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Study on Application of a Human-Robot Collaborative System using Hand-Guiding in a Production Line
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Power assist devices and automated facilities are applied to the transportation and assembly of heavy or large parts in
production lines to improve efficiency, keep workers safe and reduce the number of workers. However, power assist devices
cannot reduce the number of workers. Moreover, automated facilities have to be equipped with advanced sensing devices and
controls for positioning purposes and judging when a task is complete, and then such facilities may hamper utilization or make
the return on investment too small. In this paper, to resolve such problems, we studied the application of a human-industrial
robot cooperative system to a production line. Safety, operability and the assistance of human skills were studied as they relate
to hand-guiding, in which a human operates an industrial robot directly and they work collaboratively.
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Table 3 Example of operation guidance for panel assembly
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Progress of Welding Technology in Bridge Construction
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This paper is a review of the progress of welding technology in bridge construction with its historical background after the
1970’. The recent history of bridge construction could be regarded as consisting of 3 periods. The “Large scale bridge
construction period,” the “Rational bridge construction period,” and the “Full scale infrastructural maintenance period.” During
the 1st period, highly reliable and efficient arc welding methods contributed to large scale bridge construction. In the 2nd period,
the welding process for thick, heavy high strength steel plates had been developed. From the beginning of the 3rd period to
present, much original research and development has been executed for technical proposals by fabricators.
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Applying Shearography to Composite Sandwich Panels
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This paper presents a case of shearography we conducted on samples made with Glass Fiber Reinforced Plastics ( GFRP ).
The performance of the method was evaluated by conducting shearography to detect simulated sub-surface defects in respective
samples of GFRP sandwich panels. The results of shearography were compared with those of out-of-plane micro-deformation
analysis to calculate the smallest size of detectable deformation under the testing conditions. The findings indicate that
shearography is an effective non-destructive testing method for large structures made of composite materials which provides the

advantage quickly detecting defects in an extensive area.
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Sub Surface ( Thermal, Pressure Change,
Defect Vibration, etc. ) Phase Shift Mirror

Part Surface
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Fig. 1 Basic principles of a shearography system
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Table 1 Thicknesses of GFRP panels

W OH | B fZ | GFRP /SA)L 1-1 | GFRP /¥4 )V 12 | GFRP /SA)b 2-1 | GFRP /%% )L 22
W mm 5.6 3.0 2.8 1.5
i e # ply 15 9 8 4
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Fig. 4 Examples of detection results of shearography

IHI £#  Vol.55 No.3 (2015 )

This document is provided by JAXA.



(a) Depth 1.3 mm (1RE 2.6 mm )

Contour Plot

Displacement ( Z )

Analysis system
0.270

(b) Depth 1.5 mm (1R 3.0 mm )

Contour Plot

Displacement ( Z )

Analysis system
0.114
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Fig. 5 Results from analysis of out-of-plane micro-deformation : Examples of contour maps
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Fig. 6 Calculation of the minimum size of out-of-plane micro-deformation
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Control of the Penetration Shape by Pulsed Current Waveform

B2 B —  HiRssARE A A > & —
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W B BA N ISR R £ v v — A WE WL (1)
B KBRS TEMER A - MERAR T ER R

I SV AP THEAARCIREHIH ST 5 L2 BRYE L, 77— 7 BHREBEAAROBEREIREEL 72, Z OF5R
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Conventional selection of welding conditions has a high dependence over the experience of the welder. Since the effect of
process parameter on the penetration has not been grasped quantitatively when the target groove configuration and a welding
position change, selection of welding conditions has to be performed each time. Moreover, there is the necessity of cutting and
observing a cross-section in the penetration shape check to select optimal conditions, and it requires much time. Therefore, the
demand to predicting and controlling penetration shape is increasing. In this research, the relation of an output waveform
formation parameter, arc phenomena, and penetration shape is estimated for the controlling of the penetration shape change by
a current pulse waveform. As a result, it becomes clear that a large factor in the penetration shape change is a Droplet Transfer
Mode. Then, the possibility of penetration shape control is found. Moreover, the above-mentioned relation is incorporated into
the conventional penetration shape simulation model and the validity of a simple heat source model which imitates change of the

Droplet Transfer Mode as change of heat source configuration is evaluated.
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Derivation of empirical formula ‘

¥
Arc Phenomena Welding Result
- Droplet size - Penetration shape
* Speed of droplet transfer ‘Width, Depth, angle
+ Concave area of molten pool || * Deposit shape
+ Arc column spread area ‘Width, Depth, angle
+ Convection in Molten pool y
* Droplet transfer mode |
(N pulse N drop ) |
b ‘

Simple predictor
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Fig.1 Grasp key map of arc process
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Fig. 4 Penetration valuation modeling
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Table 1 Evaluation standard

Visual
evaluation

Penetration shape
value

I
|

5

F 2R ARG & H RO L
Table 2 Comparison between visual evaluation and penetration shape
evaluation value

Cross-sectional
bead shape

Average visual
evaluation value 2 3 4
( Number of trials : 4 )

Penetration shape

evaluation index 1.96 2.78 3.87
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Fig.5 Pulse shape and droplet transfer state
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Fig. 6 Relation between peak time and peak current and penetration shape
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Fig. 8 Difference in droplet transfer form of pulse shape
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Robot Cars and Technologies
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In recent years, various types of robot cars have been developed, some of which have already been put to practical use. This
paper describes the robot cars developed in the defense and business fields, the trends in autonomous driving technologies, and

the remote control support technologies that are applied to robot cars.
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Fig. 8 Example of recognition of moving objects
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Fig. 9 Example of a map prepared beforehand for autonomous driving
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