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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.



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


