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Abstract: The use of modern CAD and FEM techniques in theejation, simulation and manufacturing
processes of industrial products has a large agian in the mechanical, automotive and aerospaee i
dustry domains. This paper presents important aspeta practical methodology applied to design a
gear pump using the CATIA software parametric tibdifollowed by a FEM analysis of its assembly to
identify the most stressed components. In the patrésydesign of the gear pump some of its consgtrect
and functional data, among them, the flow beingrttaén parameter, were taken into account.

Key words: parametric modelling, gear pump, constructive aats, FEM analysis.

1. INTRODUCTION These pumps, having an external involute gear, are

the most usual types, used in many installatioreiffetr-

ent pressure levels. In principle, this kind of pguims

gomposed of impeller rotors mounted on transmission

shafts or being one part with them, a pump bodygra-
ensator, a casing cover, different sealing elemditt

ings, screws and set pins.

The gear volumes (cups) represent the gashes be-

To design an industrial product in a parametric man
ner, there are some steps to be achieved usin
CAD/CAM/FEM software solutions [1 and 3].

In this paper, to create and simulate a gear pum
manufactured by a Romanian company in a large numb
of constructive variants, it was identified the de®

model its assembly in an advanced CAD program, withy,sen o consecutive teeth that pass one aftethano
parametric abilities. The purpose of this modelisghat through the aspiration chamber. These gashes l&é fi
the pump should cover a domain of flows demanded b3(/vith fluid which is then transported and delivenatier
the company [4 and 5] customers. . pressure in the discharge chamber [3].

The costs and resources necessary for testingé#the r Usually, the pumps’ flows vary between 2 and 1 000
product in the phase of design are big comparatva I/min drivir’19 power up to 3840 kW and speed between
simu!ation of the virtual model. It would be neasysa 70 élnd 7 000 rpm. The flow variation may be oladin
physical prototype and also a set up for testmgjst from different constructive variants using the sawiat-
necessary for acquisition, storage and processatg d ing speed or by changing it while keeping a certairi-
from experimental measurements. ant [2].

Thus, the following steps were analyzed: identiyin The resultant of the pressure forces on gears loads

tfrnedp;sn;2:1ubr:0tlggr?:ji?(l?lsanghltt)?)gi?lmaﬁgegt,ibcljllznémﬂ/lms S_and stresses the body and casing cover bearings and
tem for mode)I/Iin and sin%ulation garametric 3D reiedy also, the gears themselves, These loads and stess
) 9 » par; : .~ drive to a long-service wear, vibrations, fluid keaand
ling of the pump assembly, establishing the dinemsi L

; X L performance diminution.
and functional relations between the componentaedi

. . . To partially counter the problems, the gear pump
slons and the_ .FEM analysis of the pump gear in SOm%omponents are manufactured of specific materfas t
imposed conditions.

confer good mechanical strength characteristicsy lo
wear, imposed reliability, precision of assemblpod
machinability: aluminium alloys (body, casing cover
compensator) and steel alloys (gears and shafts).

The gear pumps have a large use in many industrial
and general use products due to a constructivelisimp 3. STAGESOF PARAMETRIC DESIGN OF THE
a low production cost and a real smooth and rediaip- GEAR PUMP
eration.

2. GEARPUMP ASSEMBLY: FUNCTIONAL
ROLE AND COMPONENTS

For the computer aided design phase it was used the
CATIA program due to its high abilities of solid naa
metric modelling, assembling and simulation. Usihg
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Fig. 1. Parametric coordinates of points and formulassfing the tooth profile.
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Fig. 2. Completing the tooth profile.

Fig. 3. The gear pump assembly in a 3D exploded view.

3.1. Modelling the spur gearing A number of five points are used to draw the pegfil

The first and one of the most important phasedef t connected by a spline curve [2]. This curve is apor
parametric modelling was to obtain a correct intely at€d to touch the root circle and then rotatech ven
gear according to the imposed flow conditions anthe ~ anglephi, Eq. (2) dependant on the parametric gl
distance between the two shafts axes. The parametr@ndzd

equations [2] of the teeth profiles are: phi = atan ¢d(c) / zdc)) + 90 degt, @

{yd =Tb L{sin(t 4y - cos¢ L)L L) 1) where:c — a parameter used to indicate the position of an

zd = rb O(cos¢ ) +sin(t Ct) [ () involute point on the pitch circle:
where:rb — base circle radius arid- rolling parameter. c=sqrt (1 / cos{lfa)*~ 1) / PI x 180 deg, 3)
Also, there are some other parameters used to tiraw _ .
involute curvealfa — pressure angle of reference, deg; Using the CATIA Part Design module, all the pump

— gear normal module, mm- number of teetlp — gear ~ components were modelled and then assembled in the
pitch on the reference line, mma — radius of the head- CATIA Assembly Design module applying various geo-
circle, mm;rf — radius of the root circle, mmg — fillet ~ metrical and dimensional constraints.
radius at the tooth root, mm.

The parameters are of different types: angle, kengt 3.2. 3D model of the pump

and integer and are used not only to draw a prdifile The next step is the assembly parameterization. The
also later in the solid modelling process to chatige ~ main parameter used in this purpose is the flowstrt-
characteristics of the pump gear. ted by the pump, which is directly connected to ofe

All these parameters and the Eq. (1) are usedite wr the fundamental pumps characteristic, called gedet
some formulas and to express the coordinpteandzd ~ VolumeV,, expressed through the equation given in [4,
(as laws, Fig. 1) that define a tooth profile. 7]. Figure 3 presents the gear pump in a 3D visaadn.
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Table 1
Values of parametersthat determine the pump flow
. Gash
Pump Speed Efficiency Geometric profile Gear B_ody Compensator
No. flow n, rpm . % volume area width width width I mm
H 1 Vi ’
Qp, I/min Vg, e Ao, TP b,mm | H,mm
1 2.11 0.8 2.3 7.7
2 2.64 88 1 2.8 25 7.2
3 3.17 1.2 3.4 6.6
4 4.48 1.7 4.8 255 7.2
5 5.94 2.2 6.2 30 8.8
6 7 90 2.6 7.4 32 7.6
7 8.64 3000 3.2 0.147 9 30 6
8 10.6 3.8 10 10
9 12 93 4.3 12 35 8
10 13.11 4.7 13.3 6.7
11 16.92 94 6 17 40 8
12 22 7.8 22.1 45 7.9
Edit Parameter . &Iﬁ
[Pump flow Qp (min] [211 = J
211
264 [
1317 |

448
594
7

B pump flow ap timiny=241 7

=
“Pump efficiency =88% ig'gz

Fig. 4. Selection of the pump flow value.

Fig. 5. The pump assembly for min/max flow values.

V, =2zbAN0® [cm’/rot]. (4)  determined some dimensions for components (gears,
compensator and body widths, depths of the bodgdor
holes, etc.). The parameterized 3D models of thapu

where:z — number of teetth — gear width, mmA — area X
) ; . body, gears and compensator are automated reddsigne
of the gash profile between two consecutive teath, ; : . :
on the basis of some relations, a function actidig

mn¥, (Fig. 2). The gash profile area decreases with an .
increase of the teeth number which determines an in--c" and.(;he gow va_Iues Iglvenfb% the Ipump."AIhf(Iare
crease of the interior pump gauge. are considered certain values of the volumetricciefcy

Further, the pump flowQ, is calculated with the Eq. established by the authors during a study appied t

(5), where:n — rotational speed of the driving shaft, rpm, SEeMes of similar pumps manufactured bY dlﬁeram_w
) - - panies. The parameters values and their correlatien
and n, — volumetric efficiency. In the considered case,

- — 070 presented in Table 1.
n =3 000 rpm and), = 93%, but these values may be *  Thys the parameterized models of the pump com-
different due to the pumps large diversity:

ponents are automatically modified using relatiand a
V. reaction [2] written inVisual Basicin CATIA environ-
Q, =—2 0, [V/min]. (5) ment. As a result, a potential user dispose ofiendiy
10 interface, he may choose the pump flow value from a
- . i ) i drop down list (Fig. 4) and the entire pump assgnigl
In this diversity, the gears width is established a updated accordingly.
cording to a specific value of the geometrical &V, The relations and the reaction code are organired o
that is specific to a HPO5 series of pumps [416,]. I gactigns, conditionally dependent on the chosew flo
the company specifications catalogue, the standaitte | 51,e. When a certain value is selected from the ilis
of this parameter is 1.2 cfrot. , code section calculates the subsequent parameters a
The applicative methodology used in the current Papdates the pump. As follows, there is presentsthal

per has the aim to increase the geometrical voWitte o ment of the reaction code, when is determirtesl t
out the change of the overall dimensions and ofethe | 1in/max flow values.

ternal shape for the pump body and casing coveksto Figure 5 presents the assembly parameterized model

Thus, it is possible to increase the pump flow @nd 1 (without the pump cover and bolts) in the castthe
would not be necessary to choose another pumpighat 4, equal to 2.11 I/min and 22 I/min.

different and cannot be mounted in a certain imhlst

installation. _ if *Pump flow Qp (I/min)’ ==2.11

Using the initial dimensions of the pump components{*gear1\gear\Pad.1\FirstLimit\Length’=2.3mm
and imposing a nominal rotational speed, some asgem body\PartBody\Pad.1\FirstLimit\Length =25mm
and dimensional constraints there are parameticall body\PartBody\Pocket.6\FirstLimit\Depth =10mm
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compensator\PartBody\Pad.1\FirstLimit\Length =7.7mm The applied force on the teeth (also on the liqoid)

" gearl\gear\Pad.3\FirstLimit\Length’=23mm+1.7mm direction x—x due to the applied torque to the driving
‘gear2\gear\Pad.3\FirstLimit\Length” =15mm+1.7mm gear (pinionz;) can be calculated by relation (7):
body\PartBody\Pad.3\FirstLimit\Length=2mm

body\PartBody\Pad.8\FirstLimit\Length=2mm 2[M

*Pump efficiency'=0.88} F, = =, [N] (7)
else if "Pump flow Qp (I/min)" ==22 w
{'gearl\gear\Pad.1\FirstLimit\Length®=22.1mm . .
body\PartBody\Pad. 1\FirstLimit\Length =45mm where M, is the torque necessary at the driving shaft
body\PartBody\Pocket.6\FirstLimit\Depth =30mm (NIhm); Dy, - rolling diameter of the gears (mm). The
compensator\PartBody\Pad.1\FirstLimit\Length =7.9mm torque M, results with some approximations from rela-

* gearl\gear\Pad.3\FirstLimit\Length°=23mm-18mm-+2ém tion (8):
‘gear2\gear\Pad.3\FirstLimit\Length® =15mm-18mm-+28m

body\PartBody\Pad.3\FirstLimit\Length=2mm M, = pOn? Eﬂ)[ﬂzl +1) [Nhm], (8)

body\PartBody\Pad.8\FirstLimit\Length=2mm

"Pump efficiency'=0.94} where p is the pressure created in pump (chambgr
during functioning (bar)b = Alth — width of the teeth

4. FEM ANALYSISOF THE GEAR PUMP (mm), A — width coefficient,m - tooth modulus (mm)

In terms of construction, the main issues spedific apdzl — number of teeth of the d_riving gear. The rolling
operation of external cylindrical gear pumps anesus- d@meter for the corrected teeth is expressed bydla-
ing the bearings capacity and maintaining the velum tion (9):
efficiency at high level throughout the operatidiey
get worse especially for pumps operating at pressur D,., =mi{z, +2[%,,) [mm], 9)
greater than 120 bar.

Basically, the design of the outer cylindrical gear whereg represents the specific addendum modification.

pumps also requires, prior determination of thecder Thus, the expression of the force applied on ¢le¢ht
acting on gears, shafts and their bearings. becomes:

Bearings are loaded by radial components of the ele
mental pressure forces on gears and also by meshing F, =2Cp0nb [N], (10)

forces corresponding to the components of the press
forces on the flanks of teeth in each gap betweem t and represents the tangential component of thes fact-

teeth (Fig. 6). ing on one tooth of the driving gear according to Fig.
In the zone of arc of each tooth head there is also g,
distribution of pressure, its variation betweenaalgand The liquid under pressure in the gap between teeth

the headcircle area is considered to be very ss@lhat  ¢reates a load on radial direction on both geans. fres-
the radial pressure distribution is also considereds e varies from a minimum value (atmospheric press
continuous. The meshing forces along the gearing li j, agpiration chambeX) to a maximum one — pressure in

dec_I(_)rr]npOSE on tlan?eptial a]:nd raldial direfctihons. ; discharge chambdd considered to be as rated pressure
us, the calculation of resultants of these fomees ¢ o pump (Fig. 6). For an angular variation[

quires knowledge of the pressure distribution @eeait g .

the wheely, andz, periphery (Fig. 6), which depends on (0...m), th_e pressure is increasing, and¢dr (x...3n/2),

the pressure distribution and preservation of dhiaeved pressure 'Sf considered _constant. .

between each wheel and the pump body bore, andalso In a pointP of the circumference of gea@ situated

the location of the sealing area of the pump. in rangeod (0...n), the pressure created in the trans-
It was ascertained that in the operation under nami ported liquid to the discharge chamberpis, = pl¢/x.

pressure nominal, its distribution has a parabstiape. ~ This pressure creates an elemental radial fdfge that

The radial clearance (sliding fit) between gears teir ~ acts on the external arc chord of the gaacorrespond-

bores in the pump body influences the flow and dis-ing to the anglelp. Thus, the force is determined through

charge pressure of liquid. Other factors are: tgmen-  relation (11):

sions, dynamic behaviour of the gear bearings.

Exerting pressure created on the peripheral swsface
of the gea?s I2:reates a resistant torquepwh?chrimssed dF, = pB%DbE%m [NI. (11)
by the driving gear engagement. The necessary e¢orqu
determines the electric motor power given by reta(6) The radial elemental force acting in range O
O b 10°V. [h(p (m...3n/2) is:
p=—t—= . kW], (6)
ot e, dF, = p[ba%mq) [N]. (12)

whereQ, is the pump flow (I/min)V, — geometric vol-

ume of the pump (cffrot), n — speed of the driving shaft On that basis, the total radial forEg that acts on di-
(rot/min), n, — total efficiency (%). In the considered rectionx—xon the gearing;-z is calculated by relation
case, according to the producer specificatigps,84 %. (13):
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" 3 y S
Fo= pm[%[ l ¢ [Eospdp + pm[% {4, cospdd = [N]. (13) = radp:?;:;f;trré?SUtlon
0810pMD,, b
wheree — rotation angle of the driving gear andDe;,— o i « A
outer diameter of the gears calculated by relgtl@):
De12 = Mizy2+2+28) [mm]. (14) D
The forces in gear mesh,; andF,,, acts on the same o — —

direction in gear center®; and O, respectively, where
the resultant forcelSg; andFg, are considered to act.
According to Fig. 7, the radial forces acting oe th
shafts of gear; andz along directiorx—x is determined
through relations (15) and (16) respectively:
F,=F,—F, =(081lz - 038+ 162[&) [ p[m(b [N], (15)
F,=F,+F, = (081[z + 362+ 162[&) [p[mlb [N]. (16) y

The radial forces acting along— yon both gears are

equal to zero: ’
Fo = pmﬁfﬁj ¢ 3ingdd + ptbﬁ% [singdd =0.[17] Féi‘” A

The radial rejection force resultant of the teetlcdon- Eis

tact is determined through relation (18): X = 21t x
y
F =F,dga,, [N 18
, =F, gat, , [N] (18) N
where the meshing angle dag = 23°, the meshing being 2
with addendum modification.
The resulting force$r; and Fr, that load the bear-
ings of the driving and driven gears respectivetg a y

given by (19) and (20):

shafts.

F. = pln(b066(%° + 07[% +07 [N], (19)

F., = pin(b&/ 066, + 394(2, + 642 [N]. (20)

For calculation of the forces according to the joes
relations the following values were considerpds 150
bar,m=2 mm,b = 3.5 mm anc& = 0.5 mm. Thus, the

iNﬂﬁe_I Pressure 4

|
|Supports EEETEE

. El;ressura I Se+006M_m2
values are given below: '
. [Data Mapping
Fq= 210 N force applied on teeth;
. . @ 0K | JCanceIi
Fx1,7= 1 275 N gearing forces loaded on ¥aedirec- oS- S——

tion;
F,.=1 065 N,F,,=1 475 N radial forces loaded in

the shafts axe®,, Oy; The pressure as a load is uniform and applied on a
F,= 89 N radial force as a reaction of the teeth dpein SPeCi“C surface so that the direptio_n of forcepg'tspen-
_ dicular to that surface. The application of pressamre-
In contact; sented in Fig. 8 where there is a window for séelecthe
Fri= 1 071 N,Fr;= 1 280 N resultant forces that name of loading, indicating the surfaces on whichcts
stress the shafts bearings. and also the field for inserting the pressure value
The gearing forces are decomposed on two direc- The pressures are applied to each gear in théogap
tions: tangential and radial (Fig. 7). To obtaia #resses tween teeth starting with a value of 1.5%NJm* up to
and deformations values from the FEM analysis therel.5x10 N/m? (150 bar), rated pressure. Pressures are
were calculated the forces applied inside the geanp, increasing in radial distribution from the aspioati
presented Fig. 7, using the following parametersafo chamber to discharge one.
certain pump variantp = 150 bar (pressure assured by  Figure 9 presents the application of forces orht@et
the pump)m=2 mm andc = 3.4 mm. contact in FEM model.

Fig. 8. Pressure distributed on teeth



46 I. Ghionea, A. Ghionea, G. Constantin / Proceedingglanufacturing Systems, Vol. 8, Iss. 1, 2018-44

Table 2
M aximum stress variations dependant of theerror ratio
No. Driving gear Driven gear Compensator Body Cover
9.93x1d 1.52x16 9.09x1G 2.11x16 1.04x10
1 | 23.27% N/ 22.39% N/ 40.9% N/ 29.87% N/ 27.89% N/
8.85x10 1.56x16 ) 3.43x16 1.97x10
2 | 18.7% N/ 17.5% N/ 14% | 2x10'N/m? | 8.5% N/ 9.02% N/

S e
; é%g@%%‘@ PRy
A T el

v Ay iy e
% o]
X I #‘bv‘

tact.

Won Mises stress (nodal values). 1
N_m2
1.52e+008

| 137e+008
1.22e+008

1.06e+008
9.12e+007
7.6e+007
£.08e+007
4.56e+007
3.04e+007

I 1.52e+007
17.3

©n Boundary

Won Mises stress (nodal values). 1
N_m2

2.116+006

l 1.9e+006
169e+006
1.482+006
L.276+006
L05e+006
B.44e+005
6.336+005
4.226+005

l 2.11e+005
o

5. CONCLUSIONS

The stresses values are lower than the yield gtieng
of the parts materials, but the most loaded arézcated
at the teeth root on the driven gear. Also, from ’EM
analysis results the forces values that load treitgs
and gearsf,= 953 N andr, = 63 N, comparable with the
calculated forcefgr,= 1 280 N and~,= 89 N (Fig. 7).

Thus, the application of the parametric CAD model-
ling and FEM analysis prove to be an efficient roelti-
ogy to validate and improve a real constructivelsonh.

We can observe the stress distribution where the bi
ger values are on the driven gear bearings, in mmgsh
zone and zones of the gap with maximum pressure. Fo
the simulated assembly, the stress does not rbacad:
missible values of the used material, X1.6° N/m’ for
aluminium alloy.

The application of finite element simulation of the
behavior of spur gear in operating conditions can
continue with creation of sensors for each assembly
component analysis. The role of sensors is to ropnit
tensions and deformations occurring in the compbnen
They may impose the modification of some geometric
parameters, functional or of material by using some
parameterized rules.
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