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Project EMAS EPAD ;
Date 1985—1986 1990-1992
Aircraft and application C-141/Aileron F/A-18/Aileron
Flight test hours 12.5 25 http://military.sakura.ne.jp/aircraft/3_c-141.htm
Blocked force (kN) 84.7 53.65 C-141
No-load speed (mm/s) 118 (motor 214 N

9600 r/min) E
Stroke (mm) 138 112.8 _— £ J
Output backlash (mm) 0.45 0.51 ET ; (
Mass (kg) 29.5 12.5 - =
Bandwidth (Hz) 4 7

http://eaglet.skr.jp/MILITARY/FA-18EF.htm

EMAS: Electromechanical Actuation System F/A-18
EPAD: Electrically Powered Actuation Design
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A380, F-35: EHA (Electro Hydrostatic Actuator)
B787: EMA (Electro Mechanical Actuator)

HiE K HE: HSA (hydraulic servo actuators) |
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Electric Power Supply

Electric to Hydraulic
Power Conversion

Hydraulic to Mechanic
Power Conversion

EHA
(A380, F-35)

Electric Power Supply

EAUA=

Servo Motor

Electric to Mechanic
Power Conversion

Extension/
Retraction

Hydrostatic Transmission
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Driven
Load
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EHA (Electro Hydrostatic Actuator)

Drive Power from
actuator controller(s)

Reversible
Pump-motor -

/—- Ram
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Jensen, Stephen C., and Daniel Dawson, Digital Avionics Systems Conference 2000. Proceedings. DASC. The 19th. Vol. 1. IEEE, 2000.

http://www.fzt.haw-hamburg.de/pers/Scholz/dglr/hh/text_2007_09_27_A380_Flight_Controls.pdf
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EBHA (Electro Backup Hydrostatic Actuator)
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Amit Kulshreshtha, and J. Charrier, “Electric actuation for flight and engine control: evolution and
challenges,” Presented in SAE-ACGSC Meeting, Vol. 99, 2007
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_______ o —_ Van Den Bossche, D. (2006, September). The A380 flight control
/ Ss t/\y (‘—7‘3\ > _C (/ \5 electrohydrostatic actuators, achievements and lessons learnt. In 25th Van Den Bossche, D. (2006, September). The A380 flight control
' E HA t HSA international congress of the aeronautical sciences (pp. 1-8). electrohydrostatic actuators, achievements and lessons learnt. In 25th
_______ international congress of the aeronautical sciences (pp. 1-8).
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Van Den Bossche, D. (2006, September). The A380 flight control electrohydrostatic actuators, achievements and lessons learnt. In 25th international congress The 19th.Vol. 1. IEEE, 2000.
of the aeronautical sciences (pp. 1-8).

o The University of Tokyo, Graduate School of Frontier Sciences, Ohsaki Laboratory 1 e 4 The University of Tokyo, Graduate School of Frontier Sciences, Ohsaki Laboratory 12



2-7. EMAODE A1 2-7. EMAMDE FA S
L i ‘ 2.B787(0 =5~ b> bO—ILS AT AB

1.B787(CHBIFTBD IS bO> hO—ILEDET L —F

Resolver

s BEROETAIL—F
- . BOSwY RR— RRAS— (CfER A NS Gearbox
KEEEIR ] : - '& ™ Motor

T M0

I=s
1 o8 5 S
R © T |
d N 5
1 \ e o .
®@ ¥\ Screw Nut LVDT
7 \\\ https://www.moog.co.jp/products/servoactuators/ele Qiao, Guan, et al., Proc. of the Institution of Mechanical Engineers,
1' ~ ° ctric-actuators/customized-model.html Part C: Journal of Mechanical Engineering Science 232.22 (2018):
4128-4151.

. - !« Pl
Z 4 = -y { </ — . “ ) f—
Primary Flight Control Systen \\\ S ~I =V |\71'\— FXT\{j—FﬁJﬁQ?JI—Q ¥,méﬂ5wﬁ|37f§1_
© Aileron Servoactuator

@ Flaperon Actuator and Control Module -
s TRMZEZEZATE—Y FSAIRFZ2EDERELTVD

© Inboard Spoiler Servoactuator

© Outboard Spoiler Servoactuator W Hydraulic W Electric

! Electromechanical Spoiler Actuator and Motor Control IU‘nit . E%&UE}J{’EO) 'ft%%zt 5E EIJ Td\*j*"l’%'fﬁﬁﬁ
MOOGHIR—AR—=KD

@ Horizontal Stabilizer Trim Actuator and Motor Control Unit

—
© Elevator Servoactuator
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© Rudder Servoactuator

https://www.moog.com/products/actuation-systems/aircraft/primary-flight-control-actuation-system-for-787.html
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P. Giangrande, et al., "Design of PMSM for EMA
employed in secondary flight control
systems," ESARS-ITEC 2018, IEEE, 2018.
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Part C: Journal of Mechanical Engineering Science 232.22 (2018):
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Parameter Value
Rated Speed [rpm] 8000
| Rated Torque [Nm] 5

Rated Current [A] 37.5
Phase Resistance [Q] 0.175
d-axis Inductance [mH] 0.276
q-axis Inductance [mH] 0.274
PM Flux [Wb] 0.0225

NMoment of Inertia [ko-m’] 10+

Wire Thermal Class [°C] 180
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P. Giangrande, et al., "Design of PMSM for EMA employed in secondary
flight control systems," ESARS-ITEC 2018, IEEE, 2018.
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Specification Rated values

Cn 18 Nm

Pn 1500 W

Vi 190 V
+—>; "m 800 rpm

r 80%

I_tﬁ.:rmal insulation class H 180°C
magnetic sheets M270-35A
type of cooling natural
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G. Brando, et al., 2016 International Symposium on Power Electronics, Electrical Drives, Automation and Motion (SPEEDAM). IEEE, 2016.
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