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Fundamental Study for Robot Arm made of 3D printed Fiber Reinforced Plastics
-Part2: Comparison of Joint Stiffness and Position Repeatability-
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Hiroki KANAZAWA, Tokyo Tech, kanazawa.h.ad@Qm.titech.ac.jp

Hiroyuki NABAE, Tokyo Tech
Koichi SUZUMORI, Tokyo Tech

Gen ENDO, Tokyo Tech

To study methods of developing 3D printed robots, I converted metal frames of the robot arm
to 3D printed frames, and compared them about joint stiffness and position repeatability.Technology
of 3D printing is progressively developing, and above all 3D printer which can make fiber reinforced
plastics(FRP) already have been developed.So application of it to robots is expected. However, making
by 3D printer depends on individual know-how, and uniform methods of developing robots doesn’t exist.
Therefore I converted metal frames of the robot arm to 3D printed frames, and verified problems. The
joint stiffness was significantly reduced under a load in a specific direction. But the position repeatability

don’t deteriorated.
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Fig.1 3-DOF robot arm made of (a)metal, (b)CFRP. El-
bow joint(J3) is driven by wires.
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Laser displacement sensor

Fig.2 Machine for measuring joint stiffness.(a) for J2, (b)
for J3.

Table 1 The absolute value of compliance at each
joint.[mm/N]

Joint3 Tensioner

Synthetic fiber wire
(Zylon-Dyneema)

Driving Pulley

Fig.3 Structure od J3 joint. J3 joint is driven by wire.

J2 x+ X- v+ y- z+ z-
3D printed arm | 0.499 | 0.0208 | 1.04 | 0.908 | 3.96 | 1.82
Metal arm 0.392 - 0.210 | 0.172 | 0.894 | 0.262
J3 x4+ X- y+ y- 7+ z-
3D printed arm | 0.395 0.164 1.95 1.98 | 67.0 | 60.3
Metal arm 0.407 | 0.375 | 0.504 | 0.524 | 8.06 | 4.91

Table 2 Displacement at each joint after removed

load.[mm]|
J2 x+ X- y+ y- 7+ z-
3D printed arm | 0.101 | 0.0230 2.36 | -2.36 | 0.520 | -0.124
Metal arm -0.200 - 0.0664 | -0.109 | 1.87 | 0.0372
J3 X+ X- v+ y- z+ z-
3D printed arm | 0.556 | -0.353 1.08 | -1.51 22.8 -64.1
Metal arm 0.374 | -0.344 | 0.0935 | -0.117 | 0.611 -6.06
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Fig.4 Mechanism of tensioner.Tensionerl with one way
clutch and Tensioner2 with steel pipe are press-
fited.
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Fig.5 Machine for measuring position repeatability.

Fig.6 Target points for repeatability experiment.[5]

Table 3 Position repeatability at each path.[mm)]

3D printed | Metal
P1 — P5 1.50 1.97
P5 — P4 0.833 0.754
P4 — P3 1.60 2.45
P3 — P2 1.02 1.38
P2 - P1 0.588 1.07
Average | 111 | 1.52
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