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Intelligent haptic assistance tool
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Glove with  DE – sensor 
und actuator elements

Hand und Finger tracking

Perceptive elements
Data analysis und communication in 

the Industry 4.0 Environment

Industry-glove with 
additional features Haptic Feedback

Force feedback
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http://solutions.parker.com/FlexSenseKit

DE as actuator and sensor
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First Prototype test
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pressing forces tightening forces

Directional forces

Tightening torqueActivation / safty

Component shapemounting force Tool force

weight forcelow forcecommunication

fine force

Assembly Forces 
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Assembly Forces 

13

Mainly used hand positions and corresponding maximum allowed forces

For the different movements of the hand the forces to be measured vary from millinewton
range to several hundred Newton 

30.10.2020
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Different Sensor principle
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Force transmission 
element

F

DE

C

F

- Low capacitance change 
- only low force measurable
- high capacitance change 
- high force range measurable

DE sensor element
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Characterization of the different sensor principles
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Sensor examples

LCR meter

Load 
cell

Computer with
LabVIEW

Sensor probe

- capacitance measurement (LCR meter)
- force measurement (load cell)

testing different sensor principles

30.10.2020
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Comparison of different sensor principles
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The different principles show hysteresis with different strength 
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Capacity for the favorite sensor principle

17

force and capacitance measurement  
force resolution and the needed capacitance resolution of the sensor element 
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Measurement routine:
5 measurements for every force range 
with 5 measurement cycles.

Statistic table  of capacitance and force for different force range   

30.10.2020
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Haptic actuation concepts
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Sinusoidal input signal – Force response
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Sinusoidal input signal – Force difference
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Nonlinear bias spring (NBS)
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Bending deformation of fixed end beams

Beam theory for NBS calculation
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Nonlinear bias spring (NBS)

𝑑4

𝑑𝑥4
𝜔 𝑥 + 𝜆2

𝑑2

𝑑𝑥2
𝜔 𝑥 = 0 𝜆2 =

𝑃

𝐸𝐵𝐼𝑦
.

Beam theory for NBS calculation

Euler beam equation

with

𝐹 𝜂 =
−4 𝜂𝑙 2𝐸𝐵𝐼𝑦

𝑙3 3 −
12
𝜂𝑙

ta n(
𝜂𝑙
4 ) + tan2

𝜂𝑙
4

Δ𝑙 − Δ𝑙𝑝 𝜂 𝑙

Euler beam – extension acc. Vangbo et al.

𝑠 𝜂 = −
𝑙3𝐹 𝜂

𝜂𝑙 2𝐸𝐵𝐼𝑦
[
1

4
−

1

𝜂𝑙
tan

𝜂𝑙

4
]

𝑆𝑒𝑡𝑡𝑖𝑛𝑔 𝐴𝑛𝑔𝑙𝑒: 𝜙𝑆

𝑁𝑎𝑡𝑢𝑟𝑎𝑙 𝐴𝑛𝑔𝑙𝑒: 𝜙𝑁

𝑆𝑡𝑟𝑜𝑘𝑒 − 𝐼𝑛𝑐𝑟𝑒𝑚𝑒𝑛𝑡: 𝑑𝑠

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛: 𝑐 =
𝑙0 − Δ𝑙

𝑙0
=

𝑙

𝑙0

FE Simulation 

𝜂2 =
𝑃

𝐸𝐵𝐼𝑦
.
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NBS calculation and system design 
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Capacitance measurement
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combination

Sinusoidal voltage

Charging Curve Discharging Curve
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Problem with real DE measurement
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Real Capacitor DE

- 1 Resistance and 1 Capacity
- Relative low Resistance 

- more Resistances, more Capacities
- Relative high Resistance 

Difficult to measure the capacitance with the standard measurement circuits

1 2 3
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HV Electronic

35

HV 

Electronic

Input
Signal

Output
Signal

kV

Possible realization

1.) Villard/Greinacher circuit 

(voltage doubler)

2.) StepUp-Converter

(Boost-Converter)

3.) Flyback converter 4.) Resonant converter

30.10.2020
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HV Electronic
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HV 

Electronic

Input
Signal

Output
Signal

kV

Exemplary Signal shapes
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HV Electronic
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HV 

Electronic

Input
Signal

Output
Signal

kV
Control Unit

Control 
Element

Input
Signal

Supply voltage

Output
Signal

Possible realization

Relative complex circuit        big size of the circuit
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HV Electronic
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HV 

Electronic
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HV Electronic
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HV 

Electronic

Input
Signal

Output
Signal

kV

Possible realization

Boost-

Converter 

Greiner-

Circuit 

Input
Signal

12 V

HV Kascade

Output
Signal

~ 2.2 kV

Relative simple circuit, small size of the circuit, rectangular or Peak Shape    

30.10.2020

OR
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Electronic develpoment

40

front side 

back side 
collapsible
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Connection concepts - comparison

4330.10.2020



Sebastian Gratz-Kelly,  Saarland University

Connection concepts

44
Fasolt, Gratz-Kelly, 27.05.2020

DE Element wiring electronic

DE Element wiring electronic
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Smal electronic and textile integration
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High voltage electronic

Capacitance measurement electronic
Connection to electronic

Integration into textiles
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Printing the Electrodes
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Screen-printed Protection layer
Textilstrips for sewingSilver printed conductor track glued onto the electrode
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Sewing textile strips onto the Glove textileIroning textile strips onto the silicone Cut out the glove pattern
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Prototype testing – measurement rig

Computer with
LabVIEW

MUX

LCR meter

Glove Test rig
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Measuring of different fingers bending

Prototype testing – measurement rig
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Different

capacitance 

measurement 

electronics

16 Channel

MUX

16 Channel

MUX

Arduino

Nano

-----------

ESP 32

Analog

SPI/I2C

D
E

 –
S

e
n
s
o
r 

E
le

m
e
n
t

SPI/I2C

WiFi

Circuit board

- 16 DE sensing differtially
- 32 DE sensing to Ground
- Flexible usage of different Microcontroller and Capacitance sensing IC‘s
- Potential usage of self developed NE555 circuit with additional IC for 

capacitance measurement 

Combination:

Glove with sensor and actuator 
elements

High voltage and capacitance 
measurement electronic 
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• Prototype assembly (5 sensor element)
• Measurements with multiplexed sensor glove
• Haptic feedback 

• compared working principles
• Strip DE Design

• Haptic feedback
• Prototype manufacturing

• Haptic Feedback Prototype assembly (more Layer)
• Electronic development 

• Sensor circuit board
• High voltage electronic

• Actuator development (additional elements)
• Multi sensor measurement
• Communication development
• Combination sensory and actuator electronic
• Miniaturized electronic board

Summary 

To Do

Outlook
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Thank you for your
attention!


