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Fatigue Life Analysis of Electro-Mechanical Actuator for Blade Pitch
Control in eVTOL
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Abstract Recently, with the rapid mega-urbanization, the development of eVTOL (Electric Vertical
Take-off and Landing) that pursue eco-friendly, low noise, and high safety as personal air vehicles
suitable for urban operation are actively underway. As one of the related detailed technologies, the
research and development on eco-friendly technologies, such as electromechanical actuators, is being
carried out in domestic and foreign aviation fields. In this study, the fatigue life of an electromechanical
actuator for blade pitch control of eVTOL was analyzed. First, the vulnerable parts of the
electromechanical actuator were selected for fatigue analysis, and the unit load stress table of the
selected area was constructed. The representative stress for each profile load was calculated using the
unit load stress table. By applying the rainflow counting method to the representative stress group, the
individual profiles were extracted, and the amplitudes, average values, maximum and minimum stresses,
and stress ratios for the individual profiles were calculated. After calculating the damage and the life
cycle of each profile using MMPDS (Metal Material Properties Development and Standardization) and
reference literature, the damage to the vulnerable parts of the electromechanical actuator was calculated
by adding the damage values of each profile according to the linear cumulative damage law. Finally, the
fatigue life of the vulnerable parts of the electromechanical actuator for blade pitch control selected
through structural analysis was evaluated.

Keywords : Electro-Mechanical Actuator, eVTOL, Fatigue Analysis, Linear Cumulative Damage Rule,
MMPDS, Rainflow Counting Method
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Fig. 1. Installation locations of EMA in eVTOL
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Fig. 2. Procedure of Fatigue Analysis
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Fig. 4. Analysis Condition of EMA
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Fig. 5. Critical Area of EMA
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Fig. 6. Critical Positions for Fatigue Analysis

Table 1. Material Property of Critical Area

Critical Area Part Name Material Property
@ Actuator rod 4330M
®,© Front housing Al 7075-T6
@ Roller screw 17-4PH
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Table 2. Unit Load Stress Table
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F, F, F, r, 7, 7,
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I F, , R
y(IN) 11 992 O33 T12 To3 T31
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Fig. 7. Profile of Representative Stress in Critical Area
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Fig. 8. Principle of Rainflow Counting Method
Table 4. Range, Mean and Cycles of Individual Profile
by Rainflow Counting Method
Critical Profile Range Mean Cycles
Area No. (MPa) (MPa) (N’ el )
1 0.57 130.78 2
@ 2 34.47 84.45 1
3 66.11 99.14 1
1 0.38 45.52 2
® 2 35.58 17.98 1
3 46.29 23.33 1
© 1 7.79 28.80 1
@ 1 1.39 22.65 1
¢ 2 8.56 26.16 1
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Fig. 9. S-N Curves of Applied Materials

Table 5. Life Cycle and Damage of Individual Profile
Critical Profile Nl‘ Damage

Area No. f “/Lk /NL
1 2.44x10% 821x10°%

@ 2 3.67x 10" 2.72x107%

3 2.75x10% 3.63x107%

1 8.93x10" 2.24x107%

® 2 5.25x10" 1.90x107™

3 1.15x10" 8.73x10™"

© 1 2.75x 10" 3.64x107"

1 2.06x10* 4.86x107

@ 2 2.98x10% 3.36x107°
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Table 6. Results of Fatigue Analysis

Critical Predicted
Arca Part Name Damage Cycle
@ Actuation Rod 3.63%107% 2.75x10%
® Front Housing 1.06x10™"° 9.41x10°
© Front Housing 3.64x107° 2.75x10"
@ Roller Screw 3.36%107° 2.98x10%
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