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• Veteran of the US Navy
– Nuclear welder/operator

• Educated in Ohio…
• Employed by RoMan Engineering 

Services
• Over 25 years in the welding industry

Who is This Guy?



• Material Characterization
• Types of Characterization Tests
• Future Characterization Work

Questions are Welcome
at Any Time!!

Agenda



• Material Characterization
o Example of Material Characterization
o Welding Characterization

• Types of Characterization Tests
• Future Work

Material Characterization



What is Material 
Characterization for Welding 
and How Does it Affect Me?

Material Characterization



Perhaps a Better to
Place to Start:

What is Material 
Characterization?

Material Characterization



Material Characterization is…
• A Methodology used to Classify or Describe a 

Material
• An Objective Analysis of a Material Based on 

Measurable Characteristics

An Example of One Type of Measurable 
Characteristic from a Material Characterization 
Evaluation Would Be…

Material Characterization



Material Characterization



Other Examples of Material 
Characterization Would Include…

• Manufacturing Characteristics
– Paint, Forming, Sealer Adhesion

• Service Characteristics
– Corrosion, Dent/Ding Resistance

• Property Characteristics
– Hardness, RTT/NDT 

Material Characterization



Overview of Material
Characterization for Welding

– Standardized Test Methods Designed to 
Evaluate the Welding Behavior of a Material

– Testing Typically Focuses on a Specific Aspect 
of Welding Characterization

– Often Run Multiple Tests in Order to Fully 
Characterize a Materials’ Weldability

• However, may be able to Evaluate and Determine 
Several Characteristics with a Single test

Material Characterization



• Material Characterization for Welding
– Generally Performed in a Laboratory Environment

• Plant or Shop trials are also utilized

– May be Difficult to Predict Weld Setup Parameters 
for Production Operations

• Each test is a Singular Condition among many 
Possibilities

– Material Combinations, Gap/Fit-up
– General Maintenance
– Many others…

Material Characterization



• Standardized Test Methods
– Intent is to Emphasize Material Characteristics 

and Minimize Equipment Effects
• Accomplished by means of Unique and Exact Test 

Procedures  
• Procedures generally specify the Welding Equipment 

in Generic Terms
– Type of Power Supply
– Mode of Operation

• OEM’s often ask for Specific Equipment
– Weld Controls, Power Supplies, etc.

Material Characterization



Material Characterization

What is the Desired Output 
from the Standardized Testing 

and How Does it Affect Me?

It Depends on Your
Point of View



• Production View
– The Material must be ‘Weldable’

• A Wide Current Range is Desired
– Robust process Tolerant to normal Variation

• Steel Coating Should be Benign to Electrodes
– Electrode Dressing and/or Current Steppers are now More 

Effective

• Steel Must be Tolerant of High Thickness Ratios
• Produces Button upon Destructive Evaluation

– Inspection is now easier

Material Characterization



• Engineering View
– Capable of Meeting the required Performance 

Criteria for the entire Service Life of the Product
• Strength
• Fatigue
• Cost

– Weldability may not be a Primary Concern
• Below-average Welding Performance may not be 

Enough justification to Disqualify a Material
– Welding Groups at OEM may be eating lunch alone…

Material Characterization



• Procurement View
– Cost is an important consideration

• Purchasing is still Purchasing

– Availability is also important
• AHSS are a Sourcing Challenge
• OEM’s do NOT want to Single-Source Anything

– Quantity / Quality are required

Material Characterization



• Management View
– Management Direction is that the Material is 

Needed
– May not be Technically proficient with the entire 

Characterization process
– May need to act as Referee and/or as Final 

Arbitrator between Groups within a Department
• Someone is eating lunch alone again…

Material Characterization



• Characterization Behavior is Dependent 
upon a Wide Variety of Factors
– Main Effects of the Material and Process

• Material Chemistry and Strength
• Electrode Caps
• Wire Type

– Interactions Between Material and Welding
• Weld Size and Electrode Cap
• Travel Speed and Voltage

Material Characterization



• Goal is Repeatability and Reproducibility of 
the Performance Data
– Imperative that all Experimental Variables and 

Procedures be Closely Controlled 
– This is Harder than it Sounds

• Nuanced variations can Effect the Results and Include:
– People
– Machine
– Procedure Interpretation

Material Characterization



A Final Thought on
Material Characterization…

• The real Goal is to have a Common Method 
of Characterizing a Material

• The OEM’s will Determine acceptability 
Based on their own Needs
– This Presentation is NOT detailing Material 

Weldability acceptance Criteria

Material Characterization



Agenda
• Material Characterization
• Types of Characterization Tests

o Welding Performance
o RSW
o Others

• Future Work

Characterization Testing



• Material Characterization for Welding
– Attempts to Determine Two Important Aspects of 

the Material
• Production Performance for a Given Process

– Secondary Current Range
– Fracture Modes, etc.

• Engineering Characteristics
– Performance

» Static Strength
– Property

» Hardness, etc.

Characterization Testing



• Examples from AWS D8.9M (Recommended Practices 
for Test Methods for Evaluating the Resistance Spot  Welding Behavior of 
Automotive Sheet Steel Materials)

– Weld Range
– Electrode Life
– Weld Property

• Shear-Tension / Cross-Tension
• Metallographic / Micro-Hardness
• Hold-Time Sensitivity

– Design of Experiment (DoE)
• Specialized and more encompassing Evaluation

Characterization Testing



• Production Performance Tests
– Weld Lobe

• Weld Range

– Electrode Life
– Fracture Mode

Characterization Testing



• Weld Lobe / Range
– Useful for Predicting Material and/or Process 

Robustness

Characterization Testing

Electrode Comparison

16

17

18

19

20

21

22

23

24

25

26

27

6 7 8 9 10 11 12

WELD CURRENT (kA)

W
E

LD
 T

IM
E

 (
C

yc
le

s)

0

1

2

3

4

5

6

7

8

9

8 9 10 11 12

WELD CURRENT (kA)

W
E

LD
 S

IZ
E

 (
m

m
)

MWS = 5.0 mm ����

I-Min ��� �

Expulsion ��� �



• Electrode Life (Endurance)
– Prediction of Material and/or Process Robustness 

for Thinner gauges

Characterization Testing

Weld Endurance Test
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• Fracture Modes
– Formalized in AWS D8.1 (Specification for Automotive 

Weld Quality-Resistance Spot Welding of Steel)

– Provides a Method of Characterizing the 
Fracture Mode of a Resistance Spot Weld after 
Destructive Evaluation

– Welding Characterization acceptance Criteria 
may be based, in part, on the Type of Fracture 
Produced

Characterization Testing



• Welding Performance Tests
– Fracture Modes (AWS D8.1)

Characterization Testing



• Fracture Mode
– Example Page from 

AWS D8.1
• Mode 5

– Partial Interfacial 
Fracture

– Acceptance Criteria 
Listed in great Detail

Characterization Testing



• Material Property (Engineering) Tests
– Mechanical

• Static Shear-Tension and Cross-Tension

– Metallographic Examination
• Cross Sections

– Micro-Hardness
• Traverse
• Mapping

– Hold-Time Sensitivity
• Change in Cooling Rate (Related to Processing)

Characterization Testing



• Mechanical Tests
– Represents the Extreme 

Case of both Possible 
Types of loading a weld 
will experience

– Sample geometry, 
Construction techniques 
and Evaluation method 
have the potential to alter 
the results greatly

Characterization Testing

Load
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• Micro-Hardness Traverse
– Indication of Material/Weld Strength & Hardness 

Gradient

Characterization Testing



Characterization Testing
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• Micro-Hardness Mapping
– Visual interpretation of Hardness testing
– Used to Predict potential Failure location

Characterization Testing



• Hold-Time Sensitivity (HTS)
– Attempts to Determine the effect of Rapid 

Cooling on the Material AFTER welding
– Typically requires a second set of property tests

• AKA: Long and Short (Normal) Hold-Times

– Most Common Evaluation Elements for HTS
• Look for Changes in:

– Fracture Mode
– Hardness
– Mechanical Strength

Characterization Testing



• Example of Hold-Time Sensitivity 
– Hardness increases from ~340 to ~380 with an 

Increase in Hold-Time

Characterization Testing
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Agenda
• Material Characterization
• Types of Characterization Tests
• Future Work

o New Materials
o Other Joining Processes
o Other Evaluation Methods

Characterization – Future Work



• Material Characterization for the Future
– Characterize New Materials

• FeMn Materials
• Future Generations of AHSS
• Aluminum
• Other Materials (Laminates, etc.)

– Are Present Characterization Tests Capable?
• Coatings, Chemistry, Processes are Continually 

Changing

Characterization – Future Work



• Material Characterization for the Future
– Better Understand Existing Materials

• Tremendous Advancements in Steels
– AHSS are Engineered Materials
– Production methods Continually Evolving

• Thermal cycle of Press Hardened Steels
– Al-Si Coating

• Processing Limits of GP-III & GP-IV AHSS
– Thickness Ratios
– Projection Size Requirements

• Sealer/Adhesives in Joints

Characterization – Future Work



• Material Characterization for the Future
– Characterize Behavior With Different Processes

• GMAW
– Transfer Mode (Short Circuit, Pulse, or Spray)
– Wire Size & Type (Solid, Tubular, or Metal Core)

• Laser
– Beam Type (CO2 or YAG)

• RSW
– Feedback Systems (Weld Control and/or Force)

Characterization – Future Work



• Material Characterization for the Future
– D8.X Working Group

• More Formal attempt at Characterization for Welding 
with Different Processes

• Consideration of European efforts – PuDF
• Initial Processes under Consideration

– Laser
– GMAW
– Hybrid Processes

• Contact me if interested

Characterization – Future Work



• Material Characterization for the Future
– Different Evaluation Methods

• Modeling
– Chemistry as a Model input
– Physical Properties as a Model input and output

• Procedural
– Mechanical Samples

» Type of Samples
» Load Angles

– Fatigue

Characterization – Future Work



Characterization – Future Work

Material Characterization in
the Future?

A work in Progress…



• Proper Material Characterization
– Has Benefits for both Material Producers 

and Manufacturers
• Able to Manage the risk of Introducing new 

Materials to the Market
• Attempts to Forecast potential Welding and 

Inspection Issues
– Most visible element of Characterization

• Identify and Implement trends in Tooling Design 
and Weld Schedule Methodology

– Weld Force Requirements may Change

In Closing…



PDF version posted on the RES Web-site
www.romaneng.com

More Information



Thanks for Your Attention

Questions!!!!


