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Mainly used hand positions and corresponding maximum allowed forces

& — — |
- — R
— &\ B =~ g
9 B - e SN
L . -0 O/
4o e S~
U=V . \\/ } -
~ =3 QS
(a) (b) (©) (d) (e)
Force (N)
continue /
Grasp fine often "normal” maximal
0,50% 1% 2% 10% 33% | 50% | 66%| 100%
(a) Span 0,9 1,8 3,6 18 60 | 90 | 120 180
(b) Palm push 0,825 1,65 3,3 16,5 55 |82,5| 110 165
(c) Thumb push 0,35 0,7 1,4 b3 23,3| 35 |46,7| 70
(d) Finger push/pinch 0,25 0,5 1 5 16,7 | 25 |33,3 50
(e) Finger slide 0,05 0,1 0,2 1 33| 5 |67 10

For the different movements of the hand the forces to be measured vary from millinewton
range to several hundred Newton
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Different force measurement methods for 5 N measurment range
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The different principles show hysteresis with different strength
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with 5 measurement cycles.
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180N
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C min (pF)

0,185

0,106 | 1,256

0,138

0,415

0,063 | 2,779

0,291

0,769

0,427

5,826

0,169

2,536

0,861 | 7,006

1,092

F max (N)

0,144

0,002 | 0,133

0,011
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0,031 (1,274

0,005
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0,037

33,778

0,199 12,087

0,233
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33,
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C min (pF)

0,072

0,017 | 1,868

0,452

0,252

0,107 | 2,055

0,685

0,342

0,085

2,779

0,291

0,620

0,064 | 3,744

0,474

F max (N)

0,092

0,110 | 0,044

0,002

0,178

0,006 | 0,186

0,015

1,645

0,009

1,274

0,005

2,621

0,059 | 1,969

0,027

0,2 N
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10N
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C min (pF)

0,045

0,007 | 1,552

0,096

0,072

0,017 1,868

0,452

0,284

0,045

0,998

0,048

0,356

0,069 | 2,012

0,052

F max (N)

0,022

0,003 | 0,022

0,003

0,092

0,110 | 0,044

0,002

0,434

0,012

0,239

0,003

0,701

0,009 | 0,416

0,005

Statistic table of capacitance and force for different force range
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Euler beam equation
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Euler beam — extension acc. Vangbo et al.

—4(171)2EBI

F(n) = \/Al—Al()l
! 3 |3 -2 tan(k )+tan2(nl) ( )
nl 4
() = —LED 1L (1)) p?s -
S\ (nD2EgI [4 nl 4 4 EBIy

30.10.2020 Sebastian Gratz-Kelly, Saarland University

DES Nonlinear bias spring (NBS)

|
’ ntel
S yste

FE Simulation

_ lo —AL 1
Compression: ¢ = = —
Lo Lo

Natural Angle: ¢y
Setting Angle: ¢g

Stroke — Increment: ds

hgent |
aterial m
msilnl
Laboratory EEEeE



Force (N)

UNIVERSITAT . .
DES NBS calculation and system design I :’9""’ e m
SAARLANDES ystemsnEH

Laboratory [ Il 1 1

3.5 T

1.6

1.5

Force (N)

0.5 1

Displacement (mm) Displacement (mm)

30.10.2020 Sebastian Gratz-Kelly, Saarland University 27



UNIVERSITAT I nter ligent m

DES aterial m
SAARLANDES Laﬁﬁffem-s -

Gesture joint angle Capacitance
measurement
Sensing wiring /
Gripping — Resistance connection
Force measurement
textile
integration

small
electronic

High voltage
electronic

30.10.2020 Sebastian Gratz-Kelly, Saarland University 28



UNIVERSITAT
DES
SAARLANDES

Sensing

actuation

30.10.2020

Gesture

joint angle

Gripping
Force

Force

haptic

’ ntel hgent |

S aterial m
ystemsmmE
Laboratory | I 1 W

Vibration

High voltage

electronic

Force pulse

Sebastian Gratz-Kelly, Saarland University

wiring /
connection

textile
integration

small
electronic

29



UNIVERSITAT | o

. ligent m
DES Capacitance measurement sl aterial m
stemsii HH
SAARLANDES Labaraory B i 0 0 I
. Charging Curve Discharging Curve combination
UL.I uitl 12
ma= Uma:{
1 : 1
0.631 | t 0,634
: uit) = U-{(1-eT) T=RC
D.S?‘ : D.S?‘
I
] lIT 5IT
t " tins
¥ x, Sinusoidal voltage
1.0
0748+
0.9
0.25
00 -
G 225 270 315 60 4
035 /
05 ;
075 \_/
40
30.10.2020

Sebastian Gratz-Kelly, Saarland University 30



UNIVERSITAT Inteip piigent m

DES Problem with real DE measurement S Materiai m
SAARLANDES Lystems = ==
Real Capacitor DE

VR
‘ = I

- 1 Resistance and 1 Capacity - more Resistances, more Capacities
- Relative low Resistance - Relative high Resistance

Difficult to measure the capacitance with the standard measurement circuits
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Output (voltage doubler) (Boost-Converter)
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Supply voltage N e
T e Tl SO
Output Control | |Resonant : |
Signal Element converter & Rectifier |
Input
Signal HV Output
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Electronic -_ stage
— npu l l
Signal L L

Relative complex circuit = big size of the circuit
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Output
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Relative simple circuit, small size of the circuit, rectangular or Peak Shape
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- 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
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