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Please note some of the designs, techniques and applications
shown 1n this presentation are subject to copyright, patents
granted or pending.
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Data 1s used with the permission of the respective owner(s)

and may not be reproduced without permission.
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Material Microstructures 4 MO 25 #4)

® Polycrystalline with coarse grain structure oriented (with
preferred orientation)
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e Directional solidified grain structure
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® Single Crystal structure
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Fabrication of Material Components
7ML *’I‘%Bﬁ: 1) 1] 1 Single Crystal Materials . & #4 &}

Directional solidification Process to cast single Crystals
and equiaxed grains
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Fabrication of Material Components
AR ) i) ad Single Crystal Materials . & #4 &}

Example of Turbine Blades
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Crystal Orientation (Reference definition) i /7 0] (AEFR £ %€ S
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Diffraction Techniques fiTH] 5 R

® Polycrystalline Material and Single Crystal Materials
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Debye Rings Discrete Poles (LAUE)
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Mechanical Behaviour of Materials ~ #4&}H)
*ﬂ*fﬂﬁfl%‘"‘féli Single Crystal materials - Jf A4 &}

® Hooke’s Law
Anisotropic materials ot :anklgkl
1) PR R

81 different components which reduces to 3 for cubic
symmetry
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Mechanical Behaviour of Materials#4 &} 1)
ML 4 Single Crystal materials 5. g £4 Kl

e Elastic behaviour #¥ 4 4 4

Elastic modulus in one direction — ™7 [r] F¢) 58 P4 A

1 1
£t =S —2((811 ~S1) = S j.r“‘k'b

r[hkl] . h2k2 + k2|2 +|2h2
(h* +Kk>+17)
[100=0, 1'1110l=1/2, I'111=1/3

For 1sotropic matrerials
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® Steps for measuring stresses 1n a single crystal
N R s . g ) 25 BR

Determine the crystal orientation using Pole figure

technique or LAUE technique, scan in ¢ and y directions
using low multiplicity (hkl) plane
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Select at least 3 poles or more to determine an accurate
crystal orientation
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Index the poles (hkl)
R Z M s (hkl)
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\ Single Crystal Material

Calculate the orientation matrix
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Calculate the poles positions for stress measurements, new
(hkl) planes
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Scan in half space around the pole and determine
accurately Bragg angle of the peak
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Bragg
Using the elasticity theory, calculate the stress tensor.
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X Ray Diffraction Equipment

—

5 X_ Configuration PECHBE

The equipment should be equipped
with the following: (X #% M 1%
HU A

Motorized v rotation,
0<y<60

H sy A ek o,
Motorized ¢ rotation
0<¢<360
H 3o ik,
Linear detector or 2D
detector

23 P R B8 T — SRR e Proto LXRD System




X Ray Diffraction Equipment
X, Configuration it &

X-Y stage for easy positioning
H ML IX-YF & R i 2L
High power X-ray tube
RINF XL

Safety enclosure
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Control and analytical software
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Stress Measurement Techniques .
I Y \ Alignment verification, ASTM E91]

Free stress powder: 316L £/ 77 3 1 6 L #4
X-Ray tube: Mn  #7#/

Plane (hkl): 311 #2471

Bragg angle, 20 = 152° #ifi 5

XEC =7.18.10°* MPa-!

c=1.7x 6.7 Mpa

T=6.2 = 3.4 MPa




Stress Measurement Techniques/y /7l &=
EEE*Cr stal Orientation (Pole figure technique)rn A& /7 ] #z K 14

Sample 1: 4
X-Ray tube: Mn
Plane (hkl): 311
Bragg angle, 20 = /55 °

700120
5609.43

4217.78

282607
I 143436

42,65

Pole figure collected on a Nickel Base Single crystal
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Sample 2: £
X-Ray tube: Mn
Plane (hkl): 311
Bragg angle, 20 = /55 °

2747.07
I 1332039
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Pole figure collected on a Nickel Base Single crystal
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Crystal orientation (LAUE technique) & 75 7] (57 JLiE)

e Digital LAUE photograph and a 3D LAUE data, Sample 1
7 LB RS =450 8#E, FHFE—
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X " Crystal orientation (LAUE technique e M (57 5.7

e Digital LAUE photograph and a 3D LAUE data, Sample 2
FILHBRL IR E =457 089, A




Stress Measurement Techniques =5

Crystal Orientation Pole figure versus LAUE techniques
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® Single crystal orientation accuracy can be affected by the
following: 521 B &y 3E [ 4G 5 1 A 2=
Intensity of peaks V&5 &
Poles overlap sl HL S

Mosaicity in the crystal —fafd B 5 %0
Accuracy of poles position determination M 51 & /5

e Solution fREIRFZE

1. Select low multiplicity peak for orientationiE FEALHT H K L ~F-JHj % &
[

2. High resolution detector = HHAR NI 75

3. High power for high intensity peaks KT Z 15 2|55 I
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EEIZ* Deployment 5L

® Use the single crystal orientation result to predict the
position of the new poles, usually higher multiplicity
] P B 2 T SR i ER) 7 [ T T AR R K B, IS e e =
BrEH K L[

e (Calculate the coordinates of the new poles (y,0)
T E AR S AR BR (p,0)

® Scan in space around the theoretical pole position to find the
pole maximum position
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EEIZ* Deployment 5L

® Collect a peak at the maximum position in (y,¢) and
calculate the peak position in 20

TERR RUEAL AL (p,d) REERTHTUE, THEIEAL 120
e Calculate strain

HR ALY

e Using the elasticity theory, calculate the stress tensor.
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Results %%

Description:  Mi base j|'-|'|Eac|herial 26N0OV0S_0001.sc Description:  Ni base Eaghenal 26MNOV0S_0001.5c

10414 2039
Detector 2 Detector 2

Beta[6]:36.30 Beta[13]:15.50
Psi[6]:54.70 Psi[13]:33.90
Phi[6]:-5.28 Phi[13]:169.88
Point:& Point:13
Position: 186,59 Position:231.71

85.00% Line

512

Description:  A13 st:ressl55 2MMOV09_0013.5C Description:  A13 shesslss 27NOV0S_0013.5C

6056 6944
Detector 2 Detector 2

Beta[1]:17.58 Beta[9]:34.00
Psi[1]:33.48 Psi[9]:49.90
Phi[1]:-169.94 Phi[9]:13.00
Paint: 1 Point:8
Position:228.97 Position: 224,94

JobMo:
80.00% Line stress

80.00% Line

0

102 204 307 409 512

Example of x-ray diffraction peaks collected on a single crystal
using Mo X-Ray tube
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Results %%

Mn target Mo target Mo target

Example of poles layout collected on a
single crystal
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Results %%

Mo target Mo target

Example of poles layout collected on a
single crystal
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Results %%

Single Crystal

\ Date: .
JobMo: Time:

Partho: _ _ Operator
Description:  Mi base material Elapsed Time:

Stress Tensor [MPa] Error [MPa]
-272.85 -73.90 8l.16 0.00 0.00 0.00

-219.31 97.11 0.00 0.00
-0.00 0.00

Calculated Measured

Flane Phi Fhi dspacing
(131) -175.76 -176.26 1.082391
(311) -109,50 -109,00 1.082026
(3-11) 71,13 0.00 M/A
{(113) -46.48 -47.48 1.085375
{1-13) -16.01 -17.51 1.084397
-1-13) 29.95 28.96 1.083755
-113) 75.83 76.33 1.085336
-13 1) 142.62 0.00 M/

Example of Residual Stress results on a single crystal, shot peened
subsurface
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Summary

e Single crystal and Directionally Solidified materials can be
characterized for both Crystal Orientation and Residual Stress

BRI E 0] R A A RE B8 B A 2o A L B A4 T TR AT AR R B
Measurements were successfully applied in both lab and factory settings
using Proto XRD equipment
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Future development will include fast speed systems for LAUE and stress
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