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(a)Horizontal motion

Fig. 2: The motion of G-TURTLE

Fig. 3: Prototyped bellows with different
number of pleats
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(b)Vertical motion
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Fig. 4: Appearance of buoyancy controller
using PTFE bellows with Wings4)
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Fig. 5: Structure of buoyancy controller 4)
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Table 1: Specification of buoyancy controller 4)

Mass [kg] 1.04
10.09 (min.)
Buoyancy [N] 10.71 (max.)

Table 2: Specification of linear actuator

Ttem ‘ Value ‘ Unit

Operating Voltage 12 VDC
Stroke length 48 mm
Max. thrust 28.1 N
Weight 34 g

ut Bolt = Bellows Linear actuator

\

N
78 |
Jig

Fig. 6: Connection between bellows and

25 [mm

linear actuator
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Fig. 7: Destroyed bellows after pressure

resistance performance test
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Fig. 8: Geometric model for discussing
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(a) old bellows (b) new bellows

Fig. 9: Cross sectional view of old and new
bellows

Pressure
sensor

Fig. 10: Experimental apparatus for pressure
resistance performance test
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Fig. 12: Appearance of the 2 [MPa] pressure
tester
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(a) l.=0 [mm] (b) le=34 [mm]

Fig. 14: Appearance of the bellows part of the

pressure-resistant test apparatus
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Fig. 15: Bellows part of the expertimental
apparatus for pressure resistance test
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Table 3: Pressure resistance performance of
new bellows

new bellows

Max. water Water depth [m]

pressure [kPa] Max. Safety factor 1.5
0 1500 or more | 150 or more 100 or more
34 1460.90(+224) | 146(+22) 97(+14)
Max.(68) | 996.90(+59) 100(+6) 67(+4)

) ideal bellows

(b) idea2 bellows

10 [mm)]
1.5 [mm)]

) idea3 bellows (d) idead bellows

Fig. 16: Cross sectional view of improved
bellows candidates
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Table 4: Pressure resistance performance of
improved bellows candidates
(a) ideal bellows

I, o] Max. water Water depth [m]
pressure [kPa] Max. Safety factor 1.5
0 1500 or more | 150 or more 100 or more
34 984.19 98 65
Max.(68) 711.40 71 a7
(b) idea2 bellows
Max. water Water depth [m]
le [mm]
pressure [kPa] Max. Safety factor 1.5
0 1500 or more | 150 or more 100 or more
34 1110.39 111 73
Max.(68) 598.75 60 40
(c) idea3 bellows
Max. water Water depth [m]
le [mm]
pressure [kPal Max. Safety factor 1.5
0 1500 or more | 150 or more 100 or more
34 1409.37 141 94
Max.(68) 813.17 81 54
(d) idead bellows
Max. water Water depth [m]
le [mm]
pressure [kPa] Max. Safety factor 1.5
0 1500 or more | 150 or more 100 or more
34 1496.29 150 100
Max. (68) 833.53 83 55
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Fig. 17: Destroyed ideal bellows after pressure
resistance performance test
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Fig. 18: Schematic for experimental setup
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Fig. 19: Bellows at the moment of destruction
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(b) Cross sectional view of bellows part

Fig. 20: Experimental apparatus for pressure
test with inner support
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Fig. 21: Result of pressure test with inner
support (1500 [kPal)

——
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Fig. 22: Bellows after the experiment
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24 pleats

(a) 0.2 [N] bellows

48 pleats

(b) 2 [N] bellows

48 pleats

(c) 1 [N] bellows

Fig. 23: Some examples of bellows design
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Fig. 24: Arrangement of new buoyancy
controller
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Inside of
buoyancy
controller
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Fig. 25: Concept of the actuator using wire
for the buoyancy controller
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