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Non-Industrial Stacker Crane with Compatibility/Extensibility

between Manual Operation and Electrical Driving

-Implementation of Electrical Driving and Compatibility/Extensibility Evaluation-

Rui FUKUT*!, Shuhei KOUSAKA*! Tomomasa SATO*! and Masamichi SHIMOSAKA*!

*I Department of Mechano-Informatics, the University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656 Japan

The goal of this research is development of a novel non-industrial stacker crane that
enables humans to utilize high place for storage. Our proposing instrument has two features
for cost reduction and easy-installation. One is a novel storage style that does not use shelves
but uses specially designed wall hangers with high tolerance to positioning errors. The other
is a mechanism configuration with a T-shaped timing belt and torque diodes, and they realize
compatibility between manual operation and electrical driving in the common framework. That
means the configuration has expansive capability to conform to changing user’s requirements
and environments. In this paper, we develop a prototype of the non-industrial stacker crane, and
execute experiments both in manual operation by a user and in automatic control by a motor.
The experimental results confirm that the proposed stacker crane has enough compatibility
between two operation modes, and demonstrate the validity of our novel storage style and

mechanism configuration.
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Fig. 1 High place storage cannot be used efficiently
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Fig. 2 Snapshot of the non-industrial stacker crane
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Fig. 3 Sequential snapshots of storing motion
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Fig. 4 Snapshot of wall hanger for i-Container.
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Fig. 5 Sketch of the 2 DOF sharing mechanism
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Fig. 6 Overview of the latch stopper.
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Fig. 10 Snapshot and function sketch of torque diode
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Fig. 12 Measured data examples of vertical lift-up

motion by electrical drive

43 000000 0oo0000oooooooon
O0DCOOODDDODO 12mm/s>?00000 600mm/s>
00000000000 000000000 60mm/s,
120mmy/s, 180mm/s 0 30 000000000000
00000000000 12000000000000
000000000000000000000000
000000000000 000D000000o0oO
0000000000000 0000000oooon
0000000000000 00000000000
00000000 1000000000000000
00000D0000000O0O0ooooooooooo
0000000000000 OoOooo0Dooooo
0[00O0,000]10000000

000000000o0O0000000000000
0000000000000 D0o0000000ooo
000000000000 D000000D0000000n
000000000 000000000000000
0o0ooooooooo

00000000 0O0O0OD0D000Dooo0ooo
000 (500mm O 300mm)0 00000 Skgd OO0



Table 1 Summary of vertical lift-up motion by electrical

drive

(a) Controlled position [mm]

Acceleration 600 [mm/s’] 12 [mm/s’]
T
Load 0 [kg] | 5 [kel 0 [kg] 5 [ke]
60 -3.15 ! -3.15 -2.86 -3.15
g [-3.15—-3.15] | [-3.15—-3.15] | [-3.15—-240]  [-3.15—-3.15]
£
£ -2.00 | -2.40 1.9 -2.00
=| 120 |
£ [-2.00 —-2.00] | [-2.40 —-2.40] | [-1.65—-2.00]  [-2.00 — -2.00]
o
o 0.33 ! 0.05 -1.5 -1.83
=1 180 :
[0.6 —-0.15] | [0.25—-0.15] | [-1.25—-2.00]  [-1.65 — -2.00]
(b) Elapsed time [s]
Acceleration 600[mm/s’] 12 [mm/s%]
Load okel | skl oke | Sl
o 10.17 | 10.29 11.33 | 11.42
@ [10.19 — 10.16]  [10.31 — 10.25] | [11.38 —11.28] | [11.44 — 11.41]
£
£ 5.27 5.23 8.18 8.23
= 120
= [5.28 —5.25] | [5.25—5.22] [8.19 — 8.16] [8.25 — 8.19]
o T i
o 3.47 | 3.48 8.15 | 8.19
=1 180 i i
[35—3.44] | [35—347] (8.19—813] | [8.19—819]
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Fig. 13 Result examples of lifting down motion by

brake control
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Fig. 14 Measured data examples of right-left motion by

electrical drive

Table2 Summary of right-left motion by electrical
drive

(a) Controlled position [mm]

Acceleration 600[mm/s] 12 [mm/s?]
Load 0 [ke] 5 [kel 0 [ke] 5 [ke]
@ 1.23 1.68 1.48 141
£ 60
é [1.90 — 0.43] [2.42 — 0.90 [1.90 — 0.92] [1.82 — 0.46]
Z 0.20 3.08 5.44 | 4.83
o 120 i
g [2.39 —-4.92] [4.35 — 2.39] [6.05—4.75] | [5.20 —4.33]
b) Elapsed time [s]
Acceleration 600[mm/s’] 12 [mm/s?]
Load 0 [ke] 5 [ke] 0 [kg] 5 [ke]
g 4.84 4.51 534 5.70
= 60
£ [6.20 —4.20] | [4.75 — 4.30] [5.50 — 5.20] [5.90 — 5.45]
g 4.84 4.9 5.54 5.30
o 120
2 [5.35 — 4.10] [5.00— 4.75] [5.70 — 5.25] [5.65 — 5.15]
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Fig. 15 Measured data examples of vertical and right-

left motion by manual operation
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adjusting time in manual operation
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