future. Today, as in every field, efficiency
and energy saving have become very important phenomena in the field of production. Many
studies are carried out to reduce the energy consumed for production in industrial facilities. High
energy consumption greatly increases production costs as well as harms the environment.
Considering that most of Turkey's energy needs are imported, energy efficiency becomes very
important. According to the data for 2022, approximately 46 % of the annual electricity
consumption of our country is used by the industry [1], [2]. This situation is one of the important
problems in front of producing high volume products under increasing competition conditions.
Therefore, it is important to review the energy consumption consumed by the machines in the
production process and to reduce this consumption. Since hydraulic presses have large-scale usage
in many areas [3, 4] of the industry, it is important to increase energy efficiency in these hydraulic
systems. When the literature is searched, it seems possible to construct high efficiency,
systematized, and high security systems in specially configured hydraulic systems [5], [6], [7].

The benefits of energy efficiency can be summarized as reducing production costs, providing
a low carbon footprint and emission rates, and reducing the effects of climate change [8]. It is
known that changing climates and experiencing extreme weather events adversely affect human
health and the environment. Climate change, along with global warming, also affects the durability
of structures and engineering materials [9]. Reducing energy consumption per unit product will
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reveal a more environmentally friendly approach.

Hydraulic systems are used extensively in excavators, presses, cranes, and loaders where
performance, power, and torque are required such as iron, and steel, white goods and automotive
[10], [11]. These systems are generally preferred where high carrying power is required for small
equipment. Low wear, high service life, and overload protection are among the advantages of
hydraulic systems. But there are also some disadvantages. These are pressure and flow losses,
fluid leaks, compressibility, and the importance of fluids' viscosity under pressure [10]. Energy
efficiency in hydraulic system design is an important issue that increases its importance day by
day and needs attention. In this framework, the causes of energy losses in hydraulic systems can
be listed as viscous friction of the fluid while passing through pipes and valves, and hydraulic
internal leakages that occur during the operation of equipment such as pumps and valves [12]. At
the same time, throttling valves used to provide the desired speed control in hydraulic systems
also cause serious energy losses. Variable displacement pumps can be used in many systems to
reduce throttling losses. However, variable displacement pumps are not preferred for simple
applications due to their high cost. While producing hydraulic machines, fixed displacement
pumps are used to provide cost-based and easier solutions.

With the revisions to be made to the machines, it is possible to minimize energy losses and
thus save energy. When a literature review is made, the pump used in a hydraulic system works
continuously despite the absence of an electric motor loading [1]. As can be understood from this
example, it is seen that remarkable energy savings can be achieved with the studies to be carried
out for the efficient use of machines. From the selection of the engine to the selection of the
equipment used, research was made in many parts, and evaluations were made about energy
efficiency.

The majority of researchers still focus on mechanical design and smart control solutions to
save energy in pump unit Technologies [13]. Fixed displacement pumps are typically small, light,
and inexpensive, and can be used in many designs [14]. In fixed displacement pump applications,
there is a loss as the pump continues to rotate at a constant speed in the standby mode of the system
[15], [16]. From this point of view, a design improvement in a rivet press in order to reduce
throttling losses with a fixed displacement pump has been made within the scope of the presented
study.

When we look at the literature on the flow control valve described in the article, it is seen that
research is made on adjusting the sensitivity of in-line flow control valves. Moving elements such
as the hydraulic motor, pump, control valve, and cylinder cause leakage and friction losses,
resulting in a decrease in system efficiency [5]. Generally, fluid velocity in hydraulic systems is
provided by a directional valve or throttle [5]. Studies have shown that throttling loss occurs during
the movement of the valve core [5], [17]. The energy loss due to throttling is quite high compared
to other losses in the hydraulic field and corresponds to 60 % of the total loss [5], [18]. When
studies on reducing throttling losses and providing energy efficiency are examined, studies such
as reducing the pressure loss caused by the throttle of the servo valve [19], design of a hydraulic
servo system based on dual hydraulic accumulators to reduce the throttle loss and overflow loss
of the system at the same time [20], use of green electro-mechanical actuators with high energy
efficiency and control performance to control the hydraulic press movement [21] can be given as
examples.

In the study presented in this article, low-cost solutions for reducing throttling losses in
hydraulic systems were investigated. In this context, two units using fixed displacement pumps
were designed. It is aimed to increase energy efficiency with a simple design change in hydraulic
systems using fixed displacement pumps against increasing energy costs. In the hydraulic system
where fixed displacement pumps are used, measurements were made with flow meters from two
separate units as a standard and recommended application with high energy efficiency. With the
measured values, the current drawn by the motor, flow rate, and pressure parameters were
examined. The measured values and the two systems were compared in terms of energy efficiency.
The results obtained from the measurement values and the current drawn by the motor consume 9
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A in the idle movement of the cylinder in standard practice, while in the designed system with
high energy efficiency, it consumes 5 A in the idle movement. The results obtained from the
measurement values and the current drawn by the motor consume 9 A in the idle movement of the
cylinder in standard practice, while in the designed system with high energy efficiency, it
consumes 5 A in the idle movement. Thus, with the developed system, 24.4 % energy efficiency
was achieved in 44.5 % cycle time in idle motion.

2. Methods

The hydraulic circuit diagrams of both systems examined in terms of energy efficiency by
reducing throttling losses are shown in Fig. 1 and Fig. 2, respectively.
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Fig. 1. Standard hydraulic system diagram Fig. 2. High energy efficient hydraulic system

diagram

Fig. 1 shows the hydraulic circuit diagram of a system implemented in standard systems. The
fixed displacement pump used starts to transmit oil from the tank to the system with the drive it
receives from the engine. With the opening of the directional control valve, the oil flow is
transmitted to the cylinder. While the roller is expected to move fast for idle movement, the speed
is required to slow down in the crushing phase. After the cracking process is finished, the system
should return quickly. For this reason, the directional control valve is used in proportional
characteristics to provide cylinder speed adjustment. The safety valve, on the other hand,
evacuates the oil back to the tank to prevent it from exceeding the pressure set in the system.

In Fig. 2, the pump starts to transmit the oil to the system with the drive it receives from the
electric motor. Since it is not desired to exceed the oil pressure set in the hydraulic system, a
pressure compensated safety valve is used for safety. After the proportional valve is opened, the
oil flow that is throttled moves the cylinder forward or backward. In order for the pressure
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compensated safety valve to work synchronously with the proportional valve, it must receive a
pilot warning from the cylinder lines. For this, a “Shuttle valve” has been added to the system.

The pressure compensated safety valve [22] both limits the maximum pressure of the system
and tries to keep the pressure loss in the proportional valve used for throttling constant at 7 bar. In
this way, it automatically adjusts itself according to the system’s need, not according to the
maximum pressure set by the pilot warning received from the system during the movement of the
cylinder at idle or at different loads. In this way, for example, the cylinder, which moves most of
the stroke with 25 bar, must then increase to 120 bar crushing pressure. For this, the pressure
compensated safety valve allows the pump to operate at approximately 32 bar first and then to
120 bar with increasing pressure requirement.

Transmitter (TR), and Manometer (M) abbreviations are used to express the operation of the
process performed in Fig. 1 and Fig. 2.

In both hydraulic systems, the rivet press is set to take 3 seconds fast forward, and 2 seconds
crushing, 2 seconds back take-off with specified times. There is also a 5 second idle time per cycle
for new material to be loaded. When the calculation is made with the given times, the press makes
a movement over 300 cycles per hour:

V,nn
=94 7 1
v =500 (1
_ _Ylr 2)
201N mn
2nTn
= . 3
P 60000 ®)

The Flow rate (L/min) in the system with the fixed displacement pump used in the system was
calculated with Eq. (1). The desired Torque (Nm) is calculated using Eq. (2). In order to produce
the calculated flow, how many Power (kW) should be used motor for the system is calculated with
Eq. (3). Normally, the current that the selected electric motor will draw is certain. With a small
change in the system, the current drop in the system can be detected.

3. Results and discussion

For both systems, measurements were made by connecting the test set to the data collection
device. Fig. 3 and Fig. 4 show the flow, flow, and pressure values measured from hydraulic
systems.

When the graph of the standard hydraulic system is examined in Fig. 3, while the cylinder
moves at 25 bar, a flow rate of 11 liter/minute passes through the proportional valve. Meanwhile,
the current drawn by the motor is approximately 9 A. When the system switched to crushing, the
cylinder pressure increased to 120 Bar, and the current drawn by the engine was measured at
approximately 11 A.

When the graph of the hydraulic system with high energy efficiency is examined in Fig. 4, the
cylinder passes a flow rate of 10 liters/minute while moving at 25 bar. The current drawn by the
motor is about 5 A. The current drawn by the motor at 120 bar when the roller starts to crush is
11 A. In addition, it should be emphasized here that; the formulas and calculations of these graphs
are the same. As given in Fig. 3, the motor current is drawn 9 A in case of oil throttling. In Fig. 4,
which shows the developed system, it is seen that in the case of oil throttling, it goes down to 5 A.

Considering these values, 44.5 % energy efficiency has been achieved due to throttling losses.
24.4 % energy efficiency has been achieved for the whole machine. Considering the calculated
values, energy efficiency has been achieved with a very simple application. In addition, it has been
a solution to systems with both energy efficiency and low cost.
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4. Conclusions

As a result, it has been seen that high energy efficiency can be achieved with a simple design
change in the systems installed with the fixed displacement pump. When the results obtained are
examined; In the case of oil throttling, while the motor current drawn is 9 A, it is clearly seen that
this value decreases to 5 A in the developed system. According to these results, in standard and
developed two different hydraulic applications, 44.5 % energy efficiency due to throttling losses
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Fig. 4. Measurement of high energy efficient hydraulic system

and 24.4 % energy efficiency in the total machine movement was achieved.

At the same time, as a result of the energy efficiency obtained, the oil in the tank will heat up
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less and the need for cooling will decrease considerably. In this way, the need for the use of cooling
equipment will be reduced and therefore a lower cost system will be designed.
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