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Abstract: The third-generation synchrotron radiation source can generate high-energy X-rays to realize in-situ non-destruc-
tive characterization of the internal crystal structure of engineering materials under service conditions. As an emerging char-
acterization technique based on synchrotron radiation, three-dimensional X-ray diffraction (3DXRD) technique uses mono-
chromatic high-energy hard X-rays to collect diffraction signals along different directions from polycrystalline materials to
obtain the crystal orientation, spatial position, and local stress tensor of the grains inside the material. When the 3DXRD
technique is combined with in-situ experiments, the dynamic evolution of the state of each crystal grain can be obtained.
This technique has been successfully implemented in synchrotron radiation facilities such as ESRF in Europe, APS in the
United States, SPring-8 in Japan and DESY in Germany. This article reviews the working principles of 3DXRD and its appli-
cations in engineering materials research, including measuring the evolution of grain orientation in materials, measuring
grain-scale stress, studying the deformation mechanisms of hexagonal materials, understanding material failure, and verifica-
tion of crystal plasticity finite element models. Finally, based on the status of 3DXRD, its development direction is envisioned.
Key words: synchrotron radiation; three-dimensional X-ray diffraction ( 3DXRD); engineering materials; in-situ

experiment ; crystal orientation
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Fig. 2 Grain orientations and positions of a polycrystalline Ti-7Al sample
characterized by 3DXRD experiment, the hexagonal unit cells

represent the grain orientations, which are colored according to

the angle between the grain and the sample z-direction’!”!
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Fig. 3 Monitoring the grain orientation rotation in AA1050 pure alumi-

num by in-situ 3DXRD!2'); (a) position and shape change of a

diffraction peak at different strain, (b) grain orientation rotation

during tensile deformation shown in an inverse pole figure

(IPF), (c) comparison of grain orientation rotation between the

experimental result and the Sachs model simulation
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Fig.4  Analyzing the von Mises stress ( oy, ) evolution in a polycrystal-

line pure titanium from the 3DXRD datal?!. (a) Reconstructed
grain map from a near-field 3DXRD scan; (b) {0001} pole fig-

ure generated from the grain orientations; Measured oy in dif-

ferent grains before deformation (¢) and at the microscopic strain

of 0.31% (d) from far-field 3DXRD
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Fig. 5 Schematic and results from scanning 3DXRD'*): (a) In-situ
stress-strain curve of a low-carbon steel sample, when tension
strain reached 5.1% , the scanning 3DXRD measurement was
conducted; (b) Schematic diagram of scanning 3DXRD setup
with a conical slit; (¢) 3D orientation map, orientation is repre-
sented by the inverse pole figure for the tensile direction; 3D
stress (type II) maps (d~i) and 3D stress (type IlI) maps (j~

o)of o, 0,, 0., Ty, Ty, T, slress components



2

FIARAE: =48 X AR AR S TR RIS 85

3.3 AHREHBTHNHFTR

NI BB Bk, B, TAUREE. M
SR BT AT B TR R R, AN R
RO FRAATE , 04 2 T B 3 T T o 4 6 T
B, HmEE, M <a>HEB, B <c+a> .,
(1012} Rz %, 35 25 ML) B AR T 1 1 SR 03 30
1§ 7 (CRSS) , WXt CRSS HURIE v iE T AT i R AR
(BRI 9V

V57 5 Z B RS % 25 R B CRSS 1 — by
T P B AR B T (FIB) T H AOK .40 K JRBE 1 B
BEG SR JE R R 5 8 0 0 e 0 R i 061 7 R 45
TR, MR R A i X 7 A ) Y
et )= O 10 9 Y M v B = K L 51 .G D
i CRSS . {Hi% LIRS & 5 2 . Stk mK
VR LRI — ™ S AR I D P A T R 2

JEA 3DXRD SR AL T 75 7 5 2 bR RS R
EJR B ) CRSS 1Y 55 — 4k id 4t . V#4538 1 Ji i 3DXRD
SYHE T Sk AE R R b P R e 2B AL
ST P IR AT AL R SR 1 mm x 1 mm,
R RS2 100 wm [R38 JCE6 5 . 75 APS 1-1D ZR 35
TRESRA O F13. 0% 78 F i3t 47 3DXRD At , i T
T _E AT SRR AR Y kR o A
YN, KSR . R R 2SR K, i 6a
FiR, fERRASIAE] 1. 6% i, 7E10001 | 4L R T
AN AT ], 3 3o A R 37 RV ] 22 %
JB, Wi HCh R R PR PR G, B AL B,
W[ 25240 85° ., M 1R 7E 2 S ARG — 20 (0 107 13K
(I 6b), TSRS CRSS 25 225 MPa, 7E75
SIBRIG, GRSEEEE T VR RIZE S 1 R 77 3K 4 (78 6b)
RIS P R T U L REEREAI . 5 2125 R 77
TERER N2, XG5 i gnges) ™

JEA3E 3DXRD 9256 th 7T LA (348 05 B CRSS, A
B3 ST 3 R EL B B o 1) BT 7 2 3DXRD
VAR50 A (R 9 B 3K B R A5 AN RS B AR,
DACAE S AN TR R 1 BB, AR TG R b 45 0 A
RCREET HOT IR, T4 A S A PEAROR | Al Lo
BRS F I CRSS (HAE AR,

P 122 20 o S 3 L SR 1 R L ) A A
H G R R S, AR R Bk R A R &
(OHERE T B eI i CRSS, 5236 F BE A 4 25T 288 phy 3
THG VRS SR, R O RS K T T RS 1 CRSS B — R
SRS IR A%, 0™ RS T AR Y8 A T e
S1o FERES A PRI B [ VR o0 AR RS B 4R
FADRBR R S, Hoh AR L AR £ T

&=0 £=0.9% £=1.6%
... {0001} —i — IE'
6 3 ) .

&% torn it

o 1 et 8t e £ 1
5, 1?:”:8 o3 g K ..3’1 :q‘ﬂ. i .zt‘ : e
PRS- R TN ot po )
400 A [b]
A A
o A‘ A
300 Q;-o “66020006 60:-1é
__ 200 Juigik e
o A Grain
€ 100 % o ”? © ;5:
2 Aos o o Grain 2
N 0 .
S a .0 Grain 5
- [0}
= N o o Grain 6
200 ‘o Twin
300 P
0.0% 1.0% 2.0% 3.0% 4.0%

Engineering Strain
E 6 liidJEf 3DXRD BF55 £ fh gk 28 B (a) R
AR, PRI DX SR P ) dORE 10001 | A A 18 A K st s o7
Pel; (b)4 ANdivkL L K22 Y o, N3 43k il 2 UL Ak 14388 £k
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Fig. 7 Measuring the critical resolved shear stress (CRSS) of a Mg-3wt% Y alloy using in-situ 3DXRD®') ; (a) Definition of disorientaion and c-axis mis-

alignment; (b) Evolution of the disorientation, c-axis misalignment, and von Mises stress values in three grains that show the slip activity of pris-

matic slip, basal slip and pyramidal slip, respectively; (c) Evolution of resolved shear stress values on different slip systems in the three grains
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grain boundary in a CDE
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Fig. 9  Study of the fatigue crack growth in Ni-based alloy by in-situ 3DXRD measurement

3], (a) Crack propagation and the stress state change in

the surrounding grains, including the von Mises stress, hydrostatic stress, and stress triaxiality; (b) The relation between the maximum resolved

shear stress on the {111} <110 > slip systems in grain 457 and the crack propagation direction and length
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