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Background: Steel Carburization

Case

= Two layers:
= Case: high carbon content, high strength, brittle
= Core: high toughness

» Benefits:

» Better wear resistant surface

» Increased surface hardness

= Compressive residual stress on the surface
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Background: Residual Stress Sources
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= Volume change from phase
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Development of residual thermal stress during cooling
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Background: Benefits of Residual Stress
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Axial on notched component
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Background: Failure Location

k't

Axial sample with surface failure Axial sample with fisheye failure
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Background: Change in Residual Stress During Cyclic Loading
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Background: Current Design Approach
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Background: Current Stage of Research
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Predicted Life (Block)

Background: Current Stage of Research
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Background: Objectives

» To estimate the residual stresses generated from

carburization

* To model the residual stress change during cyclic loading

» To predict the fatigue initiation site and total fatlgue life of

carburized components r F

Fracture
surface of
axial
composite
sample
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MATERIAL PROPERTIES



Material Properties: Chemistry and Heat Treatment

Chemical Composition of 16MnCrs

:__E-_---
0 14%

1.23% 0.011% 0.035% 0.21% 1.04% 0.21% 0.06% 0.19% 0.021%

0.028% 0.01% ND 0.01% 0.01% 0.0019% ND 0.003% 0.01%

Carburizing Procedure

Carburization | Carburizing Carbon Quench Oil Temperin
Temperature Time Potential | Temperature P 5

Case-
Hardened 927°C 90 minutes 0.85% 66°C 177°C for gomin

Case 927°C 1800 minutes 0.85% 66°C 177°C for gomin

O Composite

Core 927°C 90 minutes 0 66°C 177°C for gomin
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Material Properties: Hardness
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Material Properties: Sample Geometry

Plate (2 thicknesses)
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Material Properties: Test Pictures

Notched plate tests Axial sample tests
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Material Properties: Monotonic and Cyclic Stress-Strain Curves

Stress [MPa]
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Material Properties: Stress-Strain Properties
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Material Properties:

CA Fatigue Properties
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RETAINED AUSTENITE AND RESIDUAL STRESS
ESTIMATES



B
RA and RS Estimate: Carburization Induced Residual Stress

Steps for preliminary estimation of residual stress:

2. Temperature field during quenching
1. Carbon diffusion profile during carburizing

Boiling

— Convection
,» Carburization® b’ 800

——

O
@
OMOF
2O
Temperature, C
8888
=l =
-
#7
/
!

. )
.. O ' 100
@)
C?(% O O 00 2 4 [} 8 10 12 14 16 18 20
Time, seconds
S
OO . Oil-quench cooling profile

https://www.industrialheating.com/articles/92639-vacuum-oil-
uenching-applications-and-unique-properties

Carbon Atoms diffuses into steel part

https://www.tf.uni-kiel.de/matwis/amat/iss/kap a/backbone/ra 2 3.html '

4. Mechanical response and residual
stress during quenching.

3. Volume change in each layer due to phase transformation
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RA and RS Estimate: Initial Residual Stress
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RA and RS Estimate: Initial Residual Stress
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B
RA and RS Estimate: RA Transformation

Retained Austenite Profiles in Axial Samples
25 T T T T

| ]
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RA and RS Estimate: RA Transformation
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RA and RS Estimate: Residual Stress Change During Cyclic Loading
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FATIGUE ANALYSIS



Fatigue Analysis: CA Axial Sample Initiation Predictions
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Fatigue Analysis: Core Axial Sample vs Core Layer Prediction
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https://www.nde-ed.org/Physics/Materials/Structure/fatigue.xhtml

Vacuum and air crack growth data
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Fatigue Analysis: Subsurface Crack Propagation Model Comparison Under
CA for Axial Sample
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Fatigue Analysis: Methodology for Fatigue Analysis under VA Load

‘ VA stress History in the composite sample

Push down list (memory model)
Composite cyclic |stress-strain curves
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Fatigue Analysis: Methodology for Fatigue Analysis under VA Load

| VA stress History in the composite sample

Push down list|(memory model)|
| Composite cyclic stress-strain curves|
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Fatigue Analysis: Methodology for VA Loading Prediction
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Fatigue Analysis: Methodology for VA Loading Prediction

Composite material Core layer material
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Fatigue Analysis: Test Result for Axial Composite Sample under VA Load
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Fatigue analysis: Subsurface Crack Propagation Prediction under VA

using BS7910 for Axial Sample
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Fatigue analysis: Subsurface Crack Propagation Prediction under VA
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Fatigue analysis: Subsurface Crack Propagation Prediction under VA
using BS7910 for Axial Sample
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Fatigue Analysis: Initiation Life Prediction for Notched Sample
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Fatigue Analysis: Through-Crack Model for Notched Sample
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CONCLUSIONS & RECOMMENDATION



Conclusions

= Causes of RS change:

= RA transformation

= RS relaxation
= Axial composite sample fatigue prediction:

= Total life = shorter (case initiation life, subsurface crack propagation life)

= Subsurface crack growth life estimated using subsurface elliptical crack propagation
= Notched plate sample fatigue prediction:

= Total life = case initiation + core layer propagation

= Through-crack and corner crack models for subsurface layer crack propagation
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Contributions

= Fatigue life prediction in carburized steel
» Consider RA transformation and RS relaxation
» Modeled the effect of RA transformation on RS

= Employed surface and subsurface crack propagation models
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Recommendation for Future Studies

= Collect more data for RA transformation vs. cyclic loading

= Collect more data for subsurface crack growth at different
R-ratios

= Observe residual stress relaxation under cyclic loading
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