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ABSTRACT

This paper presents the results of modernizatfogear micropump casing in order to achieve minatian of
overall dimensions and mass of the constructiomedldifferent cases of the pump casing size weatyaed during
numerical simulations with the use of finite elememethod (FEM). The dimensions of the first of tte&sings were
identical to prototype unit, the second model waaracterized by 15% reduction in size and the tbésing was reduced
by 25%. During the analysis, stress and displacéutistribution in pump casings were observed. kfitst modernized
casing (85%), maximal stress value was equal toMF& and the maximal value of displacement 0.012mm.
In the second modification of pump casing (75%#, liighest stress values achieved 134MPa, and mbdispdacement

0.017mm. Strength and stiffness criteria in botlderaized pump bodies were achieved.
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INTRODUCTION

Hydrostatic drive is the most convenient type ovel used to control and regulation of working spes
machines and systems. In recent years, a dynawirgss in the field of microelectronics and microhamnics has created
new opportunities for the development of fluid poweicrosystems and microhydraulics. In hydrauliccrosystems,
the working medium is a fluid and elements genegafiow and pressure of a fluid have dimensionsnfia few hundred
nanometers to several centimeters. The flow in shigdraulics may be small (2 - 50 ¥8) or very small (< 2 cf¥s) [1].
Miniaturization of hydraulic elements allows to l&ge the classical hydraulics with microhydrauliebere due to size or

weight the former cannot be applied [2].

A fluid flow energy generator is a major componeheach hydraulic system. The most common in irrgiuste
external gear pumps, which share is estimated et 60%. The main advantages of these pumps indirdple and
compact design, reliability, high resistance to kimg medium impurities and high efficiency [3].
Currently, the development of gear pump constrasties mainly focused on improving the operationatfgrmance
enabling higher power transfer with minimum losaesl low noise and vibration levels. The descriptidrgear pump

design meeting this criteria is given in the litera [4-6].

The development of modern gear units is associaitdseveral main factors: increase of operatirgspure [6],
improvement of total efficiency [4], reduction ofilpation [7], minimization of weight and noise [8}1and reduction of
dynamic loads [11-13]. Introducing changes in granp design in order to improve its parameterogsible with the use

of various computer aided design software (CAD)][f#ite element analysis (FEM) [15] and computatl fluid
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dynamics (CFD) methods [16-18]. Although, CFD methis relatively often used to calculate flow in ggamps,
FEM is rather rarely used to investigate stresidigion in pump elements. Therefore, in this stUeEM analysis of gear
pump casing is performed. Analyzed in this papenpulesign belongs to a group of microhydraulic &ets, since it is

characterized by a small flow, up to 25%sn

During the previous research, a novel gear micrgpums designed and manufactured. The aim of thdyds to
determine whether the casing of the micropump neagnimimized with respect to maximum stress andlaégment rates.
The modernization of the pump casing is providedri®ans of numerical analysis with the use of fielement method
(FEM). The influence of the change of overall dimiens of pump casing on the stress and displacedistnibution in
the pump body is analyzed.

GEOMETRIC MODEL

The prototype gear micropump consists of threerparts: flange, pump casing and back cover, waietbolted
together. In the pump housing, pumping unit is @the drive and idler gear. The gears are suppdiethe sliding
bearings. Two bearing bushes are positioned betgears and the casing. In the casing, suction asskpre ports are
placed, for connection to the drive system. Inftarge and back cover, compensation and anti-értmuseals are placed

preventing the leakage. The exploded view of miarop design is shown in Figure 1.
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Figure 1: Elements of Gear Micropump

Three geometric models of gear micropump casingsrewprepared for numerical simulations.
The first model of gear micropump casing was pregasn the basis of technical documentation of ge@ropump
prototype PZ0 manufactured during the implementatibdevelopmental grant no. 03 0032 04/2008. Adl tlimensions
were set identically. The second model overall disiens were reduced by 15% in relation to the baidel (Figure 1),
however pumping unit, bushings, suction and digphaiort were not changed. The third model dimessieere reduced
by 25% of the basic pump casing.
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Figure 2: Comparison of Geometric Models: Basic Modl (100% Size),
First Modification (85% Size), Second Modification(75% Size)
The gear micropump is made of aluminium alloy RE6I-AW-2017A). Mechanical and physical propertids o

the alloy, which were set in numerical calculatiansl used for further analysis of the resultsshevn in Table 1.

Table 1: Properties of Aluminium Alloy PA6 (EN-AW-2017A)

Property [Unit] Value
Tensile strength RIMPa] 390
Yield strength R,[MPa] 250

Densityp [g/cnT] 2.79
Tensile modulus E [MPa]| 72500
Poisson's ratio [-] 0.33

MESH, LOADS AND BOUNDARY CONDITIONS

Each of the tree analyzed gear pump casing moease meshed and fixed in the same way.
Therefore the further description refers to eacddecahe 3D geometric model of the micropump body im@ported into
Ansys Multiphysics environment and divided into ragedral finite elements of higher order (solid187)
In each element ten nodes are included - at thiécgsrand at each edge of the tetrahedron. Theeelein adapted to
model irregular meshes, especially for complex getoies from CAD/CAM systems. In each node of thenednt,
three degrees of freedom are defined, represetitngossible movement in three axes: x, y and zshvdements ensure

high accuracy of the calculations in case of comptedel geometry [19].

Discrete model of the pump body is shown in Figdiiae the model the existence of two zones of presaere
assumed: the zone of linear pressure growth and abdischarged pressure. Additionally, zone ofringa pressure on
the pump body was modeled (Figure 3). The valuepre$sure increase angles were determined on #ie bhthe
circumferential pressure measurements. The zompeeskure increase includes’ 18 which pressure rises from OMPa to
28MPa (red colored zone, Figure 3). The suctiosqne is negligibly small compared with the disgleadrpressure, and
therefore was not included in the model. The purodybwas loaded symmetrically on the drive and idjear side.

In the model, reaction force on the bearings whertanto account (green colored zone, Figure 3ingiof the model
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were assumed accordingly to the literature [15§ #nerefore the model was fixed in four holes fesvs connecting the
pump elements. Al the translations in x, y, andreddions in the nodes of this elements were seéto.
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Figure 3: The Discrete Model

RESULTS

2222
B

—
24.8889%
7778 28

and Load Schematic ithe Gear Pump Body

In order to determine whether the modified geacrapump casings satisfy stiffness and strengtlerdit the

numerical analysis with the use of finite elemerst

field of linear static analysis were carried out ficce

md in Ansys software was performed. Strengthutations in the

casing models. In the pump housings, digtidin of reduced stress

according to Huber-Mises hypothesis and distribubbdisplacement vector sum were observed.
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Figure 4: Results of Stress Distribution in Gear Mcropump Casings:

Basic Model (a), 15% Re

Figure 4 depicts contour plots of str

duced Model (b), 25% Reducddodel (c)

ess distidout in three models of gear micropump casings.

The first model (Figure 4a) refers to basic (10@grall dimensions of the pump prototype. The maximvalue of stress
in this case equals 92MPa and occurs inside pusipgat discharge side, where discharge pressucg@mmference of
gears achieves maximal value. High values of stmesg be seen around holes for screws at dischadgeo§the casing

and may occur as a consequence of model fixingsustion side of the pump, the stress values arsecto zero.

In remaining part of the casings, stress valueg wram range from 10 to 40MPa. Safety factor caltad in reference to

tensile strength of 390MPa (Table 1) equals 4.2

$bcond model (Figure 4b) refers to the pump gassduced by

15% relative to the base model. Stress values im ¢hse are relatively higher, which results frone fact that
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smaller amount of material carries the same loati@previous casing. Maximal stress value alsaiscat discharge side
of the pump on circumference of gears and equaddviF@&. Safety factor in this case equals 3.7. Inttivel model,
which refers to the reduction of basic dimensiang% of the prototype unit, the maximal stressigas almost equal to
134MPa (red zones in Figure 4c). At the side othiisge port, the stress values also achieved leigéld in range
from 15 to 60MPa. Safety factor for this casinggsial to 2.9.
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Figure 5: Results of Displacement Distribution in @ar Micropump Casings:
Basic Model (a), 15% Reduced Model (b), 25% Reduceddodel (c)

In Figure 5, displacement distribution in thre@lgmed casings of gear micropump are shown. Irfithiecasing
(Figure 5a) maximal value of displacement is eqabbut 0.013mm and occurs at discharge side of timapp
In the second casing (Figure 5b), reduced by 158&iive to the base model, the maximal value of ldispment equals
0.012mm. High values of displacement also occunear holes for dowels, therefore the size of halethe modified
casings were reduced from 3mm to 2mm. The thirdngaseduced by 25% relative to the base casingh@wn in
Figure 5c. The maximal value of displacement eq0&l47mm and occurs near dowels holes. The maxidisptacement
value should not have a negative impact on the Id#ghtness of the pump during its work.
Significant values of displacement in the pump bodgurred on the areas in which the pressure atitbemference of
the gears is no longer incremented. Thus, a slighease in the gap between the tip of the tooththa body of the pump
will not affect its volumetric efficiency. The radiclearance in gear pumps is often referred ttrasmferential backlash

and ranges from 0.01 to 0.03mm.
CONCLUSIONS

In this paper the use of numerical calculationgrenbasis of finite element method in order to eraize gear
micropump casing was shown. On the basis of oldamesults, it was observed that the 15% reductiothe® casing
dimensions as well as 25% reduction is possible witidnot negatively affect the strength of the gumonstruction.
In the first modernized casing (85%), maximal strealue was equal 104MPa, and the maximal valudisplacement
0.012mm. The safety factor equals 3.7. In the samedification of pump casing (75%), the highesest values
achieved 134MPa, and maximal displacement 0.017ime. safety factor in this case is also high andakqg®@.9.
The results of the simulations indicate that theropump casing dimensions may be reduced, as iffieess and

strength criteria were achieved in modernized ggsin
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The analyzes were performed in static conditioheretfore pressure pulsations occurring during popgration

were not included, which also has an impact oreff@t of casing material. Therefore, high valué¢safety factors were

assumed for all the cases. In further research,ifivatibn of other gear micropump elements, flaragel back cover,

should be considered. The size of gears und bushiag assumed the same for all the three casmgsdér to maintain

desired efficiency of gear micropump. FEM computeralyze is a great tool for selecting the best mdddore

manufacturing and allows to freely experiment vtk ideas. The numerical model will be subjectegexfication and

validation by experimental measuring the stressesln the micropump casing.
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