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Abstract: The article presents the experimental investigation of low-lifting capacity hydraulic scissor
lift energy consumption. The analysis is based on experimental tests of two individual drives of the
scissor lift: the conventional one and the variable-speed electro-hydraulic one. The investigation
focuses on the study of the total energy consumption for lifting and lowering the scissor lift with
different masses of transported cargo and also power consumptions of each element supplying these
systems. Particular attention was paid to the significant impact of power supply on each control
component as the main factor of reduction in the energetic efficiency of the low-lifting capacity
scissor lift. A comparison of both drives indicated that the mass of transported cargo has a significant
influence on the choice of the drive used. Results of the research show that significant energetic
savings are obtained, as the modernized propulsion system consumes 67% energy of the standard
one. A decrease in the percentage of energy losses with the increase in the mass handled led to the
conclusion that the enhancement of propulsion systems in scissor lifts should be especially considered
in machines carrying big loads.

Keywords: energy consumption; energy efficiency; hydraulic lifting systems; scissor lift

1. Introduction

Dynamic development of various industry branches is characterized by the increasing
use of machines and devices with much more advanced technology. Thanks to them,
work becomes less strenuous, more efficient, and allows us to achieve set goals faster. The
above brings many challenges in energy optimization of working machines, widely used
in production, assembly, transport, and reloading processes in industrial facilities. Thus,
the issues related to energy efficiency are areas of interest for an increasing number of
machine designers and users. Much attention is currently being paid to ecological and also
economic issues related to energy saving, energy efficiency [1], and lower fuel consumption.
Natural resources are decreasing, so there is a need to find new, much more energy-efficient,
solutions for drive systems [2].

The problem of energy saving does not take into account low-lifting capacity devices.
The studies mainly concern most heavy working machines, e.g., heavy earth-moving
machinery (HEMM). It is an area of interest among many researchers [3,4]. When lifting
the excavator boom, a large amount of potential energy is generated, which is dissipated
as heat through valves [5,6]. This phenomenon leads to lower energy efficiency. The
energy can be recovered, e.g., while lowering the boom. However, it is necessary to use
appropriate systems and control methods. These systems and methods are similar to heavy
machines and also light-duty machines such as forklifts and all kinds of hydraulic lifts.

Currently, working machines use hybrid drives engaging energy regeneration systems.
The systems are based on batteries, flywheels, or supercapacitors [7,8]. In [1], the issue
of energy recovery in a system with many actuators using digital valves is described.
By applying the appropriate control, energy losses were reduced by 67%. The article [9]
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proposes a solution with a flywheel in a hydraulic control system. The flywheel was part of
an innovative hydrokinetic accumulator here. Such a solution made it possible to decouple
the charging and discharging from the pressure level. The article [10] discusses the issue of
replacing the single-chamber boom actuators with multi-chamber ones. Unfortunately, it
has been noticed that the latter at low speeds can be problematic in terms of smoothness of
motion. Multi-chamber actuators in the boom system are also described in [11]. Here, it was
found that the use of such an actuator entails the possibility of secondary actuator control.
This solution can have a positive effect on energy efficiency, as there is no valve throttling.

The issue of energy efficiency and energy recovery applied to excavators is widely
discussed in the literature. The article [2] explores the possibility of energy recovery in
the case of a hydraulic excavator. When the boom falls (lowering the load), the potential
energy of gravity is dissipated. To be able to use it again, a system with three-chamber
hydraulic actuators was proposed. In addition to the two main chambers, there is also a
third one connected directly to the hydraulic accumulator used for storing and reusing the
potential energy of the boom. The use of this actuator design reduced energy consumption
during boom operation by approximately 50%.

The hydraulic accumulator for HEMM excavator energy recovery is also discussed
in [5]. Here, precisely this accumulator using a proportional flow valve using a proportional-
integral-derivative (PID) controller controls the servomotor’s position. Using a model
predictive controller (MPC) allowed for increasing energy efficiency by 10% compared to a
conventional system.

In [12], the energy recovery system in the case of a hybrid hydraulic excavator (HHE)
was examined. An energy recovery boom system consisting of a hydraulic motor, electric
generator, and a throttle valve was used here. The traditional hydraulic motor was replaced
by an electric motor that can recover kinetic braking energy. The potential energy of
gravity can be converted into electricity and stored in a supercapacitor instead of being
dissipated, as happens in throttle control mode. In general, studies have shown that the
energy conversion efficiency of the boom cylinder to the supercapacitor increases with the
boom speed.

In [6], HHE uses an innovative potential energy regeneration system (PERS) and valve-
engine-generator. The PERS’s dynamic performance was analyzed using a mathematical
model—the essential issue here was to design and indicate parameters based on real
operating conditions. The efficiency of the PERS was about 58%.

In [13], two energy regeneration systems (ERSs) in HHEs were considered. They were
motor—generator (MGERS) and accumulator-motor—-generator (AMGERS). Research has
shown that the first one can recover 17% of the total potential energy, and the second one
even up to 41%.

On the other hand, [14] proposes a method of energy recovery in a hydraulic excavator
with the load sensing (LS) system. The excavator’s mathematical model analysis showed
that the most considerable energy losses occurred in the directional flow control valve
and local pressure compensators. To minimize these losses, applying a second LS pump
or the use of different pump settings has been proposed. Additionally, much energy
was dissipated into meter-out orifices (26%). This energy can be recovered using ERS for
actuators. The combination of solutions has allowed a significant improvement in energy
efficiency—fuel savings during digging were 15%.

In article [15], two solutions with gravitational potential energy (GPE) recovery based
on hydraulic-pneumatic energy storage (HPES) were proposed. Double hydraulic actuators
drive the first system, and an independent HPES actuator is added to them. A single
cylinder drives the other, and HPES is integrated with the original actuator with one
piston rod, working as a storage chamber. In both schemes, the cylinder or HPES chamber
is connected to the accumulator. For a 6-ton excavator, the GPE recovery ratio reaches
70.9%. In the case of 76 tons, the recovery ratio is 49.1%. The article [16] proposes a
scheme of energy recovery in an excavator—a hydraulic cylinder connected with an energy
recovery device. The energy-saving method is to replace the pressure compensator with an
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energy recovery device consisting of a hydraulic motor and a coaxially coupled generator.
According to the results, the overall energy recovery efficiency is between 26% and 33%.

In [17], the excavator uses an independent measuring circuit (IMC) and an appropriate
strategy for controlling the boom. The IMC feature controls the actuator through many
independent valves, which ensures better controllability of the boom actuator. Thanks to
this solution, it was possible to achieve lower energy consumption by 15%. The use of
the IMC has also been discussed in [18] together with a speed and displacement variable
power source (SDVPS). The energy-saving factor under partial load conditions can be up
to 33%, while in the state of digging it is 28.5%.

In [19], the excavator has a control system using a hydraulic accumulator and an
electric regeneration unit. This connection allowed for improving the efficiency of the
working machine and reducing fuel consumption by 22%.

The article [20] describes research on the possibility of energy recovery in the forwarder
boom. A novel energy-saving hydraulic lifting cylinder (EHLC) was used here. By using
the second cylinder in the piston rod connected to the accumulator, it is possible to store
potential energy in the form of hydraulic oil under pressure and then reuse it. By using
EHCL, up to 3.2% of the total lifting energy was saved.

In the article [21], the necessity to meet energy standards for newly designed elevators
was discussed. Results of the research presented in [22] show that these machines consume
from 3 to 8% of the energy of the entire residential building’s energetic demand. Moreover,
the standby mode can consume up to 80% of the elevator’s energy [23]. This makes it
necessary to improve these devices and adapt the methods of controlling them.

In elevators and lifts, energy saving can take place through the weight balancing
method. In this case, part of the potential energy generated during lowering can be recov-
ered and used the next time. However, this often happens at the expense of reducing the
speed of load lowering—braking force is generated during potential energy recovery [20].

The paper [24] discusses the construction of a hydraulic lift controlled with a frequency
inverter using a double-acting actuator and a hydraulic accumulator counterweight. This
arrangement has improved energy efficiency by as much as 70%. Similar research can be
found in [25] with heavy load material handling.

Forklifts are commonly used to lift and move loads over short distances. In [26], a
machine with an electro-hydraulic drive is discussed. The synchronous motor is directly
connected to the lift system’s reversible hydraulic device—this allows lifting control with-
out servo valves. In the tested construction, the lift can be raised on a telescopic mast
using two actuators working in series. Digital valves have minimized throttling losses. In
this case, the lifting speeds are low, so the kinetic energy is an issue that does not have a
significant impact on energy efficiency. The use of such a construction in combination with
a PERS allowed for recovery of up to 50% of energy in the case of maximum load capacity.

In article [7], an electro-hydraulic forklift was examined, which determined whether
it is possible to use an electric motor servo drive to control a hydraulic lifting system and
recover energy. Potential energy was recovered to as much as 66%.

In [27], two forklift energy recovery methods were compared—electric or direct
hydraulic energy storage. Results of the research have shown that both ways are suitable,
and provide energy savings up to 45%

Scissor lifts are the most common devices for vertical transport of people and loads [28].
They can be electromechanical, pneumatic, or hydraulic [29]. This kind of machine is widely
used in industry for reloading, maintenance, or repair [28,30,31] to transport workers, tools,
and materials [32]. The constructions consist of a system of levers and actuators that make
up the scissor mechanism. The movement of scissors connected by a hydraulic actuator [33]
causes lifting. The advantages of scissor lifts are lightness, mobility, reliability, and low cost
of purchase. They also do not require complicated maintenance [34-36]. The construction
must fulfill all the strict regulations required to avoid tip-over or operator crush. A study
to increase the stability was performed in [32], where the authors developed a working
method of the lift. Besides the safety system improvement necessity, the cases regarding en-
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ergetic optimization should also be considered. Energy recovery is significant in hydraulic
lifting systems, and global trends suggest that energy efficiency should also be investigated
more deeply for smaller lifting machines. Following the energetic investigations trends,
this article analyzes a low-load capacity scissor lift’s energy consumption. The research
compares the energetic demand of the machine, engaging two types of drive solutions.
The first one is a standard drive equipped with a unidirectional fixed displacement pump
driven by the asynchronous motor, where the medium returns to the tank through the
throttle valve while the piston rod goes down. The second one engages a bidirectional
fixed displacement pump with the asynchronous motor fed by a frequency inverter. In
this solution, the asynchronous motor is propelled by the pump during the piston rod’s
downward movement. It has been found that an electro-hydraulic drive (EHD) offers the
chance of energy recovery while lowering the scissor lift.

The scissor lift mechanism’s complexity is based on variable geometry, which results
in different lifting speeds of the platform (at constant piston speed) and variable forces
acting on the hydraulic cylinder. This causes variable energetic demand to lift the load.
Lowering is usually done by throttling the flow of oil from the hydraulic cylinder via
the valve, and all potential energy is dissipated as heat. This article compares the energy
consumption between the conventional drive system using directional and throttle valves
and an electro-hydraulic drive (EHD) with a quasi-open-loop controller (QOLC) [37] system
has been investigated.

The article is organized as follows. Sections 2 and 3 comprise the detailed description
of the hydraulic systems and the energy circuit’s governing equations. Section 4 demon-
strates the experimental tests of two independents stands—conventional drive and EHD.
Results and investigation are provided in Section 5. Finally, the conclusions are drawn
from the research, and a discussion can be found in Section 6.

2. System Description

A hydraulic scissor lift with two independent drives was used for the tests. Figure 1
shows the electro-hydraulic circuit in the most common hydraulic drives with the fixed
displacement pump (1) driven by the AC asynchronous motor (2).

Figure 1. Hydraulic scheme of conventional scissor lift.
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The relief valve (3) limits the pressure required for the proper functioning of hydraulic
components. To determine the direction of the hydraulic cylinder piston rod, the 4/3
directional valve (4) is used. The one-way throttling valve (5) is used to control the
lowering speed of the piston rod. Between the mains and the motor, the three-phase
network parameter analyzer was installed (A). It is responsible for measuring the total
active power that the systems will consume. The power supply box sends the appropriate
(B) signals to the motor and 4/3 valve coils. Lifting is done by simultaneously switching
on the motor and the directional valve coil to the extreme left position. While lowering,
the pump does not have to run (the electric motor is not powered), and the speed of the
hydraulic cylinder depends on the throttle valve setup.

Figure 2 shows the EHD with a hydraulic reversible gear pump (1), driven by an AC
asynchronous motor (2), fed by a frequency inverter (C). A pressure relief valve (3) limits
pressure in the system. The two-way normally closed poppet valve (7) is used to choose the
direction of movement of the hydraulic cylinder piston rod. Similarly, for the conventional
drive, the system is equipped with a network parameter analyzer (A) and a power supply
box (B). Lifting requires the frequency inverter that drives the motor to be powered. While
lowering, the valve coil and the frequency inverter are powered simultaneously. Gravity
causes the hydraulic cylinder to fall, and the fluid’s energy drives a pump that acts as a
hydraulic motor. The pump pushes the asynchronous motor that acts as a generator. The
frequency inverter generates the appropriate braking torque that maintains the set motor
speed. In the tested system, the frequency inverter is not equipped in the regenerative
power unit. The potential energy is lost on the resistor installed in the frequency inverter.
It prevents energy from flowing into the electrical network, i.e., measuring power values
below 0.

Figure 2. Hydraulic scheme of electro-hydraulic drive (EHD).

Both circuits are equipped with the same set of sensors. Measurement and recording
are possible thanks to a program developed using LabView software. Both systems engage
the same setup of the motor-pump unit (MPU) to obtain convergent results. The list of
elements and parameters used in tests and analysis are shown in Tables 1 and 2, respectively.
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Table 1. Parameters of the system.

Component Parameters
Nominal capacity 192 kg
Pump XV-0R/0.98 0.92 cc/rev
Motor Simotics GP 1AV1082B 0.55 kW /1385 rpm
Pressure relief valve VMP V0700 30 MPa/45 lpm
Directional control valve (4/3) HP-4WE6-G/D24-SR-Z5L 36 MPa/80 Ipm
Solenoid operated check valve (2/2) EP-08W-05-M-04 35MPa/30 Ipm
Throttle valve VRFU 9001 35 MPa/35 Ipm
Power network analyzer LUMEL P43 5A/400V
Frequency inverter 5X2400-0R7G-2 0.75kW/0-10 V
Pressure sensors P3297B084001 25 MPa/4-20 mA

Flowmeter GFM-5 0.05-2 Ipm/5.250 pulses/1

Table 2. Nomenclature.

Symbol Description Unit
E Energy J
P Power 4
P; Power of the hydraulic cylinder 4
F, Force on the hydraulic cylinder N
Pe Inlet pressure of the hydraulic cylinder Pa
e Efficiency of the hydraulic cylinder m/s
Py Power of the pump W
Pp Inlet pressure of the pump Pa
Qp Outlet flow from the pump m3/s
Qc Cylinder inlet flow m3/s
w Efficiency of the pump -
dp Displacement of the pump m?3/rad
Py Power of the motor Y
T Torque on the motor shaft Nm
wm Angular motor velocity rad/s
ym Efficiency of the motor -
Eg Effective energy J
Py Effective power 4
Enr Energy of hydraulic losses J
Py Power of hydraulic losses w
Er Energy of losses J
Empu Energy of motor-pump unit J
Ecoir Energy of valve coil J
Estandby Energy of standby mode J
Elnverter Energy of frequency inverter ]

3. Description of Energy Consumption

Energy is an integral of the power in a definition of time (1). Hence, to estimate the
energy consumption, the integration of the power function was conducted according to the

following equation:

t
E:/pm
5

)

In the tested systems, the recorded power is a component of many elements. In
hydraulic systems, the usable power is generated by an actuator. In this case, it is the
hydraulic cylinder acting on the structure of the scissor lift. The hydraulic cylinder’s power
can be estimated according to Equation (2) based on the data collected from the sensors.

P. = F.v. = PC'QC'UC

2
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The power generated by the hydraulic pump can be assessed according to Equation (3).

Py = pp-Qpip 3)

According to Equation (4), estimating the motor’s power consumption can be calcu-
lated based on magnitudes related directly to the electric motors.

Py = T wmfim = Pp-qpMp WmNm 4)

Because of the scissor system’s variable ratio, the force developed by the hydraulic
cylinder changes as a function of its stroke. Hence, the powers of individual elements
will change during the operation of the lift. Moreover, elements consume an instanta-
neous constant power. All of the values of the efficiencies used in Equations (2)-(4) were
investigated in [38]. Engagement of the set of sensors in the tested systems enables the
continuous recording of magnitudes required to solve Equations (2) and (4). Thanks to this,
instantaneous powers and energies at specific points of the drive are assessed.

4. Experimental Tests
4.1. Total Power and Energy Consumption

Preliminary tests were carried out for two systems presented in the above description
for the same conditions:

mass of the cargo on the platform mq = (0, 48, 96, 192) kg;
displacement of the scissor lift platform x, = 2 m;
lifting depending on the system:

o speed of the motor according to its mechanical characteristics (conventional drive);
o speed of the motor ny = 1500 rpm (EHD);

e lowering depending on the system:

o via throttle valve (conventional drive);
o speed of the motor ny, = 1500 rpm (EHD).

The hydraulic scissor lift’s work cycle consists of three stages: lifting phase, 5 s pause
at the top position, and lowering phase. All data were collected throughout the cycle,
regardless of its duration.

The instantaneous power and accumulated energy consumption plotted in Figure 3
are obtained from the measurements and Equation (1), respectively. The tests results for a
conventional drive are shown in Figure 3a,c. The directional valve coils are powered for
both lifting and lowering. Therefore, the system generates energy losses, even though the
motor is not powered. It increases energy consumption throughout the cycle, reaching a
value of over 15 kJ. In addition, the potential energy during lowering was converted into
heat in the throttle valve and significantly increased cycle time with smaller loads. Sur-
prisingly, the analysis results show that lowering the empty lift is more energy-consuming
than with a load of 48 and 96 kg. The decisive factor here was the constant power loss
resulting from the valve coil’s long active time during lowering.

The results for the hydraulic scissor lift with the proposed EHD are shown in Figure 3b,d.
By replacing the directional valve with a 2/2 valve, power to this valve coil is only necessary
while lowering. Although the electric motor is powered in both directions of the hydraulic
cylinder, it is possible to reduce energy consumption. This is due to the electric motor
operating as a generator. In the tested system, energy consumption during the full cycle
reached 14 kJ. Despite the lack of a return module or energy storage module, a 2 k] reduction
in energy consumption (13%) with nominal capacity (192 kg) is noticeable despite the low
lifting capacity of the scissor lift. Moreover, the EHD allows control of the speed of the
mechanism and reduces the impact of dynamic forces and extends the service life of the
machine, among others. Additionally, it shortened the cycle time, which was similar
regardless of the load. The EHD appears to be energy-efficient while working without load
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and with nominal capacity of the scissor lift. Further research in this paper will reveal what
affects total power consumption and which factor is crucial.

a) Okg —48kg  96kg —192kg by Okg —48kg  96kg —192kg

600 1| A 600 L
Lifting 3 Lowering
_500 i _500 -
E400 L 1 E400

Lifting | Lowering

2 300 +
i o
it %200
31 100 -
0 T e 0 |
0 20 40 60 80 100 120 140 160 180 0 80
Time [s] Time [s]
c) ~0kg —48kg 96 kg —192 kg d) «-0kg —48kg 96 kg —192 kg
20 L R 20 + o .
Lifting | Lowering Lifting | Lowering
15
o ]
= f=
w w
5
} f f f } { 0 |
80 100 120 140 160 180 80
Time [s] Time [s]

Figure 3. Comparison of the conventional drive (left) and EHD (right) in a duty cycle: (a,b) power consumption, (c,d) en-

ergy consumption.

4.2. Power Demand of Individual Elements

Using the energy-measuring system, which is depicted in Figures 1 and 2, the power
consumption was investigated in a few conventional drive cases. The results of this inves-
tigation can be observed in Figure 4a. During the test, successive elements of the power
system were turned on under the typical preparation of the lift for a full cycle. At the
stage when the motor was running, the directional valve coil was not powered. The motor
worked with the 4/3 directional valve turned off, pumping the oil through the bypass to
the tank. One of the coils of this valve’s power demand is shown in the next step of the test.

Identical studies were carried out for the EHD (Figure 2). The individual power
functions were turned on in sequence, as is the case in a normal cycle (Figure 4b). In
standby mode, the frequency inverter is additionally powered, hence the slightly higher
power consumption (8.2 W) than in a conventional system (4.5 W). Motor movement is
released here via a frequency inverter in vector mode. Its algorithm calculates what braking
torque should be generated so that the system can remain motionless. The result is high
power consumption, reaching over 80 W. When lowering the scissor lift, the 2/2 valve coil
should be powered, which additionally generates a demand of approx. 30 W.

Another test was carried out to determine the power consumption of the MPU that
operates at different rotational speeds. By changing the rotational speed of the motor with
a frequency inverter, the power consumption was measured. During the investigation,
the oil was going through the 4/3 directional valve in neutral position with a pressure
caused by the resistance of the flow (pressure lower than 0.1 MPa). Taking measurements
during increasing and decreasing the MPU speed, the hysteresis of power consumption
was registered. The hysteresis is presented in Figure 5. The unexpected drop in power
consumption at 2000 rpm may be due to resonance caused by the vibration of the pump
gears. This is just a hypothesis that requires deeper analysis. In this work, to be sure of the
measurements, the electric motor was operated at lower speeds.
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5. Results of Energy Consumption Investigation

Based on the analysis of the power consumption of individual elements of the power
supply system and the installed sensors on the experimental stand, it was possible to
determine the tested system’s energy flow. A summary of the energy consumption within
a cycle (lifting and lowering) in both drives with different loads is shown in Figure 6. The
energy consumption of coils, standby, and MPU is based on the above measurements and
shown in Figure 4. Effective energy is that which the hydraulic cylinder generates to lift the
load (in both drives) and that which the hydraulic cylinder drives the pump when lowering
(EHD). In the conventional drive, it is lost as heat at the throttle valve. The effective energy
was calculated using sensors according to Equation (5). P, was computed from Equation (2)
with data measured from the sensors.

t t
Fegp = [ Popet = [ Peedt 5)
0 0
MPU = Coil ® Hydraulic Losses ™ Standby 14 wtotal 1 Effective Energy ® MPU = Coil W Hydraulic Losses M Standby M inverter
12
10
8
E 6
Z 4
5 1L
w
0 n_a —m - PR TN R L H ¥ |
; 1711
-4
I
L - w - I - I = I = | 6
Okg 192kg 96kg 48kg  Okg 192kg 96kg 48kg Okg 192kg 96kg 48kg  Okg
Lowering Lifting Lowering
(a) (b)

Figure 6. Energy consumption distribution: (a) conventional drive, (b) EHD.

The hydraulic losses between the hydraulic cylinder and the pump were calculated
according to the following Equation (6). P,; was computed from Equation (4) with data
measured from the sensors.

t

t
Eyr = /PHL'dt = /(Pm — PC)'df (6)
0 0

The sum of energy components is shown as Total. As can be seen in low-load systems,
each component has a significant impact on total energy consumption. The high energy
consumption of the directional valve coils is remarkable.

In further analysis, energy consumption was divided into two components—constant
and variable. The first one includes standby mode, supply to valve coils, MPU, and
frequency inverter energies. These magnitudes are the result of the duration of the cycle. It
is worth paying attention to how much energy these elements consume within an hour of
work (Figure 7). The total energy consumption is 715 kJ (about 0.20 kWh). The consumption
of the MPU is of particular interest. Still, many systems are designed such that the motor
runs continuously without load. This dramatically increases the energy consumption of
these devices. The second group includes effective power, hydraulic losses, and power
required to generate the appropriate torque on the motor shaft. They result from the
transported load.
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Figure 7. Energy consumption of constant components within an hour.

The energy losses were summed up and compared with the motor’s energy to illustrate
the energy consumption between these components in the scissor lift’s entire duty cycle—
lifting and lowering (Figure 8). All losses were estimated according to Equation (7).

Er = Empu + Ecoi + EHL + Estandvy + Enverter @)

40% 60% 80% 100%  (b) 0% 20% 40% 60% 80% 100%

4
I

Load [kg]

10,79 kJ

® Motor ™ All Losses H Motor ™ All Losses

Figure 8. Motor vs. all losses: (a) conventional drive, (b) EHD.

This summary shows that the motor needs only 42% of the total energy supplied (con-
ventional drive with 192 kg of load). The use of the EHD reduced the energy consumption
of the motor to less than 15%. This is due to the energy flow from the hydraulic cylinder to
the motor as the scissor lift is lowered. Moreover, this overview shows how much power is
consumed by typical supply components.

That mainly determines the energy consumption of low-load hydraulic lifts. It is
especially evident in scissor lifts. As a result of the structure’s geometry, the power required
to lift the load reaches its maximum in the lift’s folded position. The power decreases a
dozen times as the lift rises.

6. Conclusions

In this paper, the energy consumption of a scissor lift was investigated. The two types
of propulsion solutions in the machine were compared. The propulsion’s first solution is a
standard one based on the electro-hydraulic circuit with a fixed displacement pump driven
by an AC asynchronous motor. The propulsion system’s second, modified, solution engages
the frequency inverter to the AC asynchronous motor and replaces the 4/3 directional and
throttle valve with a two-way normally closed poppet valve. Energy consumption of the
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EHD is 10% lower than in standard drive. Moreover, the modification allows for recovering
the energy of gravity while the cylinder falls, and the oil pushes the asynchronous motor
to run. The analysis includes the energy losses generated on the valve coils, frequency
inverter, MPU, and hydraulic losses.

EHD is more expensive than the standard one by about 100 EUR. The price difference
is caused by the replacement of the 4/3 directional valve (c.a. EUR 150) and the one-way
throttling check valve (c.a. EUR 20) with a 2/2 solenoid operated check valve (c.a. EUR
100) and frequency inverter (c.a. EUR 160).

The research showed the existence of energy losses in the drive system, which result
from the energy consumption of individual elements of the power supply, control, and
drive systems. A decrease in the percentage of energy losses with the increase in the mass
handled was observed. This led to the conclusion that the enhancement of propulsion
systems in scissor lifts should be especially considered in machines carrying big loads.
However, when comparing the working cycles with different loads, it was found that in
the EHD, the energy losses were equal or less than in the conventional system.

It can also be concluded that energetic savings can be obtained in the duty cycle by
engaging the frequency inverter with the energy recovery system to the drive. Thanks to
the bidirectional energetic flow, the motor in the modernized propulsion system consumes
about 67% of the energy of the standard one.

The EHD allows us to control the speed of the mechanism and reduces the impact of
dynamic forces and extends the service life of the machine.

This study’s results are crucial, especially in industrial facilities, where sustainable
production or transportation occurs. An example is a technological line engaging scissor
lifts or other hydraulic devices. Modernization of drives should be focused on adding the
frequency inverters to asynchronous motors. Frequency inverters should be connected
on the common DC link bus. The connection allows the swapping of the energy surplus
between drives. Moreover, the power regeneration unit may be installed in the drive
system to put the energy back into the electrical network.
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