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Mechanical Parts Manufactured by a 3D Printer for Industrial Robot
-Parth : Durability Test of a Plastic Trochoidal Gear Reducer-
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Akifumi OKUBO, Tokyo Tech , okubo.a.ad@m.titech.ac.jp

Hiroyuki NABAE, Tokyo Tech

Gen ENDO, Tokyo Tech

An actuator unit with a reduction gear whose maximum torque was approximately 5 Nm, was
fabricated using resin-molded parts produced by Fused Filament Fabrication type (FFF-Type) 3D printer
modeling, and its performance was evaluated. In particular, regarding the material, potassium titanate
fiber-reinforced nylon resin material, which is the strongest material applicable to the FFF-type 3D
printer, was used for the modeling. The durability of the unit was evaluated through long-time operation,
and it was confirmed that the gear and eccentric shaft operated for approximately 176 hours, and the
flange and roller for approximately 124 hours, under a maximum load of 3 Nm. Through this experiment,
we also figured out that the weakest part was the pin-shaped protrusion of the eccentric shaft.
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Fig.1 Overall image of trochoid reducer

Table 1 Mechanical properties of the materials

Material POTICON Onyx ABS PLA
Fill Potassium Carbon
ier titanate fiber fiber B -
Tensile strength
[MPa] 100 37 38 45
Bending strength
[MPa) 167 71 61 92
Flexural modulus
[GPa) 6.3 3.0 1.4 2.9
Heat deflection temp.
[°C] @0.45 MPa 120 145 87 58
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Fig.2 Exploded view of trochoid reducer

Table 2 Parameters for the 3D printing

Material POTICON
3D printer Raise3D Pro2
Slicer ideaMaker
Nozzle diameter [mm] 0.4
Extruder temperature [°C] 250
Pitch [mm] 0.1
Number of shells 2
Number of solid layers 10 /10

(top / bottom)

Fill density / shape 37% / Triangle
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Fig.3 Experimental apparatus for measurement of output
pin tilt

Fig.4 Break of eccentric shaft
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