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Investigation For Output Torque 
Of A Low Pressure Water 
Hydraulic Planetary Gear Motor

Abstract: This study concerns a Planetary Gear Motor which can be driven by low pressure as same as civil tap 
water pressure. Low pressure water hydraulic system has advantages such as low cost, safety and easy usage 
as well as no risk to pollute the environment if leakage happens. The purpose of this paper is to introduce the 
structure of the Low Pressure Water hydraulic Planetary Gear Motor (LPW-PGM) and to explain the supposed 
mechanism of output torque generation and the method to calculate the theoretical output torque. The the-
oretically calculated output torque is compared with the measured under the condition of very low constant 
rotational speed. As a result, it is found that there is a difference between the calculated and measured results, 
and the major of difference is caused by the friction at the meshing parts on the teeth of the stator, rotor and 
planetary gears. The experimental result shows that a surface treatment on the planetary gears with solid lu-
bricant film which contains Graphite makes the output torque efficiency increase about 15%. In addition, the 
planetary gears made of PEEK and brass are also tested. 
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  1 Introduction

Water hydraulic system which uses 
tap water as a pressure medium has 
no risk to pollute the environment if 
leakage happens. It has been known, 
therefore, as an environmental 
friendly new fluid power drive sys-
tem since the late of 20th century. It 
has many advantages; clean, non-

toxic, non-flammable, low pressure 
loss, and so on1). It is also a big ad-
vantage that the pressure medium is 
easily obtained and drained. It leads 
to decreasing of management cost, 
too. 

The water hydraulic systems are 
considered to have many possible 
applications in low pressure driving 
field as well as in middle and high 
pressure driving. The low pressure 
leads to the low cost of components, 
and the easy operation and safety 
driving of the systems. Studies on 
the low pressure water hydraulic 
systems have been carried out to 
aim to get the low price in compati-
ble to pneumatic systems while high 
power density and good controlla-
bility are compatible to oil hydraulic 
systems 2),3). 

Water hydraulic systems have 
been applied in industries of food 
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processing, beverage bottling and 
packaging, semiconductor and pa-
per manufacturing, etc. There are 
also possible applications in welfare 
equipments, universal house equip-
ments, leisure and amusements park 
equipments and others 4). For the 
many of those applications, the low 
pressure water hydraulic systems are 
available. Some of them can be driv-
en directly by the pressure from the 
civil tap water network or the water 
supply network for the industries. 
Otherwise, centrifugal pumps may 
be often installed as pressure sourc-
es. Anyway, it is relatively easy to get 
the pressure source for the low pres-
sure water hydraulic systems. 

The goal of this study is to develop 
a Low Pressure Water hydraulic-
Planetary Gera Motor (LPW-PGM), 
which can be driven by low pressure 
as same as civil tap water pressure. 
The planetary gear motor has been 

VODNA HIDRAVLIKA



27Ventil 18 /2012/ 1

VODNA HIDRAVLIKA

developed originally in Holland as 
a low-speed high-torque hydraulic 
motor. The basic principle and the-
ory for its geometry have been re-
ported in detail in the reference ma-
terial 5). Based on the theory in the 
report, we made a prototype to be 
available for the low pressure water 
hydraulic systems. The purpose of 
this paper is to introduce the struc-
ture of LPW-PGM and to explain 
the supposed mechanism of output 
torque generation and the method 
to calculate the theoretical output 
torque. The theoretically calculated 
output torque is compared with the 
measured under the condition of 
very low constant rotational speed. 
As a result, it is found that there is 
a difference between the calculated 
and measured results, and the ma-
jor of difference is caused by the 
friction at the meshing parts on the 
teeth of the stator, rotor and plan-
etary gears. The experimental result 
shows that a surface treatment on 
the planetary gears with solid lubri-
cant film which contains Graphite 
makes the output torque efficiency 
increase about 15%. In addition, the 
planetary gears made of PEEK and 
brass are also tested. 

  2 Structre and mechanism 
of torque generation

2.1 Structure 
and dimensions

The main part of the LPW-PGM con-
sists of a stator, a rotor, nine plan-
etary gears, port plates A, B and a 
flange as shown in Figure 1. In our 
prototype, the inside of the stator is 
formed by a curve with 5 lobes and 
the outside of the rotor is formed by 
a curve with 4 lobes. The geometry 
(shape and size) of the pitch curves 
of them and the radius of the plan-
etary gear's pitch circle have a tight 
connection. They are all determined 
by numerical calculation of the equa-
tions derived based on the theorem 
of friction wheel model 5). The curved 
surfaces of the stator and the rotor 
have teeth which mesh with the plan-
etary gears’ teeth. Nine displacement 
chambers are formed, which are en-
closed by the stator, rotor, planetary 
gears, port plate B and flange. The 
each chamber's volume varies pe-
riodically when the rotor rotates.

The port plate A has an outlet port 
and five outlet distribute holes 

which are all connected with a pen-
tagon groove and the port plate 
B has an inlet port and five inlet 
distribute holes which are all con-
nected with a pentagon groove 
such as shown in Figure 2. The in-
let port is also drilled through the 
port plate A to connect the inlet 
port on the port plate B, and the 
five outlet distribute holes are also 
drilled through the port plate B at 
the same place of each the outlet 
distribute hole on the port plate A. 
The inlet distribute holes and the 
outlet distribute holes are located 
alternately on the inside surface of 
the port plate B and open to the 
displacement chambers as shown in 
Figure 1. Each displacement cham-
ber connects alternately to an inlet 
distribute hole and an outlet dis-
tribute hole when the rotor rotates. 
The volume of each displacement 
chamber increases when connect-
ing to the inlet distribute hole and 
decreases when connecting to the 
outlet distribute hole. Water is sup-
plied to the inlet port and the water 
discharged from the chamber is ex-
hausted through the outlet distrib-
ute holes to the outlet port which is 
connected to a return line.

(a) Structure of main part                                                                          (b) Cross sectional side view

Figure 1. Structure of the LPW-PGM
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In the theoretical analysis, the con-
nection of the rotor, stator and plan-
etary gears are treated as a friction 
wheel model as shown in Figure 3. 
The tooth profile has been removed 
from the pitch curves and pitch cir-
cles of them. The pitch circle of the 
planetary gear is always in contact 
with the pitch curves of the rotor and 
stator. The stator is considered fixed 
in space, the rotor rotates around its 
axis “O”, and the planetary gears roll 
on the pitch curves of the rotor and 
the stator with no slip when the ro-
tor rotates. 

The rotor’s pitch curve of our proto-
type is formed by a cosine curve by 
Equation (1), of which the minimum 
radius 0rR , the maximum radius rmR
and the number of lobes rRLN are 
ini tially determined by a designer. 
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2

0
0

  
(1)

The stator’s pitch curve geometry is 
determined as the trace of the con-
tact point of the planetary gear and 
the stator. There is only one possible 
radius of the planetary gear for a giv-
en number of stator lobes NrSL when 
the rotor’s pitch curve geometry is 
determined. The equations to solve 
the problems to find the planetary 
gear’s radius and the stator’s pitch 
curve geometry are presented in the 
report 5). Authors made a computer 
program to calculate the equations 
numerically to get the geometries of 

them. The practi-
cal dimensions 
of the main parts 
of the prototype 
are shown in Fig-
ure 3. In practice, 
the rotor has 104 
teeth, the stator 
has 130 teeth on 
their pitch curves 
and the planetary 
gear has 12 teeth. 
The theoretical 
displacement vol-
ume calculated 
by numerical in-
tegration is 36.6 
cm3/rev. The rated 
output power of 

Figure 2. Location of Inlet and Outlet distribute holes on 
the port plates A and B

the prototype is 15 Nm/s, the out-
put torque is 0.75 Nm and the ro-
tational speed is 200 rpm when it is 
driven at 0.25 MPa and 8.5 L/min 6).

2.2 Mechanism of torque 
generation

In the displacement chambers which 
connect to the inlet distribute holes, 
the shadowed chambers in Fi gure 1, 
the pressure acts on the rotor sur-
face and the planetary gears gener-
ates the torque in clockwise. Figure 4 

shows the mechanism of torque 
generation at one of displacement 
chambers connected to the inlet 
distribute holes. The drawing of 
(a) shows the generation of torque 
by the pressure acts on the rotor 
surface and (b) shows that on the 
planetary gears. Note that there is 
a distance l2  between the center of 
the rotor and the force acting line 
of Fr in (a), and r1 is larger than r2 in 
(b). It causes the torque in clockwise. 
The same condition appears at the 
all displacement chambers when 
they connect to the inlet distribute 
holes. As the planetary gears revolve 
with the rotation of the rotor, the 
displacement chambers move and 
switch the connection to the inlet 

and outlet distribute holes by turns. 
The rotation of the rotor, therefore, 
continues while pressurized water is 
supplied to the inlet port. 

  3 Calculation of 
Theoretical Output Torque

3.1 Equations for 
calculation

Referring Figure 4, the equations 
to calculate the theoretical output 
torque are presented as follows. The 

Figure 3. Friction wheel model for theoretical analysis
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force Fr shown in (a) is presented by 
Eq. (2),

cPr PWlF ⋅⋅= 1                               (2)

here the distance l1 is by Eq.(3).

( )1221
2

2
2

11 cos2 θθ −−+= rrrrl  (3)

The positions of the contact points 
),( 11 θr and ),( 22 θr are obtained for 

each given rotational angle α by 
numerical calculation with the com-
puter program made by us based 
on the theorem of friction wheel 
model 5). Then, the torque Tr gener-
ated by Fr at eachα is calculated by 
Eq. (4).

2lFT rr ⋅=                                        (4)

Here, the length of the distance 2l
is calculated geometrically assuming 
that the force acting line of Fr is the 
perpendicular bisector of the line 
shown with the length 1l .

The forces 1f and 2f act on the 
plane tary gears shown in (b) of Fi-
gure 4 are presented by Eq. (5) and 
Eq. (6).

( ) cP PWrsf ⋅⋅−= 111                     (5)

( ) cP PWrsf ⋅⋅−= 222                    (6)

The contact point of a planetary 
gear and the stator is on the same 
line which is through the contact 
point of the planetary gear and the 
rotor. The polar coordinates posi-
tions of the contact points ),( 11 θs
and ),( 22 θs are calculated numeri-

Figure 4. Mechanism of torque generation

cally by the computer program 
made by us as same as the contact 
points ),( 11 θr and ),( 22 θr . Since the 
tangential forces FG1 and FG2 which 
act on the surface of the rotor at the 
contact points are f1/2 and f2/2 re-
spectively, the torque TG is presented 
by Eq. (7).

2211 rFrFT GGG ⋅−⋅=                   (7)

The theoretical output torque Tth, 
which is ideal torque without any 
torque loss, is given as the sum of 
Tr and TG, which are generated at 
the nine displacement chambers, by 
Eq. (8).

 ( )∑
=

+=
9

1i
iGrth TTT

                       
(8)

3.2 Calculation and the 
Result

The theoretical output torque Tth is 
calculated numerically at each the 
rotational angle α with a step of 0.1 
degree for the one rotation of the 
rotor. The polar coordinates posi-
tions of the contact points of the 

nine planetary gears’ pitch circles 
and the pitch curves of the rotor and 
the stator are calculated numerically 
at the each rotational angle α . Then 
the theoretical output torque is cal-
culated by the equations presented 
above. In the calculation, the pres-
sure in the displacement chamber is 
assumed that it is equal to the sup-
ply pressure Ps when the inlet dis-
tribute hole opens to the chamber 
as shown in Figure 5 (a), it is equal 
to the half of the supply pressure 
when the both of the inlet and outlet 
distribute holes are covered by the 
planetary gears as shown in (b), and 
it is equal to zero when the outlet 
distribute hole opens to the cham-
ber as shown in (c). 

A result of the calculation of the the-
oretical output torque Tth when the 
supply pressure is 0.25 MPa is shown 
in Figure 6. It shows also the waves 
of the theoretical torque generated 
at the each displacement chamber 
for the all of the nine chambers. An 
each displacement chamber gener-
ates the torque with 2 and 2/9 times 
during the one rotation of the rotor 
as shown in Figure 6. Four or five dis-
placement chambers simultaneously 
generate the torque, and the sum of 
them is the value of Tth at each mo-
ment. It is found that there are pe-
riodical twenty ripples on Tth for the 
one rotation of the rotor. The aver-
age value of Tth is 1.43 Nm, and it is 
very close to the theoretical torque 
1.46 Nm calculated by Eq. (9).

 
π2

th
th

VP
T

⋅∆=
                                  

(9)

It is found that negative torque ap-
pears slightly on the waves of the 
theoretical torque generated at 
each a displacement chamber. The 
reason is considered as the follow-

Figure 5. Assumption for the pressure in the displacement chamber

Tth

Tth
Vth
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by a torque detector and acquired 
by PC corresponding to each pulse 
signal from a rotary encoder which 
makes 900 pulses per one rotation 
of the shaft of the LPW-PGM. The 
data acquisition starts by a trigger 
signal from a limit switch. The pres-
sures Ps and Pout are measured with 
Bourdon pressure gauges, and the 
flow rate with the turbine flow me-
ter of which range is 0.75 to 7.5 L/
min. The output torque is measured 
with a torque detector and a data 
processing unit which has analog 
output function. The capacity of the 
torque detector is 2.0 Nm.

The main parts; stator, rotor, plan-
etary gears, shaft, flange and port 
plate B of the original prototype 
are made of stainless steel. Only the 
port plate A and the center plate are 
made of aluminum. The flange and 
the port plate B have treatment with 
DLC on their surfaces to reduce the 
friction between their surfaces and 
the contacting faces of rotor and 
planetary gears. 

Figure 8 shows the measured out-
put torque of the original proto-
type when the rotational speed 
is 1 rpm and the supply pressure 

Figure 6. A result of calculation of the theoretical output torque 
(at Ps=0.25 MPa)

ing. When a displacement chamber 
switches the connection from with 
the outlet distribute hole to with the 
inlet distribute hole, the both of the 
inlet and outlet distribute holes are 
covered by the planetary gears for 
a moment. In our calculation, under 
such the condition, the pressure in 
the chamber is assumed to be equal 
to the half of the supply pressure. 
From the detail consideration on 
the geometrical condition in Figure 
4, it is found that the state of l2 < 0 
and r1 < r2 is still there for a moment 
when the both of the inlet and out-
let distribute holes are covered by 
the planetary gears. It results in the 
generation of the negative torque.

  4 Experiment

The output torque of a prototype of 
the LPW-PGM is measured in order 
to compare with the theoretical cal-
culation result. The measurement is 
carried out under the condition of 
very low constant rotational speeds 
using the experimental setup shown 
in Figure 7. Why the condition of the 
low rotational speed is better for this 
measurement, because the pressure 
drop on the passages inside the mo-
tor has a pretty large effect on the 
output torque because the supply 
pressure is very low. Therefore, the 
less flow rate is the better for this 
measurement. 

Water from a piston pump is set at 
a given pressure by a relief valve 
and a throttle valve, and supplied 

to the LPW-PGM. Its shaft tends to 
rotate but it cannot rotate freely be-
cause it is connected to the shaft of 
the torque detector of which shaft 
is connected to the output shaft 
of the worm gear decelerator with 
reduction ratio 50. The shaft of the 
LPW-PGM rotates only at a constant 
speed which is regulated by the 
worm gear decelerator and AC servo 
motor. The rotational speed is set by 
frequency of input signal to the driv-
er unit of AC servo motor. The output 
torque of the LPW-PGM is detected 

Figure 7. Experimental setup
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is 0.25 MPa. The average value of 
the output torque is 1.11 Nm and 
there are considerable large fluc-
tuations of which the peak to peak 
value is about 0.59 Nm in maximum. 
The measurements were also car-
ried out at the different rotational 
speeds; 0.1, 2 and 3 rpm, and their 
results were almost the same as 
the result of Figure 8. The average 
values and the peak to peak values 
of the fluctuations in the measured 
output torque of the original proto-
type are shown in Table 1. The ratio 
of the average value of the four av-
erage values to the theoretical re-

sult’s average value 1.43 Nm is 0.74. 
The material of rotor and stator is the 
same stainless steel of SAE grade 304, 
and the planetary gear is 316 in the 
original prototype. It is considered 
that there is considerable large fric-
tion on the meshing teeth of the rotor, 
the stator and the planetary gears. 

In order to reduce the friction on 
the meshing teeth, the surface of 
the planetary gears are put a treat-
ment with solid lubricant film which 
contains Graphite. The surface treat-
ment on the planetary gears shows 
a good effect. Figure 9 shows the 

measured output torque of the 
prototype of which the planetary 
gears are replaced with the plan-
etary gears put the treatment with 
solid lubricant film. The average 
value of the output torque increases 
to 1.28 Nm and the maximum peak 
to peak value of the fluctuation de-
creases to 0.23 Nm. The average val-
ues and the maximum peak to peak 
values of the fluctuations under the 
several different rotational speeds 
and supply pressures are shown in 
Table 2. The ratio of the average val-
ue of the four average values when 
PS=0.25 MPa to the theoretical aver-
age value is increased to 0.89. From 
these results, it is found that the 
friction on the meshing teeth has 
considerably a large effect on the 
torque efficiency. 

Concerning the effect of the surface 
treatment with solid lubricant film 
which contains Graphite, it is report-
ed that it has been very effective to 
improve the fretting fatigue strength 
of aluminum alloy because the solid 
lubricant film has low friction coeffi-
cient and prevents the test specimen 
surface from metal-to-metal contact 
for a long term 7). 

An engineering plastic PEEK is ex-
pected to be effective to reduce the 
friction on the meshing teeth. The Figure 8. Measured output torque of the original prototype (at 1 rpm and 

Ps=0.25 MPa)

Table 1. Average values and the maximum peak to peak values of the fluctuations in the measured output torque of 
the original prototype
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Figure 9. Measured output torque when using the planetary gears with surface 
treatment of solid lubricant film (at 1 rpm and Ps=0.25 MPa)

Table 3. Average values of measured output torque when using the planetary 
gears made of PEEK and Brass (at 1 rpm)

planetary gears made of PEEK and 
brass are also tested in the same 
conditions. The average values 
gained at 1 rpm are shown in Table 
3. It is found that the planetary gear 
made with PEEK gives pretty good 
improvement in output torque while 
the brass dose not so good. 

  5 Comparison of
Theoretical and 
Experimental Results

The calculated results of the output 
torque shown in Figure 6 and Figure 

the surface treatment with solid lu-
bricant film. There is still remained 
the difference of 0.15 Nm between 
the average values of the theoretical 
and the experimental results. Since 
the theoretical result contains no 
torque loss, the difference is due to 
the torque losses generated at sev-
eral parts inside the LPW-PGM. The 
torque losses by the friction on the 
meshing teeth still may be remained, 
and also there may be the torque 
losses induced by friction at the 
other sliding parts; among the inside 
faces of the flange and the port plate 
B and the side faces of the rotor and 
the planetary gears, at the bearings 
and the shaft seal. The reduction of 
those torque losses will be expected 
to get the higher torque efficiency.

9 are shown comparing in Figure 10. 
The ratio of the average value of the 
measured output torque to the the-
oretical average value is increased 
from 74% to 89% by the reduction 
of friction on the meshing teeth by 

Clear  periodical  variation  is  not 
observed on the measured output 
torque wave. It is considered that the 
friction inside the motor disturbs the 
smooth motion and the presence of 
the teeth is also one of the causes. 

Table 2. Average values and the maximum peak to peak values of the fluctuations in the output torque when using the 
planetary gears with surface treatment of solid lubricant film
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The theoretical calculation carried 
out in this paper is based on the 
contact wheel model in which the 
presence of the teeth is ignored.

  6 Conclusions

The structure and the working princi-
ple of LPW-PGM, which can be driv-
en by low pressure as same as civil 
tap water pressure, is introduced. 
The mechanism of generation of the 
output torque is explained clearly 
and the method of calculation of 
the theoretical output torque is re-
vealed based on the contact wheel 
model. It is confirmed that the calcu-
lation gives the appropriate result by 
comparison with the average value 
of the theoretical torque calculated 
by another method. The mecha-
nism of generation of the periodical 
variation in the output torque is also 
explained based on the theoretical 
considerations. 

The measurement of the output 
torque with a prototype of the LPW-
PGM is carried out under the condi-

tion of very low constant rotational 
speeds. As a result with the original 
prototype, the ratio of the average 
value of the measured output torque 
to the theoretical average value is 
0.74. The surfaces of the planetary 
gears are put a treatment with solid 
lubricant film which contains Graph-
ite in order to reduce the friction on 
the meshing teeth. It increased the 
ratio of the average value of the 
measured output torque to the the-
oretical average value to 0.89. The 
output torque efficiency increased 
in about 15% by the surface treat-
ment of the planetary gears. The 
planetary gear made of PEEK gives 
also pretty good improvement in 
the output torque. It is found that 
the friction on the meshing teeth 
has considerably a large effect on 
the output torque efficiency. 

As a result of the comparison of the 
theoretical and experimental re-
sults, it is found that there is still the 
difference of 0.15 Nm between the 
average values of them even with 
the surface treatment on the plan-

etary gears. The more reduction of 
torque loss is expected to improve 
moreover the output torque of 
LPW-PGM.
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Nomenclature

1GF , 2GF  tangential forces on the surface of the rotor, which are generated by pressure acts on the planetary gears 
rF  radial force on the rotor, which is generated by pressure acts on the rotor
1f , 2f  forces generated by pressure acts on the planetary gears

1l  distance between the contact points of the next two planetary gears’ pitch circles and the pitch curve 
of the rotor 

2l  distance from the center of the rotor to the force acting line of Fr 
rRLN  number of lobes on the rotor
rSLN  number of lobes on the stator

cP  pressure in the displacement chamber
SP  supply pressure

0rR  minimum radius of the rotor’s pitch curve
rmR  maximum radius of the rotor’s pitch curve
0sR  minimum radius of the stator’s pitch curve

smR  maximum radius of the stator’s pitch curve
pR
 radius of the planetary gear’s pitch circle( )θRr  radius of the rotor’s pitch curve at a given tangential position θ

1r , 2r  distance from the center of the rotor (and also stator) to the contact points of the planetary gears’ 
pitch circles and the pitch curve of the rotor

1s , 2s  distance from the center of the rotor (and also stator) to the contact points of the planetary gears’ 
pitch circles and the pitch curve of the stator

thT  theoretical output torque
GT  torque generated by pressure act on the planetary gears
rT  torque generated by pressure act on the rotor
thV  theoretical displacement volume

PW  width of the rotor, stator and planetary gears
α  rotational angle of the rotor’s rotation
θ  tangential position angle on the coordinate systems defined on the rotor (see Fig. 3)

1θ , 2θ  tangential position angles of the contact points of the planetary gears’ pitch circles and the pitch 
curves of the stator and rotor, which are given on the coordinate systems defined on the stator (see 
Fig. 4)

Raziskave izhodnega momenta nizkotlačnega vodnohidravličnega planetnega 
zobniškega motorja

Razširjeni povzetek

Prispevek obravnava nizkotlačni planetni zobniški hidravlični motor, ki deluje na vodo iz pipe. Nizkotlačna vodna 
hidravlika ima prednosti, kot so nizka cena, varnost, enostavna uporaba in predvsem prijaznost do naravnega 
okolja – ni tveganja zaradi onesnaževanja, ko se pojavi zunanje puščanje hidravlične kapljevine. Namen prispev-
ka je prikazati konstrukcijo nizkotlačnega vodnega hidravličnega planetnega zobniškega motorja (LPW-PGM) 
in razložiti verjeten mehanizem generiranja izhodnega pogonskega momenta motorja ter izračun teoretičnega 
izhodnega momenta. 

Glavni sestavni deli vodnega hidravličnega motorja (LPW-PGM) so (slika 1): stator, rotor, devet planetnih zob-
nikov, ventilska plošča A in B, sredinska plošča ter prirobnica. Predstavljeni prototip LPW-PGM ima stator s 
petimi krivuljami in rotor s štirimi. Na krivuljnih površinah statorja in rotorja so izdelani zobje, katerih oblikovni 
parametri so enaki kot na vmesnih devetih planetnih zobnikih. Geometrija LPW-PGM definira devet komor, ki 
jih določa rotor, stator, devet vmesnih planetnih zobnikov, ventilska plošča B in prirobnica. Volumen posamične 
komore se periodično spreminja med vrtenjem rotorja. Iztisnina predstavljenega vodnega hidravličnega mo-
torja je 36,6 cm3/vrt., izhodni moment je 0,75 Nm pri 200 vrt./min in tlaku 2,5 bar. 

Moment zobniškega planetnega hidravličnega motorja je sestavljen iz dveh delov (sl. 4). Prvi del momenta 
nastane pri delovanju tlaka na površino rotorja v posamezni komori. Pogoj za nastanek prvega dela momenta 

Vth

Tth
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je ekscentrični položaj te ploskve glede na os vrtenja rotorja (slika 4. a). Drugi del momenta pa nastopi pri 
delovanju tlaka vode na planetna zobnika posamezne komore (slika 4. b). Rezultanta momentov obeh planetnih 
zobnikov v posamezni komori deluje v smeri, kjer je planetni zobnik bolj oddaljen od središča vrtenja rotorja. V 
primeru na sliki 4 se rotor vrti v smeri urnega kazalca.

Teoretično izračunan izhodni moment je primerjan z izmerjenim pri zelo nizkih vrtljajih gredi hidravličnega 
motorja. Ugotovljena je razlika med izračunanimi in izmerjenimi vrednostmi. Glavni razlog odstopanj je v trenju 
med statorjem, rotorjem in planetnimi zobniki. Povprečni mehansko-hidravlični izkoristek osnovnega prototipa 
vodnega hidravličnega motorja je bil 74 %. Eksperimentalni rezultati prikazujejo, da površinska obdelava plan-
etnih zobnikov s trdim mazalnim filmom, ki vsebuje grafit, poveča izhodni moment hidravličnega motorja za 
15 %. V nadaljevanju so bili testirani tudi planetni zobniki, izdelani iz polimera poli-eter-eter-ketona (PEEK) in 
medenine.

Ključne besede: vodna hidravlika, nizek tlak, planetni zobniški motor, izhodni moment
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