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1
Introduction

This document is a summary of the Welding Process Specification (WPS).  The WPS conforms to the AWS D1.1-98 Structural Welding Code and is included in Appendix 1.  All welding of the submodules are to be welded to this WPS.  

Each submodule will have two types of bars welded on it.  The submodules with weld bars are shown in Figure 1.  These bars will initially be tack welded on the submodule immediately after the stacking of the submodule and the 16 to 24 hour cure of the structural epoxy.  The tack welding will occur with the submodule on the stacking fixture.  The submodule will subsequently be removed from the stacking fixture and placed in fixturing that will allow ready access to the bars so that full welds can be completed.  

2
Drawings

The welds shall be in accordance to the drawing ATLLEMS-00010.  Details of the welds are shown in Figure 2. 

3
Standards

Welding shall be in accordance to the procedures described in this documentation and the AWS D1.1-98 Structural Welding Code. 

4
Welding Process

The welding process is completely described in the WPS included in Appendix 1.  All welded is expected to conform to this WPS. 

The welding process shall be manual, Gas tungsten Arc Welding (TIG).  The base material of the stacked plates and weld bars is low carbon steel.  The stacked plates are nominally AISI 1010 and the bars are FE 360. 

The surfaces of the material shall be free of dirt, rust, paint, epoxy, oil, or grease.  Cleaning may be accomplished with carbon or stainless wire brushes followed by an Acetone wash and Alcohol rinse.  Parts shall be completely dry prior to welding.  Once parts are squeezed together, no evidence of epoxy shall exist on the joint face.  If epoxy extrudes into the joint face it must be removed by wire brushing. 

The filler material to be used shall be either: 

●ER70S-2 Diameter 3/32”

●
Din 8559 SG2 Diameter 1.6mm

5
Tack Welding

Tack welding shall be initially done on the submodules while they are still on the stacking fixture.  Tack welding shall be intermittently done on each side of each bar in all four corners of the submodule by alternating sides of the bars and then sides of the submodule.  Tack from the center of the joint out.  A minimum of five tacks, 16mm minimum long and a minimum of 30% of total joint thickness shall be used. 

6
Final Welding

Final welding shall be done in accordance to the WPS included in Appendix 1 and which is summarized below. 

Final welding shall occur in four passes per weld.  Bars shall be fully welded by alternating sides of the module between passes. 

The first pass shall be made without any filler rod to establish the root of the weld.  Three subsequent passes then shall be made with filler rod to complete the weld. 

It is recommended that the following welding parameters be used:

●
Position of weld groove shall be horizontal and flat

●
No pre-heat of material

●
Shielding gas will be Argon with a 99.99% mixture.

●
The gas flow rate will be 17 to 25 CFH

●
Direct current with a straight non-pulsing polarity

●
150-250 amps and 15-20 volts

●
Tungsten electrode will be 3/32” diameter EWTH2

7
Weld Repairs

Weld repairs shall be done in accordance with the WPS included in Appendix 1 and summarized below. 

Welders qualified by Atlas must make any repairs.  Repairs to cracks, or lack of fusion must be fully excavated to the original base metal and that excavation must be verified free from defects by visual inspection at not less than 10X magnification. 

8
Welder Qualification

Welder qualification shall be done in accordance to the WPS included in Appendix 1 and summarized below. 

The persons who will be performing the submodule welding at each institution shall be qualified by producing two different types of weld samples.  The first weld sample is shown in Figure 3 and is subjected to non-destructive testing.  After welding this sample shall be inspected as per section 6.1.4 and 6.9 of the AWS D1.1-98 Structural Welding Code.  This code is included in Appendix 2.  Next, this weld sample will be sectioned at the mid point, polished and etched with a suitable etchant to reveal the profile of the weld joint.  Each face of the section shall meet Section 4.8.4.1 of AWS D1.1-98 Structural Weld Code which is included in Appendix 3. 

The second sample is shown in Figure 4 and will be subjected to destructive testing.  After welding this sample shall be inspected as per paragraph 6.1.4 and 6.9 of the AWS D1.1-98 Structural Welding Code.  This code is included in Appendix 2.  Pulling it apart in tension will then destructively test this sample.  Failure of this weld shall not occur at less than 20,000 lbs. load. 

If either test sample fails to meet the above stated requirements a complete re-test of the welder, is required. 

9
Weld Inspection

Weld inspection shall be done in accordance to the WPS included in Appendix 1 and summarized below. 

A magnification of no less than 10X will be used to determine the following inspection criteria: 

●That the weld has no cracks.

●
That thorough fusion shall exist between adjacent layers of weld metal and between weld metal and base metal. 

●
All craters shall be filled to the full cross section of the weld. 

●
Weld inspection shall begin immediately after the completed welds have cooled to ambient temperature. 

●
The undercut shall not exceed .25mm. 

●
There shall be no visible porosity in the weld. 

●
The welds shall be made with the minimum of face reinforcement and shall conform to the profile requirements shown in Figure 5. 
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Welding Procedure Specification
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Appendix 2

AWS D1.1-98

Sections 6.1.4, 6.9
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Appendix 3

AWS D1.1-98

Section 4.8.4.1
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