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Abstract

The TIG Orbital Heat Management System (IP50-HMS)
developed by VBC Instrument Engineering Itd (VBCie)
and The University of Sheffield (UoS) is a relative
new low current automatic orbital welding systersing
HMS InterPulse Technology, the IP50-HMS produces
accurate narrow bead welds and offers excellentd wel
quality and control over the weld process. The ofke
high frequency pulsing interposed within the pulsed
weld current increases arc force and more penetradi
achieved with a significantly lower input curreftis
allows for improved heat management on criticaldsel
whist still attaining full penetration. The machihas
proven very successful in the joining of very thiall,
small diameter titanium and stainless steel all@ath
exchanger tubes. Conventional orbital welding syiste
cannot weld such thin wall material with small
diameters. The IP50-HMS produces welded, autogenous
butt joints showing higher mechanical integrity nha
conventional orbital welding systems also evalug8id
Furthermore, the low heat input obtained improves t
materials micro-structure because of decreases in
distortion and residual stress [4]. The IP50-HM8vess

to have an exceptionally high production yield widry

low weld failure rates. Measurements of arc voltaged
welding currents carried out at the UoS are repoas
well as input power measurements of the VBCie syste
are discussed to assess the performance of the IP50
HMS.

Keywords: Stainless Seel, Titanium, Weld Joining, HAZ,
Metallurgy, Heat Input

1. Introduction

- Vbc HMS Interpulse Technology description
- Swagelok M200 Power Supply description



2. Current Arc waveforms of vbc | P50-HM S
and Swagelok M 200

Figures 1-2show measurements of the Swagelok M
current arc measurement while welding 316L SS t
3.175mm OD, 0.22mm Wall.
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Figure 1. Swagelok current arc measurement (Multilevel)
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Figure 2. Swagelok current arc measurement (Low Amp Current)

Figures 1-2show measurements of the vbc I-HMS
current arc measurement while welding 316L SS t
3.175mm OD, 0.22mm Wall
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Figure 1. vbc IP50-HM S current arc measurement (HMS
I nter pulse Technology)
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Figure 1. vbc IP50-HM S current arc (Main Current)

Measurementshave been obtained using a D
developed at the University of Sheffield. The sam
frequency is 46 KHz. A multilevel weld proceduresi
used with the Swagelok power system (see F 1).

The IP50HMS from vbcie uses a stif arc with hi
frequency (20KH} to obtain a flat clean weld (s
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The InterPulse welder can be programmed to
provide a vanety of welds from narrow build ups
to flat full penetration. All with minimal heat input

and a dramatically reduced heat effected zone.
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Figure 1. Heat Management System current arc wavefor ms [5]
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Figure 2. Swagelok M 200 welding system current arc waveform [3]
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phase current measurement at 46.875 KHz of the arc downsope
current [time scalein mSec].

3. High speed phase current measur ements

Arc current measurements were performed at 46.875
KHz using a high speed phase current shunt sensor.
Signal filtering was performed using NI DIAdem
mathematical data analyses. The filter method sedec
was lowpass IIR filter. The limit frequency was sified

at 5 Hz. (see Figures).
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Figure. Arc current measurement filtered using low pass|IR filter
at 5Hz [time scalein Sec]. Theinset figure shows the high speed
phase current measurement at 46.875 KHz of the transition
between theinitial arc current and the main welding current [time
scalein mSec].
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Figure. Arc current measurement filtered using low pass|IR filter
at 5Hz [timescalein Sec]. Theinset figure showsthe high speed
phase current measurement at 46.875 KHz of thearc main current

[time scalein mSec].
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Figure. Arc current measurement filtered using low pass|IR filter
at 5Hz [timescalein Sec]. Theinset figure showsthe high speed



4. Arc Voltageand Arc Current

Measurementsfor Heat I nput calculations

CP2 Titanium Tubeweld: 3.175mm OD, 0.2mm Wall
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Figure. (a) Input Active Power Measurements of 18 weldswith
Fluke 437-11), (b) Arc voltage and arc current of Welds#16 to #18

with NI PXI System

Plots shown in Figure were obtained while welding
3.175mm OD, 0.2mm wall CP2 Titanium tube. Figure
shows the input power and power transferred to the

welds #16 to #18.

Figure. Welds#16 to #18 on 3.175mm OD, 0.2mm wall CP2 Ti tube

(b)

316L Stainless Stedl Tubeweld: 3.175mm OD,
0.72mm Wall
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Figure. (a) Input Active Power Measurements of 9 weldswith
Fluke 437-11), (b) Arc voltage and arc current of Welds#7 to #9
with NI PXI System

Plots shown in Figure were obtained while welding
3.175mm OD, 0.72mm wall 316L stainless steel tube.
Figure shows the input power and power transfetoed
the welds #7 to #9.

Figure. (a)Welds#7 to #9 on 3.175mm OD, 0.72mm wall 316L SS
tube
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CP2 Titanium Tubeweld: 2.275mm OD, 0.125mm 316L Stainless Steel Tubeweld: 2mm OD, 0.125mm
wall Wall
500 H
0 f f f f f f f 0+ f f f f
2500 5000 7500 10000 12500 15000 17500 2500 5000 7500 10001
(@ @
——|Weld#2 Arc Voltage | Volt ——|Weld#5 Arc Voltage |Volt
ot — |t mevorsse_|ver w0t — [ et e verace Jven
60 1 60—+
40+ 404
__41%X~\ ol : : : :
. ‘ 26 o7 28 29 30 24 26 28 30 32
—|Weld#2 Arc Current  |Amp 10 ——|Weld#5 Arc Current |Amp
|t e orens_|amp et e et |mg
V ——|weid#4 Arc Current_[Amp , A_A[‘\/fﬁ%‘f’" 2 p
| 1
2
] ] ] ] ; a5l | I I |
26 27 28 29 30 24 26 28 30 32
(b) (b)
Figure. (a) Input Active Power Measurements of 4 weldswith Figure. (a) Input Active Power Measurements of 7 weldswith
Fluke 437-11), (b) Arc voltage and arc current of Welds#2 to #4 Fluke 437-11), (b) Arc voltage and arc current of Welds#5 to #7
with NI PXI System with NI PXI System

Plots shown in Figure were obtained while welding Plots shown in Figure were obtained while weldingn2
2.275mm OD, 0.125mm wall CP2 Titanium tube. Figure OD, 0.125mm wall 316L stainless steel tube. Figure
shows the input power and power transferred to the shows the input power and power transferred to the
welds #2 to #4. welds #5 to #7.

Figure. (@Q)Welds#2 to #4 on 2.275mm OD, 0.125mm wall CP2 Ti Figure. (@Q)Welds#5 to #7 on 2mm OD, 0.125mm wall 316L SStube
tube



316L Stainless Steel Tubeweld: 3.175mm OD,
0.220mm Wall
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Figure6. (a) Input Active Power Measur ements of 9 weldswith
Fluke 437-11), (b) Arc voltage and arc current of Welds#1 to #3
with NI PXI System

Plots shown in Figure 6 were obtained while welding

3.175mm OD, 0.220mm wall 316L stainless steel tube.

Figure 7 shows the input power and power transfietoe
the welds #1 to #3.

Figure7. (a) Welds#1 to #3 on 3.175mm OD, 0.220mm wall 316L
SStube

Conclusions

- Assessing performance
- Reasons of low weld failure rate on vbc IP50-HMS.
- Swagelok limitations

- Discussions on: Power consumed by each weldmsyste
HAZ, Heat Input, Efficiency
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