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Annex A. Motion trajectories of contact points for
cylindrical and hemispheric piezorobots

A.1. Contact point trajectories of the cylindrical piezorobot

200 ‘ 100 -
150 ‘ gor
60 [
100 %0
50 20
£ E
N 0 N 0
> 50 Z o}
o}
-100
-60
-150 80
-200 -100
-300 -200 -100 0 100 260 360 -1 ;)0 -50 0 5‘0 10‘0
Ux',nm Ux',nm
1a) Trajectory of the first contact point 1b) Trajectory of the second contact
(100 V/50 V) point (100 V/50 V)
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2a) Trajectory of the first contact point 2b) Trajectory of the second contact
(100V/75V) point (100V/75V)
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3a) Trajectory of the first contact point 3b) Trajectory of the second contact
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Fig. A1. Motion trajectories of contact points of a 10 mm X 12.5 mm % 21 mm cylinder

with rectangular electrode scheme
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Fig. A2. Resultant force vectors in polar coordinates of contact points of a 10 mm X
12.5 mm x 21 mm cylinder with rectangular electrode scheme
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1a) Trajectory of the first contact point 1b) Trajectory of the second contact

(100 V/50 V) point (100 V/50 V)
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Fig. A3. Motion trajectories of contact points of a 10 mm X 12.5 mm % 21 mm cylinder
with triangular electrode scheme
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Fig. A4. Resultant force vectors in polar coordinates of contact points of a 10 mm X
12.5 mm X 21 mm cylinder with triangular electrode scheme
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Fig. A5. Motion trajectories of contact points of a 12 mm X 14.5 mm x 21 mm cylinder
with rectangular electrode scheme
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Fig. A6. Resultant force vectors in polar coordinates of contact points of a 12 mm x
14.5 mm x 21 mm cylinder with rectangular electrode scheme
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Fig. A7. Motion trajectories of contact points of a 12 mm X 14.5 mm % 21 mm cylinder
with triangular electrode scheme
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Fig. A8. Resultant force vectors in polar coordinates of contact points of a 12 mm X
14.5 mm x 21 mm cylinder with triangular electrode scheme
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Fig. A9. Motion trajectories of contact points of a 16 mm X 18.5 mm x 21 mm cylinder
with rectangular electrode scheme
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Fig. A10. Resultant force vectors in polar coordinates of contact points of a 16 mm X
18.5 mm X 21 mm cylinder with rectangular electrode scheme
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Fig. A11. Motion trajectories of contact points of a 16 mm x 18.5 mm x 21 mm cylinder
with triangular electrode scheme
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Fig. A12. Resultant force vectors in polar coordinates of contact points of a 16 mm X
18.5 mm x 21 mm cylinder with triangular electrode scheme
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Fig. A13. Motion trajectories of contact points of an 18 mm x 20.5 mm % 21 mm
cylinder with rectangular electrode scheme
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Fig. A14. Resultant force vectors in polar coordinates of contact points of an 18 mm x
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Fig. A15. Motion trajectories of contact points of an 18 mm % 20.5 mm x 21 mm
cylinder with triangular electrode scheme
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Fig. A16. Resultant force vectors in polar coordinates of contact points of an 18 mm x
20.5 mm x 21 mm cylinder with triangular electrode scheme
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Fig. A17. Motion trajectories of contact points of a 10 mm x 12.5 mm x 23 mm cylinder
with rectangular electrode scheme
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Fig. A18. Resultant force vectors in polar coordinates of contact points of a 10 mm X
12.5 mm x 23 mm cylinder with rectangular electrode scheme
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Fig. A19. Motion trajectories of contact points of a 10 mm X% 12.5 mm x 23 mm cylinder

with triangular electrode scheme
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Fig. A20. Resultant force vectors in polar coordinates of contact points of a 10 mm x

12.5 mm X 23 mm cylinder with triangular electrode scheme
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Fig. A21. Motion trajectories of contact points of a 12 mm x 14.5 mm x 23 mm cylinder
with rectangular electrode scheme
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Fig. A22. Resultant force vectors in polar coordinates of contact points of a 12 mm x
14.5 mm X 23 mm cylinder with rectangular electrode scheme
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Fig. A23. Motion trajectories of contact points of a 12 mm x 14.5 mm x 23 mm cylinder
with triangular electrode scheme
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Fig. A24. Resultant force vectors in polar coordinates of contact points of a 12 mm x
14.5 mm X 23 mm cylinder with triangular electrode scheme
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Fig. A25. Motion trajectories of contact points of a 14 mm x 16.5 mm x 23 mm cylinder
with rectangular electrode scheme



ANNEXES

161

90
120 60

2000

150 / 30
1000,

Resultant force vector 100V/50V
Resultant force vector 100V/75V
Resultant force vector 100V/100V

210 330

180

240 300
270

Fig. A26. Resultant force vectors in polar coordinates of contact points of a 14 mm x

16.5 mm x 23 mm cylinder with rectangular electrode scheme
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Fig. A27. Motion trajectories of contact points of a 14 mm x 16.5 mm x 23 mm cylinder
with triangular electrode scheme
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Fig. A28. Resultant force vectors in polar coordinates of contact points of a 14 mm x
16.5 mm X 23 mm cylinder with triangular electrode scheme
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Fig. A29. Motion trajectories of contact points of a 10 mm x 12.5 mm x 25 mm cylinder
with rectangular electrode scheme
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Fig. A30. Resultant force vectors in polar coordinates of contact points of a 10 mm x
12.5 mm x 25 mm cylinder with rectangular electrode scheme
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Table Al. Domination coefficients, cylinder PZT-4.

Geometrical parameters(r x R x h)

Values of domination coefficients

18 mm x 20.5 mm % 21 mm

m? =0.187494
m? =0.210533
m} =0.601973
N=89

ml =0.467842
m} =0.156221
m} =0.375938
N=89

m? =0.371500
my? =0.137957
my =0.490543

N=95

10 mm x 12.5 mm x 23 mm

m? =0.387297
m? =0.171246
m? =0.441456

N=33

m? =0.153420
m? =0.391514
m? =0.455066

N=53

m? =0.604846
m} =0.173869
m} =0.221285

N=58

m? =0.045906
m} =0.099334
m? =0.854760

N=61

18 mm % 20.5 mm X 23 mm

mp =0.460868
my =0.461369
m} =0.077764

N=43

m? =0.235397
m} =0.413286
m? =0.351316

N=83

m? =0.360716
m? =0.145903
m? =0.493382
N=86
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A.2. Contact point trajectories of the hemispheric piezorobot
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Fig. A28. Motion trajectories of contact points of a 11.5 mm x 13 mm x 13 mm
hemisphere



ANNEXES 173

90

120 600 60

400
150 30

200

180

Resultant force vector 100V/50V
Resultant force vector 100V/75V
Resultant force vector 100V/100V

210

330

240 300
270

Fig. A29. Resultant force vectors in polar coordinates of contact points of a
11.5 mm X 13 mm X% 13 mm hemisphere
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Fig. A30. Motion trajectories of contact points of a 11.5 mm x 13 mm x 11 mm

hemisphere
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Fig. A31. Resultant force vectors in polar coordinates of contact points of a
11.5 mm X 13 mm % 11 mm hemisphere
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Fig. A32. Motion trajectories of contact points of a 11.5 mm x 13 mm x 9 mm
hemisphere
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Fig. A32. Resultant force vectors in polar coordinates of contact points of a
11.5 mm x 13 mm x 9 mm hemisphere



