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INTRODUCTION

* Shot peening has been seen for many years more as an art thanas a
science.

* This is due to the complexity of the physics underlying this
technological process.

* Shot peening.....

v Induces geometrical non linearity due to the not-conformal
contact condition.

v" Induces plastic deformation (another non linear effect).
v" Induces high-strain rates and non linear dynamic conditions

- A model able to simulate the final state of the treared
surface is not and easy issue.
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INTRODUCTION

A Rudimentary Analysis of
Improving Fatigue Life of Metals
v raos | DY Shot-Peening

Dean, Faculty of Technological Studies, In this paper, a rudimentary analysis of improving fatigue life of meials is presented.

Paget, Kuwait The process is viewed as one of repeated impact of a siream of hard shois on to a !
targei. The model considers first a single shot impinging upon a target and, on . L
bouncing, it leaves  residual stress below the surface of the targel. The problet is Elastic | Plastic |
then generalized fo consider the effect of a stream of shots by assuming their effect
10 be uniformly distributed over the entire surface. The analysis is highly simplified s 0 rFd
and it mainly aims at unds ding the hanics of this fi ! process. 1—;_
Although rudimentary, the theoretical analysis is seen to be in reasonabie agreement a d
with experimental results performed with shots on targets of various materials. ounaary
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Fig.2 Elasticplastic boundary below contact zone
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Al-Obaid developed one of the first theoretical/approximate models,
evidencing the main factors to consider in a shot peening model.
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SIMULATING SHOT PEENING
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Journal of Materials Processing Technology 110 (2001) 277-286

www elsevier.com/locate/jmatprotec
Relating Almen intensity to residual stresses induced

by shot peening: a numerical approach
M. Guagliano”

Dipariimento di Meccanica, Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133 Milan, Italy
Received 27 October 1999; received in revised form 31 July 2000; accepted 24 November 2000

This paper considers some of the - |
most influent factors in finite Nt ] =y
element modelling: ' |

Eo.s
e 3D dynamic explicit analysis = =
* Multiple impacts £ L omm i ] . | |
é;’m ,' ’ | 0 S‘:'tot | ity(rr?f’]} 1%
e Kinematic hardening rule N e
* Hourglass control o o i %
* Elastic waves rebound (damping) i £ | ff//; |
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SIMULATING SHOT PEENING

Meguid developed multiple shots
models aimed at assessing the
influence of the distance of multiple
impacts and of the strain rate.

The residual stresses were validated
with experimental measurements
performed by using the hole-drilling
technique (material: Ti-6Al-4V)
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SIMULATING SHOT PEENING

Taehyung Kim, Jin Haeng Lee, Hyungyil Lee,
Seong-kyun Cheong (2010)

An area-average approach to peening residual
stress under multi-impacts using

a three-dimensional symmetry-cell finite
element model with plastic shots, Materials o
and Design, 31, 50-59.

e TOW
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A oB
Four nodes for
node-averaged FE solution
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Full nodes for
area-averaged FE solution

Irradiated area 3D Multi-impact

by X-ray symmetry-cell P o il s , .
rom ksl e i 0 S ] B e [ PO

Department of Mechanical Engineering POLITECNICO MILANO 1863




SIMULATING SHOT PEENING - COVERAGE

The determination of coverage by using FE simulations needs to
define a model to relate a limited number of impacts to the real
process, characterized by much more impacts.

Key points:

Definition of a representative volume

Random sequence of impacts

Definition of a relation to relate the FE results to a real coverage
value.
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SIMULATING SHOT PEENING - COVERAGE

Applied Surface Sdence 255 (2012] 185-194

Ct s at SciencaDirect x
wraibacience
: % Applied Surface Science
]..| IN|| - R journal homepage: www.elsevier.com/locate/apsusc -

On the shot peening surface coverage and its assessment by means of finite
element simulation: A critical review and some original developments

Sara Bagherifard, Ramin Ghelichi, Mario Guagliano*
Politernico di Milano, of. Vi Lo Masa, 1, 200 56 Milsns, lndy

Definition of a representative volume
Pseudo-random sequence of impacts

Avrami’s equation is used to relate the FE plastic coverage
to a real coverage value.
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SIMULATING SHOT PEENING - COVERAGE

Relation between coverage (C) and the ratio of total indent area to the target area (A,)
100% Coverage: 67 impacts
200% Coverage: 134 impacts
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SIMULATING SHOT PEENING - COVERAGE

F. Tu, D. Delberguea, H.Y. Miao, T. Klotz, M.

Brochu, P. Bocher, M. Levesque DEM
A sequential DEM-FEM coupling method for Iput shot peeaing
shot peening simulation mem
Surface & Coatings Technology 319 (2017) Build a model for shots and target
200-212 porile and gt i disretized FEM
by rigid facets)
Build a dynamic FE model
Sirmulate the shot featuring a zope of mberedl on the
A sequentially coupled Discrete Element ﬂﬁiﬂm “’f“
Model (DEM) - Finite Element Model  Rocord theshets Prescribethe xtracted impacting
(FEM) to predict the process’ effects in Mo %ﬁsﬁgﬁf . “ﬂﬁﬁrﬂmﬂ?“mm
terms of residual stresses and roughness they impact the targst imupeacting analyses
is developed and experimentally l Elmml e
validated mainly in terms of residual L Tsthe pecaing time rosidual sreste, platis i
splacem
stresses. |
“F End
End
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COMMENTS

* The evolution of the shot peening models have moved toward a
more and more realistic representation of the process.

 However, it is important to pay attention to the definition of the
correct material parameters, that are a critical point to achieve
reliable results. This means that a series of experimental tests must
precede the model.

 The numerical model are generally verified considering the residual

stress field as key-factor for the final assessment: but, is this the
only thing we need?
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ONE STEP BEYOND

...The determination of residual stresses does not complete the
knowledge of the surface state after shot peening.

There are two other effects that should be considered and evaluated
by using simulations:

* Surface topography and roughness

* Microstructural modifications, especially for high intensity
coverage values.

The investigation of these effects needs also fine experimental tests
and observations.
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SURFACE, TOPOGRAPHY AND ROUGHNESS, WHY?

Surface topography is an important factor of the surface state in many
present and possible applications: «

Fatigue
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Osseointegration
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SURFACE TOPOGRAPHY AND ROUGHNESS, WHY?

Contents lists available at ScienceDirect
: s
Biomaterials
journal hamepage: www.elsevier.com/locate/biomaterials

The influence of nanostructured features on bacterial adhesion and @w -
bone cell functions on severely shot peened 316L stainless steel

Sara Baghmiard""' . Daniel J. chkey" Alba C. de Luca *, Vera N. Malheiro *,
Athina E. Markaki *, Manu Guagliano*, Thomas . Webster de

of Mechanical Foliecaics di Milzno, Miken, lcaly
mrmajuuunacund ko Insritute of Terkmodegy, Cambridge, M4, LISA
m ?;‘ i - as:nm

tth(#Ezdhnxﬁwadmlznilninik Resezroh, Ming Abdulesz (nhversity, jedssh, Sauwdl Arabdn

It is shown that the cell adhesion is
positively affected by severe shot
peening mainly because of the Eoe

g 3000 i
o
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different surface topography, while bl
bacterial adhesion in much weaker.

(h)
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SURFACE TOPOGRAPHY AND ROUGHNESS.

Mpplied Surface Science 258 (2012) 6831- G840

Contents lists available at SciVerse ScienceDirect

Applied Surface Science

The surface aspect of the
simulated surface depends on
the model definition.

f \| VIER journal homepage: www.elsevier.com/locate/apsusc

Numerical and experimental analysis of surface roughness generated by shot

peening
. . . ( Abaqus and Python \
Sara Bagherifard, Ramin Ghelichi, Mario Guagliano*
Depar tment of Mechamiol Engineering, Politernicn i Milans, Vio Lo Musa, 1, 30155 Miana, [tk Modeling and simulation of
multiple impact process

The trend of the surface roughness ( S — ]
. . points coordinates
vs shot coverage and velocity is \_tromtheremodd ) )

St U d I e d . / Finding the position of Gemng the surface profile from \
reference surface by least intersection of deformed surface

square method L and reference surface
Roughness . . :
2 Fourier transformation, convolution Linear regression to
T&- with a Gaussian filter and inverse separate form errors
S Fourier transformation
Mominal shape Separating waviness - I
profile from roughness Elaborating the data
Fig & Roughness and waviness profile. profile based on standard to
\ T obtain Ra, Rz and Rc )
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TOPOGRAPHY AND ROUGHNESS

Applied Surface Science 258 (2012) 6831- G540

Contents lists available at SciVerse Scienceliract

Applied Surface Science

| _\| “|['I|\' journal homepage: www.elsevier.com/locate/apsusc

Numerical and experimental analysis of surface roughness generated by shot
peening

a
Sara Bagherifard, Ramin Ghelichi, Mario Guagliano* _ 80
Departmeent of Medbenksl Fngineering, Politernico df Milans, Via Lo Moss, 1, 200 56 Milana, lialy % 50 —4—Ra
~ —#&— Rc 1
g | —*—Re
. . 1 ]
The results were validated with the 2 |
measurement of the main roughness £ ‘
10} 1
parameters. IRV ST taiasiadiettiatbbidd
50 100 150 200 250 300
Tables Coverage%
Comparizan of numerical and experimental surface roughness measuremenis. b 60
Specimen Roughness Mumerical Experimental Difference (X) E 50| —u :: ]
series parameter result [pm| result [jem] g e Rz
NE Ks - 1.53 - T “Or l
Re - 320 - S 30} 1
fx - 4.10 - :
g = :
2P R 152 1.7 -7 E
Re 9.7 771 -2 S 10} |
K, 12.40 1051 —152 & P s derib wididdthoteddddiid
20 40 60 80 100 120 140 160 180
sFz :: ]::; 1:; 'i;i'; Number of impacts
Ry ZBE] 23,70 A1
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THE NEXT STEP A SMALLER SCALE

* The next achievement is
expected to be the
ability to get by
simulation the aspect of

Scanning electron micrographs of 316L samples’ surfaces (a)NP (b)CSP (c)SSP su rface topography at
different scale levels.

* This means also the
need to use more
advanced experiments
for validation.

Atomic force microscope topographical images of 316L samples’ (a)CSP (b)SSP

Longitud = 3.61967 mm Pt=44.2351 um Escala= 100.000 um

um T Longitud = 3.63264 mm Pt=53.7188 um Escala = 100.000 um

2

40
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GRAIN REFINEMENT, WHY?

Grain refinement lead to superior properties and open new
possible applications of shot peening and shot-peening derived
treatments.

Contents lists available at SciVerse ScienceDirest ’
6
2 Materials and Design 8,
£ £
F1 SEVIER journal hamepage: www. elsevi e i L
§ —e— CSP
Technical Report 'En 3 —¥—SSP
Fatigue behavior of notched steel specimens with nanocrystallized surface 3 2 ~8—SSP-g
obtained by severe shot peening = 1
S. Bagherifard **, L Femandez-Pariente®, R. Ghelichi®, M. Guagliano * 0
S palirnicn i ari v . L A, 1 il ey 0 1000 2000 3000 4000 5000 6000 7000
" iversty of Oviede g = G, pain Slide distance (m)

700 Fatigue & Fracture of
‘ ‘ £ v- . 9 A ials & Sh

L dai: 10.1111/fle.12210
w 60 o
o ~
£ =0 . . s s
: - Influence of severe shot peening on wear behaviour of an aluminium alloy

.

=
@ o
£ = o e . M. PALACIOS', S. BAGHERIFARD?, M. GUAGLIANO? and I. FERNANDEZ PARIENTE®
e F o e ,g"'mcm = : ol - % ' ITMA Materials Technology, Parque Empresarial Principado de Asturias, 33417 Avilés, Asturias, Spain, * Politecnico di Milano, Dipartimento di

wp o = o, Mecanics, Via La Masas, 34, 20156 Milam Italy, *Universidad de Ouiedo, Departaments de Ciencia de bs Materiales e Ingenieria Metalsirgica, Campus de

- ] : \“ Gijin, Edificio Departamental Este, 33203 Gijin, Spain

® sSSP ' . 2 - 2 il 21 is ine:
20 i ") ot Lok SIS 31E s Gt Recerved Date: 5 February 2014; Aaepted Date: 24 April 2014; Published Online:
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GRAIN REFINEMENT, WHY?

Molecule

R X .&

107 M0 10’ 10‘ 10' 10’

Water  Giocose Aatibody Virss  Bocteris  Concer Cell zg'.‘: Teanis Boll

Nanomelers

air

mtact

By using intensity and

coverage values higher
than usual it is possible
to get a nanostructured

layer of material with

.

superior properties.
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GRAIN REFINEMENT, WHY?

The key factors to obtain surface nanocrystallization are the accumulated
plastic strain (>6-8) and the strain rate.

(a)

Schematic model of microstructural evolution for grain refinement (a) annealed coarse-
grains with different crystal orientations (green lines represent slip planes); (b) the
formation of the LAGBs (red lines) and HAGBs (black lines); (c) balance between the

LAGBs and the HAGBs

It is necessary to determine the right shot peening parameters (intensity and
coverage) to obtain the grain refinement (without damaging the surface and
with reasonable cost and time). It is assumed that grain refinement start when

the accumulated palstic strain in at least 6-8.

POLITECNICO MILANO 1863
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Contents lists available at ScienceDirect

Surface & Coatings Technology

GRAIN REFINEMENT

journal hemepage: www. elsavier.com/locate/surfeoat

A numerical model of severe shot peening (SSP) to predict the generation of a
nanostructured surface layer of material

. . S. Bagherifard, R. Ghelichi, M. Guagliano *
The goal IS to estlmate Palitecnico di Milana, Department of Mechanical Engineering Via La Masa, 34 20156 Milang, Italy

o favorable peening parameters for generation of
nanocrystals

e residual stresses

e surface work-hardening

Considered issues

e Material model

e Mesh convergence

e Surface Coverage assessment

e Randomness of impact position and sequence
Target model:

3D rectangular body, half infinite elements on side faces.
Shot model:

Half spherical bodies, isotropic elastic behaviour, velocity in
the z-direction regarding an impact angle=902.
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Contents lists available at ScienceD irect ‘:\m
Acta Materialia
journal homepage: www.elsevier com/locate/actamat

< by Experimental assessment and simulation of surface nanocrystallization @ Crosshiack

» vere shot peeni
- N Y . v ataed] by se shot peening
- - “4 - A ;" A A. 5.M. Hassani-Gangaraj*™*, K.5. Cho™, H-J L. Voigt®, M. Guagliano®, C.A. Schuh®
'4 ". v - & - .‘.. 'Q‘ “ 2 Depazment and Enginsering, Inssituse of Tecknoloy, Cambridye, MA 02139, USA
- - € A fmq&hdmwmdu:uhm:ssm "
1] v v » ‘x - Cemter for Advamced Materinls Tecknalagy Senul 135702,
- - ra - A
Kﬁ Initial population of Range of study:

process the finite P iz gl| M oo
element results

R
S“""""““’”};#:; based on the oo ""..,;"""..“.':'.,:.:",."
M " dislocation density

| growth theory lmwmm\l“/L Fowstress | I
Boundary A “( (Mughrab| (1983), | Absolute differance I plastic strain and strain rate
?ﬂﬁr in spatiel domain

ﬂ( Prinz&Argon(1984), @ op—
Nix et al.(1985), = =

@ Estrin (1998)) has W oot S
density model dislocation density

| been developed and (gven nTable 3 nd

dislocation cell size
@ implemented.
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SIMULATING GRAIN REFINEMENT

Colour maps of the post-
processed results
(coverage 100% and
1000%).

< o
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(GRAIN REFINEMENT

Conventional Severe
SEM

TEM
100 % 200% 650 % 1000 % 1300 %

The results were
validated with TEM

observations and
measurements.
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GRAIN REFINEMENT

Conventional Severe

SEM TEM
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A DIFFERENT APPROACH

Multiscale approaches starting from FEM solutions and using atomistic simulations is
a promising approach for a deeper understanding of microstructural changing

induced by shot peening.
At present very powerful computers are needed.

FCC
M Hep
B ecc

Icosahedral

Other
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GRAIN REFINEMENT

Internal Reference -

P

Q.§9..3:'209252.30§:*"“'..;i

- Electron back-séatter T —

diffraction analysis (EBSD) gives el ”“““’“’“f”*“g“
important information about the — ' —

surface state and should be E:%Ta%mgmftﬁfﬁdfﬁfxmw @
considered for the assessment of o) T s

the numerical simulations.
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CONCLUSIONS

« Simulation of shot peening has greatly evolved in the last
two decades.

* Finite element method is the most suitable tool for
numerical modelling of shot peening.

« The present models are able to represent the treatment in
a very realistic way. However, most of the effort about the
effects induced by shot peening were devoted mainly to
residual stresses.
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CONCLUSIONS

« Shot peening simulation is still an attractive and
challenging subject.

* Present and future developments should look not only at
residual stresses but also at the other aspects of the
surface state (topography and microstructure). This could
also open new fields of application for shot peening.

A great effort is required both in terms of multiscale
approaches and as regards the experimental methods
required to validate the results and to achieve a deeper
understanding of the process, getting further advantage
by its application.
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THANK YOU!

Questions are welcome
but.....
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....please, don't shoot me!
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