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Abstract Determining the accuracy of elastic strain mea-

surements in plastically deformed alloys is an experimental

challenge. To develop a novel cross-validation procedure,

a controlled elasto-plastic strain gradient was created in a

stainless steel single crystal by four point bending defor-

mation. The corresponding elastic strain field was probed,

with an intragranular spatial resolution, in-situ by Laue

microdiffraction and ex-situ by High Resolution EBSD.

Good agreement is found for the two independent measure-
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de Sèvres, 92410 Ville d’Avray, France

5 CEA-CNRS CRG-IF BM32 beamline at ESRF, 6 rue Jules

Horowitz, Cedex 9, 38043 Grenoble, France
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ments and the predictions of a mechanical model, at plastic

strains below 0.5 %. The accuracy of the measurements is

estimated at 3.2 × 10−4.

Keywords Synchrotron radiation · HR-EBSD · Laue

microdiffraction · Austenitic steel · Stainless steel ·

Laue-DIC

Introduction

Diffraction-based techniques probing elastic strain at the

micron scale are promising tools to investigate the mechan-

ical behaviour of polycrystals. In plastically deformed

materials, elastic strain fields (or associated stress fields)

always develop heterogeneously at the grain level, due

to the anisotropic mechanical behavior. Damage nucle-

ation occurs in highly stressed and strained locations.

Therefore spatial quantification of strain heterogeneities

is of great importance to predict weak spots in the

microstructure.

Among the available techniques, X-ray Laue micro-

diffraction [1] and high angular resolution electron

backscatter diffraction (HR-EBSD) [2] are particularly

attractive. They allow for probing 2D fields with a sub-

micrometer step size and measure at least the full deviatoric

part of the elastic strain tensor. These techniques are very

sensitive to strain variations : 2.10−4 for HR-EBSD and

down to 10−5 for Laue microdiffraction with the relative

procedure called Laue-DIC [3, 4].

Accuracy assessment of the two techniques has been

carried out mostly on flat semi-conductors [2, 4–7] and

on an annealed steel sample [8], in the elastic regime.

In these favourable conditions, the accuracy of HR-EBSD
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and Laue microdiffraction respectively attains their ultimate

sensitivity.

However, in plastically strained metals measuring and

validating local elastic strains is much more difficult.

Although there have been several publications describing

apparent strain measurements by these local diffraction

techniques, some values reported are surprising given the

macroscopic mechanical characteristics of the specimen.

For example, in copper samples with a macroscopic yield

stress below 70 MPa, regions in which local stress levels

exceed 500 MPa were reported from Laue microdiffrac-

tion [9] and HR-EBSD experiments [10]. It is unclear

whether the crystal at the local scale can actually with-

stand residual stresses up to several times the macroscopic

yield limit. As suggested by [11] for the observations of

[9] and other examples, large strain values may originate

from experimental and data processing artefacts rather than

being relevant for a true mechanical state. Artefacts are

known to create non-physical strains also known as spurious

deformation [8] or phantom strains [12].

As outlined below, there are many additional difficulties

when measuring local strains in plastically deformed met-

als, but one of the major stumbling blocks is the lack of

obvious validation procedures. Validation is a critical issue

but to our knowledge, it has not been attempted previously

on a material deformed elasto-plastically. The basic rea-

son is that there are no standard samples with well-known

elasto-plastic strain fields. This work aims to compare two

methods of strain field analysis on a relatively simple

elasto-plastic deformation state with the goal of proposing a

cross-validation procedure.

Artifacts of strain measurement in plastically deformed

metals stem from (i) the presence of orientation and rota-

tion gradients, (ii) the absence of clear reference strain states

and (iii) poorly controlled experimental conditions such as

sample misalignment and set-up calibration.

Rotation gradients formed during plastic deformation

are an issue for the standard cross-correlation procedure

in HR-EBSD [12, 13]. Additional image processing of

the diffraction patterns (so-called “remapping”) is needed.

Unfortunately remapping is highly dependent on the actual

geometry of the diffraction setup, which is not known to

a satisfactory precision [14–16]. Rotation gradients create

curvy and elongated spots in Laue microdiffraction pat-

terns. Defining spot position and displacement can become

difficult. Deconvolution of the diffraction signal according

to the depth of material is necessary to retrieve circular

spots [17].

Experimental artefacts encompass issues with the geom-

etry of the diffraction experiment. Calibration of the set-up

is a critical step in Laue microdiffraction [6, 8, 18] and HR-

EBSD [16]. In the scanning electron microscope, suitable

scanning conditions should be achieved for an accurate eval-

uation of the strain field [19]. Surface topography of the

polished sample is also suspected to have an influence on

the measurement [20] as the HR-EBSD procedure usually

requires a perfectly flat surface.

The presence of artefacts being highly probable, elastic

strain fields used to study plastic behavior should be val-

idated. As a first step forward from the ideal elastic case,

this work explores elastic strain fields developing at the

elasto-plastic transition of a steel sample. Our aim is to eval-

uate the accuracy of Laue microdiffraction and HR-EBSD

measurements in the low plastic regime.

A stainless steel single crystal is deformed in-situ with a

bending device and elastic strains are monitored by Laue-

DIC. The observations clearly show the transition from pure

elastic behavior to elasto-plastic behavior. Measured elastic

strains are then compared with the prediction of a mechan-

ical model, using the known characteristics of the material.

Once the specimen is unloaded, residual elastic strains are

measured by Laue-DIC and HR-EBSD. An estimation of

the accuracy of elastic strain measurements in the plastic

domain is proposed.

Material and Methods

Material and Specimen Preparation

The stainless steel single crystal was grown by directional

solidification, in a horizontal furnace under argon pressure.

Its chemical composition is close to that of a 316L stain-

less steel : Fe-17.0Cr-14.6Ni-2.3Mo (wt%). The crystal is

carbon- and nitrogen-free.

Sample preparation is a critical issue for HR-EBSD and

Laue microdiffraction. The sample was cut by spark erosion

to an initial shape of 30×5×0.8 mm3, with < 100 > crystal

axes aligned with the sample axes (± 3 ◦). The two 30 ×

5.0 mm2 faces were mechanically polished with hard cloths

down to 1 µm diamond grade, removing 150 µm of material

affected by spark erosion from each side. The observed face

was also mechanically polished and then electropolished for

45 s (at 6 ◦C under 30 V in Struers A2 solution) to eliminate

any residual back stresses. The final shape of the sample is

30 × 4.8 × 0.50 mm3.

The specimen preparation quality was checked using

channelling contrast imaging in a Scanning Electron Micro-

scope (SEM). A uniform contrast was obtained from the

observed area, indicating the presence of a nearly perfect

single crystal without any local misorientation. The sample

surface topography was probed using optical profilometery.



The specimen surface is planar with irregularities under

500 nm, except for 10 to 30 µm close to the edges.

Laue-DIC in-situ Experiment

The geometry of the bend test is presented in Fig. 1, showing

the expected development of strain gradients in the thick-

ness of the sample. Tension and compression are observed

simultaneously, delimited by a neutral axis. The latter is

considered unstrained and situated at half-width of the sam-

ple. Therefore the neutral axis is used for the reference

diffraction patterns for Laue-DIC and HR-EBSD relative

measurements. Four point bending is convenient because

strain distribution between the two inner pegs is uniform

along the y axis.

The experiment was performed in-situ on the Laue

microdiffraction setup available at the French CEA-CNRS

beamline BM32 at ESRF [21, 22]. Loading was incre-

mented regularly at a speed of 0.2 mm/min, according to the

force-displacement curve presented in Fig. 1. The bending

pegs position was kept constant during diffraction acqui-

sitions. F sometimes drops due to visco-plastic relaxation

processes when loading is interrupted. When relaxation has

terminated and the applied force is stabilized (about 30 min

after loading interruption), elastic strains are measured on

a profile across the thickness of the sample, along the x

axis. Nine levels of loading are investigated, including four

before plastification and one after unloading.

Laue diffraction patterns were acquired using a Photonic

Science VHR X-ray detector (2774 × 2594 pixels, 31 µm

pixel size), positioned 60 mm away from the sample. The

white X-ray beam is composed of wavelengths between

5 and 23 keV. In pure iron, the penetration depth for 5 keV

radiations is 9 µm. It reaches 77 µm at 23 keV [23]. There-

Fig. 1 (a) Configuration of the

bending experiment.

Characteristic lenghts of the

device are d = 8.5 mm,

c = 3 mm and

l = 2 × (c + d) = 23 mm.

Thickness of the sample

e = 0.5 mm and its height

b = 4.8 mm along the Z

direction are recalled. Insert

shows notations used for the

mechanical model. (b)

Associated force-displacement

curve



fore the depth of material probed is less than ∼40 µm. The

incoming X-ray beam (that lies in the yz plane) is tilted 40◦

around the x direction with respect to the specimen surface.

The beam cross-section size was set close to 0.8 × 0.6 µm2.

Line scans were acquired with a 2 µm step-size along the

x axis. We used a germanium single crystal to calibrate

the diffraction geometry. Regarding data processing, 16 to

18 reflections are used to extract the deviatoric strain in

the steel specimen with the Laue-DIC technique [3]. For

each reflection, the intensity follows a gaussian distribu-

tion around the well defined peak maximum. No significant

evolution of the peaks’ shape is observed with the loading.

The original shape has little influence on Laue-DIC results.

Basic local transformation algorithms are used during DIC

processing to measure the peak displacements.

HR-EBSD ex-situ Acquisition

For HR-EBSD analysis, we used a Zeiss Supra 55VP FEG-

SEM operating at 20 kV with a probe current of ∼2.4 nA.

The penetration depth of backscatter electrons for the steel

single-crystal is evaluated by Monte-Carlo simulations [24]

(for 600eV as a maximum energy-loss) at 25 nm. EBSD

acquisition with a step-size of 0.1 µm was carried out

using a HKL system (Oxford Instruments) composed of a

NordlysII camera and the channel 5 software suite. Patterns

were recorded at full resolution (1344 × 1024 pixels), using

averaging on three frames. Data were post-processed with

our own StrainCorrelator software [7, 12].

An experimental challenge was to finely control the posi-

tion of the observed surface and scanning conditions, in

order to obtain a 500 µm long profile with limited arte-

facts. To achieved this purpose, we used a specific sample

holder designed to precisely position the observed surface

parallel to the stage reference plane. A silicon grid was

imaged to calibrate scanning parameters (tilt correction and

scan rotation).

Results

In this experiment, as strain and rotation components barely

reach 10−3, we can use an infinitesimal strain analysis. The

deformation gradient tensor F is additively decomposed

into small strain ε and rotation ω tensors:

F = I + ε + ω =

⎡

⎣

1 + εxx εxy − ωz εxz + ωy

εxy + ωz 1 + εyy εyz − ωx

εxz − ωy εyz + ωx 1 + εzz

⎤

⎦ .

Fig. 2 Deviatoric elastic strain and misorientation on a through-thickness profile along the x axis of the sample, measured by Laue-DIC at 0 N,

1 N, 2 N and 3 N loads. All results are relative to the reference point taken at half-width of the sample (x direction) and assumed unstrained. A

pure elastic behavior of the crystal is observed : a linear strain profile develops on tensile components while shear and rotation components remain

identical to the initial ones



Fig. 3 Deviatoric elastic strain and misorientation on a through-thickness profile along the x axis of the sample, measured by Laue-DIC at 0 N,

3 N and 5.4 N loads. All results are relative to the reference point taken at half-width of the sample (x direction) and assumed unstrained. The

elasto-plastic behavior of the crystal is illustrated at 5.4 N load : a non linear strain profile is present on tensile components. Rotation components

have evolved as the result of plastic processes

The strain tensor ε is then decomposed into elastic and

plastic parts, ε = ε
e + ε

p. Hooke’s law is written using the

stiffness tensor C as σ = C : ε
e. The experimental results

are shown using only the deviatoric part of the elastic strain

tensor ε
e∗, since the used diffraction techniques are insen-

sitive to its hydrostatic part. Owing to the cubic symmetry

of the crystal lattice, the deviatoric stress σ
∗ can also be

computed with σ
∗ = C : ε

e∗ as explained in [3].

Figures 2 and 3 show the evolution of strain and mis-

orientation measured by Laue-DIC on a through-thickness

profile along the x axis, at the centre of the sample. Tensile

(εe∗
ii ) and shear (εe∗

ij ) strain components are presented with

respect to the sample axis introduced in Fig. 1. Rotation

components (ωi) are expressed in the same system of coor-

dinate. All results are relative to the reference point taken at

half-width of the sample (x direction), assumed unstrained

because situated on the neutral axis.

Before loading (Fig. 2), small elastic strain fluctuations

around zero are observed with an amplitude of 10−4. Mis-

orientations observed in the single crystal are less than

3.10−4 rad or 0.02◦.

At 1 N, 2 N and 3 N loads, a linear and symmetric tensile

strain profile develops in the sample. The evolution of the

profile slopes appears proportional to the load. Component

εe∗
xx and εe∗

zz are negative on the left side of the neutral axis

while εe∗
yy is positive. An opposite behaviour is observed on

the right side. Fluctuations around the linear tendency are

observed. These fluctuations are similar in shape with the

initial ones. They essentially correspond to the initial strain

state of the specimen rather than being a consequence of

the loading. Shear and rotation components stay identical

to their initial values. An evaluation of the dispersion for

these components is presented in Table 1. The dispersion

is higher on shear component εe∗
yz and εe∗

xz and associated

Table 1 Dispersion of

Laue-DIC shear and rotations

components around their mean

profile during elastic loading

εe∗
xy εe∗

yz εe∗
xz ωx ωy ωz

Standard deviation from mean profile (×10−4) 0.11 0.27 0.17 0.20 0.17 0.13



Fig. 4 Evolution of the elastic strain component εe∗
yy and misorientation angle θ during deformation in the elasto-plastic transition. All results are

relative to the reference point taken at half-width of the sample (x direction) and assumed unstrained. Development of a non-linear elastic strain

profile is observed as plastic deformation associated with crystal rotations develops from the sides of the sample

rotation component ωx and ωy (due to measurement noise

and limited pole figure coverage [8]) than for εe∗
xy and ωz.

At 5.4 N the tensile strain profile is composed of three

segments as illustrated in Fig. 3. On the left and right sides,

the slopes are low but become steep close to the neutral axis.

Misorientation distribution is different from the initial one

in the regions where the slopes are low. Limited evolution

of the shear component (< 4.10−4) is detected in the εe∗
yz

component.

For clarity purposes, profiles acquired at intermediary

loads (3.8 N, 4.6 N and 4.9 N) are presented through the evo-

lution of the εe∗
yy component and misorientation angle θ . The

misorientation angle θ is the angle of the rotation described

by the ω tensor. As seen in Fig. 4, at 3.8 N the three seg-

ment profile is observed with low slope regions limited to

the very side of the sample. At 4.6 N and 4.9 N the low slope

regions extend gradually toward the neutral axis. Rotations

components show a similar evolution, as demontrated by

the evolution of the misorientation angle. Areas where rota-

tions components are different from the initial ones evolve

from the side toward the neutral axis. Their extent is always

identical to the one of the low slope regions of the tensile

profile.

Figure 5 shows the compression side of the fully bent

crystal, as visualized by electron channeling contrast after

unloading. Markings consistent with slip on {111} planes

are observed in the plastified region whereas none are

present in the purely elastically strained region, near the

neutral axis.

After unloading, the previous localized plasticity gives

rise to residual elastic strains (cf. Fig. 6). The three observed

regions in the profile correspond to the two elasto-plastic

and one elastic zones. Maximum values measured for the

εe∗
yy component are of order 4 × 10−4.

HR-EBSD measurements of the residual strain state are

also presented in Fig. 6. Thanks to the small step size, clear

trends are observed despite the dispersion of the data. To

quantify the dispersion, the trend in each component is esti-

mated with a moving average procedure over 300 points.

Standard deviation of the distance between data points and

the average trend is equal or smaller than 10−4.

General good agreement is found between the average

profile from Laue-DIC and HR-EBSD of the same residual

strain state. Table 2 regroups the mean values of the distance

between the average trend of HR-EBSD and Laue-DIC

data points, calculated in the plastically deformed regions

only. The mean distance between profiles is smaller than

3.2 × 10−4.

Discussion

Elasto-Plastic Transition Observed by Laue-DIC

Initially the crystal is nearly perfect (i.e. no sub-grain) and

stress free as expected. Up to 3 N, the sample response

is purely elastic. At the macroscopic level, the force-

displacement curve (cf. Fig. 1(b)) show a linear relationship

Fig. 5 Backscattered electron channelling contrast observation of slip markings near the surface of the fully bent single crystal after unloading



Fig. 6 Residual deviatoric elastic strain and misorientation on the same through-thickness profile along the x axis of the sample, measured by

Laue-DIC (black dots) and HR-EBSD (grey dots). All results are relative to the reference point taken at half-width of the sample (x direction) and

assumed unstrained

with no drop when loading is interrupted. At the local

scale, a linear tensile strain state is measured. The repar-

tition of the strain between εe∗
xx , εe∗

yy and εe∗
zz is consistent

with the Poisson effect associated with a uniaxial stress state

along the y (< 010 >) axis. Here the specific specimen

orientation indicated in Fig. 1 was chosen so that the sym-

metry of the loading matches the symmetry of the crystal

lattice. One therefore expect εe∗
xx = εe∗

zz with all shear

components vanishing [25]. The elastic strain deformation

is proportional to the distance from the neutral axis as

expected from Bernoulli standard beam theory. No shear

strain is observed meaning that pure bending is achieved at

the location of the profiles. The absence of crystal rotation

is also a clue that deformation is purely elastic.

At 3.8 N, the stress state reaches the yield limit on

the sides of the sample (i.e. far from the neutral axis).

Plastic deformation occurs and the elastic strain tends to

saturate, introducing two breaks in the linear profile. Ten-

sile plastic strain is found on the left side of the profile

whereas plastic compression occupies the right side. As the

load is increased, the slope near the neutral axis becomes

steeper. More volume attains the yield limit and the plastic

areas extend toward the neutral axis. As plastic deformation

increases on the sample sides, hardening occurs explain-

ing non-zero slopes in the plastically deformed regions. A

sign of plastic deformation is the evolution of the rota-

tion components as a consequence of dislocation glide and

accumulation in the form of GNDs. Small evolution of

the shear components may be a consequence that after

some plasticity the material behaviour become heteroge-

neous in the sample. Therefore pure bending conditions are

not respected anymore at the local scale.

This interpretation of strain measurements is consistent

with the arrangement of slip markings. Close to the neu-

tral axis, no slip occurs as the deformation stays elastic.

In Fig. 5, slip markings are detected between 40 µm and

75 µm away from the neutral axis in agreement with the

transition observed in the strain profile. The number of

slip marking increase with the distance to the neutral axis,

underlying an expected increase in plastic deformation.

Table 2 Mean distance

(×10−4) between Laue-DIC

data and HR-EBSD average

trend in plastically deformed

areas

εe∗
xx εe∗

xy εe∗
yy εe∗

yz εe∗
xz εe∗

zz ωx ωy ωz

Distance (×10−4) 1.48 1.48 3.18 3.00 2.61 2.14 2.52 3.86 2.72



The elasto-plastic strain profile was manufactured in con-

trolled conditions to test the validity of elastic strain mea-

surements in the plastic region. By design, the experiment

is convenient for mechanical modelling. Indeed, initially the

material is proven to be homogeneous and strain-free. More-

over a pure bending loading is achieved at the centre of the

sample. Therefore only the plastic constitutive law of the

sample is a real unknown. In the following we will verify

whether the measured strain profiles fit with a mechanical

model using an elasto-plastic constitutive law.

Measurement Validation with Mechanical Modelling

To compare with experimental results, we build an analy-

tical model based on classical beam theory. This 1D model

is able to predict only the evolution of tensile strain compo-

nents εyy and σyy . Rotation and shear components are not

considered.

A bilinear constitutive law is used to describe the elasto-

plastic mechanical behaviour. The yield limit σ0 is reached

for εyy = ε0. Hardening is governed by a hardening

modulus H ,

σyy =

⎧

⎪

⎪

⎨

⎪

⎪

⎩

−σ0 + H
(

εyy − εe
yy

)

if εyy < −ε0

E εyy otherwise

σ0 + H
(

εyy − εe
yy

)

if εyy > ε0

. (1)

The Young modulus E in equation (1) is computed from

the crystal elasticity constants. Cubic symmetry is consid-

ered for the stiffness tensor associated with the austenitic

FCC single crystal. As the sample is loaded along < 100 >

crystallographic directions,

E = E<100> = C11

(

1 − 3ν2 − 2ν3

1 − ν2

)

with ν =
1

1 +
C11
C12

. (2)

Here only the parameters σ0 and H associated with the

plastic flow are true unknown.

Pure bending conditions are assumed. The bending

moment M and the bending radius R are defined along the

neutral axis of the sample (cf. Fig. 1). Following Bernoulli

hypotheses, displacements u are carried by the x axis

(u = −u(y) x). Only tensile components εyy and σyy are

considered:

εyy = −x
1

R(y)
. (3)

Denoting b the height of the beam (b = 4.8 mm) by

definition,

M(y)

b
= −

∫ e
2

− e
2

x σyy dx. (4)

Using equations (3) and (1), one can solve equation (4)

to obtain an analytical expression for the bending moment

M as a function of R:

M

b
=

E

H + E

[

1

12
He3 1

R
+

1

4
σ0e

2 −
1

3

σ 3
0

E2
R2

]

. (5)

Equation (5) can be inverted to obtain the function R =

g(M). Global equilibrium of every slice of matter gives the

relation between F and M ,

M(y) =
F

2
×

⎧

⎨

⎩

(

l
2

− y
)

if y > l
2

− d

d otherwise
(

− l
2

− y
)

if y < − l
2

+ d

(6)

where d and l are defined in Fig. 1.

Given a loading force F and a set of parameters (σ0, H),

we use g to compute R along the neutral axis. With a combi-

nation of equations (3) and (1), the profile of σyy across the

sample can be evaluated at the locations of the experimen-

tal data. The deviatoric tensile component εe∗
yy of the elastic

strain tensor is then calculated as

εe∗
yy =

2

3
(1 + ν) εe

yy with εe
yy =

1

E
σyy . (7)

The displacement of the bending pegs, knowing R(y) at a

loading step, can be retrieved by integration of the following

fundamental equation of standard beam theory :

1

R(y)
= −

d2u

dy2
. (8)

This mechanical model is now applied to elasto-plastic

bending of the single crystal, both for loading and unload-

ing. Taking Cij components from [26]: C11 = 206 GPa,

C12 = 133 GPa and C44 = 119 GPa, and using equa-

tion (2) we get ν = 0.39 and E = 102 GPa. The yield

limit σ0 and hardening modulus H have been identified by

least-square minimization between experimental and ana-

lytical elastic strain profiles, over all loadings steps, leading

to σ0 = 62 GPa and H = 13 GPa.

As seen in Figs. 7 and 8, elastic strain measurements suc-

cessfully match with analytical profiles for all loadings. The

mean distance between Laue-DIC results and predictions of

the model is less than 2 × 10−4.

The value of σ0 agrees very well with the results of a

tensile experiment along < 100 > carried out on the same

material by Chambreuil-Paret (∼ 60 GPa) [27]. The harden-

ing modulus H reflects the high hardening usually observed

in the elasto-plastic transition of stress-strain tensile curves.

In this experiment local total deformation in the sample is

always below 0.5 %. Moreover, identified parameters give

a macroscopic response of the model consistent with the

experimental force-displacement curve (cf. Fig. 1).

Elastic strain fields measured by Laue-DIC in the

deformed crystal are consistent with its known mechani-

cal properties. Confident of the Laue-DIC results, we now



Fig. 7 Through-thickness elastic strain profiles measured by Laue-

DIC during in-situ bending on 3 loads. Comparison with the analytical

model

take them as reference for cross-validation with HR-EBSD

measurements.

Cross-Validation with HR-EBSD

General good agreement is found between the average pro-

file from HR-EBSD and Laue-DIC (cf. Fig. 8). In the elastic

part, the standard deviation of the distance between the two

profiles for strain components is smaller than 10−4 : the val-

ues coincide within the level of dispersion of the HR-EBSD

data.

In plastic regions the mean distance reaches 3.2 × 10−4

(see Table 2). Some differences in trends certainly stem

from the different depth of material probed by the two tech-

niques (∼ 40 µm for synchrotron X-rays vs. 25 nm for

backscattered electrons). Such a difference is not expected

from a mechanical point of view as the uniaxial stress field,

constant in a yz plane, is compatible with the plane stress

condition at the surface. Therefore the beam tilt or the pene-

tration depth should have no influence on the measurements.

Fig. 8 Residual elastic strain profile measured by Laue-DIC and HR-

EBSD after unloading (error bars give the standard deviation from

averaged data). Comparison with the analytical model

However, the extremely local nature of EBSD measure-

ments makes the data sensitive to local features like slip

markings. Indeed a brief deviation from the general trend

in HR-EBSD measurements are thought to match with spe-

cific rotation and strain states around single slip markings

(not shown here).

With two independent techniques, a similar residual

strain and rotation profile is measured. The results are con-

sistent with the mechanical behavior of the single crystal.

Therefore, we are confident of having measured the true

strain values in the plastically deformed sample. An estima-

tion of the accuracy (distance to the true value) can be drawn

for the first time in plastically deformed sample. With this

methodology, the accuracy of HR-EBSD and Laue-DIC is

estimated at 3.2 × 10−4.

Conclusion

This original experiment on a lightly deformed fcc crystal

has been designed to validate measurements of local elas-

tic strains in plastically deformed crystals by Laue-DIC and

HR-EBSD. As a very good match between the two inde-

pendant measurements has been found we can give the true

values to within a range close to the dispersion of HR-

EBSD data. Therefore our measurements in a steel sample

deformed at plastic strains below 0.5 % are accurate to

3.2 × 10−4.

The experiment presented here was potentially sensi-

tive to artefacts coming from experimental conditions. As

plastic deformation level has not reached 0.5 %, artefacts

due to the nature of plastic deformation were unlikely to

impact strongly the measurements. However, the methodo-

logy introduced here (manufacturing a strain profile by four

point bending in an alloy single crystal) is thought to be

applied fruitfully to higher deformation levels, in order to

tackle this last issue.
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