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Abstract 
Introduction. Energy conservation is an urgent topic of research in the mechanical engineering all over the world. A 
particular direction in these studies is the search for energy-efficient methods of testing technical systems, which provide 
the most accurate prediction of the reliability of the designed equipment. The duration of resource tests, established by 
technical conditions and GOST standards, causes an irreversible loss of energy, amounting to more than 1.5 of the 
resource of the tested machine, and the energy lost in the form of “harmful heat” is released into the environment. 
Therefore, the problem of energy saving during testing is given special attention. One of the ways of energy saving under 
testing of hydraulic machines is energy recovery. However, in papers devoted to energy recovery during testing of 
hydraulic machines, the problems of energy recovery during testing of rotary hydraulic machines were solved, and for 
reciprocating hydraulic machines, the problem of energy recovery during testing of plunger hydraulic cylinders was 
solved. The results of these studies cannot be directly used for testing reciprocating hydraulic cylinders. In this regard, 
the objective of this work has been formulated — to develop the structure and basic scheme of a test bench for 
reciprocating hydraulic cylinders, providing the recovery of part of the energy spent on testing, due to which the energy 
efficiency of the testing process is significantly increased. 
Materials and Methods. The paper used simulation techniques for the stand functioning based on the application of the 
theory of volumetric rigidity. To perform preliminary calculations of the stand operation process, a computer program 
based on the SimInTech software package was developed. 
Results. A structural and schematic diagram of a test bench for reciprocating hydraulic cylinders has been developed. A 
mathematical expression has been obtained that provides a preliminary assessment of the test efficiency coefficient. A 
computer program based on the SimInTech software package has been created, which allows the design parameters of 
the stand affect its operational characteristics, including the coefficient of energy efficiency of the test process.  
Discussion and Conclusion. The preliminary calculations of the operating characteristics of the stand showed that the 
efficiency coefficient of the proposed stand was 1.7. It can be increased by conducting additional studies aimed at 
obtaining rational design parameters of the stand. The proposed stand provides testing of reciprocating hydraulic cylinders 
with recovery of part of the expended energy, and its mathematical model allows using the numerical methods in 
calculations. This significantly simplifies the calculation process and increases the accuracy of the calculations. At the 
same time, it is possible to obtain rational parameters of the stand already at the design stage, without resorting to 
expensive and labor-intensive field studies. 
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Оригинальное эмпирическое исследование 

Стенд испытания поршневых гидравлических цилиндров с рекуперацией энергии: 
структура, моделирование и расчёт 
А.Р. Зенин , А.Т. Рыбак , А.Н. Бескопыльный , А.Ю. Пелипенко , Ю.А. Сердюкова 
Донской государственный технический университет, г. Ростов-на-Дону, Российская Федерация 
 2130373@mail.ru 

Аннотация 
Введение. Во всем мире энергосбережение является актуальной проблемой для исследований в области 
машиностроения. Особое направление в этих исследованиях — поиск энергоэффективных методов испытаний 
технических систем, которые позволяют наиболее точно прогнозировать надёжность проектируемого 
оборудования. Установленная техническими условиями и ГОСТами длительность ресурсных испытаний 
приводит к безвозвратной потере энергии, составляющей более чем 1,5 ресурса испытуемой машины, теряемая 
же при этом энергия в виде «вредного тепла» выделяется в окружающую среду. Поэтому проблеме 
энергосбережения в процессе испытаний уделяется особое внимание. Одним из путей энергосбережения при 
испытаниях гидравлических машин является рекуперация энергии. Однако в работах, посвящённых рекуперации 
энергии при испытаниях гидравлических машин, решались задачи рекуперации энергии при испытаниях 
гидромашин вращательного действия, а для гидромашин возвратно-поступательного действия была решена 
задача рекуперации энергии при испытаниях плунжерных гидравлических цилиндров. Результаты этих 
исследований не могут напрямую использоваться для испытаний поршневых гидроцилиндров. В связи с этим 
сформулирована цель настоящей работы — разработка структуры и принципиальной схемы стенда испытаний 
поршневых гидроцилиндров, обеспечивающего рекуперацию части энергии, затрачиваемой на испытания, за 
счёт чего энергетическая эффективность процесса испытаний значительно повышается. 
Материалы и методы. В работе использовались методы моделирования процесса функционирования стенда на 
основе применения теории объёмной жёсткости. Для проведения предварительных расчётов процесса 
функционирования стенда разработана компьютерная программа на базе программного комплекса SimInTech.  
Результаты исследования. Разработаны структурная и принципиальная схемы стенда испытания поршневых 
гидравлических цилиндров. Получено математическое выражение, позволяющее дать предварительную оценку 
коэффициенту эффективности испытаний. Создана компьютерная программа на базе программного комплекса 
SimInTech, дающая возможность конструктивным параметрам стенда влиять на его эксплуатационные 
характеристики, включая коэффициент энергетической эффективности процесса испытания.  
Обсуждение и заключение. Проведенные предварительные расчёты характеристик функционирования стенда 
показали, что коэффициент эффективности предлагаемого стенда составляет 1,7. Его можно повысить за счет 
проведения дополнительных исследований, направленных на получение рациональных конструктивных 
параметров стенда. Предложенный стенд обеспечивает испытания поршневых гидравлических цилиндров с 
рекуперацией части затраченной энергии, а его математическая модель позволяет использовать при расчётах 
численные методы. Это значительно упрощает процесс расчётов и повышает их точность. При этом получать 
рациональные параметры стенда можно уже на стадии его проектирования, не прибегая к дорогостоящим и 
трудозатратным натурным исследованиям. 

Ключевые слова: математическое моделирование, поршневые гидравлические цилиндры, стенд для испытания, 
рекуперация энергии, коэффициент эффективности испытания 
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Introduction. Most critical criteria of the quality of modern engineering products are their reliability and energy 
efficiency. Reliability is maintained at various stages of the product life cycle [1]: at the stages of theoretical research [2], 
development [3], production [4], and operation [5]. Energy efficiency is of great importance in the running of continuously 
operating drives of technological [6], transport [7], loading-and-unloading machines [8], hydraulic excavators [9], and 
other machines and mechanisms. Energy saving acquires special interest in the operation of highly loaded machines [10], 
their testing [11], and diagnostics [12]. 
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At present, when testing hydraulic machines, loading systems are often used in the form of loading devices that 
consume a significant amount of hydraulic or mechanical energy resources, which are inefficiently used and eventually 
irretrievably lost.  

One of the most important areas of improvement and development of new testing systems for hydraulic machines is 
moving away from traditional hydraulic motor loading systems (mechanical, hydraulic, electrical and other braking 
systems), which cause significant unproductive energy losses, to systems with energy recovery. 

Therefore, the issue of maintaining energy recovery during testing is a relevant area for increasing energy saving of 
hydraulic machines. A very promising design in this case is the test bench for rotary hydraulic machines [13], which can 
be used as a loading system for a recuperative system of the “pump – motor – pump” type when testing reciprocating 
hydraulic machines. 

The diagram of the recuperative system of the “pump – motor – pump” type is shown in Figure 1. In this recuperative 
system, the test energy transferred from the hydraulic pump to the hydraulic motor is returned from the motor to the pump 
shaft through mechanical transmission II, which reduces significantly its unproductive losses during the test. In this case, 
the load for the pump is the motor, and the load for the motor is the pump. The energy lost to overcome the internal 
resistances of the test system is compensated by the electric motor through mechanical transmission I. 

Based on the use of a recuperative system of the “pump – motor – pump” type [14], a test stand for hydraulic machines 
with reciprocating motion (plunger hydraulic cylinders) [15] has been developed, which allows for significant energy 
saving during the testing of plunger hydraulic cylinders. 

 
Fig. 1. Scheme of recuperative system of “pump-motor-pump” type 

However, the said stand does not allow testing hydraulic piston cylinders. This research objective is to develop the 
structure and basic diagram of a stand for testing piston hydraulic cylinders, which would provide the recovery of part of 
the energy spent on testing, as well as its modeling and preliminary calculation of operational characteristics. 

Materials and Methods. Based on previously known testing methods, a test stand for checking piston hydraulic 
cylinders with energy recovery was developed [16]. The structural diagram of the proposed experimental stand is shown 
in Figure 2. 

The stand system includes four hydromechanical subsystems and a system for monitoring and controlling the testing 
process: 

1) primary energy source, which includes an electric motor EM and a hydraulic pump P and is designed to compensate 
for the energy lost by the system during testing; 

2) hydraulic cylinder testing mechanism, including the tested hydraulic cylinders HC1 and HC2, mechanical 
transmission MT and hydraulic distributor HD; 

3) guiding system consisting of check valves CV1, CV2, CV3 and CV4 and designed to control fluid flows when 
changing the direction of movement of the working parts of hydraulic cylinders; 
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4) energy recovery system, including hydraulic motor M, pressure hydraulic valve PV and mechanical transmission 
MT, designed to create a load on the tested hydraulic cylinders and return part of the energy from the shaft of hydraulic 
motor M to the shaft of hydraulic pump P and implement energy recovery during testing; 

5) control and management subsystem “Automatic Control and Management System” (ACMS), designed to monitor 
the basic technological parameters of the hydraulic cylinder testing process and manage this process. It includes pressure 
sensors PS1...PS4; speed sensors SS1 and SS2; rotation sensor RS and kilowatt meter KM, designed to measure pressure 
at characteristic points of the system, the rotation speed of the shafts of the hydraulic pump P and hydraulic motor M, the 
angle of rotation of the rocker arm RA, the power consumed by the electric motor EM, and further processing of 
information. For this purpose, the ACMS has an electronic system for processing, displaying on the screen and printing 
the received information about the progress of the test. 

 

Fig. 2. Structural diagram of the experimental test stand for piston hydraulic cylinders with energy recovery 

In the structural diagram (Fig. 2), solid lines show the hydraulic and mechanical connections of the system elements, 
and dashed lines show the connections of the ACMS elements. 

According to the proposed structural diagram, the energy conversion model on the experimental stand will be 
implemented as follows. 

The energy that arises at the output of the primary energy source I as a result of its operation NвыхI, is transmitted with 
some losses to the input of the hydraulic cylinder testing mechanism II NвхII: 

 вх вых ,II I I IIN N −= ⋅η  (1) 

where ηI–II — efficiency factor taking into account the corresponding energy losses. 
The output power of the hydraulic cylinder test mechanism II after its double conversion within the second subsystem, 

taking into account the corresponding losses, can be determined from equation: 
 вых вх ,II II IIN N= ⋅η  (2) 

where NвыхII — output power of the hydraulic cylinder testing mechanism II; ηII — efficiency factor of the hydraulic 
cylinder testing mechanism II, taking into account energy losses arising in the second subsystem as a result of its double 
conversion — from hydraulic to mechanical and vice versa. They consist of losses of hydraulic energy in the internal 
hydraulic lines of the system and losses of mechanical energy during the movement of the pistons of the hydraulic 
cylinders HC1, HC2, and energy in the mechanical transmission MT from the leading hydraulic cylinder HC1 to the slave 
hydraulic cylinder HC2. 

https://vestnik-donstu.ru/
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The power supplied to the input of the third subsystem of the guide system III will be determined taking into account 
the losses of hydraulic energy between the testing mechanism of hydraulic cylinders II and subsystem III, which is lost 
to overcome the hydraulic resistance of the corresponding hydraulic lines: 

 вх вых ,III II II IIIN N −= ⋅η  (3) 
where NвхIII — capacity of the hydraulic flow at the input of guide system III; ηII–III — efficiency of the hydraulic 
transmission (hydraulic system) between the second and third subsystems, taking into account energy losses in the 
corresponding hydraulic lines. 

The capacity of the fluid flow at the outlet of the third subsystem is determined from equation: 
 вых вх ,III III IIIN N= ⋅η  (4) 

where NвыхIII — capacity of the fluid flow at the outlet of subsystem III; ηIII — efficiency of the third subsystem, taking 
into account energy losses during the operation of the guide system.  

The capacity of the fluid flow at the inlet of the energy recovery system is determined from equation: 
 вх вых ,IV III III IVN N −= ⋅η  (5) 

where NвхIV — capacity of the fluid flow at the outlet of the fourth subsystem; ηIII–IV — efficiency factor, taking into 
account the corresponding energy losses. 

The output power of the energy recovery system consists of two components: the power of the hydraulic flow 
transmitted from the drain of the energy recovery system to the input of the hydraulic pump P, and the mechanical energy 
transmitted from the hydraulic motor shaft to the hydraulic pump shaft through the mechanical transmission MT. 

In this case, the total power given by the energy recovery system NвыхIV to the primary energy source can be determined 
from formula: 

 вых вх ,IV IV IVN N= ⋅η  (6) 
where ηIV — total efficiency of the energy recovery system IV. 

The total power supplied to the input of the primary energy source NвхI from the energy recovery system, taking into 
account the total efficiency factor, which considers both mechanical and hydraulic energy losses during its transfer from 
the output of the energy recovery system to the input of the primary energy source ηIV–I can be determined from formula: 

 вх выхI IV IV IN N .−= ⋅η  (7) 
Power NвхI, received at the input of the primary energy source from the output of the energy recovery system is added 

to power NЭДвых, received from the output of the electric motor EM, and is converted by the pump P into power NвыхI  of 
the working fluid flow at the output of the primary energy source, which can be determined from formula: 

 ( )вых ЭДвых ЭД Н вх Н ,I IN N N−= ⋅η + ⋅η  (8) 

where ηЭД–Н — efficiency of the mechanical transmission between the electric motor EM and the pump P; ηН — total 
efficiency of the pump. 

 ЭДвых ЭДвх ЭД ,N N= ⋅η  (9) 

where NЭДвх — power at the input of the electric motor EM (power consumed by the electric motor from the power supply 
network); ηЭД — efficiency of the electric motor. 

The joint solution to equations (1)–(9) allows us to obtain equation: 

 ЭДвых ЭД Н ЭД Н вх
1 ,II II II III III III IV IV IV I
I -II

N N− − − −
 

⋅η ⋅η ⋅η = −η ⋅η ⋅η ⋅η ⋅η ⋅η η 
 (10) 

or 

 ЭД Н ЭД Нвх

ЭДвых
.

1
I -IIII

II II III III III IV IV IV I

N
N

−

− − −

η ⋅η ⋅η ⋅η
=

−η ⋅η ⋅η ⋅η ⋅η ⋅η
 (11) 

In the right part of equation (11), we see the ratio of the power supplied to the tested hydraulic machines (HC1, HC2), 
to the power consumed by the electric motor of the power source of the test system I. This is nothing more than the 
efficiency factor of the test system kэфф. Thus, the efficiency factor of the recuperative system under consideration is 
generally determined from formula: 

 ЭД Н ЭД Н
эфф .

1
I -II

II II III III III IV IV IV I
k −

− − −

η ⋅η ⋅η ⋅η
=

−η ⋅η ⋅η ⋅η ⋅η ⋅η
 (12) 

From equation (12), it is evident that in the general case, efficiency factor 𝑘𝑘эфф of the proposed piston hydraulic cylinder 
testing system is determined by the efficiency factors of the subsystems and elements that make up the testing system. In the 
numerator of equation (12), there is the product of the efficiency factors of all energy transmission elements — from the 
primary source of electrical energy to the hydraulic cylinder testing mechanism, and in the denominator, there is the 
difference between the unit and the product of the efficiency factors of the remaining elements of the system. Thus, to 
increase the efficiency factor of the testing system, it is required, first of all, to increase the efficiency factors of all the 
elements that make up the system. 
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Theoretically, if the efficiency of all elements that make up the hydraulic cylinder testing system are equal to 1, then 
the efficiency factor of the testing system becomes equal to infinity.  

In accordance with the considered structural diagram, presented in Figure 2, a basic diagram of the experimental stand 
has been developed (Fig. 3). In it, as a hydraulic recuperation system, a hydraulic transmission HST-90 is used, including 
an adjustable hydraulic pump P1 and a nonadjustable hydraulic motor HM, kinematically connected by mechanical 
transmission MT2. 

The primary energy source I on the experimental stand has a hydraulic connection with the hydraulic cylinder testing 
mechanism II through hydraulic line l1, which, in turn, is connected through hydraulic lines l13 and l14 to the guide 
system III, and then through hydraulic line l16 to energy recovery system IV and through hydraulic lines l6, l9 and l10 — 
to the primary energy source I.  

 
Fig. 3. Hydro-kinematic diagram of the test stand for piston hydraulic cylinders 

Thus, the hydraulic system of the stand, like its energy system, is a closed circuit. 
The most effective method of preliminary study of the properties of the technical systems being developed is its 

modeling with subsequent research [17]; therefore, to confirm the correctness of the previously considered method of 
modeling the test stand for piston hydraulic cylinders, its mathematical model has been developed using the theory of 
volume rigidity [18]. For this purpose, the hydraulic system of the stand is divided into sections by characteristic points 
(a total of 32 points, including points 01, 02, 03 and 04 of the feed system).  

In accordance with the theory of volume rigidity of hydraulic systems, the time derivative of pressure, taking into 
account the reduced coefficient of volume rigidity of the section under consideration Cпрi, can be determined depending 
on the values of incoming Qвхi and outgoing liquid flow rates Qвыхi using formula: 

 ( )пр вх вых .i
i i i

dp C Q Q
dt

= −∑ ∑  (13) 

The flow rates of the working fluid for substitution into equation (13) are determined in accordance with the actual 
operating conditions of the system using known dependences [19]. 

The feed rates of hydraulic pumps P1 and P2 and the flow rate of the hydraulic motor HM are determined taking into 
account their volume efficiency factors. 

Since the shafts of the hydraulic pump S2 and the hydraulic motor S3 are connected through a mechanical 
transmission, the following dependence is satisfied: 

 В3 В2 3_2 ,iω = ω  (14) 

where i3_2 — gear ratio of mechanical transmission MT2 of rotation from the shaft of hydraulic motor S3 to the shaft of 
hydraulic pump S2. 

The rotation speed of the hydraulic pump shaft is set by the angular speed of the electric motor shaft S1 ωВ1 and is 
determined from the ratio: 

 В1 В2 1_2 ,iω = ω  (15) 

where i1_2 — gear ratio of mechanical transmission MT1 of rotation from the shaft of hydraulic motor S1 to the shaft of 
hydraulic pump S2. 

https://vestnik-donstu.ru/
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The flow rates through the valves (pressure valves PV1…PV3 and check valves CV1…CV6) are determined by their 
flow characteristics from the ratio: 

 
кл кл.откл кл

кл кл.откр
кл кл.откл кл кл.

кл.

if then 0;

if then ,
Δnom

nom

p p , Q
p p

p p , Q Q
p

< =
−

≥ = ⋅
 (16) 

where pкл — pressure at the valve inlet; pкл.откр — valve start-to-open pressure; Δpкл.nom — difference between the full 
valve open pressure at the nominal flow rate and the start-to-open valve pressure; Qкл — actual flow rate of the working 
fluid through the valve; Qкл.nom — nominal flow rate of the valve. 

Figure 4 shows the kinematic diagram of the hydraulic cylinder testing mechanism. When modeling its operation, it 
should be borne in mind that the speed of piston movement of the hydraulic cylinder HC1 is determined by the flow rate 
of the working fluid supplied to its piston cavity: 

 4 5
ц1

П
._Q

v
S

=  (17) 

 
Fig. 4. Kinematic diagram of the hydraulic cylinder testing mechanism 

The movement of hydraulic cylinder Lц1 is transmitted to the mechanical transmission MT, which performs a rotational 
movement around point A.  

The angular rotational speed of mechanical transmission MT is determined by the tangential component v𝜏𝜏1 of the 
movement speed of the piston of hydraulic cylinder HC1. It depends on angle β1 between the direction of its movement 
and radius r1, that connects the point of rotation of the mechanical transmission MT and point B1 that joins the rod of the 
hydraulic cylinder HC1 with it: 

 1
AD

1
,v

r
τω =   

or  

 ц1 1
AD

1
.

v sin
r
⋅ β

ω =  (18) 

Rotating around point A, mechanical transmission MT transmits movement to the piston of the slave hydraulic cylinder 
HC2, whose speed vц2 also depends on angle β2 between the direction of its movement and radius r2, that connects the 
point of rotation of the mechanical transmission MT and point B2 that joins the rod of the hydraulic cylinder HC2 with it:  

 2
ц2

2
.ADrv

sin
ω

=
β

 (19) 

Having solved equations (18) and (19) simultaneously, we obtain a formula that determines the relationship between 
the speed of movement of the pistons of the leading hydraulic cylinder HC1 and the slave hydraulic cylinder HC2: 

 2 1
ц2 ц1

1 2
.r sinv v

r sin
β

=
β

 (20) 

From the analysis of triangles (according to the law of cosines) AG1B1 and AG2B2, angles β1 and β2 are determined: 

 

2 2 2
1 1 1

1
ц1 1

2 2 2
2 2 2

2
ц2 2

,
2

,
2

c

c

L r Lcos
L r

L r Lcos
L r

+ −
β =

+ −
β =
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where Lц1 and Lц2 — distances between the axes of the connection of the housings of the corresponding hydraulic cylinders 
to the stand frame and their rods with the mechanical transmission MT; L1 and L2 — distances from the axis of rotation 
of the mechanical transmission MT and points G1 and G2 of connection with the stand frame of the housings of hydraulic 
cylinders HC1 and HC2, respectively. 

During the return piston stroke of the slave hydraulic cylinder HC1, the working fluid is supplied to its rod cavity, and 
then the rest of the calculation formulas remain unchanged.  

 7 6
ц1

п.шт
._Q

v
S

=  (21) 

In dynamic calculations, the movement of the piston of the leading cylinder HC1 is described by the equation of 
motion: 

 ( )ц1
п 5 п.шт 6 1 тр1 1

пр1

1dv
S p S p v k F ,

dt M
= ⋅ − ⋅ − ⋅ −  (22) 

 ц1
1,

dx
v

dt
=  (23) 

where vц1 and xц1 — speed and displacement of the piston of the hydraulic cylinder HC1; Mпр1 — reduced mass; Sп and 
Sп.шт — working areas of the pistons of the hydraulic cylinders; p5 and p6 — pressure in the corresponding cavities of the 
hydraulic cylinder HC1; kтр1 — friction factor during movement of the working element of the first hydraulic cylinder 
HC1, taking into account friction in the transmission mechanism RA; F1 — force of impact on the working body of the 
leading hydraulic cylinder from the side of the hydraulic cylinder HC2. 

Force F1 is determined by formula: 

 ( ) 2
1 п 20 п.шт 23 ц2 тр2

1

sinF S p S p v k ,
sin

β
= ⋅ − ⋅ + ⋅ ⋅

β
 (24) 

where p20 and p23 — pressure in the piston and rod cavities of the slave hydraulic cylinder HC2, respectively; vц2 and kтр2 — speed 
of movement of the working body of the slave hydraulic cylinder HC2 and friction factor during its movement. 

Research Results. Figures 5–9 show the results of the preliminary calculation of the proposed mathematical model 
of the test stand. The calculations were performed using a special program developed in the SimInTech environment [20]. 
The calculations allowed us to determine the functional parameters of the stand already at the design stage and take 
meaningful measures to improve them. 

Having analyzed the graphs of the piston motion parameters of the tested hydraulic cylinders (Fig. 5), it can be 
concluded that the test cycle of the piston hydraulic cylinders HC63.500.16.000 on the proposed stand will last about four 
seconds. The piston motion speed, when the rod is extended, will be 0.24 m/s, and when it is retracted — 0.32 m/s. 

 
Fig. 5. Change in the parameters of the piston movement of the leading hydraulic cylinder under testing:  

1 — displacement; 2 — speed  

The graphs (Fig. 5) show that the hydraulic cylinders are exposed to working fluid pressures of 120 to 130 atmospheres 
under testing. Of particular interest is the fact that during testing, at the moment of reversing the direction of movement 
of the piston, the pressure at all considered points becomes the same — about 70 atmospheres. 

 
 

https://vestnik-donstu.ru/
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Figure 6 shows data on the pressure at the nodal points of the hydraulic system of the stand under testing.  

 

Fig. 6. Pressure change at characteristic points of the hydraulic system of the stand under testing of hydraulic cylinders:  
1 — hydraulic pump outlet; 2 — hydraulic motor inlet; 3 — piston cavity of HC1; 4 — rod cavity of HC1 

The graphs of pressure variations in low-pressure hydraulic lines, which are shown in Figure 7, allow us to estimate 
the magnitude and nature of the pressure change at the input to the feed hydraulic pump of the stand. It can be seen that 
at the moment of reversal of the piston movement of the tested hydraulic cylinders, the pressure in the suction branch of 
the main hydraulic pump of the stand increases sharply to 70 atmospheres. Particularly noteworthy is the fact that when 
the direction of the piston movement of the leading hydraulic cylinder changes from extension to retraction, the pressure 
at the outlet of the feed pump grows less than the setting pressure of its pressure valve. To explain this effect, it should 
be recalled that the hydraulic system of the stand is essentially a closed system, i.e., the working fluid from the drain of 
the recovery system enters the suction branch of the main pump of the stand. At some point during the operation of the 
stand, this fluid is not enough, the main pump receives additional fluid flow from the feed pump. This fact is very 
important to remember when designing a test stand. 

 

Fig. 7. Change in pressure at characteristic points of the low-pressure hydraulic system under testing of hydraulic cylinders:  
1 — output of the hydraulic system of the hydraulic cylinder testing mechanism; 2 — input of the main hydraulic pump;  

3 — output of the feed hydraulic pump 

The graphs of power variations on the hydraulic machines of the test stand during testing (Fig. 8) show that the highest 
power during testing of hydraulic cylinders occurs at the output of the hydraulic pump, and the lowest — at the input of 
the main energy source of the bench — the electric motor. This is the main objective that the authors were trying to 
achieve by creating a stand with a recuperative system: the recuperative system returns part of the energy spent on testing 
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hydraulic cylinders back to the hydraulic pump, which reduces the overall energy consumption of the primary source, 
and this provides an increase in the energy efficiency of the testing process. It should also be noted that when the direction 
of movement of the pistons of the tested hydraulic cylinders is reversed, the power on some elements of the stand takes 
on a negative value. Obviously, this is the effect of the release of energy accumulated in the system during its elastic 
deformation, volume compression in the hydraulic system. 

 

Fig. 8. Change in power on the hydraulic machines of the stand under testing of hydraulic cylinders:  
1 — hydraulic pump output; 2 — hydraulic motor shaft;  

3 — in the hydraulic cylinder testing system; 4 — electric motor input 

The graphs (Fig. 9) show that the instantaneous efficiency coefficient takes on a zero value when the direction of 
movement of the pistons of the tested hydraulic cylinders is reversed. This is explained by the fact that at this moment, 
the piston of the hydraulic cylinder stops, and therefore, the power on the tested hydraulic cylinders also goes to zero.  

 

Fig. 9.  Test efficiency factors:1 — instantaneous value; 2 — average value 

It is also seen that the value of the average test efficiency ratio approaches the value of 1.7. This indicates that the 
power of the hydraulic cylinder test is 70% greater than the power expended during this test. 

Discussion and Conclusion. The results of the research done by the authors and presented in this article show that 
the proposed stand scheme allows testing piston hydraulic cylinders with a test efficiency factor of 1.7. Considering that 
tests performed using classical loading methods have an efficiency factor of no more than 0.8–0.9, it can be concluded 
that the proposed energy recovery scheme is two times more efficient than classical loading methods. That is, when testing 
the same hydraulic cylinders, the energy consumed is more than two times less than when testing through special loading 
means (mechanical, hydraulic, etc.) without energy recovery. 

https://vestnik-donstu.ru/
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The maximum (highest) value of the efficiency coefficient for testing piston hydraulic cylinders using the proposed 
stand can be determined by equation (12). The proposed mathematical model of the stand and the program developed for 
its study allow for a preliminary study of the influence of various design and functional parameters of the stand on the 
test efficiency factor, as a result of which rational values of the design parameters of the stand can be obtained. 
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