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HangBot: a Ceiling Mobile Robot Utilizing Mechanical Constraint to Perforated Metal

— Key mechanisms development and performance evaluation experiments —
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This research aims to develop a ceiling mobile robot that can sustain a large payload and can locomote
freely under a ceiling space. In our approach, a perforated metal, one of the recent popular architecture materials,
is utilized as a ceiling plate and the robot hooks and hangs the sequential holes of the ceiling plate by mechanical
constraint. To realize the robot, the authors developed three key mechanisms, (1) ceiling hanging mechanism for
the perforated metal, (2) horizontal locomotion mechanism like an inchworm, and (3) pantograph mechanism for
smoothing horizontal locomotion speed and for load balancing. A unit testing of the ceiling hanging mechanism
and the integrated horizontal locomotion experiments confirmed the good performance of each mechanisms and

the feasibility of mechanically constrained ceiling mobile robot.
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(b) mechanical constraint ceiling mobile robot.
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Table 1 Qualitative comparison of hanging methods.

Method Permanent magnet ‘ Mechanical constraint

Constraint of horizontal locomotion No constraint

Energy for sustaining Unnecessary

Horizontal locomotion smoothness Very smooth Smooth but noisy

because of mechanical contacts

1 0000 00000000000000 113-8656 0000
0 7-3-10 {fukui, tmori} @ics.t.u-tokyo.ac.jp

2 000000000000000 271009300000 35-2
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Payload limitation factor Magnet absorption force | Mechanism strength

Anti-drop mechanism Essential Optional

Materials with
mechanical workability

Ceiling material Any kinds
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Fig. 2 Architectural applications of perforated metal.

gbooooooboboooobooboboo

1. 00000o00ooooooobooooobooooboog

gbooooooobobooooboboo

2. 00000000DO000O00DO0OOODODOO
3. 00000000000
goboooooobooooooooobooobooooooo
22 00OO0OO0OO0OC0OO obobooooooo
gboooobooobooobooooboooooboooobo
00 (Fig.2)0O0oooooooooooooooo
gboobooobobooooobobooobooobono
gooboooooobooooooboooobooooo
gbobooooooboobooooooboboo
gogobooooobooooboboooboooon
goboooooobooobooboobooooao
gboooobooooooboooobooobooooo
gbooooboooooboo 20000200000
ooooooooooDoobOb0OO00 Feg 300000
gboboooobooboooobooooooooobooon
gbooooboooooooboooooboooooo
gooooz20o00boo0obooooboobooon
gboooobobooboooooooooobooo
gbobooooboobooboooooobon

Condition of  [TTEIENNINS
hangin

9
mechanisms | White: Free

2) Lock the inner body to
D the ceiling and release

the outer body

4) Lock the outer body to
the ceiling and release
the inner body

Fig. 3

Sequential images of horizontal worming motion.

23 0O0O000ODOOOOOO oooooooo
g0o0o0oooOOoOO0o0oooOoD T Table2000DDOO



Table 2  Configured specification of a ceiling mobile robot.

Locomotion area : Scalable

Robot number in the simultaneous
operation : Multiple

Ceiling material : Perforated
metal made of stainless steel

Ceiling height : Preference

Overtaking or crossing locomotion
between robots : Possible
Locomotion direction:

Two directions (X and Y)

Maximum horizontal locomotion
speed : 100 [mm/s]

Maximum payload : 100 [kg]

goboooooooboooboobooooooo
gobooobooobooboooobooobbooooooo
goboobooooobooobooboooboooooo
O0O000 100 kgl O OOOOOO 100 [mm/s]O O
goooboooooobooboobooon

3. ooooooooooo

goboobooooboooooboooboooooo
goboobooooboooooboobobooooao
gobooooooboooboobooooooooo
oooobobooooobobooooboboo
31 J0OO0O0OOoOoo oboooooooo
00000000 Fig. 4000000 @MOODO0OO
oooooo@oooooooboooboooobooo
goobooobooobooooobooobbooooooo
gobooobooboobooooobooobooon
oooooooboooboobooobobooooao
oooobobooooobobooooboboo

(1) Mechanism inserting motion  (2) Lock motion
v v ! '
& Smm>
| |
% :

Fig. 4 Ceiling hanging motion comprises two motions.
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(b) Cross sectionview1  (c) Cross section view 2

(a) Overview

Fig. 5 Overview of the designed hanging mechanism.
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@ : Lock claw angle

Fi:Input force

Fo : Output force

Di: Distance between input
force and rotation center

Do Distance between output
force and rotation center

Fig. 6 Detailed view of the lock plate.
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Fig. 7 Two axes translational sliders mechanism.
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Fig. 8 Sequential pattern for horizontal locomotion.
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Fig. 10 Mechanisms for locomotion speed averaging.
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Fig. 12 Overview of the ceiling mobile robot.
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Fig. 13 Functional block diagram.
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Fig. 14 Overview of the special designed ceiling.
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(a) Hanging mechanism test bench, (b) schematic

diagram of test bench.
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(a) Maximum I:-)C motor current (b) Elapsed t|m-e for lock motion 0000000000000 00000000000
gap Weight [kg] gap Weight [kg]

[mm] | 10 20 25 [mm]| 10 20 25
1 |040| 048 | 054 1 | 0.69 | 0.69 | 0.69
3 076 | 092 | 1.0 3 0.70 | 0.70 | 0.71

5 | 12 | 16 | 17 |unit[A] 5 | 071|074 075 unitls

Fig. 17 Measured data example of hanging mechanism unit

test (gap: 5 [mm], weight: 10 [kg]).
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Fig. 19 Sequential images of horizontal locomotion.
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Fig. 20  Sensor outputs of horizontal locomotion experiment;
(a) three bodies drive distance, (b)~(d) displacement

between the hanging mechanisms and the ceiling.
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