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A Study on Meshing Circumstance of Bevel Gears Made from
Bamboo Fibers Extracted with a Machining Center Based on

Tooth Root Strain Monitoring under Driving Conditions
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(Received March 27, 2023)

There is a particular need to develop sustainable and reproducible natural materials to address environmental issues. In previous
research, we devised a method to extract high-quality and high-precision bamboo fiber, namely fine bamboo fiber, using a machining
center, and using hot press molding, we produced bevel bamboo gears, which are mechanical elements with complex shapes. This
paper describes the meshing condition of bamboo fiber gears based on tooth root strain measurement. The relationship between tooth
contact and meshing was examined by monitoring the tooth root strain and the meshing ratio was discussed. As a result, it was found
that bamboo fiber bevel gears show an increasing trend in tooth contact area toward the outer end of the tooth contact in response to
an increase in torque. In addition, due to the low stiffness of the bamboo material, the meshing of the adjacent teeth affects the tooth

root stresses under driving conditions.
Key words : bevel bamboo gear, strength, sustainable manufacturing system, hot press molding, tooth root strain
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Fig. 1. Cross section of bamboo pipe.
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Fig. 2. Spiral tool path for extracting fine bamboo fibers

Bambeo pipe

with a machining center.

Table 1. Cutting conditions.

Spindle speed [min'] 5000
Feed speed [mm/min] 2000
Fiber length Z [mm] 2.5
Depth of cut in radius direction [mm] 0.05
Endmill diameter [mm] 6
Number of cutting edges 2

Fig. 3 Bamboo fiber (1g)
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(a) Parts
(b) Assembly
Fig. 4. Mold of Bamboo fiber gear.
Pressure
Bamboo fiber
Fig. 5. Image of hot press forming.
Table 2. Molding conditions.
Fiber length [mm] 2.5
Fiber size Medium
Mass [g] 40
Pressure [MPa] 20
Temperature of top [°C] 190
Temperature of bottom [°C] 190
Heating time [min] 30
Air cooling time [min] 30
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Table 3. Dimension of gears.

Material Bamboo Metal (S50C)
Type Standard straight bevel gear
Number of teeth 13 13
Module [mm)] 5
Pressure angle [deg.] 20
Face width [mm)] 16.85 16.85
Face angle [deg.] 52.20 52.20
Root angle [deg.] 37.25 37.25
Inner addendum
5.00 5.00
[mm]
Outer addendum
6.25 6.25
[mm]
Whole depth [mm] 11.25 11.25
Chordal height [mm] 5.16 5.16
Chordal tooth
7.84 7.84
thickness [mm]
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Fig. 7. Definition of face width.
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