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Abstract: This paper presents preliminary research results on innovative and adaptive redesign of a 
magnetic drive micropump with helical gears. We have illustrated some issues of a gears micropump and 
particularly its worn components caused by the running process in its hydraulic installation. The design 
procedure and all the ideas involved in the research to improve actual performances relied on a relevant 
theories and hydraulic principles which affect the performance of the micropump. We have considered real 
industrial applications of magnetic drive micropumps, such as: textile and ceramic tiles printing, Diesel 
engines emission controls, fuel additives injection, etc. Accordingly, the micropump has to deal with 
corrosion inhibitors, lubricants, fuel, anti-icing additives, dyes, detergents, static dissipating additives, so 
its wear status drew our attention towards an improved and innovative version with the same or higher 
volumetric efficiency and flow displacement. Our research procedure highlights the competitive 
advantages of innovative 3D design with technological parameters, numerically simulated, proving the 
correctness and advantages of the new design variant. Presented innovative CAD solution allows us to 
develop a series of micropumps, compact, robust, reliable and with low manufacturing costs. 
Key words: magnetic drive gear micropump, innovative CAD model, constructive solutions. 

 
1. INTRODUCTION 
  
 The hydraulic pumps, in all their variety, 
represent an economic and technical 
requirement for researching, designing and 
manufacturing projects in the industrial and 
academic environments. Important applications 
in aerospace, automotive, medical systems, 
energy plants, electrotechnics, food supply and 
refrigerate systems, consumer goods, etc., need 
special hydraulic pumps, with a complex factor 
of innovation and variable functional parameters 
adapted to custom requirements [1, 2]. These 
pumps drive a specific fluid characterized by: 
flow, pressure, viscosity, presence of particles, 
for applications like: fuel transfer, injection 
and/or mixing, recirculation in a circuit, dosing 
of substances with medical applications, mixing 
of additives or chemicals, printing on textiles 
and ceramic tiles, etc. Even they should fulfill 
complex requirements in their hydraulic 
installations, these magnetic drive pumps should 

also be of constructive simplicity, reliability, 
lack of leakage to the outside, low weight, small 
size and a wide range of applicability.  
 The authors of the paper carry out research in 
the GEX UPB project 57/2017 for the redesign 
and development of an innovative experimental 
prototype of a magnetic drive micropump for an 
extended life cycle and low maintenance. 
 In the research, the authors want to 
implement a new gears pair with a different 
module, polymeric composite materials for the 
gears, but also for the new friction disc and the 
aspiration component in order to reduce the wear 
that emerges from the micropump operation. 
 The research proposed by this paper raises a 
number of challenges, such as: conception of an 
improved micropump variant using 3D models 
of the components and of the assembly, 
numerical and technological calculations and 
simulations [3, 4].  
 There are some risks linked to the new 
variant: the magnetic field creation system 
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required to drive the micropump may be 
different from the original system; high costs for 
manufacturing, experiments, validation and 
implementation of the new model; certain 
constructive and functional requirements 
(adjustments, tolerances of the pump 
components) may not be fulfilled, leading to a 
decrease of the prescribed pressure and flow; the 
modified pair of gears proposed by research may 
be inappropriate for generating the fluid flow 
with high efficiency [5, 6, 7]. Also, the choice of 
the polymeric composite materials may require 
laborious injection molding research, there 
could appear difficulties in balancing the 
resulting forces from pump operation etc. 
   
2. HOW DO THE MAGNETIC DRIVE 

PUMPS WORK? 
  
 Generally, the magnetic drive pumps are 
energy efficient and require no complex seals or 
lubricants for operation. They use a wide variety 
of fluids including chemicals, acids, water, 
lubricants, fuels, anti-icing additives and even 
biological. Because there is no mechanical seal 
on a magnetic driven pump, the chance of 
external leaks or contamination of the internal 
fluid from an external source is eliminated. 
 In a magnetic drive pump, there are two main 
types of magnets. Permanent magnets are 
attached to the pump assembly, as seen in Fig. 1 
[8]. The driving magnet, which drives the inner 
driven magnet, is attached on a second shaft 
operated by an electric motor [1, 8]. When this 
motor turns in a certain direction, it spins the 
driving magnet. As a result, the created magnetic 
field from the motor’s magnet causes the driven 
magnet connected to one gear to spin and rotate 
the other gear(s). 
 

 
Fig. 1. Main components and inside view of a  

gear pump with magnetic drive 

The magnetic field created by these two magnets 
allows the full torque of the electric motor to be 
transmitted to the pump. As the shaft of the 
motor does not extend into the interior of the 
pump, there is no need for a shaft seal ring, 
which is a very important aspect and a 
characteristic of magnetic pumps. Without it, the 
probability of leakage, commonly encountered 
in other classic hydraulic pumps, due to the wear 
of the shaft seal ring is eliminated. 
 Generally, the maintenance cost is reduced 
because it is not necessary to verify and maintain 
the shaft seal ring. However, periodically, a 
check of the pump is necessary because the wear 
may occur on the moving components and with 
the other fixed components with role of closure 
and support (the pump body, the driving gear 
shaft).  
 The resulted rotation produces a pressure that 
drives the fluid aspired by the pump through the 
inlet to the outlet apertures, outside the pump’s 
housing 
 
3. MICROPUMP’S CURRENT STATUS  
 The paper presents results of the wear 
evaluation of a hydraulic gear micropump 
assembly with helical teeth. The applied 
diagnostic considers constructive and functional 
particularities, but especially data of the 
cylindrical gear and of the micropump body 
components, used materials, the quality of the 
sliding and contact surfaces, the gears holes fits 
with their rotation and support shafts. 
 This micropump (fig. 2) has some worn 
components. The wear has been observed at the 
arrival of the micropump at our university 
Composite Products Laboratory provided by the 
service department of the Axflow Romania. The 
pump is withdrawn from the service, its type is 
GB-P25.JF5S.A, by Micropump Inc. [8]. 
 According to the manufacturer specifications, 
the pump flow rate varies between Qp = 1.65 - 
3.1 l/min corresponding to the drive speed 
variation of n = 2850 - 5500 rev/min.  
 In operation, the micropump can generate a 
maximum pressure of 8.6 bar (125 psi), and it 
can be integrated into a hydraulic system where 
the maximum pressure is 21 bar (300 psi). The 
temperature during its operation may vary in the 
range of -460 to 1770 C. The viscosity of the 
hydraulic medium is 0.5 - 1500 cps. 
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Fig. 2. Magnetic drive micropump in our laboratory 
 
 Applying maintenance to the analyzed 
micropump requires knowledge of the above 
mentioned and constructive parameters. It is 
necessary to evaluate the main functional 
conditions, as follows: the noise level, the 
decrease of the efficiency, proposals for some 
constructive changes.  
 Other requirements are also important, such 
as: calculating the forces in the gears and the 
rotation couplers allowable stress, choosing the 
gears material, determining the deviations size 
of shape and of position for the surfaces that 
definine each pump component.  
 The micropump analysis method is based on 
direct measurements of its components and the 
application of specific modeling and simulation 
techniques [9, 10, 11].  
 The analyzed pump shows some wear on its 
components, the most affected are the body and 
the gears shafts. Figure 3 illustrates the wear 
distribution and its results generated by the 
functioning. There are noticeable wears on the 
body's flat surface in the contact spot with the 
gears and with the suction shoe element. 
 

 
 

Fig. 3. Worn areas on the micropump body 

 The areas with the most pronounced wear 
(W1 and W2) are located on the body's flat 
surface around the two shafts: under the driving 
and the driven gears. 
 Following the pump's driving under 
laboratory conditions and carrying tests with 
fluid's viscosity characteristics in the range 
prescribed by the manufacturer, it was noted an 
increase in the drive torque (by 12-18%) and a 
pressure variation.  
 There was also an increased wear of the 
pinion's shaft due to the forces in the gear. By 
wearing the flat surface of the micropump body 
and the shafts in the contact areas with the gears, 
there is no longer a condition of parallelism 
between the gears shafts, the increase of the 
radial and frontal clearances. The observed wear 
has led to increased gearing forces and to a 
deficient contact between the teeth flanks. At the 
same time, there were remarked vibrations; 
noise and heating were increased inside the 
micropump. 
 The pump has a suction shoe in the suction 
area (inlet aperture) to guide the fluid flowing 
into the micropump to be placed in the gaps/cups 
between the teeth, driven and discharged into the 
hydraulic system through the outlet aperture [8].  
We observed a wear zone (W3) in the contact 
area between this suction shoe and the flat 
surface of the body. This is due to the vibrations 
resulted from the micropump operation.  
 The results of the functional analysis of the 
studied micropump revealed that the suction 
element has created a clearance on the vertical 
direction. 
 Figure 4 represents the 3D model of the 
micropump in the actual constructive solution 
shown in Fig. 2. Its assembly was parametrically 
modeled in CATIA v5 on the basis of laboratory 
measurements and operating requirements.  
 The main component of the assembly is the 
body in which the two aspiration and discharge 
holes are diametrically created, corresponding to 
the inside flat surface. The holes for mounting 
and supporting the gears shafts and the suction 
shoe element are also identified.  
 Inside the body, mounted at the end of the 
pinion shaft, there is placed a helical spring used 
to lock this shaft when the micropump assembly 
is closed with the metal cover [1, 8]. 
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Fig. 4. 3D model of the actual micropump 
 

 The micropump gears are driven by the rotor 
magnet, assembled and oriented on the pinion 
shaft through a splined rigid coupling. The fluid 
aspiration into the micropump is done through 
the suction shoe element. The assembly closes 
with a metal cap, which is sealed with the body 
using a seal ring. 
 Both from the 3D model of Fig. 4 and the 
representation of Fig. 5 it is identified the shape 
and position of the suction shoe element with 
respect to the two gears and the inlet and outlet 
apertures. This element is placed on the short 
shaft of the driven gear and also contributes as a 
part of the pinion shaft bearing. 
 During operation, the fluid is aspired into the 
micropump, filling its entire cavity, from where 
it is discharged into the hydraulic system. The 
fluid stored in the cavity is permanently driven 
by the two gears and thus creates a flow of fluid 
which produces a decrease of the discharge 
pressure, an additional stress on the moving 
parts and an increase of the necessary driving 
torque [12, 13]. 
 From a constructive point of view, the 
number of teeth (Fig. 5) between the aspiration 
and discharge areas is also important, with the 
role of sealing the fluid. An important role in the 
performance of the micropump is done by the 
radial clearance between the driven gear and the 
inner wall of the metal cap. This ensures that a 
certain amount of fluid corresponding to a set 
radial clearance is in the area between the head 
of the teeth and the suction shoe. They influence 
the efficiency of the micropump. 
 Also, from a functional point of view, the 
decrease of flow (and efficiency) is also 

determined by the front-end clearance and the 
size of the front surface bounded by the 
diameters of the two gears in engagement and 
the suction shoe element. This is the area where 
the required pressure for the fluid aspiration is 
created. 

 

Fig. 5. Actual constructive solution using the suction 
shoe element 

 In the micropump's cavity, in areas with a 
lower pressure, accumulating residues from the 
hydraulic medium can contribute to the wear of 
the moving parts. They may be trained and 
partially obturate the discharge port and the gear, 
or may be deposited causing damage to the 
micropump and to the hydraulic system. 

4. PROPOSED MODEL OF THE NEW 

MICROPUMP 

 
 Our research led us to propose some 
innovative and constructive solutions to improve 
the characteristics of the micropump. The most 
important modification was applied to its gears, 
the original pair to be replaced. The new gears 
will also be helical and corrected (displaced) and 
with another module size. This change results in 
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an increase of the pump flow, keeping the same 
distance between the gears shafts and the same 
drive speed [14]. 
 The modification of the two gears in 
engagement (Fig. 6) required some specific 
calculations based on the literature [15, 16, 17], 
their 3D modeling in the frame of the assembly.  
 

 
Fig. 6. Geometrical elements of the cylindrical gear with 

helical teeth in the frontal plane 

 Considerations were given to conditions of 
engagement and possible interferences between 
the redesigned gears and the other components 
in the available space of the micropump cavity.  
 For the representation phase of the 
micropump assembly, the following values of 
the constructive parameters were set (Table 1), 
namely: z - number of teeth, m - teeth module 
[17, 18, 19], ξ - correction parameter, β0 - 
reference angle of inclination of teeth (helix 
angle), α0 - engagement angle, b - gears width, 
A0 - center distance, etc. The gears teeth flank 
line is a constant-pitch cylindrical helix. Both 
gears must have the same helix angle. However, 
the helix direction must be opposite, a left-hand 
helix mates with a right-hand helix. 
 The option to maintain a cylindrical gear with 
helical teeth with involute and displaced profile 
provides some functional advantages, the most 
important being: reducing the wear of the gears 
teeth, noise, vibration and pulsation. In the initial 
study phase, we also considered for analysis a 
spur gears variant of the micropump. 

 

Fig. 7. Representation of geometric elements and forces of cylindrical gear: [PN] – normal plane, [PF] – frontal plane, Ft 
– tangential force, Fa – axial force, Fr – radial force, Fn – normal force, Gcd – generator of the pitch circle cylinder, 

flanks line: Ecd/Ecs – cylindrical helix right-hand/left-hand, n1 = n2 – speeds of the meshing gears, z1 = z2 – number of 
teeth of each gear, pc – pitch circle of virtual gear, epc – elliptical pitch circle in normal plane [PN], re1 – radius of the 

equivalent gear z1 
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 Helical gears operate more smoothly and 
quietly compared to spur gears due to the way 
the teeth interact [15, 19, 20]. The teeth on a 
helical gear are cut at an angle to the face of the 
gear. When two of the teeth start to engage, the 
contact is gradual starting at one end of the tooth 
and maintaining contact as the gear rotates into 
full engagement. Tooth strength is improved 
because of the elongated helical wraparound 
tooth base support. Contact ratio is increased due 
to the axial tooth overlap.  
 Helical gears thus tend to have greater load 
carrying capacity than spur gears of the same 
size. Spur gears, on the other hand, have a 
somewhat higher efficiency. 
 While the micropump is active, the use of the 
helical teeth determines the creation of the 
following forces [15, 21]: Ft, Fa, Fr and Fn, 
represented in Fig. 7. To determine their values, 
it is necessary to set the parameters defining the 
micropump operation, namely: flow, pressure, 
torque and power of the electric drive.  

 The drives used by Micropump Inc. are 
innovative brushless DC motors with no moving 
parts for great efficiency and reliability. They 
are fitted with variable speed operation, a 
tachometer and error output, and with fwd/rev 
capabilities [8], being specific to the operation 
of these hydraulic micropumps.  
 The forces values are very important in the 
dimensioning of the gear teeth, with reference to 
the number of teeth, the normal and frontal 
modules, gears width, teeth length, inclination 
angles in the frontal and normal planes, etc. 
(Tab. 1), precision grade (recommended 5/6), 
deviation of the tooth direction, the chosen 
material and the quality of the teeth flanks [22, 
23].  
 The parameters [14, 16, 19] noted in Table 1 
correspond to those in Fig. 6 and 7. Increasing 
the number of teeth increases the coverage 
grade, reduces vibration and noise, reduces 
slipping in gearing, increases efficiency and 
reduces wear.

 

Table 1. 
Calculus stages and basic data of gears with helical teeth. 

Parameter Calculus relation Value 

z1, z2 – number of teeth for each gear chosen values z1 = z2 = 10 teeth 
β0 – the reference angle of the teeth 
inclination. It is the angle between the tooth 
line tangent and the cylinder generator with 
pitch diameter Dd 

recommended value β0 = 8040’ = 8.670 

mn – normal module of the gear standardized value mn = 1.125 mm 

mf – frontal module of the gear mf = 
mn

cos β0

 mf = 1.138 mm 

ξn1, ξn2 – the normal specific displacement of 
the teeth profiles 

chosen value 
(ξn1 + ξn2) > 0 positive specific 
displacement 
ξn1 = ξn2 = 0.2 mm 

α0n – normal angle of the reference profile, 
pressure angle 

standardized value α0n = 200 

α0f – frontal angle of the reference profile, 
operating pressure angle 

tan αof =	
tan α0n

cos β0

 α0f = 20013’ = 20.220 

p0n, p0f – the normal/frontal pitch of the 
reference rack 

p0n = π· mn ; p0f = π· mf 
p0n = 3.534 mm;  
p0f = 3.575 mm 

ξf1, ξf2 – specific frontal displacement of the 
profiles 

ξf1,2= ξn1,2⋅ cos β0 ξf1,2 = 0.1976 mm 

A0 – reference distance between the gears 
shafts 

A0 = 0.5 ⋅ mf ⋅ z1+z2  A0 = 11.38 mm 

ξ0f – the specific frontal coefficient of 
displacement ξ0f = 2⋅ ξf1+ξf2

z1+z2
 ξ0f = 0.039 mm 

αrf – frontal engagement angle inv αrf = ξ0f ⋅ tan αof + inv α0f αrf = 24055’ = 24.920 

A – distance between the gears shafts A = A0⋅
cos α0f

cosαrf
 A = 11.77 mm 

Dr1,2 – working pitch diameter Dr1,2 = mf ⋅ z1,2⋅
cos α0f

cos αrf
 Dr1,2 = 11.72 mm 

Dd1,2 – pitch diameter Dd1,2 = mf ⋅ z1,2 Dd1,2 = 11.38 mm 
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De1,2 – outside diameter De1,2 = Dd1,2+2⋅mn⋅ 1+ξn1,2  De1,2 = 14.08 mm 

Db – base diameter Db= Dd· cos α0n Db = 10.69 mm 
Df – root diameter 
ha

* – addendum 
c* – radial reference clearance coefficient 

Df = Dd - 2· mn · ha
*+ c*- ξn1  

ha
* = 1.1, c* = 0.4 

Df = 8.45 mm 

b – gears width 
l – the teeth length (cylindrical helix) on the 
pitch circle 

l = 
b

cos β0

 b = 8.9 mm;  
l ≈ 9.05 mm 

n1 = n2 – speed of the meshing gear 
M, P – torque and power of the electric drive 
Ft1,2 – tangential force 
Fr1,2 – radial force 
Fa1,2 – axial force 
Fn1,2 – normal force 

P =
M·n

9550
 

Ft = 
M

Dd/2
 

Fr = Ft· tan α0n 
Fa = Ft· tan β0 

Fn =
Ft

cos α0· cos β0

 

according to the Table 2 

qp – the specific capacity equal to the total 
volume of the two gears couplings in one 
rotation 
Qp – micropump’s flow 

qp= 2·π·l·m2·z 

Qp= qp·n 

qp = 720.6 mm3/rev 
Qp = 4 l/min  
(n = 5550 rev/min) 

 
 According to [2, 8, 15], the M and P values 
are indicated and determined in dependence to 
viscosity and pressure of the trained hydraulic 
medium. Using the calculation relations results 
values for the gearing forces, shown in Table 2. 
It is noted that the obtained values for the 
micropump's operating parameters are conside-
red to be optimal and in accordance with its 
purpose and fields of use, the speed range, the 

hydraulic environment viscosity, the delivered 
flow rate and the reduced gear dimensions. 
 The basic parameter of the micropump is the 
specific flow qp, also called specific capacity, 
equal to the total volume of the two gears cups 
on one rotation and the theoretical flow, which 
is determined by calculation relations and 
checked by measurement under laboratory 
conditions. 

Table 2.  
Calculated values for the drive’s necessary power and forces in gear 

No. 
Viscosity 

[cps] 

Speed 

[rev/min] 

Torque 

[mN×m] 

Drive 

power [W] 

Ft 

[×10-3 N] 

Fr 

[×10-3 N] 

Fa 

[×10-3 N] 

Fn 

[×10-3 N] 

1 1 (water) 2850 70 20.89 12.28 4.47 1.87 13.22 

2 1 (water) 4000 120 50.26 21.05 7.66 3.21 22.40 

3 1 (water) 5550 160 92.98 28.07 10.22 4.28 29.87 

4 100 (oil) 2850 140 41.78 24.56 8.94 3.75 26.14 

5 100 (oil) 4000 180 75.39 31.58 11.49 4.82 33.61 

6 1500 (oil) 1150 230 27.70 40.35 14.69 6.15 42.94 

 The calculation of the theoretical flow rate for 
the proposed gear is detailed in several 
specialized papers [13, 24, 25]. 
 The actual flow of the micropump differs 
from the theoretical flow, being influenced by 
several factors [6, 25]. The most important are: 
flow decrease due to frontal clearance 
(recommended 20 - 150 µm) and to the radial 
clearance (recommended 10 - 35 µm), hydraulic 
fluid viscosity, admissible wears of the gears 

contact surfaces with the body's flat surface 
(max 0.08 mm) [10].  
 According to papers [6, 14], to determinate 
the micropump's flow it is considered that the 
front surface of a gap between two adjacent teeth 
is approximately equal to the surface of one 
tooth in the same plane.  
 In order to evaluate the specific flow rate of 
the re-designed micropump with a new gear pair, 
there were considered [15, 26, 27] the following 
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data extracted by measurements from the 3D 
model: section of the gap in the normal plane 
(4.606 mm2), and in the frontal plane (4.727 
mm2), the length of the cylindrical helix 
considered on the pitch cylinder of the gear (9.05 
mm = the tooth length on helix) corresponding 
to the gear width (8.9 mm). Considering these 
data, the geometric volume of a cup results in 
41.7 mm3, so the calculated flow rate of the 
micropump is Qp = 2 l/min (n = 2850 rev/min) - 
4 l/min (n = 5550 rev/min).  
 Compared to the specific capacity of the 
current/actual micropump (qpa = 568.6 mm3/rev 

[8]), we achieved an increase of 22.22% to qp = 
720.6 mm3/rev. 
 Another proposed change on the micropump 
assembly is the design of a new suction element 
(Fig. 8), which has the role of separating the 
aspiration zone of the fluid by the driving gear 
through the inlet port to the outlet port. Thus, a 
significant reduction in torque is required to 
drive the fluid from the entire cavity of the 
micropump. The fluid in the cavity is, however, 
still trained by the driven gear to ensure the 
lubrication of the other moving parts [23], but at 
a much smaller rate.

 

Fig. 8. View and position of the cavity style pump head 
 

 In case of using this new suction element, 
named cavity style pump head, a new hole has to 
be made in the pump body and a new support pin 
will be added. Thus, this element is oriented and 
supported by two pins and by the driving gear 
shaft, also having a bearing purpose for this 
shaft.  
 Due to its larger dimensions and to the new 
type of assembly, the suction element is less 
prone to vibration and radial clearance. The 
suction element has, of course, the two inlet and 
outlet pockets. This creates a maximum pressure 
due to the driving of the fluid by the driving gear 
[2, 21]. The fluid is in the cups between the 
gears' teeth and the new suction element.  
 The driven gear helps to create the necessary 
pressure between the two apertures of the 
micropump by driving the fluid also into the 
cups between the teeth and the metal cap. Any 
residuals or impurities in the micropump cavity 
are prevented from reaching back the discharge 
area due to the closed construction of this new 
suction element (Fig. 9).  

 The 3D model of the proposed micropump is 
completed by an assembled friction disc in 
contact with the flat surface of the body. 

 
Fig. 9. Proposed constructive solution using the cavity 

style pump head element 
 
 The disc has all the holes necessary for 
mounting of the gears shafts, the two pins that 
support the new suction element and the inlet 
and outlet holes, corresponding to the two 
apertures. The disc has the role of taking over the 
wear that affects the body of the micropump in 
the current version, being a simple and easy way 
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to replace the component during service and 
maintenance intervals.  
 Through its flat surface, the disc can also be 
used with micropumps that already have an 
acute wear of the body, increasing lifetime and 
operation in the hydraulic system. 
 Figure 10 shows another component added to 
the micropump assembly, a support disc for the 
end of the driving gear's shaft.  

 This second disc is assembled inside the 
metal cap and, through its central hole, guides 
and sustains the end of that shaft. This reduces 
its displacement from the already existing small 
guide on the metal cover.   
 The support disc is also a replaceable 
component. 

 

Fig. 10. The 3D model of the proposed micropump 
 
 Regarding the materials from which the 
components of the micropump are proposed to 
be manufactured, the 316 steel type can be 
retained for the metal components, as in the 
current micropump. It is an austenitic 
chromium-nickel stainless steel containing 
molybdenum. This addition increases general 
corrosion resistance, improves resistance to 
pitting from chloride ion solutions, and provides 
increased strength at high temperatures.  
 This steel of 316 type has also an improved 
corrosion resistance against hydrochloric, 
sulfuric, acetic, formic and tartaric acids, acid 
sulfates and alkaline chlorides [28]. 
 The gears, the new suction element and the 
two discs are proposed to be machined from the 
POM material. For this micropump we propose 
the use of Ultraform [29], a co-polymeric POM 
created by the BASF company with excellent 
sliding friction properties.  
 Ultraform is the company’s brand name for 
polyoxymethylene product range, it comprises 
versatile engineering plastics having a wide 
array of properties designed to be used in 

manufacturing complex components capable of 
withstanding high stresses.  
 This material is suitable for most applications 
in the automotive manufacturing, medical 
technology, for machine construction and 
various household applications. The main 
advantages of the POM material are: high 
rigidity and stiffness, good resilience properties, 
excellent resistance to chemicals, dimensional 
stability, low water absorption, low tendency to 
creep, excellent sliding friction properties. 
 The Ultraform product line contains various 
grades for processing by means of extrusion and 
injection molding. Some grades have a high melt 
strength and high molecular weight, being 
optimized for the extrusion of thin-walled and 
thick-walled tubes and panels, hollow profiles 
and semi-finished products having wall 
thicknesses of up to 50 mm and more.  
 This material can be manufactured into gears 
[29, 30], friction discs, bearings and other 
machine elements without classic cutting 
procedures. It can be processed rapidly, without 
deposits and are also easy to demold, with a very 
good surface quality. 
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5. CONCLUSIONS 
   
 The research conducted in the project is part 
of the research on current topics of increasing 
the performance and lifetime of products and 
optimizing their maintenance. 
 Also, there were defined the shape, size and 
position of the contact surfaces that are 
influenced by the wear process during operation. 
For this purpose, some constructive changes 
have been established and proposed for analysis 
and we have redesigned some components of the 
micropump, while others are kept like in the 
original/actual variant.  
 It is also important, from a functional point of 
view, the analysis of the modification influence 
of some parameters imposed on the hydraulic 
environment (viscosity, flow, absence or 
presence of particles etc.). 
 In the next stages of the prototype, as well as 
in the execution, assembling and testing, it will 
be important to analyze various constructive 
solutions that will ensure functional, operational 
and maintenance requirements.  
 These may result in functional modifications 
of the micropump: the distance between the 
gears shafts, the eccentricity between the outside 
circles of the teeth and the shaft's holes in the 
pump body, deviations from the gears shafts 
perpendicularity, from the planar surfaces of the 
gears and of the micropump's body. 
 Future research in the field of this type of 
micropumps will include approaches to 
redesigning the body and cavity in order to add 
and ensure the mixing and dosing functions of 
two compatible fluids to pump them into the 
hydraulic system.  
 It is also expected a complex study for the 
parameterized creation of a micropump family 
in order to provide a wider range of flows and 
pressures, as well the possibility to flow a variety 
of fluids with different viscosities. 
 
Acknowledgement:  
 This work has been funded by University 
Politehnica of Bucharest, through the 
“Excellence Research Grants” Program, UPB – 
GEX 2017, Ctr. No. 57/2017. 

 The authors wish to thank AxFlow Romania 
for providing the micropump and the necessary 
documentation for this research. 
 
ACKNOWLEDGMENT: The paper presents 

some results of researchers made inside the 

project “Excellence Research Grants” 

Program, UPB – GEX 2017, Ctr. No. 57/2017, 

Pompe Magnetice Compozite (POMAGCO), 

2017 – 2018, Universitatea Politehnica din 

Bucureşti (Politechnica University of 

Bucharest). 

 

6. REFERENCES  
 
[1] Ghionea, I., Opran, C., G., Tarbă, I., C., 

Tiriplică, P., G., Magnetic drive pumps. 
Current state and overview, Scientific 
Bulletin, Serie C, vol. XXXI: Tribology, 
Machine Manufacturing Technology, pp. 79 
– 82, 2017. 

[2] Rundo, M., Models for flow rate simulation 
in gear pumps: A Review, Journal of Energy 
Research, Engineering and Policy, 
doi:10.3390/en10091261, 2017. 

[3] Gherardini, F., Zardin, B., Leali, F., A 
parametric CAD-based method for 
modelling and simulation of positive 
displacement machines, Journal of 
Mechanical Science and Technology, vol. 
30, pp. 3253–3263, 2016. 

[4] Hemanth, R., Design, modeling and analysis 
of a gear pump for dispensing application. 
Applied Mechanics and Materials, vol. 592–
594, pp. 1035–1039, 2014. 

[5] Casoli, P., Vacca, A., Franzoni, G., 
Numerical model for the simulation of 
external gear pumps, Proceedings of the 6th 
JFPS International Symposium on Fluid 
Power, Tsukuba, Japan, November 7-10, pp. 
705-710, ISBN 4-931070-06-X, 2005. 

[6] Rundo, M., Theoretical flow rate in crescent 
pumps. Simulation modelling practice and 
theory, Elsevier, vol. 71, pp. 1-14, 
doi.org/10.1016/j.simpat.2016.11.001, 2017. 

[7] Borghi, M., Zardin, B., Specchia, E., 
External gear pump volumetric efficiency: 
Numerical and experimental analysis; SAE 
Technical Paper; SAE International: 
Warrendale, PA, USA, vol. 2(1), pp. 1285 – 
1302, 2009. 



211 
 

 

[8] ***, Magnetic drive gear pump, GB series, 
GB EagleDrive, Micropump Inc, 2018. 

[9] Mobley, K., Higgins, L., Wikoff, D., 
Maintenance engineering handbook, 
McGraw-Hill handbooks, 7th edition, ISBN 
978-00-71546-46-1, 2008. 

[10] Vişan, A., Ionescu, N., Toleranţe. Bazele 
proiectării şi prescrierii preciziei produselor 
(Tolerances. The basics of designing and 
prescribing product precision). 2nd edition. 
Bren Publishing House, Bucharest, ISBN 
973-648-280-4, 2006. 

[11] Vacca, A. Franzoni, G. Casoli, P., On the 
analysis of experimental data for external 
gear machines and their comparison with 
simulation results. Proceedings of the 
ASME International Mechanical Enginee-
ring Congress and Exposition, Seattle, USA, 
2007. 

[12] Ghionea, I., Ghionea, A., Constantin, G., 
CAD-CAE methodology applied to analysis 
of a gear pump. Proceedings in 
Manufacturing Systems ICMaS, vol.8, no.1, 
pp. 41–46, Romanian Academy Publishing 
House, Bucharest, Romania, 2013. 

[13] Opran, C., Ghionea, I., Pricop, M., 
Embedded modelling and simulation 
software system for adaptive engineering of 
hydraulic gear pumps, Proceedings of the 
26th DAAAM International Symposium, pp. 
0311–0319, Published by DAAAM 
International, ISBN 978-3-902734-07-5, 
ISSN 1726-9679, DOI:10.2507/26th.daaam. 
proceedings.042, Vienna, Austria, 2016. 

[14] Ghionea I., Ionescu, N., Ghionea, A., 
Ćuković S., Tonoiu, S., Catană, M., 
Computer aided parametric design of 
hydraulic gear pumps, Acta Technica 
Napocensis, Series: Applied Mathematics, 
Mechanics and Engineering, Technical 
University of Cluj-Napoca, vol. 60, no. I, pp. 
113–124, ISSN: 1221-5872, WOS: 
000416959000017, Cluj-Napoca, Romania, 
2017. 

[15] Oprean, A., Hidraulica maşinilor-unelte 
(Hydraulics of machine tools), Didactic and 
Pedagogic Publishing House, Bucharest, 
1980. 

[16] Sauer, L., Horovitz, B., Vasu, T., Miloiu, 
Gh., Angrenaje. Proiectare. Materiale 

(Gears. Design. Materials), Technical 
Publishing House, Bucharest, 1970. 

[17] Rădulescu, Gh., Miloiu, Gh., Gheorghiu, 
N., Îndrumar de proiectare în construcţia de 
maşini (Design guidebook in machines 
construction), vol. 3, Technical Publishing 
House, Bucharest, CZ. 621.01.001, 1986. 

[18] Litvin, L. F., Fuentes, A., Gear geometry 
and applied theory, 2nd edition, Cambridge 
University Press, 2004. 

[19] ***, Elements of metric gear metrology, 
SDP/SI - Stock Drive Products / Sterling 
Instrument publishing, 2017. 

[20] Luck, K., Fronius, st., Klose, J., 
Taschenbuch Maschinenbau, Band 3, 
Maschinenelemente, Getriebe, Mechanis-
men, Hydrostatische und Pneumatische 
Antriebe, Elektrische Antriebe, VEB Berlin, 
1987. 

[21] Egbe, E.A., Design analysis and testing of 
a gear pump, International Journal of 
Engineering And Science Vol.3, Issue 2, pp. 
01–07, 2013. 

[22] Rajeshkumar, S., Manoharan, R., Design 
and analysis of composite spur gears using 
finite element method, IOP Conference 
Series: Materials Science and Engineering, 
no. 263, IOP Publishing, 2017. 

[23] Meng, H., Sui, G., Xie, G., Yang, R., 
Friction and wear behavior of carbon 
nanotubes reinforced polyamide 6 
composites under dry sliding and water 
lubricated condition. Composites Science 
and Technology, vol. 69, pp. 606–611, 2009. 

[24] Wang, S., Sakura, H., Kasarekar, A., 
Numerical modelling and analysis of 
external gear pumps by applying generalized 
control volumes. Journal of Mathematical 
and Computer Modelling of Dynamical 
Systems. Methods, Tools and Applications 
in Engineering and Related Sciences, vol. 17, 
no. 5, pp. 501–513, 2011.  

[25] Zhao, X., Vacca, A., Numerical analysis of 
theoretical flow in external gear machines. 
Mechanism and Machine Theory, vol. 108, 
pp. 41–56, Elsevier, 2017. 

[26] Huang, K.J., Chen, C.C., Chang, Y.Y., 
Geometric displacement optimization of 
external helical gear pumps. Proc. IMechE 
Part C, vol. 223, pp. 2191–2199, 2009. 



212 
 

 

[27] Borghi, M., Paltrinieri, F., Zardin, B., 
Milani, M., External gear pumps and motors 
bearing blocks design: Influence on the 
volumetric efficiency. In Proceedings of the 
51st National Conference on Fluid Power, 
Las Vegas, USA, 2008. 

[28] ***, 316/316L Stainless steel, SAE steel 
grades, 2017. 

[29] ***, Ultraform® (POM) Product brochure, 
BASF company, 2017. 

[30] Pogačnik, A., Kalin, M., The running in 
phase of polymer materials for gears, Centre 
for Tribology and Technical Diagnostics, 
University of Ljubljana, Slovenia, 2017. 

 

 
 
 

Proiectarea adaptivă a modelului 3D al unei micropompe cu antrenare magnetică în vederea 

extinderii perioadei de utilizare şi pentru o mentenanţă redusă 
 

Rezumat: Lucrarea prezintă unele rezultate preliminare ale cercetărilor privind reproiectarea inovatoare și adaptivă a 
unei micropompe cu antrenare magnetică cu dantură înclinată. Autorii au evidenţiat câteva aspecte ale angrenajului 
micropompei și, în special, a componentelor uzate datorită funcţionării acesteia în instalația hidraulică. Procedura de 
proiectare a modelului 3D al micropompei și toate ideile implicate şi utilizate în cercetare pentru a îmbunătăți 
performanțele actuale ale acesteia s-au bazat pe teorii și principii relevante din domeniul hidraulicii. S-au considerat 
aplicațiile industriale reale ale micropompei cu antrenare magnetică, cum ar fi: tipărirea pe suport de tip materiale textile, 
plăci ceramice, controlul emisiilor motoarelor Diesel prin injecția cu aditivi de combustibil etc. În consecință, 
micropompa trebuie să aibă capacitatea de a antrena inhibitori de coroziune, lubrifianți, combustibili, coloranţi, detergenţi, 
fluide de degivrare, aditivi, etc. Astfel, starea de uzură observată a unor componente ale micropompei a condus cercetările 
şi către o versiune îmbunătăţită si inovatoare cu aceeaşi eficienţă volumetrică sau mai mare şi debit modificat. Procedura 
de cercetare sublinează avantajele competitive ale designului inovator 3D cu parametri tehnologici simulați numeric, 
dovedind corectitudinea și îmbunătăţirile noii variante de proiectare. Soluția CAD inovatoare prezentată ne permite să 
dezvoltăm o serie de micropumpe compacte, robuste, fiabile și cu costuri reduse de fabricație. 
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