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Development of Tele-Inspection Devices “MastCam” and “S2 Rover”
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Abstract

We are developing remotely controlled inspection devices for steel making plant. These kinds of
robots may benefit us scaffold-free-inspection or inspection while factory runs. Our “MastCam”
is the most functional hand-held pole camera system and a combination of off-the-shelf components
and less-wire technology. “S2 Rover” is a self propelled inspection cart with magnetism wheels.
They are made by rubber tire and inside ring-shape magnet. The chassis has multi-joint and can
fold it via torque control of each wheel, hence this cart can run over the internal and external

corner.
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Goose-neck camera (FJ-EX310L/610L by Kuroda

Optonics Corp.)
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Pole camera (PCS1201 by Intes Corp.)

®1 BHATOLEKBEE
Target specification of pole camera condition of corrosion-
resisting evaluation test

Goose-neck
Pole camera
camera (Kuroda Target spec.
. (Intes)
Optonics)
Holding method Hand held Base holding Hand held
Resolution SD (VGA) | HD (Full HD) | HD (Full HD)
Camera pan & tilt Preset Tele-operation | Tele-operation
E ion length
xpansion leng 12 1 5
(m)
Contraction length
0.5 12 1.5
(m)
Weight (kg) 2.0 6.0 3-4
Price (M¥) 0.1 0.5 1.5 (cost)
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MastCam (Flexion type Version 2.0)
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Variation and specification of MastCam

Specification Short type ‘ Flexion type
Tip camera: Full HD compact (10x zoom)
Imaging function: Still (18Mpix) / Motion (FHD)
Pole end monitor: 4 inch LCD (VGA resolution)
Basic Operation: Pole end switches (camera control,
. . flexion, and rotation), preset telescope and elbow
specification

Tip lighting: LED (3W)

Pole: Telescopic CFPR poles

Power supply: Pole end battery (rechargeable)
Environmental: 0-50°C, Drip-proof (IP5x)

Expansion and

contraction 4m/1.5m 5.2m/1.6m

length

. . . 2 preset rotation & flexion
Tip flexion and 1 preset rotation . .
+ 2 rotation & flexion

rotation + 1 flexion (motorized)

(motorized)
Weight 3kg 3.5kg
Accessory Battery recharger, straps & fall-prevention hook
Price (M¥) Around 1.2 ‘ Around 1.5

" Preset
Elbo joint

Camera
Tip of

flexion
type

Tip of short type
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Camera orientation controller and its motion
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Inspection and captured image of insulation plate crack in

C.AP.L. (at 2015.4)
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Chimney wall thickness measurement robot (planetary
wheel type, joint development of Shin-Nippon
Nondestructive Inspection Co.,Ltd. and Toden Engineering

Co.,Ltd.)
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Uneven terrain mobile devices: J. U. P. A. P. No. 2007-
142347 by Mitsubishi Heavy Industries, Ltd.

7 Motor

| BT

12 BAOWBEETESEY ($56IE 6226172, /N7y
2 HL(#K)

Magnetic attraction vehicle: J. U. P. A. P. No. S62-26172

by Babcock-Hitachi K.K.
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Magnetic wheel structure of S2 Rover
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S2 Rover (left: flat type, right: flexion type)
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Variation and specification of S2 Rover

Specification Flat type ‘ Flexion type
Wheel: Rubber tire + Magnet ring (rare earth mag.)
Basic Tele-operation: Steering/forward & backward, radio
specification | Power supply: On-board battery (rechargeable)
Environmental: 0-100°C, Battery life: 1-2 h approx.
Tip camera: HDV compact
Imaging function: Still
Inspection | (18Mpix) / Motion (FHD) | (Loading equipments
function | (10x zoom) under consideration)
Operating monitor: VGA
Lighting: LED 3W
Characteristic|  Flat surface, high load Pass over corners
Weight 4-5.5kg 40¢g
3-10kg
Payload (up to friction situation) kg approx.
Standard Radio transmitter, recharger, operating monitor,
accessory fall-preventive wire
Cost (M¥) 4.5 approx. ‘ 4 approx.
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Payload capacity test of S2 Rover
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Flexion body structure of S2 Rover
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Motion of flexion body joints (a) Limitation of joint angle, (b) Action over a concave corner, (c) Action over a convex corner
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Actual action of each joints over a convex corner (time series from left to right)
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Comparison and characteristics of preceding researches and S2 Rover

Two wheel and tail type

Jointed chassis type

Structure Reaction tail wheel Passive joint Controlled joint Tension controlled
Applicant Babcock-Hitachi (EPFL) Individual (Kubota) Mitubishi Heavy Indstries | Nippon Steel & Sumitomo Metal
Tail, i.e. legged wheel, takes | Multi-jointed chassis, held by | Multi-jointed chassis, Multi-jointed chassis
reaction force (like toy spring (J. U. P. A. P. No. controlled & held by actuator | - Free joint with flexion limiter
bobbin car) S54-131209, magnet wheeled + Torque difference makes
cart with all wheel drive) tension & repulsion, joint angle
changes
Concept 1 Mulbjort. smu&gnt
Simple structure and light . Freely deformable chassis Freely deformable chassis posture
Advantages . Simple structure and low cost R . . .
weight posture without joint actuator, light weight
Fluctuation of adhesion force | Lack of posture control, less | Heavy joint actuators, Control law for chassis tension &

Dis-advantages

— large fall risk

adhesion control on vertical
or uneven surface

complicated control law
— expensive system

repulsion
(may require to sense its posture)

— large fall risk
Achievement Test machine Test machine (may hobby use) Concept Test machine - some application
Overall rating A X X O
O : Practical, X : Impractical, 2 : Experimental
—23— oOH 8 O & oW E402% (2019
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Overview of inspection for gantry crane stanchion using

flat type S2 Rover (at 2011.6.27)
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Captured image at inspection for gantry crane stanchion
using flat type S2 Rover (at 2011.6.27)
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