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Development of Remote-Controlled Circumferential TIG Welding System
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Synopsis :

A remote-controlled circumferential TIG welding system monitored through pictures
and sounds of the arc and surrounding area has been newly developed. (1) During
welding, the above-mentioned system performs appropriate adjustments of: 1) control of
heat input, 2) changing of the wire feed rate, and 3) correlations between the tungsten
electrode position, filler wire setting point and molten pool front line, etc. (2) For a
V-groove, it is preferable to hold a root without opening in order not only to prevent the
back shielding gas from leaking out of pipe but also to simplify pipe fitting. In such a
case, it is necessary to use a groove angle of 100°to 105°, and a root face within 1-mm
width. Also, the tolerance of misalignment ("high"-"low") is below 1 mm. (3) Even in the
case of 15°nclined pipe, it is feasible to weld in the same manner as for horizontally
fixed pipe. (4) Mechanical properties of circumferential TIG weld joints of SUS 316
stainless steel pipe are all satisfactory. (5) The newly developed system has proved

successful both in practical application and welding monitoring.
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Synopsis:

A remote-controlled circumferential TIG welding system moni-
tored through pictures and sounds of the arc and surrounding area
has been newly developed. (1) During welding, the above-mentioned
system performs appropriate adjustments of: (T} control of heat
input, (& changing of the wire feed rate, and (3 correlations be-
tween the tungsten electrode position, filler wire setting point and
molten pool front line, etc. (2) For a V-groove, it is preferable to
hold a root without opening in order not only to prevent the back
shielding gas from leaking out of pipe but also to simplfy pipe
fitting. In such a case, it is necessary to use a groove angle of
100° to 105°, and a root face within 1-mm width. Also, the
tolerance of misalignment {“*high"'—*“low’") is below 1 mm.
{3) Even in the case of 15° inclined pipe, it is feasible to weld
in the same manner as for horizontally fixed pipe. (4) Mechanical
properties of circumferential TIG weld joints of SUS 316 stain-
less steel pipe are all satisfactory. (5) The newly developed
system has proved successful both in practical application and

welding monitoring.
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Fig. 1 Remote-controlled circumferential TIG welding system

Table 1 Equipment specifications

Item Specification

Synchronized pulsed arc welding
power supply machine 3-phase AC, 5~300 A,
max 25V, 1009%

Settimg factors control unit, | current, voltage, welding speed,
program box and remote con- | wire feed rate, weaving condition,

troller pulse frequency, wire position,
tungsten position, etc.
Box weight 6ke
Welding head
Torch 300 A, 1009%
Applied pipe diameter & 50 mm over
Cable length 15m
Weight ' 8 kg

Cooling unit
Circulating water flow rate 3//min
Water pressure 25 Nfcm?

Welding head Control unit
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Fig. 2 Schematic illustration of monitor system
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Photo 1 Structure of welding head

Table 2 Specifications of monitor unit parts

Camera CCD, about 3x 10° elements, 25 g weight
Filter Infrared rays cut, band pass & interference
Lamp AC 100 V, 150 W, halogen

Microphone Condenser type
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Fig. 3 Relation between root face, groove angle and penetra-
tion bead
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Fig. 4 Relation between misalignment (“high”'—*“low""),

groove angle and penetration bead
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Table 3 Chemical composition of pipe body and filler wire

(wt. %)

\I C Si Mn Ni Cr Mo

Pipe body 005 0.52 0.8 11.74 17.60 2.16
Filler wire 0.05 0.38 1.86 12.57 19.14 2.50

Top of pipe

SRkB-2

ST: Tensile test specimens
SFB: Face bend test specimens
SRB: Root bend test specimens

H: Hardness test specimens

Fig. 5 Positions of mechanical test specimens
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Table 4 Tensile test results of weld joint #EEx SUS 316 0 A 5 » L AKCEE 400A, IS 8 mm, HE

Specimen No Tensile strength Location of rupture ROm A HTI, HEBRAFig. TorkbThH Y, BELEE 7
' (M/menf P —# &4 sk Table § wyed, 74 v lom ook, 7
5T-1 584 Weld metal
ST-2 560 Weld metal 100° ~105°

{mm)

7T
0~0.5
Fig. 7 Groove geometry
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(k) Root hend
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Fig. 6§ Hardness value of weld joint

Phote 4 Remote control operation during welding

Table 5 Welding condition and arc time for SUS 316 pipe
Welding current ‘ Arc voltage Travelling Dwell time Wire feed rate Arc time
Pass {A) i (V) speed (s} {mn/min) .
_ e L e e E — (min)
I, L Ve ‘ v, | (mm/min) T, | T ‘ Tw W, W,
i P . _ o

1 | 100~105] es~100] 9.0 — 85 0 0 0 650 750 15
2 210~220 | 60~TQ | 9.3 6.5 75 0.4 0.4 ‘ 0.4 10350 19000 17
3 220~230 | 90~95 9.3 7.3 70 0.4 0.4 0.4 1750 1300 18
4 230~24C | 90~95 9.3 7.3 65 0.5 6.5 0.5 2050 1556 20
5 200~220 | 115~125 i 9.3 7.3 50 0.5 G.5 0.5 1650 1 050 25

V o Total 95
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Fig. 8 Pass sequence and build-up condition

Table 6 Welding condition and arc time for SGP pipe

Welding current Arc voltage Travelling Dwell time Wire feed rate Arc time

Pass (A) (v} speed (s) {mm/min) (min)

min
| o5 v, ‘ v, (mm/min) T, ‘ T, ‘ T, W, ‘ W

L j45~150 | 1o~15 | B8 | — 100 o | 0o | o 00 | 760, 11
2 280~200 | 110~120 | 10.5 8.5 95 0.4 } 0.4 J‘ 0.4 2410 | 1270 12
3 i 200~300 | 110~120 10.5 8.5 85 0.5 0.5 1 0.5 2410 i 1300 13
4 | 280~290 | 120~-130 10.5 8.5 ‘ 80 0.5 0.5 i 0.5 2410 i 1 500 14

Tatal | 50

Photo 5 View of welding operation
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