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Chapter 1 : Introduction
- Background of this research
- Objective and contents of this research

1

Chapter 2 : GMAW sensing system with near infrared CCD
camera
- Optical structure of molten pool sensing system
-Image processing method
- Correlation between image of molten pool and

welding conditions

Chapter 3: Visual inspection system for welding bead with
CCD camera using stereo vision method
- Structure of CCD camera
-3 dimensional shape measurement process
- Automatic distinction for weld defects

|}

Chapter 4: Development of fully automatic GMAW system
-Concept and system configuration
- Adaptive control function of welding condition
*Weld quality confirmation function
- Verification for functions of welding system

Chapter 5:Orbital narrow GTAW system with visual sensors
*Molten pool sensing system
- Adaptive control of welding condition
*Application to power pipe welding

Chapter6: Robot system for on-site remote welding of nuclear
reactor component
- Penetration sensing system
-3 dimensional shape measurement system
*Robot system operation and application to actual welding

A

Chapter 7: Welding in-process quality control system
*Molten pool and bead shape measurement sensing system
« Laser ultrasonic testing system forinner defect
- Application to actual welding of steam turbine rotor

A

Chapter 8: Visualization and degitization system of welder skill
*Molten pool sensing system
*Welder behavior measurement system
- Application to welder training and analyzing skilled welder

\/

Chapter 9:Conclusions

Fig.1.1 Outline of the thesis.
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W Arc shape
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of molten pool

B Check of abnormal
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Fig.2.1 Object of sensing and control items.
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Fig. 2.2 Spectral distribution of radiative intensity in MAG arc and molten pool.
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Fig.2.4 Spectral sensitivity of CCD camera.
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Fig.2.5 Spectral sensitivity of
band pass filter.
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Fig.2.6 Measurement items of molten pool image by image processing.
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Fig.2.7 Image processing algorithm.
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Fig.2.8 Image processing algorithm for brightness distribution pattern on molten pool.
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Fig.2.9 Relationship between threshold value of brightness on arc
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Fig.2.10 Measurement accuracy of molten pool width.
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Fig.2.11 Welding system and groove shape used.
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Fig.2.12 Relationship between molten pool images and cross sections of fillet welds.
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Fig.2.13 Correlation between vertical deviation of torch position and weld

pool inclination.
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Fig.2.14 Correlation between horizontal deviation of torch position

and weld pool inclination.
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Fig.2.15 Correlation between deviation of torch position and weld pool

inclination in butt weld.
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Fig.2.16 Comparison between molten pool inclination and cross section of

root weld with and without deviation of torch position.
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Fig.2.17 Comparison between molten pool image and cross section of groove

weld with and without deviation of torch position in weaving pass.
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Fig.2.18 Correlation between welding voltage and molten pool shape in butt

welding. (Welding speed: 150mm/min, Wire feed speed: 8000mm/min)
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Fig.2.19 Correlation between welding voltage and molten pool shape in

weaving welding.
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Fig.2.20 Correlation between welding voltage and molten pool area in

fillet welding.
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Fig.2.21 Correlation between root gap and molten pool shape.
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Fig.2.22 Correlation between root gap and molten pool length in U groove joint.
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Fig.3.8 Results of measuring weld bead shape by twin lenses parallax CCD camera.
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Fig.3.9 Results of measuring porosity on weld bead.
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Spatter Porosity

Fig.3.11 Test results of distance transformation processing for spatter and porosity.

39



IMBGE PROCESSING IMAGE PROCESSING

Spatter Porosity

Fig.3.12 Test results of automatic defect distinction for spatter and porosity.
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Fig.4.1 Concept of fully automatic welding system.
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controller)| | monitoring)
Near Infrared camera
Main controller | Twin lenses
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Light power | & computer
source g"
<[] 18C | TBC
=
3 Video ol s
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Twin lenses
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Near infrared
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Fig.4.2 System configuration.

[— Weld controller
. |~ |Weld power source|
Lights |

Fig.4.3 Appearance of welding head.
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Fig.4.4 Appearance of main controller.
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Fig.4.5 CRT display.
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Table 4.1 Sensor and sensing items.

Purpose Sensing item Sensor
Torch position Weld pool shape
: control (Weld pool inclination) IR-CCD camera
Adaptive Welding parameters Weld pool shape
control of control (Weld pool area size)
welding Setting of torch Width & depth of groove,
conditions position adjustment Width & height of bead Twin lenses
Weld deposition Width & depth of groove, parallax camera
control Width & height of bead

Width, depth, root gap & root

Groove shape check i
discrepancy of groove

Twin lenses

Unevenness of weld bead shape
parallax camera

Weld bead sh
¢d bead shape (concavity, undercut & overlap),

Weld quality check

. porosity
confirmation
Current, voltage, speed, Current meter,
Welding parameters wire feeding rate, voltage meter,
check shielding gas flow rate & encoder &
torch driving axes flow meter

Last edge position Pool length Input Ima.ges from different
/ view angles

Input image(left)  Input image(right)

Matching same point
Determination of m
matched points

Calculation of 3D coordinate by
le measurement method

/

Determination of 3D
ition
Fig.4.6 Measurement items by tri F:OS ; t Groove shape Bead shape
g.4. y triangle rtT;]eadsuremen — —
. metho Bevel
of molten pool with ¢ e angle Groove width
Discrepancy :
IR-CCD camera. <1— :__:Ofgroove e |dt;| .
Measurement of grove . Y Y
and bead shape N 'l’ Groove depth v
thg‘ap_ Bead shape Groove depth

(Undercut,overlap,
concavity,porosity
and crack)

Fig.4.7 Processing flow for measurement of bead shape.
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Measurement of leg Calculation of target Calculation or correction
length or bead width with > deposition value at next P> | of welding speed at next
sensor layer layer to match target

deposition value

| VW(N) =C X VF(N) (W yp)*W n.1(a)(h nagay D ive)) |
Vw(N): Welding speed at Nth layer
Vf(N): Wire feed speed at Nth layer , C:Constant value

W N-1(A) WN(D)
hN (D)
hn-
N1 B N th layer
® :Measured point
WN-1(A) WN(D) _
: Bead width at N-1th layer : Bead width at N th layer
(Actual value measured with sensor) (Target value in data base)
hN-1(A) h N(D)
. Leg length or groove depth at N-1th layer . Leg length or groove depth at Nth layer
(Actual value measured with sensor) (Target value in data base)

Fig.4.8 Processing flow of welding condition setting for weld deposition control.

Input - Fuzzy rule
Weld pool inclination (6 ) 9

Time differential » DB [DM DS |ZR |US |UM |UB | | UB:+Large

Ofe (Ae ) DB |ZR |ZR |ZR |ZR |ZR |ZR |ZR UM:+Medium large
DM |US |ZR |ZR |ZR |ZR |ZR |DS

US:+Smal |
ZR:0
DS |UM |US |ZR | ZR |ZR | DS | DM
DS:-Smal |
<« —_—> ZR |UB |UM |US |ZR |DS | DM | DB DM:-Medium large

AB

jlf US |UM |US |ZR | ZR |ZR | DS | DM DB:-Large
UM |US |ZR |ZR |ZR |ZR |ZR | DS

Arc center
UB |[ZR |ZR |ZR |ZR |ZR |ZR | ZR

JL

Output

Torch position (mm)

Welding direction —> \

Last edge position

Weld pool inclination (degree)
of molten pool

Fig.4.9 Fuzzy rule for torch position control.
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Input - Fuzzy rule ——
Molten pool area(S) S

i difF tial » DB |DM |DS |ZR |US |uM |uB UB:+Large
ime erenua DB |ZR |[ZR |ZR |ZR |ZR |ZR | ZR UM:+Medium large
of S(A S) DM |US |ZR |zR |zR |ZR |ZR |Ds US:+Smal |

R0

DS |UM [US |ZR [ZR | ZR | DS | DM

DS:-Smal |
ZR |UB [UM |US [ZR |DS |DM | DB DM:-Medium large

US |UM |US |ZR |ZR |ZR | DS | DM DB:-Large

AS

UM |Us |ZR |ZR |ZR |ZR |ZR | Ds
Weld direction UB |zR |ZR |ZR |ZR |ZR |ZR | ZR

Welding voltage (V)

Molten pool area (Pixel)

Fig.4.10 Fuzzy rule for welding condition control.
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Start I

Yes Torch position
irst layer2 control
(weld line tracing)
No
N.G, _ Welding parameter
ead judgme control
Ty
Stop Good
N.G.
Groove
judgmen
Good ./
Stop Welding parameter|
set
Y

Torch position set

Y

Welding execution

Fig.4.11 Basic process sequence of fully automatic welding system from

start to finish of welding.
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7 B 450A, 2L AR— ZEHE 50A, 2V A B — 7 B 2ms —E & LT,

300

J320.5
30% 2.5 30 2.5
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Detail “A” #
8
< A" o
[ AVAN ) "
g = 250 500
240
Butt weld Fillet weld
Fig.4.12 Groove shape and dimension of test piece used.
Table 4.2 Chemical composition of base metal and welding wire used.
(wt%)
C Si Mn P S Cu
SM400 0.16 0.16 0.73 0.012 0.011 -
YGW-16 0.09 0.75 1.38 0.012 0.015 0.24
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Twin lenses
paral Iax\ camera

Welding direction IR-CCD camera
— 0o
J' .
tomm 3B
* D D ’D_‘ metal

Welding torch

| L
o TN/ N

—I 20mm

Fig.4.13 Test procedure for influence of changing distance from tip to base metal.

Groove width

I

Welding direction

>0

Welding start point

Without restraint plate

Fig.4.14 Test procedure for influence of changing groove dimension.
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Welding head A
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\
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Test piece
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- Airflow generator
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Fig.4.15 Lay out for air flow test.
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Fig.4.16 Test results of torch position control at fillet weld.
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Fig.4.17 Test results of torch position control at groove weld.
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Fig.4.19 Test results of welding condition control at root pass in groove weld.
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Fig.4.20 Test results of welding condition control to change large molten pool area

to standard molten pool area at root pass in groove weld.
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Fig.4.21 Test results of welding condition control at weaving pass in groove weld.
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Fig.4.22 Test results of welding condition control at root gap 6mm.
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Fig.4.23 Test results of welding condition control at 1mm root gap.
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Fig.4.24 Test results of welding condition control for change of the distance from

tip to base metal.
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Fig.4.25 Effect of welding condition control on welding current for change the

distance from tip to base metal.
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Fig.4.27 Result of measuring weld bead shape with overlap.
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Fig.4.28 Result of measuring weld bead shape with concavity.
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Fig.4.29 Display for stop of next pass welding.
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Fig.4.30 Result of measuring weld bead shape with porosity.
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Fig.4.31 Test results of changing the distance between tip and base metal.
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Fig.4.33 Test results for change of groove dimension.
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Fig.4.34 Display of stop for next pass welding by welding condition setting function.
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Table 4.3 Air flow test results for confirmation of wind influence.

Confrimation test results
. . after welding Evaluation of
Direction .
. Flow rate Results of welding Bead macro system
of air flow Bead .
PT RT section performance
appearance
test
Whole passes .
1.5m/s Good Acceptable | Acceptable Good Effective
completed.
Weldin
. . e Automatically
direction .
stopped by quality Not Not
20 m/s check function N.G. acceptable | acceptable N.G. Effective
after the 6th. pass P i
finishied.
Whol .
1.5 m/s ole passes Good Acceptable | Acceptable Good Effective
completed.
Right angle
g . e Automatically
direction .
stopped by quality Not Not
20m/s check function N.G. N.G. Effective
acceptable | acceptable
after the 4th. pass
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Fig.4.35 Display of stop for next pass welding in air flow test.
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Fig.4.36 Porosity occurred by air flow test.
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Fig.4.37 Welding condition record.
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Fig.5.1 Configuration of orbital automatic narrow gap pipe GTAW system with visual
Sensors.
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Fig.5.2 Detection points of Fig.5.3 Measuring items of groove and bead shape.
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Fig.5.7 Measurement of bead shape.
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Fig.5.10 ND filter with transmittance distribution changed partially.
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Radiation of moltegopool
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Fig.5.11 Selection of band pass filter.
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Fig.5.12 Comparison of molten pool image by each filter.
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Fig.5.13 Image processing method.
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Fig.5.14 Measuring items for welding condition control.
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Fig.5.15 Molten pool image of typical defects for hot wire orbital welding.
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Fig.5.16 Distinct features of molten pool shape by defect factor.
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Fig.5.17 Cross sectional macro with Fig.5.18 Cross sectional macro with

insufficient wetting. poor previous bead shape.
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Fig.5.19 Comparison of molten pool shape parameters between proper condition

and unsuitable condition.
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Fig.5.20 Relation between previous bead shape and welding peak current.
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Fig.5.21 Correcting welding current for poor previous bead shape.
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Fig.5.22 Correction of welding current for insufficient molten pool size.

TR DVEFED TS < 72 DTN TR OB AN NE LR | ZRITIG U THE#EE— R
DOBEMEE L DIFENAE L /NS leo TS, LinL, BMIEEOYEG, ©— 7 Biia i
T 2HEIC LV EH e — ROBGEMIBEL DIFNAEIIRE < RY | ERMO DL AE S
MU TWDHENGIND, o CTEMIYFEIC L 2R & BIJEMIEE - O R EOSHE, ©
— 7 BN X DB R KA L2 XD FERATRETH D,

LU EOFER I S TSN, Fig.5.28 IR T FIEE 702, F FIARUI KGR C
FERARY] =272 B K9 BN E & VY A YR EOMIEETT O, RICIEEHIE R G
PIZATV EFRRE & OFIRERIC K 0 SMNELR A DA A FEA L, Wl IR 22 L 0 R
\Z ko THMELRF 24 ET 5, ZDH4A. Lp>100pix, 0 >50°, df /dx=0 THE, F
HIFR DR R & U, SRS K D HER MR AT 1L 3 AL e o &l L Ciaderp ok
BRI 5, —J7. Lp>100pix, 0 >50°, dB/dx>0 ThiviX, ERHLO LIRS & Hlr

84



95, T LT, 02 45°0 5 50°DHiPH THIVE, EREEIRIC X 20 Z1T 5 23, 45°K D
INSWERITIERMEMEZIT o ThhnnESI NN, BT IEEn 5,

v [ Image processing ]
Le [ Measurement of electrode and wire position ]
>

) dx [
Welding position
:vertical downward

U

(]

Torch and wire position control ]

U

[ Measurement molten pool shape (Lp, 6,d 8 /dx) ]

U

[ Extracting characteristic points ]
Lp>100pixel, ® <50° ,dp /dxéo’ " Lp>100pixel, ® <50° , d B /dx>0
Poor shape of previous bead ’ [ Insufficient size of molten pool ]

. 8 <45°’ L <o <00

; ; Correctin
[ Stopping the welding ] the weldigg condition J

Fig.5.23 Sequence of welding condition control.
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Fig.5.24 Process sequence of hot wire orbital narrow gap GTAW system.
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(a)Welding operation (b)Control unit

Fig.5.25 Application to thermal power plant piping in shop welding.

. 5

Fig.5.26 Groove shape. Fig.5.27 Cross-sectional macro
photograph of test specimen.
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Table 5.1 Example of welding condition.

) Peak Base |poak wire |Base wire | Po2K wire [Base wire |\ e | Welding Pulse
Location welding welding feed feed .
current current voltage speed peak time
current current speed speed
Pass number Bead width (degree) (A) (A) (A) (A) (mm/min)|(mm/min) V) (mm/min) (s)
0 220 160 20 20 1800 1800 9.0 90 0.20
90 220 160 20 20 1800 1800 9.0 90 0.20
1 140 220 160 20 20 1500 1500 9.0 90 0.20
(First layer) Straight bead 180 220 160 20 20 1500 1500 9.0 100 0.20
270 220 160 20 20 1500 1500 9.0 100 0.20
360 220 160 0 0 400 400 9.0 100 0.20
0 250 120 25 25 2000 800 8.5 95 0.25
10 250 120 25 25 2000 800 8.5 95 0.25
2 90 270 120 25 25 2000 800 8.0 95 0.25
(Second layer) Osccilation 180 270 120 25 25 2000 800 8.2 95 0.25
270 250 120 25 25 2000 800 85 95 0.25
360 220 120 0 0 600 600 85 95 0.25
0 320 170 40 40 2400 1400 8.5 95 0.30
10 320 170 40 40 2400 1400 85 95 0.30
Wbm <9.8 90 320 170 40 40 2400 1400 85 95 0.30
Straight bead 180 320 170 40 40 2400 1400 85 95 0.30
270 320 170 40 40 2400 1400 85 95 0.30
3 360 270 170 0 0 700 700 85 95 0.30
(Third layer) 0 280 240 40 40 1800 1800 10.0 90 0.30
10 280 240 40 40 1800 1800 10.0 90 0.30
9.9<Whbm 90 280 240 40 40 1800 1800 10.0 90 0.30
Oscillation 180 280 240 40 40 1800 1800 10.0 90 0.30
270 280 240 40 40 1800 1800 10.0 90 0.30
360 260 240 0 0 600 600 10.0 90 0.30
0 320 240 50 50 3000 2200 10.0 Calculation| 0.30
10 330 240 50 50 3000 2200 9.7 Calculation| 0.30
Wbm =938 90 330 240 50 50 3000 2200 9.7 Calculation| 0.30
Straigt bead 180 350 240 48 48 3000 2200 9.7 Calculation| 0.30
270 350 240 48 48 3000 2200 9.7 Calculation| 0.30
Pass number= 4 360 320 240 0 0 900 900 10.0 Calculation 0.30
0 280 240 40 40 1800 1800 10.0 Calculation| 0.30
10 280 240 40 40 1800 1800 10.0 Calculation| 0.30
9.9<Whbm 90 280 240 40 40 1800 1800 10.0 Calculation| 0.30
Oscillation 180 280 240 40 40 1800 1800 10.0 Calculation| 0.30
270 280 240 40 40 1800 1800 10.0 Calculation| 0.30
360 260 240 0 0 600 600 10.0 Calculation]  0.30
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Fig.6.1 Shroud replacement work.
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Fig.6.2 Application area of welding robot system.
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Fig.6.3 System Configuration of welding robot.
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Fig.6.4 Welding torch head.
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Fig.6.5 Remote control cameras.
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Fig.6.6 Operating flow of off-line teaching system.
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Fig.6.7 3D shape measurement system.
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Fig.6.8 Image processing flow for 3D shape measurement system.
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Fig.6.9 Configuration of optical system for penetration bead sensing.
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Fig.6.10 Appearance of optical head for penetration bead sensing.
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Fig.6.11 Image processing algorithm for penetration bead sensing system.
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Fig.6.12 Measurement accuracy of shape measurement system.
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Fig.6.13 Measurement procedure of root gap.
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Fig.6.14 Measuring sequence for root gap.
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Fig.6.15 Measurement procedure of surface reinforcement shape.

101



Fig.6.16 X, it v v VYV AT MIBWTC, WEERE LS BE0M#ES T
—WG LA O HERE R L b O THDH, AFETIH, MEI 72 HWD 2 &n
B AT ERALE L OEBEALICHT HMES LT, FHEiGE~DOERPVLIETH 5.
PHEIERIZ W T, RO E 5 @R OO 2L 2 2 2 & 23l ie
ThHrZ enbnd, £72. Figbl17 (X, V— F X ¥ v 7B REVTEDITRITELDRAET
T2 B DR EGO—Fl 2R LIcbDTh 5, 77— 7 Ea T ARy & BB T
HT 52 L TCHITERDLEHMTE 22 L3 bnd,

Image by conical mirror

=

Planar images by coordinate conversion

Low ) > High
Welding current

Fig.6.16 Image with variable welding current.
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Fig.6.17 Typical images of burn through by wide root gap and normal

welding condition.
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Fig.6.18 Test results of welding condition control.
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Fig.6.19 Operation sequence of welding robot system.

Fig.6.20 Appearance of welding robot system.
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Fig.6.21 Application of welding robot system to field welding

at nuclear power plant.
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Fig.6.22 Measurement results of root gap in field welding.
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Fig.6.23 Measurement results of reinforcement shape in field welding.
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Table 7.1 Measurement items of in-process quality control system.

System

Monitoring object

Measurement item

Sensor

Monitoring system for
welding condition

Welding condition

Welding current,
Welding voltage, Wire

current, Welding speed,

Wire feeding speed

Electric signal

Sensing system for Molten pool, Electrode, | Weld pool shape, CCD camera
molten pool shape Wire, groove electrode position,

Wire position, groove

position
Sensing system for Molten pool of back | Size of molten pool | CCD camera
backbead shape bead Appearance of back

bead surface

Sensing system for
weld bead shape

Bead

Bead appearance, Bead
shape, Surface defect

Two CCD cameras (3D)

Sensing system for
inner defect

Welded region

Inner defect

LUT (Laser Ultrasonic
Testing)
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Electric device for
measuring welding condition

Two CCD camera for measuring Welding torch

weld bead shape CCD camera for sensing molten pool shape

Welding direction

LT

CCD camera for
sensing backbead
shape

Fig.7.3 Arrangement of sensors.
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Fig.7.4 Measurement items of molten pool sensing system.
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Fig.7.11 Configuration of test piece.
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Fig.7.13 Image of bead surface.
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Fig.8.9 Quantitative comparison of behavior between welders on radar chart.
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Fig.8.23 Configuration of test piece.
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Beginner B

ExpertA

Beginner C

Fig.8.24 Image of horizontal position welding by expert welder and beginner welder.

Molten poollength ‘ Torch fixed Sideview camera
CCD camera

’ Ratio of molten pool width

Welding speed \l i

Magnified CCD Whole view
camera camera

Fig.8.25 Images and measurement items for vertical down welding.
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— :Exp.ertA ‘Welding position
- - BeginnerB : Verticaldownward

width length
Average Varnation

Fig.8.26 Comparison of measurement items among welders on radar chart.
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Camera2
(Fror;t of molten pool)

Camera3

(Electrode angle)
Cameral

(Molten pool)

Fig.8.27 Location of cameras for pipe welding by SMAW.
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Cameral Camera2

|

Fig.8.28 Image of pipe welding by SMAW.
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Expert welder Trained welder (middle class)

W \Weaving pattern

Upward Downward
at the edge at the edge

Fig.8.29 Comparison of weaving behavior.
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P ik
& 5%
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) 3I.5 7Imm

0
Color mapping of bead height
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Fig.8.30 Comparison of bead shape before and after grinding.

8.5 #8

ARETIE, HREE LD HENARE Y AT 2O &EKRELLOISHAES E LT, LD
HE., IEZENE LT, WEREEZ Y 2T b, TYUXULTE DIEERERET VXL
B AT LZBFE LTz, Zhbid, BERELORH 2 AL L TE DR 2 Mg Tl
L, ERFHITE DV AT A THY . BEE O RIE BRI A 2ITIE T &
D, BB, ZNHDY AT LEZTI G, MAG, SMAWODZNZNDOEBEIHCHHE

143



SATCE L, BB, A, HEERICEI ThH D Z L EIR LT,

DIFIicEONT R E T LD 5,

(1) BEHELORKREEFEZRETILERET A AT, BITEELO U A Y EREH 2R
WTDTFRET AN AT, B h—TFT OEREEZRE T 5720 b —FIZBY 115 5
N/ CCD F—FH AT BRE T IALRNERE T D72 OWEMIZE Y b5
HIH CCD B AT DADDA AT EZNEOMURE YT, TR D/3—YFLav
Ea—2BIOT 4 AT LA DO ESND TIGIEERERET 2 Wby AT A& B
L7z,

(2) TIG WEEEHRET VX ALY AT A TlE, B DNTEBED S 7 DO BHREFRIE & B AL
HICTHH L, ZOVHMHEE DHiEE H 5N U DA v A b= S AdiE L L
— A F v — MITHEERDAEET, 52, ME LFEHAWCEM L-HERAaT
WZ K DFHmAAEETH 5,

(3) TIG EHEHHET VX by AT L _—R L L= MAG I8 #EHGET ¥ 2 Wby AT
LEBA%E LTz, MAG IRBERRET P # VALY AT A, 450 CCD h A 7 Bk &
AU TRR IS 35 X OVARC A TEERE, -~ 7 R BEEE () 2V — D o oo B |
TAXROWIE, U — B 70 - B, SR T X 5,

(4) WBEHET VXM AT 2 EERE L, Y10E OEBEEREIF: D 0N HiEE#
BUSAIICEA L, EOEMEE MR LT,

(5) BWHALRET V2 LY AT WA BE RLETIG Iz, & LEIRO TIG I, JER
#D MAG ¥EH~JE I L, RABE#E Lo, vy Ok, EEbZREE T5
Z LT, BEERICHE Y — v kb D L BN LT,

(6) BT — 7 VB L 5 & Cr SO BB AR BERET Y 2 by AT L& ISA{E L,
Rfiat ot /) v vz evaT7 b, E'TE L2 L ERLT

144



EOE R

AT, T2 AW T E— FRORRM B S 2 B 2 2 & T+
LIEHREEHEGE &L OMEEZH LT L, B INLELND ZIEICD HIEREE
BRSO I A -OhE T O VB HGRFHMTIIE T 2 FEA IR T & & biC, Tho %
W L2 RN R Z A AT A2 Ed 5 2 LT, WALy 27 A0HaEk, &
BEREL 2 EBLT 2 72D O AR R BN O A IMEEZ I SN LI b D Th 5.

AMFEIZEVEONTRERIT, FEILIFHER LR, 22T, TORAREHRIEL T
D,

%1 E T, (RO EZMET 2 & &b, RO MLENER O H IOV TR
~Tz,

W2ETIE, R Y& L TERIMR CCD I A T &AW w7y AT A
DOIEFEZATV, BHGIIH O 72D ONF L AT Kie b ONCEHBLIRFIEEZ ML T 5 & L b
IRREHLEIR & AR S D DR /3T A — 2 OB Z A U, SRR IR IS HIE ~0
WHICBE L THEZE L,

WHRAMR CCD 51 A F & AW CIERE L OV — 27 O 40t 2 558 L CGRIE L7206
VAT BT E Y U R R . BRI A AT O 2 L T — 7 SO, Vi
MRS, ARElE, WalthR S (AR miEEe | RO E . 7 — 7 SIRO LG
T REHIE O L7 E OVERIER 2R FET HHEBAZFHIT 2 Z E N AREL 2D, S BIT,
WA BRIk DB A (IREEAR) 2 DEIRM A A KD, I HIZHMFEHA#RATTH 2
& THRERMAOM A AE LI CERHAT S 2 LICL 0, W OIRE S/ 2 — 2 2R
DT ENFREE R | HREHURI A R T ORI L TIEHCE L Z LA MMnE o
77
D OFEFAZIR DAL & EHESRIEIITMBEAGE S it M —FiETIUL, Rkt
., WHEELAEIL, BRmEE, W, B3, kX v v 7OLiZ, FRmE S &%
BRI L VBRI CE D Z EZHALMNI LT, S HIT, WRHIEE AT /N5 — ISR
ABRIME S SDOTHEEE L UEHTRETH DL Z E bHLNC L, W > 7k
D VLA OTEISHIE > A T AOREIXHAARETH H Z L Z IR LT,

H3ETIX, CCD WA T &H MW e — RREIMURAE S AT LOMF AT -T2, A
TLAEYa MW 3IRTTIBIRFHIITFIEZ LT 2 & L BICEBZECCD A AT VA
T AEREL, EBEOREE— MIRE L OXRMEREEREOFIAIZ L 0 BRI TERES FHm L
T2 BT, Hla AR X OVEBL TIEE VT RIEK MO B BB ik 2 fer L,
HENWAR Y 2T LD SWEHEREREE~OBEHANRETH D Z L 2R LIz,

WABETIE, B2ETHELNERMMEL Y VY AT A LE3ETELN- B —
RAVBUR A S AT AOMRER B, BAVIARE L3 R CIECHLA vl RE 2 4 H BhARE X
TOAEBELE AR P E LU IR-CCDIAT EHEHMHAECCD I AT EH,
7V ANAG IEHE D BISEZE Gt iaEE s O AR 2 x5 & Lo M2 A EEEE T A

145



TLERELZ, £ LT, 2D OBEHESIEISHIEERE R K O E MR 1B 2 1%
REMRFEAAT 9 & & BT, REEEDRFHELMICHEREIC OV THBEERR ATV, 2RI
P AT DOFHMERR LT,

WHETIL, B2HEOREM v 7 AT LDEMALE LT, L—¥RY v Mtk
vHEBREY (IR-CCDHAT) ZHWEERERMLEG T AW AT At
F LTz, L—YRY vy M X DT AT A%, EEREUR, BERRITS
Ut ORE, kB IO — FERARR#EZREZITV. IR—CCDIATIZLD
Rt > > v 7 A7 AT, BB XL O A YALE 2 BGgAARRIC X 0 EH L, B IEAL
EIHEISHET 5 Z L2 mae s Lic, 7o, Rttt o0 7 U X7 ATl RSN
B RAGT ORI T 4 V2 EBRERAEAT ANV F BN LB T A LE ) T
FREGEHT 52 LT, mBEREKICHS W T HIER R X O O JELI AR O BEig 2 wTHE
&Lz, LT, WRMIZIREHIFE R O | i @28 L0/ <735 2 & T
ELOFEAEZ TR L, SRR AT O & 2 b &I K 0 SMELEE R 23 Vit TR LA & 3%
THRARDORBOMNNERFETE D Z L E2mR L, WEtIRL X7 A —4% L LT,
TR TRERE Lp, WAttt OB & 2L E dB dx, EEb A 0 2R EL, b
OFHIMEIZIS U T, WE OB AR & HESNZGAICE, E— 2 BiRztlEE: 35
BEISHAE 21T, ZRLSMTIRE LHE LB T 5 AT L2 B% LTz, AETH
LI HENWERE S AT K% K7 T v NEUE O EBEERCHE A LR, MARER 72 <
BIFRRBER G Do & & BT R L — Z (BB SR B e S RER - e 7R H BhiARE
ANNESE2T R g Wy el

WEETIX, F2EOWBM L Y RT A 3 EOEBE— FMMEKREY 2T
LEREE LT HENERE Y 27 AOEAL & U TR RS B 2 R > hREEY A
T LADOREREITo T2, WERR Y MRV AHT/ZCCDI AT 2T Jim &0 58
T HZ LT, AT LA EY g kb 3RTHHIITFIEDOEM 2 TREIC L. Bl
BILOE— FREBRBRE~EH Lz, S5, M T —2% 7= Sk el s 206 A
L. H v — FOBGEHIZ b &I IER BRI 0D X O ICEEEREZ 7 7 ¥« il
T ORI BEISHIE S AT LML, AT 52 L2 MaELz, LT, 2
BDYAT WEVEEFEOT 72 AVEIZHIIO & 2 J5 1-5F NPRBRBE T O baiasEE~iE
MU, BEEEES 27 Lommeel, @EREILO AL B2 LT,

HTECIE, E2EORRIME L SV AT A 3 EOREE — NMAVERAE S AT
A, 6 BEOREEBEEMABEMOEMAE UTEEA v e AMEEH Y AT LD
TR EIT-oT-, EBIC, BEFETORLIEA V7 u b AWEEHFEZEA L, L—#
FIIEIZ L D NEBR R TR Z N X 726510 7e A 7 e B AWEE Y AT AOEES
TV, HENABOER L 2L LTHEET 2 22 RGELT., 2L T, ZRHLDOV AT A
. KB, K770 hORKRY —bvru—2OREEEE~OEH L, BERES AT
Losnaelt, EEREILOF ML R LT,

HOETIE, F2EDIFMM Y v v VYV AT AOFEALE LT, H#EORTE LI %

146



TR UToame T D2 by A7 A~OARF 2175, BB X 2 E8kp e &
WICIEE OR8N 25, ERBIET 2 FEOMER LNy AT A2 8UYE L, IREEHHE
DT VEME, V2T bERG LTz, £ LT, KBRS, EEEEET U4 by AT A
ZRPERIRR 7R D NS FEEESITITHE A 21T, FlO =, 68/ T OBZRENE
DIV, BEWEHEY AT AOISHb E UTTEEEEET X by AT AOFMEE R LTz,
FORETIE, AWROBEZMIL L, #iim& L,

147



A

AWFZEIE, (BR) HETIERFEFTICB W T, REICDELIEFZBE L TR LET2HDT
D RMFRDOEITIZH Tz - TIL, FERD ERIOEEZR b NI SR 2 W2 Wiz, b,
AAFFEIL, 2 < OEFRBFZEE 72 & NTHNBEREDWH IO H LI LG HDOTHY . Z
O DT 2 RS BTz LET,

o, KiaSLOVERICHT- > T, KK FA EZER AR 170 & NS KRB F 2
R AT, B TSR SRE, ZHRE o, 61T, RIRKRFEd= H—H
72 B ORI HIR B Ad 2123, At/ TS 2THWZ, 2212, REOHE
HRLET,

WIS, TEE ST L2 D IT/ o T RRS, el L3 2 C < Ve EE 12 R < ey
=LET,

148



SEXH

1) A ; BEMLO T2 OEEEHIE L ISEORE, 7 — 7 W0 BEbEdr (s A
N7 v273) , WEFRWEENEEZASMW, 1995, pl-9—pl-1l

2) WE ; BARICE T 2EBEEELEINOLE, 7T — 7 o BEbEdl (WBETA R
Ty 7 3), BWETREEIENEEESW, 1995, pl-3—pl-8

3) W T BHBRIIB T o v T HEAl, RS, B66K (1997), F
87, pll—15

4) IR, SRR T — 7 IRBEICR T A v 7 LI, R R R B ATR,
1990, T—1

5) KA WISHIEZ 1T D v o T, WEEFRES, 6 0&, 275, p4a7—5l,
1990

6) Y.Arata, K.Inoue; Automatic Control of Arc Welding by Measuring Molten Pool,
Trans. JWRI, 1-1 (1972),99s-113s

7) Y.Arata, K.Inoue; Automatic Control of Arc Welding (Report II ), Trans. JWRI,
2-1(1973), 87s-101s

8) Y.Arata, K.Inoue; Automatic Control of Arc Welding (Report IV ), Trans. JWRI,
4-1 (1975), 101s-108s

9) H.W.Mishler, R.E.Monroe ; An Optical Sensor for Adaptive Control of the Welding Arc,
Welding in the World, 12-718(1974), 183-192

10) 5. b 77— 7 Bl B EhHE L EEIC B 2 HAREROpFZE (55 1 8 IR HEraiE,
F49% (1979) H7H, pbsh—60

11) M, JF Lk 7 —27 2o A Bl bin el B9 2 SLEROpFIE (5F 2 3 I,
FA49% (1979) F95, p39—44

12) %A, 74, FEf, Eph BOEICB T L7 B XU AT A
OHUR, H52% (1983), 4%, pll—19

13) e o o v TR BN, 55 2 3 BIRRHEGHILE T % A b, IHEER B S, 1997,
p57—=T5

14) BRI L= oI K DR D WIEGE, Tk T
E N, WEEFRREEME RS, pll—4—pll—8 , 1990

15) KU, =i, #i%, &F, IR ; MIG EEER ORI 7 » oA =7 0 L, 7
— 7 RO AL EM G HEE T A N7 > 7 3), I #5782 B 2, 1995,
p -48—p 11-52

16) e, KoE, BEH, flis, bHE, Fl, BB, RAK; b=V s o r 7 A E
L7cZEBENAHS AT LDB3E, 7 — 7 EHBRICBIT 52 v 7 L, BEYS
R IR R B, pII—9—pll—11 , 1990

s
~

149



17)

18)

19)

20)

21)

22)

23)

24)
25)

26)

27)

28)

29)

30)

31)

T, =&, HE; =Pt N KD EREFO BENER S XA T A, T — 7 R
ZB T DT L, R REEEITEE B SR, pIl—56—p 11—60, 1990
el IR, AR, EHE G BRET Y AR L EREEES AT A, TV EED
HEMbEIN (BHETA R 7 > 7 3) , BHETREEEN R Z B SR, 1995, pll-272
—p 11-275

HR, AH, L—Yeor 2R EEET — 7 BEa Ry b, EEPREERAEHE
WL, %5618 (1997), pl0o

J.E.Agapakis, N.Wittela, K.Msubuchi ; Automated Visual Weld Inspection for
Robotic Welding Fabrication, IIW Intern.Conf.(1985), Pergamon, Press, Oxford,
151-160

mE, B, LA, mA s EEe Ry NAARY ML=V oisH, B - B
BB ORI (BEETA KT v 7 4) | EEPRURBIEIIRZ B, 1999,
p 11-154 —p 11-158
HEmETav20F T4 RO O OB G 1#H) , EEPaEE, 8
49%, 9%, 1980, p25—p29

HL BETaeZAOF T A RO O OB (552 8) , BHEEaEE 6
50%, £511%, 1981, p9%4—p100

RUEML 5 J@ el O GMAEHE~DOIGH, &5 #mD, 108, 3, p330-337, 19838
KU, WIR ; ==—nv « 77 VA FIENC L 2 a0 R v NEBEOBIGHIEEN, BEes
35, 56 3%, 75, p38—p44, 1994

B RO T 1 GEHEIZIT D A REERIC K DUSALTIE, 2585 - BlE RO
BB BHAETA RT7 v 7 4) , WHETPREHEENEZER SR, 1999, pll-210 —
p 11-214

B R O BHRMENTIZ K D IAEER OB & BIEHIE, Ras - BB RO R HMN (&
PETTA RT7 w7 4) , BHEFRBEIENEEZ B, 1999, p11-190— p 11-194
FiE, H#h, H b e RBEM I GIEEOREI Y AT A, T— 7 IEHEICBIT S
v T LI, WREEREEENZEEE S, pll—61—pll—64, 1990
A, 8 LNGHUNZ 7 X 7 Vo EEEAOERIRN S A7 LOwE M, e
BCEIRBE DB (IRBEETA K7 v 7 4) |, IR RIAEHENI R B &, 1999,
p 11-200— p 11-204

AT, —l, E¥ ; BESRABC X DM A GIREHEREHAEIR & 2 o8/, &
W BUETRBEOREHAN (RBEENA RT v 7 4) |, IBEAREEEN R B AR,
1999, p 11-136— p 11-140

AR, %EE, PIH, £H, Al HRECVERWEREBIT R T RAT T —
e 27 LOBRSE, e - WEEBEOBHEIN (BHIETA R7 v 7 4) | Y
DURBHE R Z B S, 1999, p 11-250— p 11-254

150



32)

33)

WS, A, BEE, i S1EE V2RV SR EG TAWS X T ADBSE,
i BBV O RN EBETA N7 v 7 4) |, WP SRPEM %R ZE B,
1999, p I1-255— p 11-259

B.A.Chin, K.H.Madeen, J.S.Doodling ; Infrared Thermographyfor Sensing the Arc
welding Process , Welding Journal, 82-9(1983), 227S-234S

34) S.Nagarajan, H.C.Wikle, B.A.Chin ; On-line weld position control for fusion reactor

35)

36)

37)

38)

39)

40)

41)

42)
43)

44)
45)
46)

47)

48)
49)

50)

welding, Journal of nuclear materials, 191-194(1992)1060-1064
R, &G, N GBI X D EREERIE S AT A DB, WERIEMRERERE
£, SW—1728—-86 (1986)
T 3UotEg v I EIRORR, %8Rl MMRAEOREML] V—2r ey
7, 1996, p33—37
/NEEL R, BRI, NE S SUS /NEAE RREA TIG VR O R HIRE & v — NIED
BafR, R RmICRRS, 4%, 2w, 1996
B, 7o — NRERR A T v 7 THEET e A0 L - v 2L —v
a UEAT LD —, EEEFSEE, Vol.81,No.6, p9-21,2012
WEEMT R E RS  EERCB T 27 — 7 RHEBIMEEIROBUR EBE (77— b
PERR) , T WEO HEMLEN (WEEIET A N7 v 7 3) , BHESRIEBIENT
ez B MW, 1995, pl-60—pl-64
W, FRM . T BB T T E I, AR AR
ZESMm. WHEN A K7 > 7 2, 1SBN4-906110-23-1, 1990
FEAE . VAT MMEICBT HHFEOEE, £D 1. B LEIGL” , Y
SHE SRS 23 RIFEHEHEEIET F A T,
WEhsrars
F LR TR ADF T A RO O OBBILEEAN GE2®H) T, &
PE4EE, Vol.50 (1981) , No. 11, pp94-100
Ve, KPR, B 0 “SEAMEEHINRIE S X DEES MR, e
SCHE, Vol. 15, No. 1, pp64-69, 1997
KRG, R« WS 2T LOHIE” , BHEFR5E, Vol. 67, No. 1, pp53—59, 1998
W.Ohnesorge ; ilnvestigating Surface Quality with an Optical Profilometer, 1986
Yu .M.Zhang ; Real-time image processing for 3D measurement of weld pool
surface, 1994

0.0zeki ; Automated Plastic parts with al.aser Probe, 1990

P.C. Montogomery ; The use of electronic speckle pattern interferometry as an
inspection tool, 1995

Bao Hua Zhuang ; Precision holographic optical probe for displacement and

surface measurement s, 1995

151



51) /AR, FH, fEAR, BEA ; RABT —VEHEI AT b, Bin - BUEBEEORHHEIN (&
BIETA N7 v 7 4) , WEFRIEEIENEE B2, 1999, pll-241 — p11-245
52) KM, #JF, 10 TACS Y AT LAOEEBERIAEABL~DIEH, 7 — 27 D
HEMEEAN WHEETA R7 v 7 3) , WHEFPRWRIENIEER RS, 1995, pI-77
—pll-81

53)w, Achd, 1A AR AR RAREME, B55%, 1994, p76—77

BORAAR, 4, FEH, BER ; T 1 GHHACI T 2 \ERLEA, 7 — 7 o A EbEdi
WREHENA R7 v 7 3) |, WHEPRINEHEEZ B W, 1995, p11-25—p 11-29

55) /MK, LRH, AUk, FiAR BEET | GREHENAHEY AT A, 7 — 7 0 BEMEER
(BEENA N7 v 7 3) | WIEFREEIENEZE B2, 1995, p11-276— p 11-281

56) I, 1, M TAC S Y AT AOBEE HEWEEA~DIGH, 7 — 7 50 A 8{bik
th GERRENA RT7 v 7 3) , WETFPREEENIEZ B2, 1995, plI-72—p11-76

57) IafB, FRMh . T —ZEBCB TSt S HE SR, AR AR
ZESHR, WHEIEAA K7 > 2 2, 1SBN4-906110-23-1, 1990

58) ;& v v J BN, 5 2 3 MISMIEHGREET & A b, IR 2 BT SCE, 1997,
p57—175

59) HiH, —il, A GBI & D3RP M A GIsEZIREHIEA & 2 OIsH, &
- R OBMBIN BHETA N7 v 7 4) |, BTSRRI RLZ B SR,
1999, pll-136—p 11-140

60) H b EET e 2D T A URHOT- O OB (B 2H) , BB 8
50%, 1175, 1981, p9%—pl0o0

61) S.Asai et al, “Development of Portable GTAW Robot System for On-site
Maintenance of Reactor Internals”, Proc. of Commission XII ITW 2000,
International Institute of Welding, IIW Doc.XII-1624-00

62) S.Asai ,et al, “Development of Fully Automatic GMAW System with Visual Sensor”,
Proc. of Commission XII ITW 1998, International Institute of Welding, IIW
Doc.XII-1546-98,(1998)

63) . FFR, “WHY I 2b—2 2V ES 774 0T 4 —F 77 Bk
Hiffi, 11A%, P102—-107, (1999)

64) EIFE fth,  “FCEWRHICR 2 BIEMABIN OB R EE RS REE,
58 45, 1996, 4 H

65) C. B. Scruby and L. E. Drain, “Laser Ultrasonic Techniques and Applications”,
Bristol, Adam Hilger, (1990)

66) Ochiai M, et al,”Visualization of surface breaking tight cracks by laser-Ultrasonic
F-SAFT”, Review of quantitative nondestructive evaluation,
2003,Vol.22,pp.1497-1503

152



67) B LML, “ L — PR E IR & D IR O T P R EIR O BA%E”, GKSR-HZN12A061,
(fh) AAIEMIERAER S, FEERER SRS (2012 45F)

68) PrEEgwzfth « A8 E UK TOFD Y£ D E R & it S, = B R

Vol. 57, No. 3(2007), pp38-42

69) EIEIMh  REE - @i ISR R Y — B OEEr—2 . JE L Ea—
Vol. 65, No. 8(2010), pp12-15

70) Porter: Virtual Reality Welder Training, Journal of Ship Production, 22, No.3
(2006) pp.126-138

71) National Coalition of Advanced Technology Centers Newsletter, 10, N0.2(2009) p.1

72) http://www.vlearn.com/welding/index.php/en/

73) Fronius Virtual Welding, Weld+Vision, N0.23(2009) p.13

74) M.Sakuma, et al,”MONITORING AND ANALYSIS OF THE BEHAVIOR OF WELDERS
DURING MANUAL WELDING”,f£4>7%, Vol.3,N0.2(2004),pp38-44

75)  Taguchi, G., Chowdhury, S. and Wu, Y.: The Mahalanobis-Taguchi System, McGraw-Hill,
(2000)

76) Taguchi, G., Jugulum, R., and Rajesh, J.: The Mahalanobis-Taguchi Strategy: A Pattern
Technology System, John Wiley & Sons, (2002)

77) Sakuma.M, Tsuboi.R,Kubo.K and Asai.S ; “Development of Welder’s Training Support System
with Visual Sensors”, Proc.lIW Osaka 2004, Commission XII, IW Doc.XI1-1813-04(2004)

78) S.Asai,T.Ogawa and M.Sakuma;”’Development of the System Analyzing Welder Behavior in
MAG Welding with  Visual Sensors”,Proc.llW  Qubec2006, CommissionXIl,
IIWDoc.X11-1904-06, (2006)

153


http://www.vlearn.com/welding/index.php/en/

KBTI 2 EE DREML

[1] REEEmEERSC (EFfTE)

1.

[2]

I Fn, AR, RHEEZ, KiEsk, BEES . ¥—vrn—¥EHEAI 7 atk
ASWEE Y AT AOBRFE, R 24 HFE K R8RS U, pl39-pl46, 2013

. Y.Fujita, T.Ogawa,_S.Asai, S.Yamamoto, T.Ohdake,M.Ochiai: Development of a Welding

Monitoring System for In-process Quality Control of Thick Walled Pipe, Welding in the World,
\ol.56 , No,11-12,pp15-25,2012

. S.Asai, T.Ogawa,H.Takebayashi: Visualization and Degitization of Welder Skill for Education

and Training, Welding in the World, Vol.56 , No,9-10,pp26-34,2012

. S. Asai, T. Ogawa, Y. Ishizaki, T. Minemura, H. Minami and S. Miyazaki: Application of

Plasma - MIG Hybrid Welding to Dissimilar Joint between Copper and Steel, Welding in the
World, Vol.56 , No,1-2,pp37-42,2012

M.Sakuma, K.Kubo, R.Tsuboi, S.Asai, M.Takahashi, M.Kitamura: MONITORING
AND ANALYSIS OF THE BEHAVIOR OF WELDERS DURING MANUAL
WELDING, 4%, Vol.3,N0.2(2004),pp38-44

C IR J, PERREST, FILANSR, AL, AMRTEC - IR IR PG A B o

Ry MNEHEY AT LOBRFE, JE1EAN,  Vol.40, No.2 , p27- 34, 2002
o, AMFE, TRIE, ARRE, EH A B LI D EEiE S aAmo
AL IR R SCEE, Vol.17, No.3, p427-431, 1999

EEssE ol —F 4 T &

. S.Asai, T.Ogawa, Y.Fujita,K.Saito,I.Murakami: DISSIMILAR WELDED ROTORS FOR HIGH

TEMPERATURE STEAM TURBINES, Proceedings of IIW International Conference |,
ICI-181, International Institute of Welding, Chennai, 2011

. S.Asai, T.Ogawa,H.Takebayashi: Visualization and Digitization of Welder Skill for Education

and Training, Proc. of IW Commission XII, IIW Istanbul 2010, IIWDoc.XI1-1955-10, 2010

. S. Asai, T. Ogawa, Y. Ishizaki, T. Minemura, H. Minami and S. Miyazaki: Application of

Plasma - MIG Hybrid Welding to Dissimilar Joint between Copper and Steel, Proc. of IW
Commission XII, IIW  Singapore 2009, IIWDoc.X11-1972-09, 2009

. S.Asai, T.Ogawa,M.Sakuma;” Development of the System Analyzing Welder Behavior in

MAG Welding with Visual Sensors” ,Proc.of IIW Commission XIlI, IIW Qubec2006,
1IWDoc.XI1-1904-06, 2006

. Asai S. , Ogawa T., Taki K: USE OF NARROW GAP GTAW FOR VESSEL AND PIPE IN

POWER PLANTS, W International Congress: Welding and Related Inspection Technologies,
8-10 March 2006, Stellenbosch, South Africa

. S.Asai, K.Minami, K.Shiihara, Y.Makino, T.Kanehara,M.Shibui: YAG-TIG Hybrid Welding

154



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

Process for Coil Cover Plate of Stainless Steel, Proc. of IIW Commission XII, W
Praguec2005, IIWDoc.X11-1855-05, 2005

. S.Asai: Trend and Perspective of Sensing and Monitoring Systems, Proc. of [IW Commission

XII, W Osaka 2004, 1IW Doc.XI1-1825-04, 2004
Satoru Asai, Ryusuke Tsuboi, Kenji Kamimura, Toshihiro.Yasuda, Hiroyuki.Takebayashi:
Application of A-TIG Process to Repair Welding in Power Plants, Proc. of 1IW Commission
XII, W Osaka 2004, 1IW Doc.XI1-1803-04, 2004

. S.Asai, R.Tsuboi, T.Ogawa, T.Yasuda,H.Takebayashi: UNDERWATER GTAWELDING WITH

ACTIVATING FLUX CORED WIRE, Proc. of IIW Commission XII, 1IW Bucharst 2003,
IIWDoc.XI1-1754-03, 2003

S.Asai, R.Tsuboi, K.Aoyama, T.Yasuda, K.Kubo: GTAW Robot System with Visual Sensor for
On-site Remote Welding, Proceedings of 12" International TWI Computer Technology in
Welding and Manufacturing Conference, Sydney, 2002

. S.Asai,M.Sakuma,K.Kubo,R.Tsuboi,M.Ushio: Measurement and Analysis of Welder’s Behavior

in GTAW Using Visual Sensors, Proc. of [IW Commission XII ,1IIW Doc.X11-1692-01,2001
T.Ogawa, S.Asai, K.Taki, T.Aikawa, K.Kubo: Development of Visual Sensing System for Hot
Wire Orbital Narrow Gap GTAW, Proceeding of the 7th International Welding Symposium ,
JWS |, p217-222 , 2001

R.Tsuboi, K.Aoyama, S.Asai, K.Taki, M.Kobayashi, K.Kubo, K.Nomura: Development of
GTAW Robot System with Visual Sensor for On-site Remote Welding, Proceeding of the 7th
International Welding Symposium , JWS , p283-288, 2001

S.Asai et al,: Development of Portable GTAW Robot System for On-site Maintenance of
Reactor Internals, Proc. of IW Commission XII, International Institute of Welding 2000, IW
Doc.XI1-1624-00, 2000

S.Asai, K.Taki, R.Tsuboi, T.Ogawa: Application of Narrow Gap GTAW for Vessel and Pipe in
Power plants, Proc. of 11W Commission XII, IIW Doc.Xll- 1650-00, 2000

M.Ushio, S.Asai, K.Taki, M.Tanaka: Visual sensors for automatic welding in Japan,
Proceedings of the International Symposium on Metal Welding and Applications, The
Metallurgical Society of The Canadian Institute of Mining, Metallurgy and Petroleum, 1999
R.Tsuboi, S.Asai, K.Taki, M.Ushio: Application of Laser Sensor for Automatic Welding in
Japan, Proc. of IIW Commission XII, [IW Doc.XI1-1578-99, 1999

K.Taki, S.Asai, M.Ushio: Application of Visual Sensors for Automatic Welding in Japan, Proc.
of HW Commission XII ,1IW Doc XII - 1564 -1999, 1999

S.Asai, K.Taki, K..Kubo, T.Kaneko, K.Nomura: Development of Fully Automatic GMAW
System with Visual Sensor, Proc. of IW Commission XII, lIW Doc.X11-1546-98, 1998
K.Taki, S.Asai, K.Kubo: Study on Welding Parameter Control with Infrared Camera,
Proceedings of IWC 96, The Indian Institute of Welding, 1996

155



3]
1.

[4]

BN VRT T L%

Bk g, EARIER  WEEHRRROT U X b L LY AT A~DJRBE, A
28 HUA FEEREFEERE Y VR YT A TR - BEAICBT 5 1T OFH—3Lk L E
2, WY, 204, 17, 2002

CWIE S, FIRE, KEEGE, B2 WU R 2 L— ¥ R I T T A

T —F TR T N, RIS, AR N [EFE - T AT AL
i), 1998

C W, Zfddd, ARRE, @7, B R JEG MAWARE Bk

VAT A, WPV L OFERFEERREINE v a v EEo BEkick T
2 mAT AT, 1998

CEIE H, AR R S K DI OBHRALEE Y 2 TG, SRk 9 4R

EMFEERET +—7 b, EEFREERSHEHEMES 6 14, 1997

CARTEE, FRJIMES, BAIE G, &R R e — MAMBIRAELEE, %8l [HMEL

mAEOHEML) V=7 a v, (fh) FHEILFS, 1996

L - B L

I A EEREEME L A T e REE B OBINAE, WHETFAES, Vol.8l, No.l,

p4s, 2012

IR THERGRERI T o X —I2d8T D AMERL - HREkK, BB TR s

2011. AZ5. Pl-p7

I PEERECRERIRE, B, Vol.52, No.10 ,p24-27, 2010

4. BIE FN, EEERNZE, AR OREE - SR ISARR S — B OEn — 2, HE

Lt =—, \Wol.65, No.8, p12-15, 2010

L BIEHEHBEHRRET VALY AT AT K % HRERTK, 3 FHTE, Vol.44, No.L, p21-29,

2009

CEAGEIER, EHE A BV a T v R W T V2 b AT A, B

BE2EE, Vol. 75, No.8 , p43-47 , 2006

7.8 H:lEa—& LY REES o 2O v ZHT, IRBESFEEE Vol. 74,

10.

11.

No. 5, p61-79, 2005

LB MR LAY VAT AOBIRE S B ORERM, EiEEE,

Vol.32, No.2, pl00-111, 2005

R Jn, VEARIER]  BHEERGRED T U 2 Ak, 2L TR, Vol. 21, No. 2, pb6-64,

2006
VEIER], #EH Fn, EIER]  ISHERRET ¥ % /Wb A7 A SKill Degitizer 1y,
Z L E=—, Vol61l, No8, p44-47, 2006

EE AR T L BBV B, HI1T EEEHSE T REERET X X b,
£, pl71-191, 2005

156



12.

13.

14.
15.

16.

17.
18.

19.
20.

21.

22.

23.

24.

25.

26.

EHE E, KB, BEFILML T 0 2RO ERIIC T HELR LR, B

Pt a5E, Vol.72, No.2, p 7 -15, 2003

ZiE, I G, AR kv S =R ) T, TR AEE, Vol.72,

No.2, p30-33, 2003

EHEFn, PP IE = AR T DI D 1T 1, HEEGH, Vol. 50, No. 9, 2002

LI, EARIENR]  IEEEEREOT U X M & PRIV AT A~DJER,

Br, 1 A5, p59-64 2002

B AR SO 1 T/, HI4 FEEHE TR FRET F A,

e, 2002

EIHE Fn e oo, RS, Vol.e9, No.2, p40-45, 2001

HIE G0, FIFR, AMRTEE : 1 TZ2AWIREERE IS AT &, IEHEEG, Vol

49, NO.1, (2001)

EH O BB EEORCHTE, Bl AN, 2000 HT 5, p47-53, 2000

EIHE F 7T v MEE ISR D EATIR BN, TEHEY4EE, Vol.68, No.8, p41-46,

1999

B G AR EME Y AT Aol - mRRL, H11 FEEE T FEFERYT X

A b, B, pl19-140 , 1999

RIS, RUEfER], I Jofh 2588 - SO BUR L3RS, WBHEaEE, 5 68

%, 8%, 1999

EH G, FWAEK WA I 2 b= ERWBEEL 7 I T 4 —F T RT
L, AT, Vol.47, No.11, p102-107, 1999

RWBGZ, ANIREE, S E=, Zhids, BT o BN NERLRZAHEIMA GH%

PeL AT LOBRSS, BHEET A N7 v 7 4 [RE% - BlE R0 Bofidf ), p1-264-268 ,

1999

B T BRI RB T b v T, EEESFREE, Vol.66, No.8, pll-15,

1997

W RS, A A, KHECE - “EBEREICR T 27 — 7 EE B B LEIR O BUR &R

R, VEPEEEEE, Vol.62, No.6, p57-63, 1993

157



