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ABSTRACT

The article aims at defining and analysing the energy loss coefficients in design solutions of rotating displacement 
machines, with a piston machine as an example. The energy losses observed in these machines include mechanical 
loss, volumetric loss, and pressure loss. The scale and relations between these losses in different machines depend on 
machine design and manufacturing quality, and on operating parameters. The operating parameters, in turn, which 
affect directly or indirectly the above losses depend on whether the machine works in pump or hydraulic motor regime. 
The article is also a contribution to the development of a library of ki coefficients which define the losses in displacement 
machines, as the knowledge about these coefficients makes it possible to assess fast and easily the energy efficiency of 
a machine or drive system at each point of its working area.
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INTRODUCTION

The motivation for developing a library of ki coefficients 
defining energy losses in displacement machines was creating the 
opportunity for fast and easy efficiency assessment of a machine 
or drive system at each point of its working area (Fig. 1).

In articles [4 ÷ 7], the author has analysed the structure 
of losses generated in a hydraulic motor as a function of 
other, loss independent parameters. Fig. 2 presents the loss 
increase in the direction opposite to that of power flow. It 
was mentioned in these articles that assessing the energy 
efficiency of a motor requires prior accurate assessments of 
mechanical loss, volumetric loss, and pressure loss. In turn, to 
assess accurately these losses, they should be made depended 
on relevant parameters which directly determine their scale. 

The drive system is not decisive for conditions in which the 
driven device works. On the contrary, it is the driven device 
or mechanism which determines the real load or speed of the 
hydraulic motor used in the hydrostatic drive system. The 
control structure (of volumetric or throttling type) used for 

controlling the hydraulic motor speed should allow the motor 
to reach the speed required by the driven device. 

Working conditions of the device change in time, as a result of 
loss changes, among other causes [10, 11, 13–15]. Consequently, 
the working conditions of the hydrostatic system used as the 
drive also change. 

Changes of working parameters of the hydrostatic system are 
limited by maximal parameter values. In Fig. 1, these maximal 
values are marked as boundaries of the working area of the 
system (illustrated by maximal values of motor speed coefficient 

Mmax and motor load coefficient Mmax). 
Working conditions of the device can change within the full 

range of changes of the motor speed coefficient M and motor 
load coefficient M. The area of changes of these coefficients is 
limited by the inequalities: 0 ≤ ωM < ωMmax and 0 ≤ MM < MMmax. 

The goal of hydrostatic system operation is to meet power 
requirements of the driven device or machine in the entire 
range of its working area. It is assumed that the machine can 
work at each point of the working area, hence the information 
about its energy efficiency in newly created conditions is 
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important. In practice, however, this information is not 
available for a machine or system user.

To find the range of the working area of the hydrostatic 
system driving a machine, we should determine the maximal 
values of the motor speed coefficient Mmax and motor load 
coefficient Mmax. The value of Mmax = f  M, ki,   depends 
on the current value of the motor load coefficient M, the 
volumetric loss coefficients ki in hydrostatic system elements, 
and the current ratio ν/νn between the working medium 
viscosity ν and the reference viscosity νn. In turn, the value 
of Mmax = f  M, ki,   depends on the current value of the 
motor speed coefficient M, the mechanical and pressure 
loss coefficients ki in hydrostatic system elements (excluding 
pump), and the current ratio ν/νn between the working 
medium viscosity ν and the reference viscosity νn. 

To perform the energy balance in the displacement machine 
(pump or hydraulic motor) used in a hydrostatic drive system, 
we should add the energy loss rate to the useful (output) 
power, (see Fig. 2), as it is the output power parameters which 
are decisive for individual energy loss rates [8].

It is noteworthy that the maximal values of the motor 
speed coefficient Mmax and the motor load coefficient  

Mmax, which define the boundaries of the system’s working 
area, depend on the parameters of the displacement 
machines used in the system. They also depend on the 
control structure applied for controlling the hydraulic 
motor speed, and on losses generated in the remaining 
elements of the system.

METHODS TO DETERMINE ki 
COEFFICIENTS AND “A” EXPONENTS 

DESCRIBING THE EFFECT OF INDIVIDUAL 
PARAMETERS ON ENERGY LOSSES

According to the theory by Z. Paszota [9], the basis for 
describing losses and energy efficiency of a displacement 
machine (pump, rotating hydraulic motor) is the diagram of 
power increase in the drive system in the direction opposite 
to the power flow direction, (Fig. 2).

The presented formulas make it possible to calculate 
the value of each individual loss generated in a rotating 
displacement machine. These formulas contain selected energy 
loss coefficients ki, and “a” exponents that describe the effect 
of individual parameters on energy losses.

MODEL OF VOLUMETRIC LOSS  
IN PUMP AND HYDRAULIC MOTOR 

The mathematical model of volumetric loss in pump 
which takes into account the dependence of the volumetric 

Fig. 1. The range of drive motor speed coefficient M and motor load 
coefficient M (0 ≤  M <  Mmin, 0 ≤  M <  Mmax) 

in a hydrostatic drive system [9]

Fig. 2. Diagram of power increase in the hydrostatic drive system, in the direction opposite to that of power flow [9]
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rotational speed nMt of motor shaft. The value of the coefficient 
k9 is referenced to the theoretical pump delivery QPt: 

 (4)

Here, (ΔpMi = pn)
apv represents the effect of the induced 

pressure drop ΔpMi in motor’s working chambers on the 
total amount of volumetric loss in the rotating displacement 
machine. The value of the exponent apv varies from apv = 1 for 
laminar flow to apv ≈ 0,57 for flow with not fully developed 
turbulence, and apv = 0,5 for fully developed turbulent flow. 
The exact value of the exponent apv should be determined 
experimentally for each motor type.

(nM / nMt)
anv represents the effect of the rotational speed nM 

of the motor shaft on the volumetric loss rate QMv. The exact 
value of the exponent anv should be determined experimentally 
for each type of hydraulic motor.

(n/nn)
aνv represents the effect of medium viscosity ν on the 

total amount of volumetric loss in the rotating displacement 
machine. The value of the exponent aνv varies from aνv = –1 
for laminar leakage flows to aνv ≈ –0,14 for flows with not 
fully developed turbulence, and aνv = 0 for fully developed 
turbulent flows. The exact value of the exponent aνv should 
be determined experimentally for each motor type.

The models (2.1) and (2.3) of volumetric loss in 
a displacement machine make it possible to determine very 
accurately the dependence of the rates QPv or QMv in the 
displacement machine on the induced pressure increase ∆pPi 
or pressure drop ∆pMi in machine’s working chambers and 
on oil viscosity ν, as well as on the rotational speed nM of 
motor shaft in the case of hydraulic motor. The models utilise 
the coefficients k1 (in pump) and k9 (in hydraulic motor) 
of volumetric loss rates generated at the induced pressure 
increase DpPi or pressure drop DpMi in chambers equal to 
the nominal pressure pn of the hydrostatic system in which 
the pump is installed: DpPi = pn, or in which the motor is 
installed: DpMi = pn. The obtained loss values are referenced 
to the theoretical working volume qPt of the pump, or, in 
the case of hydraulic motor, to the theoretical delivery QPt 
of the pump.

MODEL OF PRESSURE LOSS IN PUMP  
AND HYDRAULIC MOTOR

The mathematical simulation formula which determines 
the pressure loss DpPp in pump channels for varying viscosity 
n has the form [9]:

 (5)

where k3 is the coefficient of the pressure loss DpPp in pump’s 
inner channels and distributor (if exists). This coefficient is 
determined for the pump delivery QP equal to its theoretical 
delivery QPt and for the reference viscosity νn of the working 
medium. The value of the coefficient k3 is referenced to the 
nominal pressure pn of the system:

loss rate QPv in the pump on the induced pressure increase 
ΔpPi in pump’s working chambers and on the ratio n/nn 
between oil viscosities has the form [9]:

 (1)

where ki is the coefficient of the volumetric loss QPv generated 
during one revolution of constant or variable delivery pump 
shaft for the induced pressure increase ΔpPi in the pump equal 
to the nominal pressure pn of the hydraulic system: ΔpPi = pn, 
and for the reference viscosity νn of the working medium. 
The value of the coefficient k1 is referenced to the theoretical 
working volume qPt of the pump: 

 (2)

Here, qPt is the theoretical working volume of the constant 
delivery pump, and nP is the rotational speed of the pump, 
determined for its theoretical working volume and the 
temperature corresponding to the reference viscosity νn, and 
for the induced pressure increase ΔpPi in pump’s working 
chamber equal to the nominal pressure pn of the hydraulic 
system: ΔpPi = pn. 

(ΔpPi = pn)
apv represents the effect of the induced pressure 

increase ΔpPi in pump’s working chambers on the total 
amount of losses in the rotating displacement machine. The 
value of the exponent apv varies from apv = 1 for laminar flow 
to apv ≈ 0,57 for flow with not fully developed turbulence, and 
apv = 0,5 for fully developed turbulent flow. The exact value 
of the exponent apv should be determined experimentally for 
each pump type.

ν is the kinematic viscosity of the working medium 
(hydraulic oil) for which the volumetric loss rate QPv at pump 
inlet is calculated, and νn is the reference kinematic viscosity of 
the working medium (hydraulic oil), equal to νn = 35 mm2s–1, 
determined for the atmospheric pressure, i.e. for p = 0.

(n/nn)
aνv represents the effect of medium viscosity ν on the 

total amount of volumetric loss in the rotating displacement 
machine. The value of the exponent aνv varies from aνv = –1 
for laminar leakage flows to aνv = –0,14 for leakage flows with 
not fully developed turbulence, and aνv = 0 for fully developed 
turbulent leakage flows. The exact value of the exponent aνv 
should be determined experimentally for each displacement 
pump type. 

The volumetric loss rate QMv in working chambers of the 
hydraulic motor are given by the following mathematical 
simulation model [9]: 

 (3)

where is the coefficient of the volumetric loss QMv determined 
for: the induced pressure drop ΔpMi equal to the nominal 
pressure pn of the hydraulic system: ΔpMi = pn, the reference 
viscosity νn of the working medium, and the theoretical 
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 (6)

Here, (QP / QPt)
aQp represents the effect of the flow rate QP 

of the liquid medium (pump delivery QP) in the channels on 
the pressure loss DpPp in the pump. The value of the exponent 
aQp varies from aQp = 1 for laminar flow to aQp ≈ 1,75 for flow 
with not fully developed turbulence, and to aQp = 2 for fully 
developed turbulent flow. The exact value of the exponent 
aQp should be determined experimentally for each type of 
displacement pump.

(n/nn)
avp is the effect of medium viscosity ν on the total 

amount of pressure loss in the rotating displacement machine. 
The value of the exponent aνp varies from aνp = 1 for laminar 
flow to aνp ≈ 0,25 for flow with not fully developed turbulence, 
and to aνp = 0 for fully developed turbulent flow. The exact 
value of the exponent aνp should be determined experimentally 
for each type of displacement pump.

The model of pressure loss in hydraulic motor has the 
form [9]:

 (7)

with the coefficient: 

 (8)

determining the pressure loss ΔpMp generated in inner 
channels and distributor of the hydraulic motor at absorbing 
capacity QM of the motor equal to the theoretical delivery QPt 
of the pump. The value of the coefficient k8 is referenced to 
the nominal pressure pn of the system in which the hydraulic 
system is installed. 

(QM / QPt)
aQp represents the effect of the absorbing capacity 

QM of the liquid medium in the channels on the pressure loss 
DpMp in the rotating hydraulic motor. The value of the exponent 
aQp varies from aQp = 1 for laminar flow to aQp ≈ 1,75 for flow 
with not fully developed turbulence, and to aQp = 2 for fully 
developed turbulent flow. The exact value of the exponent aQp 
should be determined experimentally for each motor type.

(n/nn)
avp represents the effect of medium viscosity ν on the 

total amount of pressure loss in the rotating displacement 
machine. The exponent aνp varies from aνp = 1 for laminar flow 
to aνp ≈ 0,25 for flow with not fully developed turbulence, and 
to aνp = 0 for fully developed turbulent flow. The exact value 
of the exponent aνp should be determined experimentally for 
each motor type. 

The type of the medium flow developed in displacement 
machine channels is mainly affected by the local flow resistance 
(flow direction and cross section disturbances) which depends 
on structural design and dimensions of the machine. The created 
pressure loss models (2.5) and (2.7) can be applied in analysing 
an individual machine design to determine experimentally 
the exact values of the exponent aνp describing the effect of 
viscosity, and the exponent aQp describing the effect of flow rate 
on the pressure loss in machine channels. The models utilise 
the pressure loss coefficients k3 (in pump) and k8 (in hydraulic 

motor) determined for the flow rate QP or QM in the channel 
equal to the nominal pump delivery QPt, and referenced to the 
nominal pressure pn of the system in which the pump is installed.

MODEL OF MECHANICAL LOSS  
IN PUMP AND HYDRAULIC MOTOR 

The mathematical model describing the mechanical loss 
moment MPm in the pump with geometric (variable) delivery 
qPgv (qPgv = bP qPt) per shaft revolution has the form:

  (9)

Here, the coefficient k4.1.1 expresses the ratio of the 
mechanical loss moment MPm|ΔpPi=0, bP=0, νn

 of the unloaded 
pump, determined for the delivery qPgv per pump shaft 
revolution (pump delivery change coefficient bP) equal to 
zero: qPgv = 0 (bP = 0) and the working medium reference 
viscosity νn, to the theoretical moment MPt of the pump:

 (10)

The coefficient k4.1.2 expresses the ratio of the difference 
between the mechanical loss moment MPm|ΔpPi=0, bP=1, νn

 in the 
unloaded pump, determined for the pump delivery qPgv per 
pump shaft revolution (pump delivery change coefficient 
bP) equal to the theoretical working delivery qPt of the 
pump, qPgv = qPt (bP = 1) and the mechanical loss moment 
MPm|ΔpPi=0, bP=0, νn

 in the unloaded pump, determined for the 
pump delivery qPgv per pump shaft revolution equal to zero: 
qPgv = 0 (bP = 0) and the working medium reference viscosity 
νn, to the theoretical moment MPt of the pump:

 (11)

The coefficient k4.2 expresses the ratio of the difference 
between the mechanical loss moment MPm|ΔpPi=pn, bP=1, νn

 in the 
pump loaded with nominal pressure and the mechanical 
loss moment MPm|ΔpPi=0, bP=1, νn

 in the unloaded pump at the 
working medium reference viscosity νn, to the theoretical 
moment MPt of the pump:
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 (12)

Here, (n/nn)
avm represents the effect of medium viscosity ν 

on the mechanical loss moment in the displacement piston 
machine with medium filling the casing. The value of the 
exponent aνm should be determined experimentally for each 
type of displacement pump. 

ΔpPi/pn represents the effect of the induced pressure increase 
ΔpPi in pump’s working chambers on the total amount of 
mechanical loss in the rotating displacement machine. 
According to [9], the assumed value of the exponent apm is 1. 

The mathematical model of the mechanical loss moment 
MMm in the rotating hydraulic motor with geometrical 
(variable) absorbing capacity qMgv per shaft revolution has 
the form [9]:

 (13)

where the coefficient k7.1.1 expresses the ratio of the mechanical 
loss moment MMm in unloaded motor (MM = 0), determined 
for the motor shaft rotational speed equal to zero: nM = 0, 
theoretical capacity per motor shaft revolution equal to 
qMt (coefficient bM of absorbing capacity change per motor 
revolution: bM = 1), and working medium viscosity equal to 
νn, to the theoretical moment MMt of the motor:

 (14)

The coefficient k7.1.2 expresses the ratio of the difference – 
in unloaded motor: MM = 0, at the theoretical capacity qMt 
per motor shaft revolution (bM = 1) and the working medium 
reference viscosity νn – between the mechanical loss moment 
MMm|MM=0, nM=nMt, bM=1, νn

 determined for the theoretical motor 
shaft rotational speed nMt and the mechanical loss moment 
MMm|MM=0, nM=0, bM=1, νn

 determined for the motor shaft rotational 
speed nM equal to zero (nM = 0), to the theoretical moment 
MMt of the motor:

 (15)
The coefficient k7.2 expresses the ratio of the difference – 

at the theoretical capacity qMt per motor shaft revolution 

(bM = 1), the theoretical motor shaft rotational speed nMt, and 
the working medium reference viscosity νn – between the 
mechanical loss moment MMm|MM=MMt, nM=nMt, bM=1, νn

 in the motor 
loaded with the theoretical moment MMt and the mechanical 
loss moment MMm|MM=0, nM=nMt, bM=1, νn

 in the unloaded motor to 
the theoretical moment MMt of the motor:

 (16)
The ratio nM/nMt represents the effect of the rotational 

speed on the total amount of mechanical loss in the rotating 
hydraulic motor. According to [9], the assumed value of the 
exponent anm is 1.

(n/nn)
avm represents the effect of medium viscosity ν on 

the mechanical loss moment in the displacement piston 
motor with medium filling the casing. The exact value of the 
exponent aνm should be determined for each type of rotating 
hydraulic motor.

The mathematical model (2.9) describing the mechanical 
loss in pump makes it possible to determine precisely the 
dependence of the mechanical loss moment MPm on: the 
induced pressure increase ∆pPi in pump’s working chambers, 
the pump delivery qPt per pump shaft revolution, and the oil 
viscosity ν. The model utilises the mechanical loss coefficients 
k4.1, k4.1.1, k4.1.2, and k4.2, which provides opportunities for 
performing simulation tests.

The mathematical model (2.13) describing the mechanical 
loss moment MMm in rotating hydraulic motor makes it 
possible to determine precisely the dependence of this moment 
on: the motor shaft rotational speed nM, the oil viscosity ν, 
and the capacity qMt per motor shaft revolution. The model 
utilises the mechanical loss coefficients k7.1.1, k7.1.2, and k7.2, 
which provides opportunities for performing simulation tests.

EXAMINED PUMPS AND MOTORS

The examined pumps and hydraulic motors are shown 
in Figs. 3 ÷ 7. 

Fig. 3. PTOZ2-25 variable displacement pump, PZL-HYDRAL [11]; 
1 – drive shaft, 2 – attachment drive, 3 – clutch, 4 – swivel disc, 5 – sliding foot, 

6 – separator, 7 – spring, 8 – plunger, 9 – cylinder block, 10 – main shaft, 
11 – cover, 12 – sliding disc, 13 – control unit
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COMPARING ENERGY LOSS  
COEFFICIENTS IN PISTON PUMPS 

Table 1 collates the energy loss coefficients ki obtained 
for the examined piston pumps as a result of applying a new 
perspective to loss and efficiency assessment in rotating 
displacement machines used in hydrostatic drive and control 
systems [2, 3, 4, 10]. These coefficients were calculated neglecting 
the compressibility of the working medium. Constructional 
solutions of the examined pumps are shown in Figs. 3 and 4. 

The coefficient ki of the volumetric loss rate QPv provides 
the information about the scale of leakage flows taking place 
in the displacement machine. The volumetric efficiency ηPv can 
be calculated by subtracting the obtained value of coefficient 
ki from 1. Hence, the volumetric efficiency of the PTOZ2-
25 pump was 94,4%. At the same time, the efficiency of the 
A7V.58R.DR.1.R.P.F.00 pump with qPt = 58,227 cm3 was 
equal to 93,5%, and increased to 94,3% when its delivery 
was decreased to qPt = 32,20 cm3.

The coefficient k3 of pressure loss ΔpPp provides the 
information about the scale of losses generated in machine’s 
inner channels and distributor. These losses are mainly the 
effect of local pressure losses resulting from direction and 
velocity changes of the flowing medium. The pressure efficiency 
ηPp can be calculated by subtracting the obtained value of 
coefficient k3 from 1. The pressure efficiency of the examined 
pumps was relatively high and ranged about ~ 99,9%. 

The coefficient k4.1 of the mechanical loss moment MMm (being 
the sum of coefficients k4.1 and k4.2) provides the information 
about losses caused by friction between construction elements 
(bearings, for instance) and between the liquid medium filling 
the crank chamber and the cylinder block (in piston machines). 
The largest losses were recorded in the PTOZ2-25 pump.

The coefficient k4.2 of the mechanical loss moment MMm 
provides the information about the scale of the mechanical 
loss moment increase ΔMPm|ΔpPi,bp,v in the pump, as a result of 
loading its structural elements with the induced moment MPi 
generated by the induced pressure increase ΔpMi in pump’s 
working chambers. The largest losses were recorded in the 
PTOZ2-25 pump. 

The mechanical efficiency ηPm of the pump can be calculated 
by subtracting the obtained sum of coefficients k4.i from 1. 
Hence, the mechanical efficiency of the PTOZ2-25 pump 
was 87,7%, while that of the A7V.58R.DR.1.R.P.F.00 pump 
with qPt = 58,227cm3 was 96,4%, and of the same pump with 
qPt = 32,20 cm3 was 94,6%.

COMPARING ENERGY LOSS  
COEFFICIENTS IN PISTON MOTORS 

Table 2 collates the energy loss coefficients ki obtained 
for the examined piston motors as a result of applying a new 
perspective to loss and efficiency assessment in rotating 

Fig. 5. Structure diagram of a low-speed hydraulic high-torque motor type 
SWSB with axial arrangement of pistons, HYDROSTER [8]; 1 – drive shaft; 

2 – cam equipped with humps; 3 – plunger equipped with bearings; 
4 – rotary cylinder block; 5 – distributor bushing

Fig. 6. Hydraulic motor PTO2-16 with constant rotational speed, PZL-HYDRAL 
[11]: 1 – drive shaft, 2 – drive starter, 3 – clutch, 4 – tread slope, 5 – sliding foot, 
6 – separator assembly, 7 – spring, 8 – piston, 9 – rotor, 10 – main shaft, 11 – cover

Fig. 7. A6VM variable displacement axial piston hydraulic motor by Bosch 
Rexroth [12]: 1 – drive shaft, 2 – control piston, 3 – control piston stroke, 

4 – body in which the control piston is positioned, 
5 – divider, 6 – cylinder block, 7 – piston

Fig. 4. Variable displacement piston pump 
(A7V.58R.DR.1.R.P.F.00 by HYDROMATIK) [3]
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displacement machines used in hydrostatic drive and control 
systems [1, 2, 4]. Constructional solutions of the examined 
motors are shown in Figs. 5 ÷ 7.

The coefficient k7.1 of the mechanical loss moment MMm (being 
the sum of coefficients k7.1.1 and k7.1.2) provides the information 
about losses caused by friction between construction elements 
(bearings, for instance) and between the liquid medium filling 
the crank chamber and the cylinder block (in piston machines). 
The largest losses were recorded in the PTO2-16 motor.

The coefficient k7.2 of the mechanical loss moment MMm 
provides the information about the scale of mechanical loss 
moment increase ΔMMm in the motor as a result of the increase 
in motor shaft loading. The largest losses were recorded in 
the SWSB-63 motor.

The mechanical efficiency ηMm of the hydraulic motor can 
be calculated by subtracting the obtained sum of coefficients 
k7.i from 1. Hence, the mechanical efficiency of the SWSB-63 
motor was 96,8%, while that of the PTO2-16 motor was 94,0% 
and of the A6VM160 motor was 96,2%.

The coefficient k8 of the pressure loss ΔpPp provides the 
information about the scale of losses generated in machine’s 
inner channels and distributor. These losses are mainly 
the effect of local pressure losses resulting from direction 
and velocity changes of the flowing medium. The pressure 

efficiency ηMp can be calculated by subtracting the obtained 
value of coefficient k8 from 1. The highest pressure efficiency, 
equal to 99,0%, was recorded for the PTO2-16 motor.

The coefficient k9 of the volumetric loss rate QMv provides 
the information about the scale of leakage flows in the 
displacement machine. The volumetric efficiency ηMv can be 
calculated by subtracting the obtained value of coefficient k9 
from 1. The lowest volumetric efficiency, approximately equal 
to 95,5%, was recorded for A6VM and SWSB-63 motors.

CONCLUSIONS 

The presented research is the next step in scientific 
development of the author involved in creating a library of 
energy loss coefficients ki. This work discusses its practical 
implementation for assessing the quality of the examined 
machines. 

Each energy loss coefficient ki describes a relative value 
of individual loss in a hydrostatic system element (pump, 
hydraulic motor, but also in a conduit and the motor speed 
throttle control unit).

The ki coefficients provide the opportunity for assessing 
proportions and scale of losses, as well as the resulting 
(volumetric, pressure, and/or mechanical) energy efficiency of 
an element, being the result of losses generated at the reference 
viscosity and nominal operating pressure pn of the system in 
which the element is installed. 

Tab. 1. Energy loss coefficients ki in displacement piston pumps [2÷4, 10] Tab. 2. Energy loss coefficients ki in displacement piston motors [1, 2, 4]

PTOZ2-25 A7V* A7V**

νn [mm2s–1] 35 35 35

qPt [m
3] 16,50 ∙ 10–6 32,20 ∙ 10–6 58,23 ∙ 10–6

nPn [s–1] 16,67 25 25 

pn [MPa] 16 16 32 

PPc [kW] 4,40 12,88 23,10

QPv

k1= 0,056 0,057 0,065

apv= – – 0,97

aνv= – – –0,30

k3= 0,001 0,002 0,001

∆pPp

k3= 0,001 0,002 0,001

aQp= 1,59 – 1,76

aνp= – – 0,26

MPm

k4.1= 0,076 0,039 0,021

k4.1.1= 0,063 – 0,014

k4.1.2= 0,013 – 0,007

k4.2= 0,047 0,015 0,015

aνm= – – 0,316

SWSB-63 PTO2-16 A6VM

νn [mm2s–1] 26 35 22

qMt [m
3] 639 ∙ 10–6 12,74 ∙ 10–6 160 ∙ 10–6

nMn [s–1] 2,67 21,54 50 

pn [MPa] 6,2 16 40 

PMc [kW] 10,6 4,39 320

MMm

k7.1= 0,032 0,060 0,038

k7.1.1= 0,018 0,035 0,002

k7.1.2= 0,014 0,025 0,036

aνm= 0,15 – –

k7.2= 0,076 0,033 0,036

∆pMp

k8= 0,039 0,001 0,002

aQp= 1,76 1,87 1,76

aνp= 0,25 – –

QMv

k9= 0,053 0,047 0,054

apv= 1,62 0,92 –

aνv= –0,62 – –

anv= 0,12 – –

*   –  coefficients ki and exponents “a” determined for nominal operating 
parameters of the system in which the A7V.58.DR.1.R.P.F.00 pump 
was used

** –  coefficients ki and exponents “a” determined for nominal parameters 
of the A7V.58.DR.1.R.P.F.00 pump
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The information on exact values of the energy loss 
coefficients ki for individual loss types provides opportunities 
for determining losses and (volumetric, pressure, mechanical, 
and total) energy efficiency of an element working in the 
drive system, as well as the total efficiency of the system 
with a given speed control structure as a function of speed 
coefficient M and load coefficient M of the hydraulic motor 
referred to in [9].

Tables 1 and 2 collate the obtained values of ki coefficients 
and such exponents as: aQp, aνp, apν, aνν, aνm, anν which describe 
the effect of such parameters as: flow rate, pressure, rotational 
speed, and viscosity on individual losses. The values of these 
coefficients were obtained using the power sum method 
described in [4, 6], among other tools.

The values of such exponents as: aQp, aνp, apν, aνν provide 
the information about the type of flow taking place in the 
examined machine.

The exact value of the exponent aνm could only be 
calculated for two machines. It was equal to aνm = 0,316 for 
the A7V.58.DR.1.R.P.F.00 pump, and to aνm = 0,148 for the 
SWSB-63 motor. 

The article compares the values of energy loss coefficients ki 
for the A7V.58.DR.1.R.P.F.00 pump examined at its nominal 
parameters [3] and in the conditions of nominal operation of 
the entire system in which it was installed [10]. The obtained ki 
values are different, as the pump working in conditions which 
differ from its nominal parameters generates higher energy 
loss coefficients ki and, consequently, has lower efficiency. 

REFERENCES

1. Balawender A., Osiecki A., Paszota Z., Klimkiewicz W., 
Ciepielowski J., Tests of high-torque medium-pressure 
hydraulic motor SWSB-63 (in Polish). Research work report, 
Gdansk 1972.

2. Czyński M., Laboratory tests of hydrostatic transmission 
energy efficiency model (in Polish). PhD thesis. Szczecin 
University of Technology. Faculty of Maritime Technology. 
Szczecin 2005.

3. Koralewski J., The effect of viscosity on energy losses in 
variable delivery piston pump (in Polish). Factual report of 
research project No. N N504 4684 33, Agreement No. 4684/
TO2/2007/33.

4. Maczyszyn A., Energy analysis of rotating displacement 
machine structures used in hydrostatic transmissions (in 
Polish). PhD. thesis. Gdansk University of Technology, 
Faculty of Ocean Engineering and Ship Technology, 
Gdansk 2014.

5. Maczyszyn A., Evaluation of losses in a hydraulic motor 
based on the SWSB – 63 motor tests. Polish Maritime 
Research. Vol. 17, No 4, 2010, pp. 46–53. 

6. Maczyszyn A.: Method of sum of power losses as a way for 
determining the ki coefficients of energy losses in hydraulic 
motor. Polish Maritime Research. Vol. 23, No. 2 (90) (2016), 
pp. 57–63.

7. Maczyszyn A.: Investigation method and mathematical 
model of pressure losses in hydraulic rotary motor. Polish 
Maritime Research. Vol. 25, nr. 1 (97) (2018), pp. 93–98.

8. Paszota Z., Aspects energetiques des transmissions 
hydrostatiques. Publications of Gdansk University of 
Technology, Gdansk 2002.

9. Paszota Z., Energy losses in hydrostatic drive. Drive 
investigation method compatible with diagram of power 
increase opposite to the direction of power flow Lambert 
Academic Publishing Saarbrϋcken 2016.

10. Skorek G., Energy characteristics of hydraulic system with 
proportional control of servomotor fed by constant delivery 
pump in constant and variable pressure system (in Polish). 
PhD thesis. Gdansk University of Technology, Faculty of 
Ocean Engineering and Ship Technology, Gdansk 2010.

11. Stryczek S.: Hydrostatic drive (in Polish). Volume I Elements. 
WNT, Warsaw 1997.

12. Operating manual for A6VM motor produced by Bosch 
Rexroth RE 91604-01-B/01.2012 (in Polish). 

13. Śliwiński P., The influence of water and mineral oil on 
mechanical losses in the displacement pump for offshore and 
marine applications. Polish Maritime Research. Vol. 25, iss. 
S1 (97) (2018), pp. 178–188, DOI: 10.2478/pmr-2018-0040;

14. Śliwiński P., The influence of water and mineral oil on 
volumetric losses in a hydraulic motor. Polish Maritime 
Research, Special Issue 2017 S1 (93) 2017 Vol. 24; pp. 213–223 
10.1515/pomr-2017-0041.

15. Śliwiński P., Influence of water and mineral oil on the leaks 
in satellite motor commutation unit clearances. Polish 
Maritime Research 3 (95) 2017 Vol. 24; pp. 58–67 10.1515/
pomr-2017-0090.

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl


POLISH MARITIME RESEARCH, No 3/2019 55

CONTACT WITH THE AUTHORS

Agnieszka Maczyszyn
e-mail: agnieszka.maczyszyn@pg.edu.pl

Gdańsk University of Technology
Narutowicza 11/12

80-233 Gdansk
Poland

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

http://mostwiedzy.pl

