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Current Aircraft Brake Actuator LE/A

Cﬁ Messier-Bugatti

”m SAFRAN Group

Hydraulic actuators
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Electromagnetic Brake LEA

1] [ ] L]
HYDRAULIC BRAKE M .
'S () Messier-Bugatti
\mnl“ SAFRAN Group
Advantages by , full electrical” aircraft:
Electrovalve Servovalve Hydraulic brake ] ) ]

Pump * Reduction in volume and weight
e * Increase in reliability and operating
x safety

Brake control

* Reduction costs for operation and

maintenance
Power supply Elactric brake

1. Electric motor

2. Transmission

3. Bullet thread

4. Rotor disc from carbon
5. Stator disc from carbon
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Power Density vs. Power
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Technology Comparison
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Hydraulic Electromagnetic Piezoelectric

Masse

Inertia

Peak power demand

Maintenance

Environment & Fire risk

(Expected)
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Power Supply Scheme and Control LE/A

ObJ eCt I VeS Braking Command AJC Power Gvf‘; DR29879
Development of power supply and control Y D.220.2c
architecture for Piezo Brake Actuator with a i T = |
. . . ower

multi mass ultrasonic motor (MM-USM 11  Controller

Motor Control Con@

—
Mechanical Part Piezoeletric Motor Pleglj-aell(eectnc
- Actuator

actuator and motor control power electronics
PR AW
Inverter —
Li L actuator N| Power supply :> and nl
L O control Y/ control filter
brake
management 4
SAG actuator
A A *
P
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Operating Principle of MM-US
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Operating Mode of MM-USM
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Proposed Control Strategy for PIBRAC Motor
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PIBRAC Control Realisation
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brake
force feedback
signal signals
Operational profile PWM
control management
—> >
online identification | & fe OlTEeing, LL|
© © =
O S ad
c C
DSP |5| |5| FPGA n
e
& g Z
position, speed, force 8 O Voltage Q
control ‘ and ‘ O
amplitude, frequency, current
phase control control
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PIBRAC Motor Construction
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Actuator Design
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Movable
M Gear Cap . - - -
R J— f:‘”f;"fl"““"“ Motor (including ist 8009
P g housing)
Gl Roller screw 372g
T Thrust bearing 379
: Needle bearings (x2) 139¢g
Actuator Housing 400g
Clutch 279¢g
- - TOTAL 20279
Eoller
Screw \ LI Max. diameter 113mm
ot Movable Motor min. diameter 74mm
G ar
— Spring = Length 123mm
Shaft
Gear
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Actuator Kinematic
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Rotor
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Weight Comparison LE/A

EMA PIBRAC
. . Total . . .
Component Weight Quality weight Weight Quality Total weight
Actuator 4kg 16 64Kg 2,1kg 16 33,6kg
Cable 100kg 1 100kg 126kg 1 126kg
Controller 10,5kg 4 42Kkg 10,5kg 4 42kg
Total 206kg 202kg
EMA PIBRAC
20% 21% 17%
49% 62%
E Actuator B Cable O Controller ‘ ‘I:I Actuator B Cable O Controller
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Load Variation for MM-USM EA.,

Motor Voltage Transfer Function GVX(jm)
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Motor Modelling LEA

Disc contact area

¢ Generalized motor model
d
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Simulation Results
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Motor Torque vs. Disc Speed
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Power Electronics and
Control
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Power Supply Structure
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Normal Mode Supply

270 vDC

U

270V AC

| | Jnverter
SUE}TLZ'X TP MM-USM
S5 i
O ] ] 2y
. Sﬂmj@ Ls  Cs . invert
Gl } é * 1 nverter Tangential Mode Supply
) | ) Lp (G
Vir2 - ]
i Sﬂ;@i 1 C ;
S6J PWM §
Force Control oltage/Curren =
S4 I—‘ Y Ithorﬁgol t "_)
J;:Ll Speed Control . Control g
: requency Contro
4‘ Actuator Control 5
Design Specification: ﬁ Measurement <L
a) Input voltage 270 V DC Braking PR
. Command
b)  Maximal output voltage 270 V AC (peak) FPGA
C) Frequency 30 - 40 kHz Controller Board
d) Maximal electrical power 1500W
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Cable and Filter Components

e

LLCC-filter

I ﬁlt_e_r

Filter Components

AN

uﬁrterl

Components of

Parameters
power supply
So = 9.4 kVA
Po =9 kw
e Efficiency: 97.5%

Weight : 4 kg
Filter Weight : 5 kg
Case Weight: 1.5 kg
Sum Weight: 10.5 kg

ll_ .
Lol ;

Cable g

r-
o
£
-t
Il
L

L cable
.

A

Lp Integrated in Actuator

Parameters of Lp per 1 actuator
172 uH

Dim.: 42*21*15 mm3

weight: 250 g

Losses: 3 W
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Power Balance of Power Supply
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Power supply output power | 1500W
at full load
Losses 2%
Inverter losses 47W
Filter losses 11W 05
16%
Cable losses 15W
12%
Additional losses 20W
Total power supply losses 93W : : -
@ inverter losses M filter losses [ cable losses [ additional losses
Efficiency 93,8%
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MM-USM Power Balance
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MM-USM output power 550W
Losses
Dielectric losses 5w 36% 39%
Deformation losses 347W
Vibration losses 508W
Total power supply losses | 860W =%
@ MM-USM output power B dielectric losses
O deformation losses O vibration losses
Required electrical power | 1410W
Efficiency 39,0%
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Voltage and Current Loop Control Scheme LEA

F*pl lm TJJ_DT |

Voltage current _ S,
control _ ‘ control >
U / *cp I, i* 1 AU u*;
filter filter filter
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2 — N a 2
A +A +A A +
4'2 - - Sb‘
bo v?
. sin *— sin
Ifilter cos < cos
142
[ | ]
1 c filter .
Iip D o Filter
A | =
. ©
_ Signal A > =
. lip Processing D ~ i 'é
2 | |
~ ucp A N 8
2 T =

Demodulation
~ ~ . c
Uper ¢ (1) = Uer COS(0F)  Upet (1) = Uper Sin(oot) / % Soncor
. D ‘ I = XN
¢ ucp,s ucp,s A /\./ -8 4
Ug, (t) » X » e —> ) _ £
Cp 8 _
\ 4 U* u
cp,Cc cp,c
— X :ZI—»

Cascade Voltage and Current Control Scheme
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Prototype Hardware Configuration
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Power inverter

FPGA Controller

Equivalent
load
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Conclusion
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EMA PIBRAC

Steady-State Section

Converter efficiency

0 0

Motor efficiency

Mechanical efficiency

0 0

Dynamic Section

Inertia
Ways of improvement section
No lubricant
Conclusion
27?7 27?7
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Thank you for your attention !
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