A Robotic Arm using Flexible Electrostatic Actuator

Takashi NISHJIMA ~ Akio YAMAMOTO"

[1][2]

B3]
[4]

2

Toshiro HIGUCHI"

FPC(Flexible Printed Circuit)

-19-

FPC

200mm

20mm

Akio INABA
2
23N 10N
Pick and Place
100mm 3
1
2
2
3-phase parallel electrodes  stator
///////////////////// =
Direction
«—>
slider
1
100
g g Hmn Slider /Glassbeads
— g ‘ —-— u -— - -
F
P:200Mm Stator  Electrode

(3]



(SH200, 100cSt,

Upper view

Electrostatic Actuator Ball joint
—>, Forearm __ Endlink

~

Upper arm

v=6pf M ] ‘IHmm"\I\II\II\I\II\I\I\II\I\I\II\I\II\II\I\II\I\II\I\I\II\I\II\I\Hll
———
Slider Running Slider Velocity of Linear guide Driving pulley
Velocity [ %% Sliderwave
\ } | 4 I 5
| mpwR =y e 3-Phase ac
PEg - B . WL Power Source
‘ \ ‘ : } L ¢ = Upper arm
Velocity of ) 4 D
Stator wave Stator
3 /77
6
4 5
3
500mm 320g
6
1 2
7
) )
Stator films  Slider films ~ Driving direction
7 <>
120mmx120mmx200mm
160mmx80mmx200nm 1
3.7g 34g
Slider plate
8 Linear guide
8
3
165¢g
+
35 ol 40 50 60 7 0 % |q0 o 120 130 e
9
20mmx80mmx200mn 1 0.6g 2
9 5
10 15mm

-20 -



=0 2

40cm’
R=60
27cm’ 53cm’
140g £ 60 10
0.2 .
—=—3 layers
&g -o— 2 layers A
13 3 § 0.15 [ %flaie, /7
g o1 o
: #
Sl " £ 005 ) /(/
lem? 0 Soul
400 600 800 1000 1200 1400 1600
Applied voltage [Vop]
11 11
—E- 1600V, = 1400V, -5 1200V, X+ 1000V,
3 Actuator length  [mm]
15001’1’12 12110 115 120 125 130 135 140
1600V, 23N o 10 Cerfrer-(A;+0) gy
15mm 3 8 /qg/‘,” - _ .2
345N cm < 6 S
é N P~ E
2 %
0
30cm’ 40cm® 50cm®  60cm? 30 40 50 60
12 Effective electrode area [cm2 1
12
q2:0 Desired value :q * saturation 3-Phase
1600V, 9N cm nE
°
Robotic arm f
13
12
T 10
5] ]
= 8
o 6
DSP DS1104 dSPACE.Inc. ERR peere—y B8
MATLAB (MathWorks.Inc. ) 13 E 2 i B K07 K001 1
0 f """ Kp=3.6 [s'] Kd=0.01
-0.5 0 015 i 1.5
PD PD Time  [s]
3 14
3 1000
0:=0,=0
PD 3 a=0=10
41.7Hz 50mm/s 1kV
0.5
14 15

-21-



£ 10 i =
) 8 i / "//
o / v
T % .I "/
%;D Y -I ‘/ Desired value [degree] |
E /2 - Kp=73[s"] Kd=0.01
£ 9 i [
£ /A EESES Kp=0.73[s'] Kd=0.01
0 ~ Kp=036[s'] Kd=0.011
L L .
05 0 0.5 1 15
Time  [s]
15

3: Place
Upper shelf Upper arm

2.I1N/cm 2.4N/cm

Pick and Place |

16 16 Pick and Place task
2
0.1 17
17
18 18 = |
E" 203«:;\ Pk Plae [&_
= ! A
& 0 %&i ~ Upper arm q, ‘1
> NALAL
%)ﬂ 20 "\“) 3 P\'/ﬁ\‘l 3 I
E i P
..E 40 - / ﬁ‘i ‘ / ‘(E!}
=~y Ul
-60 i
0 5 10 15 20
Time [s]
18
[2] “
?
9
Vol.18, No.2, pp.200-203,2000.
[3] “
5 T, Vol.15 No.1
pp97-102 1997
[4] “
" Vol.69 No.3
pp443-447 2003
[1] Cynthia Breazeal and Brian Scassellati, “Robots that [5] A.Yamamoto, TNiino, and T.Higuchi, “Servo Control of
imitate humans”, Trends in Cognitive Sciences, Volume 6, High-Power Electrostatic Linear Motor” in Proceedings
Tssue 11, 1 November 2002, pp. 481-487 of the ICMT99, 1999.pp.274-279

-22 -



