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Abstract  Electric vertical take-off and landing aircraft (eVTOLs) are attracting attention as a
next-generation means of transportation in urban areas and surrounding metropolitan areas. In addition,
eco-friendly factors are being emphasized when operating an eVTOL in urban areas. As part of this,
research and development are underway to apply electro-mechanical actuators (EMAs). On the other
hand, the reliability confirmation of EMAs is an important issue because EMAs have a short development
history. This study examined the reliability life of each component constituting the EMA for controlling
the individual blade pitch of eVTOLs by analyzing the failure rate of EMA components. The EMAs were
divided mainly into a driving device, which is a mechanical system, and a controller, which is an
electrical system. The components of each system were analyzed. Based on RTCA DO-160, considering
the environment in which the EMAs are operated, the reliability evaluation data of 217-Plus and
NSWC-11 were applied to calculate the failure rate of components of the EMA. Finally, the reliability
lifespan of the major components that make up the EMA of an eVTOL was evaluated by reflecting the
analysis results of the failure rate of each component.

Keywords : Electro-Mechanical Actuator(EMA), Electric Vertical Take-off and Landing(eVTOL), Failure
Rate, Mean Time Between Failure(MTBF), NSWC-11, 217-Plus
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Hto 2 EMA®| 2-&ggoll thsf 217-Plus[10]2t vl=
SIF71AEl(Naval Surface Warfare Center, ©]5}
NSWC)Q] 4124 H7HEAQ1 NSWC-11[11]3 22 1L
Ar = gl g&F EX(Failure Mode and Effect Analysis,
oJs} FMEA) A&E &l ZF AlARE 45t= 58 F
=0 Wi IS Atelelth AFHoR IdE

EMA for IBC

Fig. 1. EMA for IBC in eVTOL
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(b) Controller

(a) Mechanical Actuator

Fig. 2. Configuration of the EMA system
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Table 13 Zo] IBC EMAY 71A4 F5AA=
EMA EAE H3Esl= 594 (housing), EMAS] HX|
9 FHE gRlsok= dEH (resolver), 21 237 (lead
screw) 2HA, EMAS] ©I91E &QIsl= LVDT Z28A,
2357E Alofsh= EE|(motor), HE Ee= A7 3
27 3t= BHolA(brake), 925 I F71¢9]
u

Table 1. Main Components of Mechanical Actuator

No. Components No. Components
1 Housing of Motor 5 Clevis
2 Resolver Assembly 6 Motor
3 Lead Screw Assembly 7 Brake
4 LVDT Assembly 8 O-ring
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22 R Ao wRIgEE HA3]=(Integrated
Circuit, ©J3} IC) H(chip), A ¥ ARE HAS|E= A

—H X AT =
3, 121 325 Boske AvAE E 52 Est

= LED 5°] 9ot AS3E+= 4=+ HolHE A%
sHA &elsty] Hafl lolg 458 FEste JASET]
(Operational Amplifier, ©]3} OP AMP)2} A& = At
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Table 2. Main Components of Control Unit
Component Components Circuit Title Components
IC chip IC chip
Main Resistor Resistor
Circuit Capacitor L Capacitor
~— > | Comm}m@aﬂon T Diode
Circuit —_—
OP AMP Transistor
Measuring Resistor Trans
Circuit Capacitor Inductor
Diode

Table 33} Zo] Aloj7]9] HUeR= A FTFB=Y
ZABER FgEo] rh. ALFTFIE= Alo7]
Tl A& FFst7] g 579 IC ¥t Mt E
Bl HASI= AY, 3|28 HEske AmAlY, A%
9] AFE Yot thol L, FAS AlA FE, ASE
SHA7l= MOSFET 5] Ut e gRlsh= 44
3== 3709 IC F¥ HAA = A, JEE
Ho5k= AmAE € GRS E AASH: tojlet ¥
A€ ERIst= LED 5°l AUt

Ao17]19] F-5H = Table 49} Zo] Alojs|ze} A&
IEE =0 k. EMAS] ZEE Aolsk= Aog
2= 2 Al|E Hlol&g} EMMAAE EE(Insulated
Gate Bipolar Transistor, °]3} IGBT), =555 A|°]
s7] 93 IC A, AY € AFE WAHck AT I=
£ H3Sok= AWYAE, AR FARE $P5H: thole
T, S AALEH 9 ASE FEAT|= 35 Ak
U A AAIEY EFR|AE(Metal Oxide Semiconductor
Field Effect Transistor, ©]3} MOSFET) 5°] %Jtt.
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Table 3. Main Components of Power Supply

Component Components Component  Components
IC chip IC chip
P Resistor Monitori Resistor
ower Capacitor Or.u or‘mg Capacitor
Supply - Circuit -
Circui Diode Diode
ircuit
MOSFET LED
Line Filter

Table 4. Main Components of Driving Part

Component Components | Component Components
IGBT Module IC chip
IC chip . Resistor
- Detection —(—~._
Resistor . Capacitor
Circuit ——————
Control Capacitor Diode
Circuit MOSFET OP Amp.
Transistor
Diode/LED
OP Amp.
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+Acrt Ao
47141,
Ay IS A
Cops 28 SF5A5 A
Aps: BElA 148 Agp: M9 IS
Mg ANAE 148 A
A A

or’ 710l RS

Heolg= dFofold, Hojg B A9 59 FEE=
3E AagoRr, BolF0] IFES 4 (5)2 2.
Foflolg, Hjojy % AY 52 IFELS NSWC-119]
A Arsks ARz AitEEsd, Bol29] 1gE A
A2 $1% sEtoE G2 Table 591 F01A Ut

Apr =Mt Aspt Apr T AspT Agpt Ano ®)
1714,
App: BECIZ 145 Aot A5olold 145
Agpt 22 1AE Agpr A% 378

Appt BEO1A npE v4E
C o)y 1AE
Apo BElela

394 14E

Table 5. Parameter and Failure Rate for Brake

Parameter value Parameter value
Aac 1.0 App 7.244x10°
Agp 0.0 Agg 1.2
N 1.0 Mo 3.0
Aom 62
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Table 6. Parameters of Isolation Transformer

Parameter Value Parameter Value
Aog 124 Eaor 0.24
A ” 78.1 TRdefault 10
Aros x10 80.4 DCiNoNop 0.62
Aivp 7.63 Eanonor 0.24
) 0 CR1 312

DCior 0.38 DT1 29.66
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Table 7. Life Prediction of Main Component in
Mechanical Actuator

Locati Failure Rate MTBEF Bio
ocation (\) (years) (years)
Driving Part 0.660 173 18
Bolt Resolver
/Screw/LVDT 0.691 165 17
Washer 0.12 951 100
Motor 110.35 1 0.1
4.2 Jof7|

Aol71ol AMAIEl = 2387 AFASEAL 9lom, ATA|
ol 35, 85F 9 JAAY wet 1FET} o] 2
2t ﬂuﬂﬂlﬂ, ERAAEH T3, HL7)o ogt
MTBE} Bip 582 Table 89] Foi# Qlt}.
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Table 8. Life Prediction of Main Component in

Controller
T Capacity Failure Rate  MTBF Bio
ype /Rated Voltage \) (years) (years)
20uF/50V
5650 0.0085 13,398 1411
47uF/10V
Capacitor, s 00097 11761 1239
fixed, 10uF/50V
ceramic /3225 0.0086 13324 1,403
dielectric type ~ 0.01uF/1kV
3216/C0G 0.0164 6,947 732
0.1nF/1kV
/3216 0.0939 1,215 128
Transistor 0.023 4,895 515
Transformer 0.306 372 39
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