Technical Paper

o EISSN 2508-7150
Journal of Aerospace System Engineering http://dx.doi.org/10.20910/JASE.2022.16.6.106
Vol.16, No.6, pp.106-113 (2022)

eVTOL 337 Edlo|= 3]x] Ao] & AF T35
7120 A Bde] FF okAA Hr}

=11 =12 1,2 =13 =14
AEE AFE- A AR IAEY
1SR )8t ICTRZ 7] Al &84
2 skl g A 2 HlF ekt
s

48k g}of| o] =23 o] 267)
Structural Safety Evaluation of Basic Design Model of Linear Actuator for Blade
Pitch Control of eVTOL Aircraft

Young-Cheol Kim', Dong-Hyeop Kim?, Sang-Woo Kim'*t, Jeong-Hyun Kang?, Dohyung Kim*

!School of ICT, Robotics & Mechanical Engineering, Hankyong National University
2Department of Integrated Systems Engineering, Hankyong National University
3Youngpoong Electronics Co., Ltd.

“Hanwha Aerospace Co., Ltd.

Abstract

The structural safety of the basic design model of the linear actuator for the individual blade pitch control of eVTOL
personal aircraft was investigated. Stress analysis based on the finite element method was conducted, and the margin of
safety was calculated to examine the structural safety under stall load conditions. Additionally, fatigue analysis was
conducted to evaluate the fatigue life of the linear actuators under operating conditions. The load history with the blade
pitch angle was calculated using multi-body dynamics analysis, and the static load analysis was used to obtain the stress
distribution for the rated load. As a result, it was confirmed that the safety margins exceeded zero, and the fatigue lives of
all linear actuator components exceeded 107 cycles, indicating a safe structural range.
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Table 1 Mechanical properties of material used in structural analysis

Materials
Mechanical properties
#1 #2 #3
Elastic modulus (GPa) 200.0 74.2 213.7
Poisson’s ratio 0.28 0.33 0.3
Yield strength (MPa) 1,172.1 420.0 929.5
UTS" (MPa) 1,310.0 512.3 1,060.7
Fatigue strength (MPa) 662.4 (P=50%) 128.1 (P=50%) 499.7 (P= 50%)
Ng= 107 cycles, R= -1 512.5 (P=1%) 85.3 (P=1%) 455.0 (P= 1%)

* Ultimate Tensile Strength
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Fig. 1 The probabilistic S-N curves (a) Material #1; (b) #2; (c) #3
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Fig. 2 (a) The finite element models and (b) the load
and the boundary conditions used in static load
analysis
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Table 2 The materials and the number of elements and
nodes used in the structural analysis

Components Materials Eleﬁljn?sllr:r?;;gfles
Nut 14,660 / 22,933
Retainer # 1,820/ 2,444
Carrier 4,441/ 8,295
Mount 7,653 /11,356
Housings 384,278 / 603,389
Bushing #2 1,992 / 2,905
Tie rod 21,512 /34,329
Screw 3 185,255/ 234,585
Rollers 28,244 / 40,564
I oot /" '
: . ~_| :
40\\)\3 /E/" Rotaffn axis E
e i i

,‘}A’ Blade link
~
Y‘\I/'X

Fig. 3 Linear actuator and blade links used in the multi-
body dynamics analysis
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Merge Nut Mount -
X-axis i e 6)
Revolute Ground Nut . 2
rotation
Cylindrical Nut Screw X;a;(ls ANM Ymat & (=1, 3)= Ao A v EI}
rotanon Awel 7 WHFolw, Fe wm#ow %3 oo
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S, Mises

(Avg: 75%)
+6.461e+02
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+5.384e+02
+4.845e+02
+4.307e+02
+3.769e+02
+3.231e+02
+2.692e+02
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+5.384e+01
+2.633e-05

S, Mises

(Avg: 75%)
+3.960e+02
+3.630e+02
+3.300e+02
+2.970e+02
+2.640e+02
+2.310e+02
+1.980e+02
+1.650e+02
+1.320e+02
+9.900e+01
+6.600e+01
+3.300e+01
+2.633e-05

188.5 MPa : l_.

Stall load

Fig. 4 von Mises stress distribution of electro-mechanical actuator obtained by the static load analysis. (a) roller screw;

(b) housing
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Fig. 6 The fatigue life of the linear actuator obtained by
the fatigue analysis (a) roller screw; (b) housing

Table 4 The margin of safety and fatigue life for the
components of linear actuator

Components Margin of safety Fatigue life
Housing 0.06
Bushing 1.23
Tie rod 28.37
Screw 0.44
107 cycles
Nut 11.02
Retainer 265.72
Carrier 56.46
Mount 302.94
7te 98 A& 249 P-S-N AEE =&de] IR
Aol Agstoltt. 2 23, EMA 2 F55ol s
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