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Abstract The global environment has been severely influenced by the green-house effects, and it will
cause greater impact on the environment for the pollutant gas emitted by the aircraft during the high-alti-
tude flight, compared with those emitted on the ground. Additionally, the density of the commercial air-
lines is still increasing, thus more electric aircraft (MEA) or even all electric aircraft (AEA) becomes a
trend for the commercial aircraft in order to achieve carbon-free travel. Compared to the traditional air-
craft, the brake system for both the MEA and AEA adopts the electric actuator to replace the hydraulic
actuator, and it is one of the critical factors of safe and stable landing of MAE/AEA for the performance
and quality of the electrical actuated brake system. Through summarizing the technical progress of
MEA/AEA and electrical actuated brake system worldwide, the structure schematic and the modeling

methods of the subsystems and their interactions are introduced. Since the electrical actuated brake sys-
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tem can be regarded as a multi-body system which is consisted with multiple rigid systems, it has discon-
tinuous interaction forces due to the clearance and friction between the subsystems. Then, it has impact
when the aircraft landing on the ground, and the friction coefficient between the wheel of the aircraft and
the ground is time-varying due to the slip effects. Therefore, it will introduce discontinuity into the dy-
namical system of the brake system. It becomes important to study the mechanism of the complex dy-
namic behaviors due to the discontinuous interaction forces between the subsystems and the discontinu-

ous external excitations of the electrical actuated brake system of the civil MAE aircraft in the future.

Key words electrical actuated aircraft, brake system, nonlinear dynamics, vibration

5l

il

PTAER AR 23 ML A5 3] 1 58 KA Y R R,
Jiiz i R AR AR LA 2 /0 4y 22 O R G e ot
AT R E R ESM, 52k KT KRk a7
W NS R PR BT Y R S P . S8k s )
Ay i il 2 AR Y HEROE 3 Yy 2 =0k R B R
HLE AR A Bl LA 7= 1 AR A3 AN % BECR 5 B
TEACE R GE R TR, LA S I 35 0 (i b A H A, FA7E
B R SRR 2, 36 R ZE ML A R R T RAL
ML RS, S T 4 R OB A T A A 4
AR AH 2 2 B v T R R K R A X S
I ZE L M 1Y TR DI BT X 3 ) e Bl AT
TR TG ATHSRAN R 5l 3 J2 24 i 8 de
5. R, ZEALRT RALAR SR R AL U | H 45 TR
B RETOR LR B J1. 1956 47, L [H IR L5
FRWMT pn-p-n fil & SRS B S8 E GE 2
RIHESE T S R R . G )RR
PR T 5 RAR R KR P S AL PWM 45
Tl A A 2 R TR BE B L IT . 20 D 90
AU ] MOS #4144 (Metal Oxide Semi-
conductor-Controlled Thyristor, MCT) # i & H
kI A AT Y AF B S8 B B R JR ARk 1) “RE&D
100”22 il , & 1 & W45 22 v /4 v, "ROBIL A AR 2 A2
GLIEFS

MWIPE Lockheed B9 WF 5%, 40 56 300 2240 A
500 AR 1 L KHLBLA B BT £ b L1295 16
AR J R K Ok 90, 4 A2 36 TT Y W R ORI % il AR
B 1.8 KIT/ NG AR E AL 7. 5 2L TT g
fr LR E WO O, MY RHLE 247 92 % 4l
JCER G SEEL T LA HUR R AR R A Y 3K B
o VAR g ML H 2 L IR e 4 AR B
e AT LS B RAL Y 4 Ak, PR, 24 i S8 X
AHRHLA I H R AR AR, BR L, ZH KL

SRR ES AR ST & TaEiE F4adh
ML A HE AR RS R A i XL 20 4D 90 4R
R, 2% [ Joint Strike Fighter (JSF) 3% 15 #f
KF—AREALI Bk 5| T 2 B RALI A A, I
HRIFE C-141 B HHL.F-18 Al F-16 &% - ML IR
HLAR B A AT 5 I AE B, A B B B Future
Offensive Aircraft (FOA) W ITF A BT 75 2 W KAL)
BARF L e R 7 0, 25 5 03 #8 TE
T 1) T 22 r AR A, I LA A B0 A R L Y
K.

RS L B KL S 4 e KL, 1R el 3 1
ERER RS W ER E R %K. 1983 4F &
1986 4] [A] , Goodyear Aerospace 2\ H) i 4k & &
T 2T H K 3 CHLA 4 L A L — & R
TR R A ok 2 A 2R R 7 48 R 2R 4 Y B
A o Bl Y R T A B o 3% H 3h A 4 LA i R
BIL VR 15 A0 TR R 22 R R BN S A R H
e, BLYE S F B B R G 0 DG B A [ B O
e A 23 U 45 X AT AR kR ) R A AT R

F1 SECHBIRNIEDERE R ZHE L

Table 1
motors for the MEA electric actuator system

Comparison of dynamic characteristics of different
[10]

P fE FAZWRI  BEEABHL KBS
oy g 1% # #
DA g &g [
B iz I m
LS A =1 [
SRy i i #
AT 8 & I I
TF 42 4l p p J
VA 3R 52 Z Pk fix fix i
LA W 3 X # i
W o A {8
DA EE fEzha% (SR Y22 LN N (2 E




o503

2 0 A RALHLIR B A 42 R GE 8l 1 AT e £ ik 3

i 20T L PILAY S R BEAT e . SCHRL 10 J8H X JL A dit
U ML B g 2 R P E AT T OB s i s AL
SR R A v 1 s W N < ) e U & 24 2
PUEATAR o 1 2 30 5 B2 T LA A3 2 08 1) A 2
RHILR AR A 5K [R] I 2 R v L OR R  HLAE  B)
iR IR B A 4 R iR e —.

1988 4F , iZ B 3 KALA 4 1E A-10 KA & L
PEAT T, 12356 K R s A A AR PR R R A E
Pt BT FR I o Sl R 42 8 TR A B R AL
M A LVEAT T 45 AR A 2SR A TR L R o
KB T %A Bl R A A TR Bk 22 AT ROCR AR 5 BN
T B R T RR B T RO N A s 2 AFUE F BRI A Y
A 3 R ) SRR o AT 45 75 98 100 3 e A0 242 B
B AL e Y IE T T BT A R Bl TRBLA 4 Y
FIAT IR UG BT HE 2 O S Al AR 9 % AR B Y 3
TR AT A BT A R R

ARICNS Z2 A/ A e ALY R D A DA e X A 2
7 A TR R R HEAT T RRIR L AT AF 5T R K 2l
MRS EEE A T AT R LA 3K 3 R
KRG T ZL N T R G0 8 ) o id  J5 5X
PEAT BLAE 5 B R DT B K A 4 R G A AR 1N i
S AN AN 1 5 28 AN S ST RE T A ) R GE B
FAT 4R E AT T SCR AT AR B R SR R BT
IO A Y T 1) DA B R TR e 3R 8 ¢ 4 14 2l
Tyt 5 ] S I 4 T A S SHE

1 BRI FEHNFEEESEFESFT

HLBLAE S TROBL H B Bl R 4 &R e 1Y 2 50 ) ok
/= N R 7 W 11 <A P = NS S ) B VAR 7 A=
S AR Sl O SR . 1992 4 SR 12045 T =
AHEL T TC I ALY 3l ) S8 IR Park 2R 4 &
THAEAL HARFRR T R RIA A =D A (2) Frs.

4 A
Ld% i +<%+R13X3) 0|+
1; ] Ly
cos (nf) (2
nK,w |cos(nd —2n/3) | = |v, (D
Lcos (nf + 27/3) Vs

di
Jl‘q i+n(lldid +Kk)w —’—Riq =,

(2)
diy _

& nL,i,w+Ri, =v,

-

Arbad, i, Moay 00 BALE) A HL B s 0, o, H
vy S B HL = A A R s A iy, a3 D
FNAZH R 50, Ao, 2300 S B A A B Y
iy ANHLUE s Lo HHLSRZH (Y 3 N B AR B S L, R0
L 73 500 0 VR AL 20 25 R0 T R 52 Bl ) v SR e Ry
FLAL A A X 0 K, AR 3 3, an i AL 3 #4555 R
i HL AL P A L BE s 0 iy B BILIFG T B B

B A [a] i AL 7, i i =X (2) T35 B
TC i AL B Al R A Bl B AR S W, I (3D
T AL BRI T, i F X,

]}:%UM+LQQ+Kﬁq (3)

M ALV S, R AR T, WIS N
B/ = W5 P

.= 5K, )

1.1 ¥ERks 5

L IR TG i R BIL B R VK sl S DA R 1A R e
AR k-8 A VN S ) I S TR
L UL T R R ATL P 5 A A A PR T b 30 A i T S
e U R DR R 30 g O 3 A ) DT 45 K UK
15 5 FRL R 78 Sy I 10 14 52 U R A A B A% L TR 1
20 HH — b SR ) — R 0 R SCRRL 13 ] U A A
o3 At 1 AR 8 ) XoF IR G R BIL B R DK 3 R
BRI B L BIL F A B Ak o] s 2 i 90 Bl
55 AL A G AR T I P R 2 R 2 O R A 1Y
1.5 A7 T iy I R D2 9/ 28 E e R R —
e 2 Fros. SCRRLL4] 45 T B JE R B AL
B 1 7 RV R B8 i A 3 5 T vk A R SR A R
TCIT LRSS R 3 W T LR TR X 4 5 R
LU TG i PR BIL A bk 8l 23

4% Ty { Ty { x
L A

T
AJ i 4; i 4; i
|H it 11

A \

L AR R

Fig. 1 Tllustration of three-phase inverter circuit
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