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Study of Finite Element Number Influence over the
Obtained Results in Finite Element Analyses of a
Mechanical Structure

This paper present the results of a study that was made to establish
the influence of finite element number used to determined the real load
of a structure. Actually, the study represent a linear static analyze for a
link gear control mechanism of a Kaplan turbine. The all analyze was
made for the normal condition of functioning having like final scope to
determine de life time duration of mentioned mechanism.
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1. Introduction

Higher and higher structures complexity, their exploitation condition much
stressing lately and constant necessity of exploitation conditions optimization made
the classical strength calculus not satisfied.

Finite element method, at that moment, represent the most used numerical
method to calculated any structure in any stress conditions. The linear static ana-
lyzes using finite element method presume the establish of two aspects:

1) the digitization mode for calculus model ( the type, form and number
of digitization elements and also the digitization net nodes number);
2) the analyze approach method.

Through informational point of view the finite element model used must per-
mit the most precise information’s volume modeling. For the most precise results it
is necessary that, function of geometrical model used for digitization, to have a
maximum possible number of nodes (Figure 1). The digitization model must also
complain two others conditions: every nodes must have the maximum possible
degree of freedom and the interpolation function to have the biggest number of
parameters possible.

Frequently, to realize such kind of analyze, can be used one of the next two
methods:
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o h-element method;
o p-element method.

Figure 1. Geometrical variety of digitization elements and the possible nodes at-
tach to them

The classical method used for digitization is the h-method. To increase the re-
sults accuracy, when the h-method is used, must use a digitization net with the
highest density. For the p-method, to provide highest results accuracy, is neces-
sary to increase the multinomial grade. The analyze was made using the classical
h-method.

2. Analysis

Linear static analyze for gear control link mechanism was made in collabora-
tion with a specialists group from CCHAPT. In Figure 2 are shown the assembly
loading (a.) and the restriction applied to the geometrical model of link (b). Signifi-
cance of notation used in below figure are:

- the gravity force of assembly blade-mandrel-link G = 286900 N;

- the centrifugal force F. corresponding to a nominal speed by 71.43 rot/min;

- the axial force on the blade Fay resulted from tests on model;

- the tangential force on blade F+.

The strength calculus was made for the following loadings:

> two variants of power actuator: the force F.s=4641221 N respectively
Fos=3100000 N which was resulted from cinematic test;

> a centrifugal force corresponding to the nominal speed 71.43 rot/min by
F.=3992315 N applied in assembly center of gravity. The center of grav-
ity have the following coordinates: x=2487.2 mm, y=33 mm, z=-80.6
mm.

The other values used to realize the analyze are shown in Tablel. The nu-
merical results obtained are centralized in Table 2. The entire analysis was made
using the finite element analyze software COSMOS DESIGN STAR.

To obtained viable conclusions the study was made for four calculus variants
with four different density of mesh as is shown in Figure 3.
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Rotor
axis

Figure 2. The loading diagram

Table 1
The link loaded
Centrifugal force [N] 3992315
Gravity force for the assambly [N] 286900
Blade ; . Maximum
Case | angle [:] Axl':al[f:;ce Tange: E:::: force power actuator
[O] ax t I:sv,max [N]
1 +175 | 25 1775041 1336898 4641221
1 +175 | 25 1775041 1336898 3100000
2 +10 25 1771437 1024955 4641222
2 +10 25 1771437 1024955 3100000
3 +10 | 31.4 1887115 1292381 4641223
3 +10 | 31.4 1887115 1292381 3100000
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a. Mesh no.1
145772 finite elements
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c. Mesh no.3
258779 finite elements
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b. Mesh no.2
174376 finite elements
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d. Mesh no.4
400750 finite elements

Figure 3. The meshing variants used for analysis
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Table 2

@=+17.5° @=+10° P=+10°
Case 1 Case 2 Case 3
Fax= 1775041 N Fax= 1771437 N Fax= 1887115 N
Power Global
Finite Fr= 1336898 N Fr= 1024955 N Fr= 1292381 N
actuator Mesh
F Var Size elements| Sigma Sigma Sigma
= number (VonMis| Maximum |VonMis| Maximum |VonMis| Maximum
[N] (GMS)
es |elongation es |elongation| es |elongation
max [mm] max [mm] max [mm]
[MPa] [MPa] [MPa]
4641221| 1 36 |145772|563.8| 1.118 |[540.4| 1.109 541 1.075
2 30 |174376|578.2| 1.098 559 1.091 |561.6| 1.069
3 25 |258779|584.2| 1.127 |560.2| 1.116 |559.6| 1.095
4 20 |400750|585.6| 1.175 |560.9| 1.162 |557.8| 1.136
3100000| 1 36 |145772|395.5| 0.7741 |382.7| 0.765 |387.6| 0.7417
2 30 |174376|413.02] 0.7688 |401.8| 0.7701 407 | 0.7607
3 25 |258779|413.7| 0.7841 |398.6| 0.7836 [403.1| 0.7732
4 20 |400750|411.5| 0.8143 |394.3| 0.8111 |394.1 0.8

3. Conclusion

After experimental test two important conclusions were revealed:

» along with increasing of meshing net density the accuracy of results
it is also grows by registering an increase of estimate strength be-
tween 10 and 25 MPa;

» can be observe that as the power actuator increasing the difference
between stress value to minimal density of mesh and the one to the
maximum density grows.

Finally, can be concluded that to the mechanical systems intense demand
in operation it is recommended that to finite element analyze to be used, for
meshing, mesh networks with the maximum possible density.

In this way, designer engineer can made a safety designing, and the ob-
tained structure will respond surely to the requirements imposed. To design at
the limit of safety limit provide material economy but involve risks related to
life time duration of structures and safety in operation.
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