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Mechanical Parts Manufactured by a 3D Printer for Industrial Robot
-Part 8 : Application of Plastic Trochoid Reduction Gear to a Leg Mechanism-
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Akifumi OKUBO, Tokyo Tech , okubo.a.ad@m.titech.ac.jp

Kurumi OSAWA, Tokyo Tech

Hiroyuki NABAE, Tokyo Tech

Gen ENDO, Tokyo Tech

A prototype plastic trochoid reduction gear was fabricated by 3D printing using the Fused Filament
Fabrication (FFF) method, and its performance was evaluated by applying it to an one leg test machine

for a quadruped walking robot.

Potassium titanate nylon resin, the strongest material for FFF 3D

printing, was used as the material. A walking simulation test was conducted with a 6 kg payload on
the robot, and it was confirmed that the robot operated for 10,000 steps (7 hours and 13 minutes)
without breaking. The motor temperature after 25 minutes of operation was below the glass transition

temperature of the resin material.
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¥ Z AT, BUARIERE (Fused Filament Fabrication, FFF)
HRD 3D 7'V ¥ MEMGEFEKRE S FEL T 5. RUCHIEM
FomEom Eickd, XhRERAMD,IDZ TRy bR
iz 3D 7V ¥ MEIC X 2R ERME X 2 RTREMESS T &
TW5. HEE% 3D 7V ¥ ZEH OBIE S TRIET &g,
HETEa 2 MRS AREr 2 D, FHETEHE DM EREL
bAFTE L. RELSE, FALIZ R4 TE—RL 3D 7Y
¥ RGETEORE 10 OBRERBERZ A S HYE, XA LD
FRIATE=ZEHAMELTVS [2].
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FFF 5D 3D 7V v &METH 2. £/, I 7ot
BN TBYD, YAy FF7REBHFEHINTVLS.

Fig.1 Overall image of 1 leg test machine

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 G-ZERO
Slicer PrusaSlicer
Nozzle diameter [mm] 0.4
Extruder temperature [°C] 270
Pitch [mm] 0.1
Number of shells 2
Number of solid layers 10 /10

(top / bottom)

Fill density / shape 100 % / concentric

Table 3 Parameters of walking

Stride length 250 mm
Stride hight 100 mm
Velocity in stance phase 200 mm/s

Duty ratio 0.5
(Walking cycle) (2.6 s)
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Fig.3 Temperature after 25 minutes of walking
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