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Graded structures in materials

Bearings

Gears

Crankshafts



Graded structures in Materials
---- Graded nanostructures introduced by shot peening 

Compressive residual stress layer (fatigue, stress corrosion)
and optimize mechanical properties



Compressive Residual Stress



Fatigue of Offshore Steel Structures
The combination of weld toe grinding and shot peening gave the
largest improvement in the life of an offshore steel structure. This
corresponds to more than a 100% increase in the as-welded
strength at one million cycles. Other research shows that the
improvement in weld fatigue strength from shot peening
increases in proportion to the yield strength of the parent metal.

http://www.metalimprovement.com/getting_the_most_from_shot_peening.php



Microstructure and strength
---- Graded nanostructures in steel

Shot peening

X. Zhang, N. Hansen, Y. Gao, X. Huang (2012) Hall-
Petch and dislocation strengthening in graded
nanostructured steel. Acta Mater., 60, 5933-5943.



Applications

• analyze any deformation nanostructure
independent of its origin;

• analysis of surfaces which have been
deformed by friction and wear during
operation of engineering components such
as rollers, gears, crankshafts and rails…



Nanohardness
approaching the 
surface of peened 
specimen: (a) SEM 
micrograph showing 
one line of the 
nanoindents and (b) 
nanohardness
versus distance to 
surface. The white 
dashed line in (a) 
shows the position of 
the surface. 

On-going work: Nanohardness and Residual Stress



Calculated flow stress and transformed flow stress from 
nanohardness versus distance from the surface. 

Good agreement



Unique in Denmark, 3.2 million DKK, 2.4 for application, 0.8 from co-financing 
(2/3 from DTU VINDENERGI, 1/3 from DTU ENERGIKONVERTERING).

Nanoindentation system:
Application submitted to Carlsberg Foundation

General:

Specific:

Simultaneous load and displacement measurements having the
resolution of nN and nm.

1) precise indenter tip placement and nanometer resolution SPM 
(scanning probe microscopy) imaging; 

2) indentation and scratch testing in three dimensions; 
3) dynamic testing of a range of materials and in-situ drift 

compensation capabilities; 
4) changeable environment; 
5) high temperature heating stage with extended heating tips; 
6) combined nano-scale electrical and mechanical characterization; 
7) flat-ended compression tips for combining micro-scale testing.



On-going and Future Collaboration:

1. DTU Mekanik: Input of the information of graded structures
from the above methodology for the modeling;

2. KU Leuven: Combine the production process of graded
nanostructures and residual stresses from particle
bombardment into the model; Based on this, the dynamic
responses in application processes will be modeled and
validated with experiments.

Los Alamos National Laboratory: Residual stresses
characterization using 3D-XRD, for the changing with
loading conditions and also for the input into the following
models.

Residual Stress

FEM Modeling


