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Development of Micro Inspection Robot for Small Piping

Toyomi Miyagawa*, Koichi Suzumori*, Masanobu Kimura* and Yukihisa Hasegawa*

A micro inspection robot for 1-inch pipes was developed. The robot can undertake visual inspections inside piping
and collect small objects. It is 110 [mm] long, has an external diameter of 23 [mm], and weighs 16 [g]. The robot is
equipped with a high—quality micro CCD camera and a two—digit hand for manipulating small objects in pipes. It is
propelled by a micro electromagnetic motor. The wheels, which are driven by planetary reduction gears and worm
gears, press against the pipe wall and enable the robot to travel inside even in vertical pipes and curved pipes. It
travels at a speed of about 6 [mm/s] and the pulling force exerted is approximately 1[N]. In this report the robot
system, the various micro technologies used in the development of the robot, including the micro actuator, micro
reduction gears, micro robotics hands, and micro CCD camera, and the specifications of the robot are presented.

Key Words: Micro Robot, Micro Actuator, Inspection Robot, Mobile Machine

1. 0 O O O

0000000000000 000D00000000000
0000000000000000000000000000
0000000000000000000000000000
000000D0D000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000D000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000000000
000000000000000000000000000
000000000000000000000 150 [mm]000
000000000000 [1][2]01020000000000
0000000000000000000000000000
[30[60000000000000000000000 [7][8]
00000000000000 20(mm] 0000000000
000D0000000000000000000000000
0 [90[12)0000000000000000 200000
00000000000000 [13]000000000000
000000D00000000000FMAD[14 000000
000000000000000000 [13)000000000

goo0O 19980 10 290
*Doooog
*Toshiba Corporation

goooooooo 17030

goooooToOOoOOoOoOOOOoO0OoDOoOooOboboboOoooo
oooooooooooooooOOoooooooooboboooo
oooooo
goboobooboboooboobooobooooboobo
ooooooooobooobOiroboooooboooooooonoo
gboooboooooboooboboooboooboobooobo
gbooobooboobooobooboooboooooooooo
ooooooooooooooboooooboooooooooo
gbooobooobobooboooooooboooobooobo
ooooooooooooooobooooooooobobooooo
goooboooooboooboon

000000000 1000000000 24mm|0000
oobooooooooobooooooooooooboboooon
goobobooooboobooooboooobooboboooo
ooboooooooooooobocooobooooobooboooo
oooooooooooooobocooooboooooboboooo
0000000000000 0FMAOOOOOOOOOOO
ooooooooooooooobocooooooobooboooo
gbooobooooobobooobooooboobooboobooooo
000o0o0D0oOoO0DOoOoo kooooooooooo 1o
oboooooooooboooooooooooooboboobooo
gbooobooboooobooooboobooooobo

2, ODOOOOOooOOoOo
gooooooooooooooooooooobooooo

gboooobooooooboobooooboooboobooobooooo

19990 4 0



390 ooooooo ooooooa

gooocoooooooooobooooooooobobooooo
goboooooodooooooooooooooboooon
gooooooooooooooooooooboooboobooOoo
gooooooooooooobooooooooooooon
goboooooodooooobooooboooooboooon
goooooooooobooooooooooooooboobooo
goooodooooooooooooooooooooooo
goboooooooooobooOoooboooooooboboOoooon
oooooooooooboboooooooooboooooooo
gbooooooooooooooOooooooooooan

ol1l0 cobooobooooooocobooooooorbooo
oooooooodooooooboooobooooooooon
oooooodoo

020 coooooooooooooOooobobooOoboooooo
goooooooooooo

030 0000000000000 UD3mm]Oooog
gooooooooooooooooo

040 OOOO0OO0OOOOOCOOOOOOOOOOOOOO
oooooooooo

3. ODoOoOoOoOOoOooooO

3.1 0000

000000000000000000000000000
00000000000 Fig.100000000000000
00000 Fig.20000000000000000000
0000000000000 00000000D0D00000
00000000 23[mm]000 110 [mm] 00000 16[g] O
00D00000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000 400000000000
0000200000030000000000000000
0000000000000000000000000000
0000000000000000000000000 CCD
000000 ([16)|0000000000000000000
000000 FMAOODOOOOOOODOODOOO0O0OO
0000000000000000000000000000
0000000000000000000000000 [17]0
O000000DFig.3000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000D00000000MMFMADA@MO
000000MOODOOODO0O0O00000000000
00000000D00000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000
0000000000000000000000000000
0000000D000000000000000000000
0ooooo

JRSJ Vol. 17 No. 3

ooooooo ooooooao

Mechanical paradox
planetary gear drive

Micro camera

Planetary wheel
mechanism

Flexible link
Electromagnetic motor

\ Micro hand

Fig.1 Configuration of micro inspection robot

Fig.2 The outline of micro inspection robot
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Fig.3 Configuration of micro inspection robot control system
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Fig.5 Cross—sectional view of wheel mechanism
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Fig.6 The outline of micro motor (¢ 5[mm])
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Fig.7 The outline of micro planetary gear drive (¢ 5 [mm])
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Fig.8 The outline of micro CCD camera head
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Fig.9 Cross—sectional view of micro CCD camera

Table 1 Micro camera and lens specifications

Size $7.0X12 mm
Weight 12¢g

CCD 1/4 inch,410,000 pixels
Video output NTSC system

More than 470 lines(H),

More than 350 lines(V)

400 Ix (F2.5,3000K)

f3.4mm

F5.6

Picture angle 56.4° (H),41.5° (V)
DC 12V,5W

Resolution

Standard intensity

Lens

Power
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Fig.10 Configuration of micro hand

Table 2 Micro hand drive pattern

Valve 1 |Valve2 |Valve3 [Valve 4 [Valve5 |Valve 6
Normal | OFF OFF OFF OFF OFF OFF

Up ON OFF OFF ON OFF OFF
Down OFF ON ON OFF ON ON
Open OFF ON OFF OFF ON OFF
Grasp OFF OFF ON OFF OFF ON
Pick-up Normal — Open — Down — Grasp — Up
Place Up — Grasp —> Open — Normal
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Fig.11 Cross—sectional view of pneumatic motor

Fig.12 Outline of the pneumatic wobble motor

Table 3 Pneumatic wobble motor drive pattern

valve | | valve 2 | valve 3 | valve 4 | valve 5 | valve 6
step 1 ON ON OFF OFF OFF OFF
step 2 OFF ON ON OFF OFF OFF
step 3 OFF OFF ON ON OFF OFF
step4 | OFF OFF OFF ON ON OFF
step 5 OFF OFF OFF OFF ON ON
step 6 ON OFF OFF OFF OFF ON
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Fig.16 Collect of small object
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