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propulsion.

Schematic diagram of the vibration
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tor’s rotation and direction of the unit.

Relation between direction of the mo-
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Fig. 3 Overall view of initial prototype.
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Schematic view of pipe elbow.

TS Elbow fitting (JIS K6743)

Nominal diameter

13 20 30

D [mm]
H [mm)]
d [mm)]
1 [mm]

t [mm]

24.0 33.0 46.0
36 50 65
18.40 26.45 38.60
26.0 35.0 44.0
3.0 3.5 4.0
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prototypes.

Table 2
for intermediate prototype.

Vibration motor for
current prototype

Overall view of vibration motors for

Specifications of the vibration motor

Model number Z4FC1B1301781
Weight [g] 1.1
Outer diameter [mm] D 4.5
Length [mm] 10.9
Operating voltage range [V] 2.6 - 3.6
Rated voltage [V] 3.0
Rated current [mA] 110
Number of rotations [rpm)] 100002500

Table 3  Specifications of the vibration motor

for current prototype.
Model number C0820B006F
Weight [g] 0.6
Outer diameter [mm] ® 8.0
Length [mm] 2.3
Operating voltage range [V] 2.7-3.3
Rated voltage [V] 3.0
Rated current [mA] 120
Number of rotations [rpm)] 10000
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Overview of the intermediate and cur-

Table 4
totype(5 units).

Specifications of intermediate pro-

Passable pipe diameter [mm] ¢ 30
Length [mm] 250
Weight [g] d 21.8
Length of body [mm)] 274
Outer diameter(excluding cilia) [mm] | ¢ 14.7
Outer diameter(including cilia) [mm] | ¢ 18.0

Table 5  Specifications of current prototype(6

units).
Passable pipe diameter [mm] ¢ 20
Length [mm] 150
Weight [g] d12.1
Length of body [mm] 9.3
Outer diameter(excluding cilia) [mm] | ¢ 13.8
Outer diameter(including cilia) [mm| | ¢ 21.0
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5 4
Number of columns
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Parameters to be varied in the ex-
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force measurement.

Experimental setup for the driving

Current Rubber
prototype band Force gauge
Fig. 12 Enlarged view of the connection be-

tween the force gauge and the current proto-
type.
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Fig. 15  Result of change in the number of
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Fig. 16  Result of change in the number of
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