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Abstract

The objective of this study was to evaluate the structural safety of the basic design for the linear actuator for the flap
control of aircrafts. The kinetic behavior of the linear actuator was determined using the multi-body dynamics (MBD)
analysis, and the contact force was calculated to be used as input data for the structural analysis based on the finite
element analysis. In the structural analysis, the thermal and static behaviors of the linear actuator satisfying the designed
velocity were examined, and the structural safety of the linear actuator evaluated. Moreover, the dynamic behaviors of
the key components of the linear actuator were investigated by the modal analysis. The actuation rod linearly moved
with about 5 mm/s when the motor operated at 225 rpm and the maximum contact force of 32.83 N occurred between
two driving gears. Meanwhile, the structural analysis revealed that the maximum thermal and static stresses were 1.57%
and 78% of the yield strength of steel, respectively, and they were in a safe range of the structure. In addition, the linear
actuator for the basic design is stable to the resonance by avoiding the natural frequencies of the components.
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Fig. 1 Configuration of linear actuator
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Table 1 Standards of M 16 screw and an axial load on

Table 3 The number of elements and nodes in finite

the screw element analysis

Standards and load Values Units Components Elements Nodes
Effective diameter(dz) 14.7 mm Gear head 61,232 11,653
o ,P‘tChf(I;)_ — g mm Gearl 269,682 54,520

oeflicient of triction(n -
Gear2 83,995 54,340

Axial load(@ 3.139.2 N car

Screw 38,041 61,495
+—s : Solid contact Actuation rod 31,121 50,735

: Tied
«== : Translate
" :Revolute

: Fixed (with ground)

Fig. 2 Load and boundary conditions used in the multi-
body dynamics
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Table 2 Analysis scenario for the key components of
linear actuator

Components | Thermal Static Dynamic
Gear head ) X O
Gearl ) 0 O
Gear?2 X O O
Screw X O O
Actuation rod X O O

221 =LY

Figure 32 7 &9 843 24 (element)E Ho
=k 7lo] 13 7lofE = gk d A A A=
4 474 Ay -G AHA(DC3D4; A 4-node linear
heat transfer tetrahedron) 847} AHg&EHJon, A
A e SfAdAE b FE 4 24 A3 AHd
A(C3D4; A 4-node linear tetrahedron) 4% %&
3tGlt}h. Table 3& 7t F¥9 84¢ AHo +&
oFrh. ghH dwbAQl H(SteeD)d S 7 FE
Agatelon, 943 7|A4 =4S Table 40 e}
ATH8I.

éém

voto

(a) Gearl

L

(c) Gear2 (d) Actuation rod

z

N

(e) Screw

Fig. 3 Geometries and elements of components of linear
actuator
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Table 4 Thermal and mechanical properties of steel

Properties Values Units
Thermal conductivity 50.2 W/m-K
Specific heat 452.0 J/kg'K

Elastic modulus 207.0 GPa
Poisson’s ratio 0.3 mm/mm
Density 7,600 kg/m®

Yield strength 370 MPa
Strain at yield point 0.0044 mm/mm
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Fig. 4 Analysis conditions of thermal and static
structural analyses
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Fig. 5 Boundary conditions in modal analysis
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rpm Avg. velocity
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Fig. 6 Averaged velocities of linear actuator according
to rpm
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Fig. 7 Contact forces between gearl and gear2
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Table 5 Results of modal analysis for the key components of linear actuator

Mode Mode shape / frequency(Hz)
No. Gearl Gear head Gear?2 Screw Actuation rod
1
8,438.5 82.67 643.73
2
15,515 8,458.8 6,523.4 104.25 654.45
3
21,511 12,223 7,543.8 681.82 3,229.4
4 @; /
11,221 814.02 3,655.2
23,705 16,706 11,234 2,179.9 3,691.9
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