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1.0 Purpose: The purpose of this engineering standard is to define the approved design 

analysis, manufacturing and inspection methods for safety critical weld joints in TDI 
products. 

 
2.0 Scope: This engineering standard outlines all approved methods for analyzing, 

manufacturing and inspecting the safety critical weld joints. Test Devices documentation, 
including drawings, will reference this specification and specify the class to be used. 
 
Safety critical Weld Joints refers to any welded joints or parts that construct load bearing 
structures or safety critical structures, which includes, but not limited to the following: 
 

 Spin pit lid lifter parts 
 Spin pit vacuum chamber 
 Spin pit containment liner 

 
3.0 Definitions:  

 
 AWS: American Welding Society 
 IIW: International Institute of Welding 
 NDI: None-Destructive Inspection 
 UT: Ultrasonic Test (or Inspection) 
 FPI: Florescent-die Penetrant Inspection 
 MPI: Magnetic Particle Inspection 

 
4.0 Responsibility:  

 
It is the responsibility of Test Devices’ engineering manager to ensure this standard is 
maintained and updated continuously. As this work involves safety critical features, the 
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reviewing and approving of the analysis and/or manufacturing and inspection instructions 
must be done by a senior level engineer (or higher ranked engineer) with a directly relevant 
experience and knowledge.  
 

5.0 Engineering Standard:  The list below defines the acceptable design analysis, welding and 
weld inspection methods approved by Test Devices’ engineering department.  Any alternate 
methods must be requested and approved by Test Devices’ engineering department before 
the alternate methods are applied. 
  

5.1 Approved Weld Analysis Method 
 

 All safety critical welded structure shall be analyzed by using the FEA with effective 
notch stress method prescribed by the IIW [1]. 

 Model both weld root and toe and compute fully converged stresses at the features. 
 Use keyhole design to model the welds using the method specified in the IIW [1], 

Chapter 3.4. See Figure-1 for an example of the welded joints models. 
 Consider all relevant loading scenario. At minimum evaluate and assess the structure 

against both static/quasi-static overload and fatigue conditions. 
 For the fatigue analysis use appropriate weld fatigue strength curves for the material 

defined in the IIW, see Table-1 (ref [1], Table 3.1). NOTE: For steel, use FAT 225 
(Figure-2). 

 An example of weld analysis work for a lid lifter arm (steel structure) is attached in 
Appendix-A. 

 
Figure-1: An example of effective notch model. 

 
 
 

ρf = ρ + s ρ* 
 

ρf: Representative notch radius (mm) 
ρ: Actual notch radius (assume 0mm) 
Ρ*: Reference radius (0.4mm) 
s: Stress multiaxiality & strength factor (assume 2.5 for Steel) 

 
Therefore, the representative radius of the welds is: ρf  = 0 + 2.5*0.4 = 1.0mm 
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Table-1: Characteristic fatigue strength (Ps = 97.7%, N = 2·106) for welds 

of different materials based on maximum principal stress. 
 
 
 
 

 
 

Figure-2: FAT225 Fatigue Curve (Steel) [3]. 
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5.2 Applicable Welding Standard 
 
 Test Devices require all safety critical welded joint to be manufactured in 

conformance with the AWS standard [2].  
 

 For the manufacturing of welded steel structures, use ASW D1.1. NOTE: The code 
is not intended to be used for the following:  

o Steels with a minimum yield strength greater than 100 ksi (690 MPa). 
o Steels less than 1/8 in. (3 mm) thick – refer to AWS D1.3. 
o Pressure vessels or pressure piping. 

 
 For the welding of metals other than carbon or low-alloy steels refer to appropriate 

standard. 
 

5.3 Applicable Weld Inspection Standard 
 

 Test Devices require all safety critical welded joint to be inspected in conformance 
with the AWS standard, chapter 6 [2]. 
  

 Prior to commencing the welding work, Test Devices require welders to submit the 
following records: 
 Copies of WPS (Welding Procedure Specifications) of the relevant welds 
 Copies of Procedure Qualification Record (PQR) and relevant test (no older 

than 2 years) 
 

 Unless otherwise specified, all welding inspections shall be performed by 
assuming cyclically loaded condition.  

 
 Unless otherwise specified, perform MPI (for steel) and FPI (for none ferrous 

materials) on the root welds prior to adding the layers and the final surface after 
the welding is fully completed. 

 
 Unless otherwise specified, perform NDIs (UT and/or radiography) on the welded 

joints of safety critical parts. 
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4. “Fatigue Analysis of a Welded Structure in a Random Vibration Environment”, Michael 
Bak, ANSYS Users Conference Framingham, MA June 13, 2013 

 
5. “AWS D.1 Str Welding Code - Do you know what it really says”, W. J. Oliphant, PE, 
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7.0 Appendix-A: An example of welded joint analysis 
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