Reference Source no. |115034

Project number 10367

Date of issue 23 September 2005

Security Code R: all CRD&T staff; named Corus staff; named

non-Corus staff

Welding developments for Speciality Welds Limited

Author(s):
A M Thompson

Corus Research, Development & Technology
Swinden Technology Centre

Transport Applications

Moorgate

Rotherham

South Yorkshire S60 3AR

United Kingdom

T +44 (D) 1709 820168
T +44 (0) 1709 8252243
F +44 (0) 1709 825337

Ccorus



Reference Source no. 115034

Initial circulation list

External Circulation Corus Research, Development &
Technology

Mr D Keats - Speciality Welds Ltd. (3)
Swinden Technology Centre

Dr R Smith - The Welding Institute (2)
Mr H F Bardsley

Namtec Mr S N Church
Mr A C Dunsmore
Swinden Technology Centre Dr P S Goodwin
Dr T J Hurd
Mr B Gostelow Dr A M Thompson (3)
Mr S N Vaughan
Corus Construction Dr KD Walker*
Mr S E Webster
Crowthorne Project File (via A M Thompson)

Reports Custodian (5)
Mr H Bowerman

Teesside Technology Centre
Shotton

Dr B J Hewitt*
Mr A R Davies

IJmuiden Technology Centre

Dr P M Hekker

* Summary and circulation sent via e-mail

Security Code R: all CRD&T staff;, named Corus staff; named
non-Corus staff

The contents of this report are the exclusive property of Corus UK Limited and are confidential. The contents of this document
must not be disciosed to any third party without the prior written congent of Corus UK Limited which, if given, is in any case
conditional upon that party indemnifying Corus UK Limited against all costs, expenses and damages which might arse as a
result of the use of the contents.

Care has been taken to ensure that the contents of this report are accurate, but Corus UK Limited and affiliates do not accept
responsibility for errors or for information that is found to be misleading. Suggestions for or descriptions of the use of products or
fhe application of products or methods of working are for information purposes only, and Corus UK Limited and affiliates accepl
no liability in respect thereof. Before using information or products supplied or manufactured by Corus UK Limited or affiliates
fhe user should make certain that they are suitable for their purpose.

For further information or assistance, please contact Corus LK Limited,

COPYRIGHT AND DESIGN RIGHT - @ 2005 - CORUS UK Limited



Reference Source no. 115034

Contents Page
o Background 1
2. Portability and application 1
3. Work undertaken by Corus 3
4. Results for a variety of thickness and orientation 5
8. Suggestions for modification of welding kit 10
6. Replacement of bolts with welds 10
£ Conclusions 10
8. Recommendations 11
8. Further work 11
10. Reference 11



Reference Source no. 115034

Summary
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David Keats of Speciality Welds Limited, came to the 'Meet the Experts' event at STC. This
event was organised within the TWI Joining Forces Programme, funded by Yorkshire
Forward. David Keats came to explain the Hammerhead underwater welding process and
ask whether Corus could evaluate and develop the process for use in air.

Corus undertook to test the process in air and assess its suitability for use in both the down-
hand and vertical orientations to join a range of steel thickness from 1.6 mm to 15 mm. The
evaluation revealed the following:

1. The Hammerhead welding process offers a rapid method of joining plates or sheets of a
wide variety of thickness, in either the down-hand or vertical orientation.

2. Joints using the Hammerhead process can be made from on side only.

3. The comrect degree of penetration can easily be achieved to ensure a weld of sufficient
quality.

4. In certain cases connections, presently made by bolting, could be made by welding from
one side.

5. Conventional stainless steel electrodes appear to be suitable for welding.

6. Small electrodes of approximately 2 mm need to be used for plate of a thickness below
4 mm.

7. Welds in thick materials in the vertical orientation will probably contain some defects, but
would still be suitable for certain applications.

Customer: Third Parties
Programme manager: P M Hekker

Approved by: A M Thompson, Knowledge Group Leader, Joining Technology

Corus Research, Development & Technology
Swinden Technology Centre

Transport Applications

Moorgate

Rotherham

South Yorkshire S50 3AR

United Kingdom
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Welding developments for Speciality Welds Limited

1. Background

David Keats of Speciality Welds Ltd, of the address below, came to the 'Meet the Experts'
event at STC. This event was organised within the Joining Forces Programme, funded by
Yorkshire Forward. David Keats came to explain the Hammerhead underwater welding
process and ask whether we could evaluate and develop the process for use in air. The
system was designed to be very user friendly and capable of use in conditions of very poor
visibility. The welds were essentially modified MMA plug welds, which provide the ability to
weld from one side only".

2. Portability and application

Speciality Welds developed the Hammerhead single sided welding process, to require only a
very low level of skill and to be very portable. The equipment comprises an 8 kg attachment
1o 2 MMA welding machine (DC). In essence, a MMA electrode is forced through a front
piate into the backing plate, at high current and then withdrawn slowly at a lower current,
such that the hole created by the arc is re-filled. The steady pressures required can be
taught very easily to a non-skilled operator and the machine is preset with the current levels
and welding duration time settings, depending on the thickness of materials to be welded.
Even changing the numbers and symbols on the knob to talk the language of plate thickness
rather than amps and seconds has been considered.

The standard machine is built around the Mahe 360A, weighs approximately 16.5 kg in total
and will cost approximately £3000.

This is shown in Fig. 1.

" Speciality Welds Limited

Suite 18, Moorlands Business Centre,
Balme Road,

Cleckheaton,

West Yorks,

BD19 4EZ
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(b) Hammerhead contral unit
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(c) Operator making a vertical weld

Fig. 1(a-c): Hammerhead welding equipment and operation

The process was developed for underwater welding and as such could easily be undertaken
n either the down-hand or vertical position. The vertical position was facilitated by the effect
of the metal freezing on contact with the water below the weld and hence, the metal was held
in the weld. Also, the surrounding water kept the electrode cool during welding at high
current.

3. Work undertaken by Corus

Until Corus undertook the evaluation, the Hammerhead process had only been developed for
use underwater. Corus undertook to test the process in air and assess its suitability for use
n both the down-hand and vertical orientations to join a range of steel thickness.

The potential for extending the thickness range of steels that can be welded was evaluated

according to Table 1. All weld numbers were done under the Corus QA code SWH73, such
that the full codes were SWH73-D1 for Downhand 1 etc.
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Table 1: Evaluation undertaken by Corus

Weldin Back plate |Front plate Weld QA

voskion | () | (roem) Electrode |\ mber 5WH73
15 8 Hammer-head 3.25 D1
8 8 Hammer-head 3.25 D2
- 4 Avesta 316/SKR 2.5 D3
o % 16 (G) |Avesta 316/SKR 2.5 D4
2 2 Avesta 309L 2.0 D5
16(G) | 1.6(G) | Avesta309L 2.0 D6
15 8 Hammer-head 3.25 \1
8 8 Hammer-head 3.25 Ve
. 4 4 Avesta 316/SKR 2.5 V3
vertical 2 16 (G) |Avesta 316/SKR 2.5 V4
2 2 Avesta 316/SKR 2.5 V5
1.6 (G) 1.6 (G) Avesta 309L 2.0 V6

(G) - galvanised

Fig. 2: Photograph of welds made

The back plate is that onto which the front plate is welded. Hence, required penetration is
approximately the sum of the front plate and several millimetres of the back plate. The range
of materials welded is shown in Fig. 2. This is a significant extension to tests of the existing
Hammerhead process, which to date have only used 3.2 mm electrodes to weld steels in

the thickness range of 8 mm to 15 mm. To facilitate welds in the thinner plates a 2.0 mm or
2.5 mm stainless steel electrode was used. (Table 1, column 3.)
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Also, Corus, which has knowledge of general fabrication procedures, undertook to make
-scommendations for enhancements, such as pressure switches, guides and shrouds.

4, Results for a variety of thickness and orientation

The twelve welds described in Table 1 were all welded without insurmountable problems.
The problems that did arise were as follows:

« Weld metal tended to run out of the welds made in the vertical position. However, this
was not expected to significantly reduce the strength.

= The current needed to be very low for the thin material and at such power levels the
controller was not stable. This is because it was designed for higher currents and it is
believed that the sensitivity can be improved.

« The thicker welds made in the vertical position contained porosity and lack of fusion
unless the electrode was manipulated to force the arc to the top of the molten pool.

1 results of the evaluation, including photographs are shown in Table 2. It is evident that
=e range of thickness, which can be welded using this process could easily be extended
~own 1o 1.8 mm thick steel. Plates were not cleaned, nor was the surface removed from the
=alvanised plates. Hence, the process was robust and demonstrated that it was capable of
welding through scale, light rust or a galvanised surface.

The results of the Hammerhead welding process trials are shown in Table 2.

Tre Hammerhead process, generally produced welds of high quality in the downhand
=osition. No defects were discovered in these welds.

i~ the vertical orientation weld quality was variable. The most consistent problem was the
sendency for the molten steel to run out of the weld. At the greater thickness of 8 mm front
~iate, there is also a tendency for the formation of voids. Generally however all joints
sontained large fused regions providing what would be expected to be a strong joint.

The 1.6 mm galvanised steel could be welded to produce joints with high mechanical

rtegrity. Indeed, the photograph for weld SWH73-V6 shown in Fig. 3, shows how the weld
~ugget has pulled out of the parent material, with significant plastic deformation.
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Fig. 3: High weld integrity of a typical weld

There was insufficient time to study the size of gaps between plates that could be
accommodated by 'bridging' with the weld, but a couple of welds where imperfect fit up had
been achieved, creating a gap of approximately 1 mm, did not appear to lack weld quality.
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3. Suggestions for modification of welding kit

The Hammerhead process is currently an open arc process and for many applications open
arc welding is perceived to be dangerous and dirty. Corus suggests that Specialist Welds
should consider enclosing the arc within a shroud, with an extraction system attached. This
could also be fitted with a safety contact so that the shroud needs to be in place before
welding can commence. Such a system would be less likely to have perceived
disadvantages in comparison with mechanical riveting to clinching. However, it would have a
great advantage from only requiring access from one side. Such a development may be of
particular interest for applications involving plate less than 8 mm thick.

A further development could be to automate the pressure by means of a pneumatic or
hydraulic ram. Such a development would result in operators merely placing the system in
the correct location and pressing a button. The skill level would become very low indeed,
safety very high and the quality and consistency of weld very high.

6. Replacement of bolts with welds

For certain applications there is a desire to be able to fix a component from one side only. In
such cases, a bolted assembly requires advanced planning and precise alignment. The
Hammerhead technique facilitates a rapid, single sided attachment without precise
alignment. Also, in many instances a weld would be quicker to make than a bolted assembly
joint,

Testing had been undertaken, previously, to demonstrate good mechanical properties from
typical welds in 15 mm thick plate made underwater and the results are recorded [1]. Hence,
in this evaluation only the weld profiles were examined to assess whether a weld, of at least
comparable quality to with those tested could be produced.

The weld profiles generally contained a high proportion of fused interface and the
assessments made suggested that the welds should be of equal mechanical performance to
those previously tested [1].

r Conclusions

1. The Hammerhead welding process offers a rapid method of joining plates or sheets of a
wide variety of thickness, in either the down-hand or vertical orientation.

2. Joints using the Hammerhead process can be made from on side only.

3. The correct degree of penetration can easily be achieved to ensure a weld of sufficient
quality.

4. In certain cases connections, presently made by bolting, could be made by welding from
one side.

9. Conventional stainless steel electrodes appear to be suitable for welding.

6. Small electrodes of approximately 2 mm need to be used for plate of a thickness below
4 mm.
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Welds in thick materials in the vertical orientation will probably contain some defects, but
would still be suitable for certain applications.

Recommendations

. The Hammerhead welding process should be evaluated for a range of applications and

especially those where single sided joining is required, but precise fit up cannot be
achieved easily.

Use of a shrouding mechanism should be considered, to fully enclose the welding and
prevent the escape of fumes.

Further work

Trials should be undertaken using conventional steel electrodes on plates within the
same range of thickness.

The maximum gaps that can be 'bridged’ between plates should be evaluated.
A shrouding device should be designed to enable the welding to be fully enclosed.

Reference

Keats, D J: Feasibility study for Hammerhead spot welding process (wet and dry), versus
conventional fillet welding (wet and dry), using barracuda underwater electrodes, Smart
Award Communication, Speciality Welds Ltd, 2004.
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