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m Motivation

Water Hydraulics

Applications Challenges

= Food industries = Not flammable = Low viscosity

= Pharmaceutic industries = Not toxic = Poor lubrication

= Mining = Good availability of = Different materials

= Descaling tap water = Complex components

Plunger pumps »

Axial piston pumps »
Radial piston pumps
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m Research at IFAS
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Simulation development
Comparison of piston slippers
— Axial piston pump
— Radial piston pump
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Simulation Model and Results
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m Reynold-Equation in Polar Coordinate System

= Reynolds-Equation 0
— Newtonian fluid
— Incompressible fluid
— Laminar flow with Re << 1

= Polar coordinate system Y
—  Fluid film under slipper pad
- Plate geometry

= Modeling P e
— Fluid film pressure "':.:"::‘,_._»;:Z———’-“‘ ___________________________
— No contact pressure model G

— No model of surface roughness X

a( h3 ap> a<h3 1 ap) u, 0k u, Oh _oh

ar rllZ-u.ar +6<p 12-u ;.6<p 2 or 2 do Ot
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m Comparison of Piston Slippers g

Slipper geometry = Calculation of hydrostatic compensation
= Axial piston pump (APP) — Load carrying capacity
= Radial piston pump (RPP) = Leakage Fria ) Prgy - 44
el ™ Foiston pup - D30
AR = Rcyrye — REec Piston 4

= 10pum = 20 pm

QLeakage = Qp + Qy

T=Dpocket/2

A —————<—4
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OCKe ocke
z
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©
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W Comparison of Piston Slippers g

Slipper geometry = Calculation of hydrostatic compensation
= Axial piston pump (APP) - Load carrying capacity
= Radial piston pump (RPP) = Leakage Fria ) Prgy - 44
el ™ Foiston prp * D2icror "
AR = Rcyrye — REec Piston 4

* 10pm = 20 um Qreakage = Up + Qy

r=Dpocket/2
D, Piston D Piston

Pressure
distribution

% Pcase
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DPocket /I}/ y /: / ;/ /
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_ RWNTH 3/19/2018
Insjltute for )
l as Fuid Power Schoemacker, Florian 7
rives and Systems




W Dynamic Pressure Build-Up during Motion g

Calculation of dynamic pressure build-up
— Lateral movement of piston-slipper-assembly Aefr =

Fria I Pargy " dA

Fp; . D2 T
Piston  pyp DPiston 7

— Slipper is tilted against plane surface

Leakage

A

MATLAB

Simulation parameter

= Gap height: 0.5 pm
= Angle S: 0.001°

= Pressure: 100 bar
= Velocity: 1 m/s

Hydrodynamic compensation

Additional tilting torque  Try: = j Pro) " T cos(e) - dA

QLeakage = @p + Qy
g p 7=Dpocket/?2

Velocity

W __— piston ———==&§

/ slipper \
. ‘ﬂ/ Pressure pyp —SLL /7 \\m

Trit

7T // 7
\ / pressure distribution ‘
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Results

Static, no motion

RPP
AR =20 pm
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gap height (um)

Results

i i 100 _
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Effect of Slipper Deformation
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m Deformation of Slipper

Effects of using plastic materials
Deformation of materials under pressure load

4

~

— Altered gap height distribution MATLAB
— Increased leakage due to enlarged gap height \_/
pm
1,3978 Max . .
E 242 = Simulation
1,0872 — Deformation in Ansys
83?23 — Matlab-Code for
0,62125 Reynolds-Equation
0,46594
0,31063
015531 steel body PEEK -
0 Min sliding disc F ' ‘
\ | steel bod J
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Results

Gap height Pressure distribution
1.4
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g_ 1.2 T T g
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= Increased load carrying capacity due to over
compensation

= Leakage increased by factor 5 compared to
undeformed result

Simulation results

" qcerr = 106.7 %
" Qreakage = 0.81 ml/min
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Results

Gap height Pressure distribution
Deformed Undeformed
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= Increased load carrying capacity due to over . .
= Leakage increased by factor 5 compared to " dcesr =106.7%
undeformed result * Qreakage = 0.81 ml/min
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Conclusion and Outlook
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m Conclusion and Outlook

= Simulation of piston slippers

= Radial piston pump

Y _— piston ——— =5

sI|pper

/ pressure pHP

— Effect of manufacturing tolerances
—> Lower load carrying capacity

= Deformation of plastic slippers
— Same magnitude as gap height
— Overcompensation
— Increased leakage

gap height (um)
o
w

5}

0

y-axis (mm)

= Maximum pressure level for water hydraulics

= Development water hydraulic
radial piston pump

-10 -10

pressure distribution ‘

pressure (bar)

y-axis (mm) <10 -10
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Thank you for your attention!

Contact:

Schoemacker, Florian
Florian.Schoemacker@ifas.rwth-aachen.de

Supported by:

% Federal Ministry
for Economic Affairs
and Energy

on the basis of a decision
by the German Bundestag
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