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Hydraulic Clamping Mecanisms

Good fatigue and sliding properties

Low stick-slip effect

Handles high axial forces
* Low pressure required for locking

Good durability

Fast clamping, ~ 20 ms
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HILA - Hydraulic Infinite Linear Actuator
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HILA- Three Modes of Operation

1. Normal operation - Like two hands hauling a rope with a load
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Separate Clamping Pressurization
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HILA Multi-Rod (MR)
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Three Clamping Elements

Two dynamic and three static HILA elements

Static element
(parked mode)

,l_ | I |
— — >

Red = pressurised clamping element
Yellow = unpressurised
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Operating Modes - Left, Right and Static

 Rod 1: Left Movement % —
+ Rod 2: Right Movement s et s
* Rod 3: Parked Mode _-—ﬁ—%— -
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Independent Simultaneous Modes
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Rods Integrated in Common Pistons

—)
)

* Similarities with hydraulic axial piston machines
* Known techology

] 'fl\s/-
clamping elements and rods
3 6 8 12 16
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Common Position Sensor for all Rods

* Position sensor(s) in common piston Common 2% 3
for all piston rods positions postion |
—>
* Reduces number of sensors — =
: s NN
* Saves volume, weight and cost §
* Reducing bias: Additional inductive 7Ry
o
sensors as reference [ L L,
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Time Multiplexing

A scheduler has to aim for several goals:

1. Maximizing throughput
2. Minimizing wait time

3. Minimizing response time

Surface A Cmd EBCIECIC]
Surface B Cmd CJCJE 0 JU |
Surface CCmd CJCOERCIEN
Surface D Cmd CJRERER]

Commands
e —
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State Machine - Servo Mechanism

waiting waiting waiting waiting waiting

motions rods at initial
command o gl‘lpped done parked position
»| gripping tran31t releasmg =\reti1y >

waiting

)

restart
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State Machine - Gripping Mechanism

waiting waiting waiting waiting waiting

time slot start grip
command available gripping grip flnished release released
g start tran31t o
U new rod old rod

restart

waiting

)
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Why morphing wing?

Optimal cruise performance, gust alleviation and noise mitigation
* Needs many actuators, sensors and control surfaces

* A compromise between flexibility and load-carrying capacity

High weight penalty due to the additional actuation systems

* Less complex solutions are desired!
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HILA MR for Morphing Wings

k *
Flight Control Computer 273 \ / 373
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\ Control
Surfaces

Pilot Cmd—l>
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Clampin

' High
Gear
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Pressurized Clamp ﬁ ﬁ Dyneema Cable

Unpress. Clamp Parking Module Control Cylinder 1 Control Cylinder 2
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HILA MR in a Morphing Wing

* One single actuator controls multiple surfaces

Reduced mass and volume

Enables a slender wing design

Lower energy requirement

Less expensive
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Example of Rudder Movements

Control
Cylinder 1

Parking
Module 000000

AL EF1
TEF2

AB1 AB2 AB3

AlL

O Unpressur. Clamp

A

Surface pos.
(deg)

—— Aileron (primary)
—— Air Brake 1,2 & 3 (secondary)

—— Trailing Edge Flap 1 & 2 (secondary)
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Rod connected either to Control Cyl 1 or 2

Rod connected to Parking Module
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Biomechanical Analogy

—Phalanges/
Surfaces

Muscles/
Actuators—

{

—
D King Features Syndicate
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System Simulation

Simulation models in Hopsan
 Basic scheduling of six-rod HILA-MR
* Aircraft control during flight mission

6 rods and 2 servos

Distributed solvers

Fixed step-size

Works in real-time
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System Simulation - Components

Autonomous precompiled components

— Each component solves its own local equations!

HiLAScheduler

7
//ﬁ"} PositicnSource Simple_Clamp  Translational_Mult_Port_Mass
> 4 —
— 23 C— D
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Scheduling Model

* Verification of scheduler
* Rods follow reference positions
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AN ACTUATOR SYSTEM TO CONTROL MULTIPLE SURFACES IN A MORPHING WING

Simulation Results

6 flaps along
the trailing edge

B Start Position Negative Deflection OB
0 1 2 3 4 5
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Positive Deflection

1B Final Position OB
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Research Outlook

Co-simulation! FMI, SSP...

Scheduler

e~

Aircraft

co-simulation

Aerodynamics
model
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Thank you!

Questions?

LINKOPING
IIQ“ UNIVERSITY



	Bild 1: Morphing Wings Control using Infinite Linear Actuators
	Bild 2: Hydraulic Clamping Mecanisms
	Bild 3: HILA – Hydraulic Infinite Linear Actuator
	Bild 4: HILA- Three Modes of Operation
	Bild 5: Separate Clamping Pressurization
	Bild 6: HILA Multi-Rod (MR)
	Bild 7: Three Clamping Elements
	Bild 8: Operating Modes – Left, Right and Static
	Bild 9: Independent Simultaneous Modes
	Bild 10: Rods Integrated in Common Pistons
	Bild 11: Common Position Sensor for all Rods
	Bild 12: Time Multiplexing
	Bild 13: State Machine – Servo Mechanism
	Bild 14: State Machine – Gripping Mechanism
	Bild 15: Morphing Wings
	Bild 16: Why morphing wing?
	Bild 17: HILA MR for Morphing Wings
	Bild 18: HILA MR in a Morphing Wing
	Bild 19: Example of Rudder Movements
	Bild 20: Biomechanical Analogy
	Bild 21: System Simulation
	Bild 22: System Simulation - Components
	Bild 23: Scheduling Model
	Bild 24: Simulation Results
	Bild 25: Research Outlook
	Bild 26: Questions?

