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Abstract Environmentally friendly considerations have recently been emphasized in the context of
aircraft development, and as a result, EMAs (Electro-Mechanical Actuators) are being applied to manned
and unmanned aircraft for various purposes. However, EMAs have shorter research and development
times than traditional hydraulic actuators, and thus, it is essential that their reliabilities be analyzed and
verified. In this paper, the criticality of all parts of the EMAs of an aircraft nose-wheel steering assembly
was analyzed by FMEA (Failure Mode and Effect Analysis). First, functional analysis was performed on
each part, and failure types and effects of corresponding EMAs were identified. In addition, based on
RTCA DO-160, the failure rate of each component was analyzed using a reliability evaluation document,
such as 217-Plus or NSWC-11, and FMEA data for the environment in which the EMAs were operated.
Subsequently, the indices required for RPN (Risk Priority Number) analysis were scored using functional
analysis and failure rate results, and then the RPNs of main components were calculated. Finally, the

critical components of nose-wheel steering EMAs were selected using RPNs calculated by FMEA.

Keywords : Electro-Mechanical Actuator(EMA), Failure Mode and Effect Analysis(FMEA), NSWC-11, Risk
Priority Number(RPN), 217-Plus
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Fig. 1. EMA for Nose Wheel Control
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Fig. 3. Sub-system of Steering Control EMA[11,12]

Table 1. Analysis of Requirement for System Design

Point of View Analysis of Requirement
- What contribution does the system make?
Operational | - System performance requirements, system

View missions, operation procedures, and
operating environment.

- What must be done to perform the
i operation required by the system?
Functional p K a s X Y .

View - Analysis of system functions, internal
functional relationships, and system
performance constraints.

- How is the system structured?
Physical - System interfaces, operator-physical

View equipment relationships, and physical

limitations.
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Table 2. FMEA of Mechanical Actuator

. N Effect of
Component| Failure Mode Cause of Failure Failure Mode
-High temperature
-Mechanical shock
-Open -Vibration Impossible
-Short of -Frequent on/off stepe)r'n
Motor winding -Insulator breakage 1ng
-Reduced
-Motor -3 phase voltage motor life
overheating | unbalance
-Improper power
drive
-Sticking disk | -High temperature 7C11'2;(sjgre
-Broken/wear| -Overheating gro
Clutch spring -Contamination = I;
-Worn -Vibration bfer;kgage
bearing/sealin| :jF\ftllngue Lubricant
8 8 leak
-Over/insufficient X
Preload ~Fatigue
-Loosen “Impact/vibration -Lubricant
Bolt ~Plastic b leak
i -Failure
deformation -Assembly
-Extreme load error
-Tight assembly
-Wear
. ~Elastic deformation| ~Lubricant
Oil-Seal Leakage _Shock when leak
assembling
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2.3.2 Hoi7| Table 4. Level of Severity
Table 32 Alo17] FE59] F8 IHRES} ] Failure Criterion for Assessment Level
Effect
oq 1: 0] nxy =
< * L}ﬂ-LH'L M X—"017]"] T‘g' LEEES Dangerous | -Safety/environmental impact or
Alo=E tiak 7] E]—o a =] ZzLo FHO and non-compliance with legislation 10
1—-‘9' y L1 E R
unexpected| -Failure without notice
=] L
o] ol AY FEES0] QE]' ol gt J—ZC]—EE‘C EH Dangerous | -Safety/environmental impact or
BHo| & H3kEo] wicko g ol theto|ut Ayl u) and non-compliance with legislation 9
) ) expected | -Failure with notice
Fof 2sh=Y|, 7R = o) L5AR| 7t QA=) Very high -System/component inoperable due to loss 8
= f main function
Aol7] 9 3152271 s BEso o1 iy g o
7%4’ 1101 ] =~ ©° ] ]— ] E]01 (} ] Hich -System/part operation with reduced 7
Lof AZkst ke u|E £ S Aoz Helx it 18 performance and customer complaints
-System/parts work, but consumers
Normal experience inconvenience due to 6
Table 3. FMEA of Controller in-operability of convenience parts
- - -System/parts work, but some customers
Component | Failure Mode |Cause of Failure iiffect of Low experience dissatisfaction due to 5
Failure Mode in-operability of convenience parts
-Parameter B ini i
RX/TX Inadequate finish/noise
) change communicat Very low -Most customers recognize defects 4
Switch | -No control ion -Inadequate finish/noise
short unavailable Slight -Defects perceived by the average 3
~Open [, customer
Oscillator | ~No output -Bad/cold solder| Very slight -Inadequate finish/noise 2
-Unturned joint Clock signal TV SHBAL| _sensitive customers recognize flaws
Generator | Irequency ~Wrong error N/A No influence 1
-Reduced power| connection
Controller, -Inherent failure| A]| system
DSP Data bit 1 not working
CAN 751‘;; d‘moss Upper level 2.4.2 YU (Occurrence)
Communicati transfe; communicat - = . - - w
on, ion X3 Alol8 EMAE o= FEo gt T =
Transceiver impossible the Table 59F Z+o] NSWC-119} 217-PlusollAl AJA]
Sl g A ol 14ES TESAc BuE,
=0 H A
24 8% &4 NSWC-11+= H[o1g, 7]of 5 25714]9) 7] A1 5-&] of
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RPN = Severity x Occurrence X Detection (1)
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st 4 (2)9F 3) o2 st % (9,101, 4] )<t 2.4.3 AET(Detection)
(3)& H3ot= &4 FHE gt A¥2 Table 63+ 79| AZ2TL B3:o] ol 1gRe} 9ol v g
o -
Zoi# Qlrh. 1 AE Tfselns urE}LHu} Table 83} 9°f Ltehd uF
of Zo] %3 Ao EMA B&of gt AE=x T
Table 5. Level of Occurrence A AAIHEE 7|Eo 87 AATHY
O
Occurrence #/10 Failure Rate Level
hours
Very high »3° 10 Table 8. Level of Detection of Mechanical Actuator
. almost inevitable 316 9 ; ibili 1
High 134 8 Detection Possibility Leve
. repetitive - Unconfirmed 10
46 7
breakdown Cannot be
124 - failure rate 5 roassembled Destructive test required 9
Normal 27 » 10° 5 - -
- sometimes broken . Ultrasonic test after disassembly
0.46 4 Magnetic particle inspection after 7
Low: fewer 0.003 3 disassembly
Can be
breakdown 0.0068 2 reassembled |Thermal imaging after disassembly 6
Unlikely: Few failures| <0.00058 1 after Eddy current inspection after disassembly| 5
disassembly After disassembly, detection by dye 4
penetrant, inspection and microscopy
)‘M = ()‘M,B . SI«“)JF)‘LH+ )‘BS+)‘ST +)‘AS (2) \Ssual detectlol? after .dlsasse-mbly : 3
FpptAor Ao No ye penetrant inspection, microscopic
disassembly detection
Ap =T N opTpeos+ AppT pen™ 3 required Visually Detected 1
A repTerTpr) ¥ AspTsmr+ A
Table 6. Ttems of Motor Failure Rate Table 9. Level of Detection of Controller
Item Explanation Item Explanation Detection Possibility Level
Ay Predicted failure rate A4g Armature shaft failure rate Very uncertain |Undetectable 10
K . Can be detected by destructive
Cg- Motor load service facto App Bearing failure rate Very rare inspection/SEM confirmation 9
Electric motor winding - -
Anr e Agr Gear failure rate Can be detected by destructive
failure rate Rare inspection/X-ray confirmation 8
Aps Brush failure rate A¢  Condenser failure rate Can be detected by destructive
S housing fail Very low ) ; ; ) ) . 7
)‘GT tator housing railure 1nspect10n/m1crosc0p1c confirmation
___rate Can be detected by destructive
Low . . . . . 6
inspection/visual inspection
Normal tCeE;EnZe detected by non-destructive 5
Table 7. Items on Electronic Component Failure -
Rate Rather high Detectable by X-ray 4
High Detectable by microscope 3
Item Explanation Item Explanation Very high Can be detected with a multimeter 2
Reliability Growth Failure Temperature-Humidity Almo st .
TG Rate Multiplier "7 Eailure Rate Multiplier certainly Detectable with the naked eye. 1
r Capacity failure rate A Temperature cycle
¢ multiplier B Yasic failure rate
A Operation basic failure Cycle rate failure rate
0B Tcr A
rate multiplier
= HIx H
T peo failure rate multiplier Tor Te-mperature Ch%ng_e 3. XI%'_I_E _l.__k_‘ll
failure rate multiplier
A Environmental basic Ae Soldering basic failure
= failure rate 7 rate % 2F§ EMAY] APHE 242 7144 75
. Soldering contact o
Mg poarical voliage sre%®  [ramr temperature change 19} Alol712 Feted sstglct. 2l 71A
: _ failure rate multlpper %;g_x]% 7]74]_'_%,__ ;H_E‘H(ﬂ NSWC-11, 11]0']7]“5: {Z]—
7r Non-operating failure Ao Induced stress basic = _
PV rate multiplier NP failure rate B FZAMQ 217-Pluss A-L519c}
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Table 103} Zo] 7|A14] F-54A|oA =7t 7+
T = FES ZHE BRI HEO =2 14 Y
Qe HEYRo] U= Ao ot A= melEgl=
o, ©E 7ol WSt EMAS Alolg & ¢iA H=2
Z A7t 95302 "rkslgnt =3k NSWC-1194
AN B IFES 2AR st TAEs 95ELE

Hrletda, AACIA TR WA A9 EMAS Eafot
I REHE my)ste] YRE golgof slng 7A&sl=y|

ojglgo] 9lo] A& 95Ho= Wrletgitt webA,
E7F A0l EMAS] AgREo s 2A= 0

Table 10. Critical Component of Mechanical

Actuator
No. |Component F;ielll;ere Severity [OccurrenceDetection| RPN
1 Motor 146.928 9 9 9 729
2 Clutch 2.24 9 5 8 360
3 Resolver 1.5 7 5 9 315
4 |Pulley Belt| 230.75 7 9 4 252
5 Reducer | 1.5567 8 5 6 240
3.2 Ho{7|
Table 112 Ao17]o] tet NgHF

241 Azolct.
Aei7lel 4 DC-DC AWE7} 71 g BEow 2
S, DCDC Aol 2] W 39 A
o7] A9l W TF B0z EMAZ HEHA S B4
o WHSIEE 42 95Fe WA DC-DC
AeE W7k US4, AMES shste] o)

golut e g oR SiQlg Siof shEE HEo] of
o] 9o} HAEE 65FoE FURIYTh ol

217-PlusolA AA1g DC-DC #8]e] 1482 =7 o
gkt weka, DC-DC AWE7F 238 EMA Alol7]]
AgRgon BAEgl

Table 11. Critical Component of Controller

No. | Component FaRizllxtlere Severity [OccurrenceDetection| RPN
1 |Converter 0.2442 8 4 6 192
2 Co'ntroller and 0.0103 9 3 6 162
Driver

3 |Amplifier 0.0076 8 3 6 144

4 |Voltage 0.0133] 8 3 6 | 144
regulator

5 |meegrated g 07| 7 3 6 |126
circuit
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