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MOTIVATION

NACIONAL ROUND ROBIN FOR RESIDUAL STRESS MEASUREMENTS

PRELIMINARY STUDY

Sample(s) choice

Definition of the method of data processing

Definition of experimental parameters
(Evaluation of influence of experimental conditions)
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INTERCOMPARISON IWT-INMETRO (NOV/2007) [Sample AODb]
[5 analysis per instrument]
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Sample properties (partially defined by sample preparation methods)

ELASTIC CONSTANTS (+/- 5% RELATIVE)

AISI 1070, 1/2S2 = 5.7 10 MPa; S1 =-1.235 10-°* MPa
SAMPLE SHAPE (PLANE, CILINDER, ...)

Plates of 20mm X 25mm (s11 direction)

MICROSTRUCTURE

Homogeneous tempered martensite with small carbides

PRESENCE OF STRESS/STRAIN GRADIENTS

A little gradient at surface showed by Cu radiation measurements

PRESENCE OF CRYSTALLOGRAPHIC TEXTURE

Quasi ideally random texture
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Sample properties (partially defined by sample preparation methods)
Chemical Composition C=0,73, Mn=0,64, P=0,010, S=0,001, Si 0,19, Cr=0,18, V=0,01 Ni=0,02 M0o=0,030 Al=0,041
Average hardness of 270 HVO0,5. Microstructure: homogeneous tempered martensite with small carbides.

200 mm
Sand Blasting:
Mean grain size: 0,6 mm
012 RowA|6!7/819 air pressure: 3 bar
Max. time per B2b sample: 30sec
e.g.B2b Nozzle to sample distance 50 mm
\ Nozzle diameter: 6 mm
a
S I (S D O I A S P
b| | RowB I:Gmm
=== - i B i i e - i e Bl II
¢ 225 mm
Scheme of
nozzle move-
Row C ments

MANUFACTURED AT IWT/BREMEM/GERMANY (Dr. Thomas Hirsch)
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Method of data processing

NUMERICAL METHOD FOR PEAK POSITION DETERMINATION

Numerical fitting of Kal and Ka2 (and Kb) with symmetrical Pseudo Voight function.
No convolutions applied. Linear Background Subtraction.

Sample: 780100 [ Range # 13 {60.0:81.8)] (1 1864) (3.00s)
- 110
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Method of data processing

ALGORITHM OF ANALYSIS (SOFTWARE)
Based on traditional least-square fit of d x sen?PSi curves to experimental data (isotropic case)
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Method of data processing

ALGORITHM OF ANALYSIS (SOFTWARE)
Additional assumption:

hkl ~ hkl > hkl
d d unstrained ‘C‘\vcp
hkl g hk

d — M0

ICRS-8/DENVER, AUG/06/08
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Method of data processing
ALGORITHM OF ANALYSIS (SOFTWARE)

Traditional d x Sin?PSI plot

(=

Q

§ Sample : 788200 [g:1152,01(38,02),e:-4725,00(118 47)](x1E-8)

g d0: 2,030600 (0,000100) ; SRS: 198,28 (6,72) ; NRS: -813,25 (20,39)

Elipse width=

Asin w

1,= Shear Residual Stress (SRS)

= 2,025 V = Poisson Ratio

E = Young Modulus

20240 drj;' =Interplanar Distance for Reference (Fitted)

2,0225 Ad]‘.kl r ikl

S+
2,0220- Curve Sj'ope =— Uf = ?Sli —| G, (for 1,=0)
20215 Asin“w \ E )

2,0210- a,= Normal Residual Stress (NRS)

LGN L L L S L L L L R AL B L L R B L B LI B B R L
0,00 0,05 0,10 015 020 0,25 030 035 0,40 045 0,30 0,35 0,50 083 0,70 073 0,80
Sin2(PSI)

[ Based on (11 0) of Ferrite (~Martensite) ] [1/252: 5,810]
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Experimental conditions

COUNTING TIME (STEP TIME/SCAN VELOCITY)

NUMBER OF PSI TILTS AND PSI 5,

2THETA RANGE USED FOR BACKGROUND SUBTRACTION

GEOMETRY (PSI,OMEGA LINE FOCUS, POINT FOCUS,...)

X-RAY ENERGY (ABSORPTION EFFECTS)

OPERATOR REPRODUCIBILITY

INSTRUMENTAL MISALIGNMENTS (SERIOUS SOURCE OF ERROR)
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Experimental conditions

Effect of Counting Time

Residual Stress (MPa)

ICRS-8/DENVER, AUG/06/08
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Experimental conditions
The Choice of PSI ,,,

-100
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Residual Stress (MPa)
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Experimental conditions

Number of PSI Tilts
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Experimental conditions Cr: Fe (211), 2Theta = 156°

2Theta Ranges
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Experimental conditions

Geometries

-200

-205
-210
-215
-220
-225
-230
-235
-240
-245
-250

= +/-60°

\VMAX
Ay = 10°
At = 23ec§ Wyax = +1-60°
Ay = 5°
At = 2sec

-255
-260
-265
-270
-275

Residual Stress (MPa)

-280

e

WMAX
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= +/-34°
~ 7°
= 10sec

@ OMEGA GEOMETRY
Cr Radiation

;U_

5 8
INSTRUMENT CODE
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Residual Stress (MPa)
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Method
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Experimental conditions

Cu Radiation
-105
@ OMEGA GEOMETRY
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Experimental conditions

Operator

-225

-230

-235 -

e
el e

-250 -

Residual Stress (MPa)

-255 1 1 1 1

Operator (random choice)
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Experimental conditions
Instrument Misalignments

Diffractometer Geometry

X-ray
source

ICRS-8/DENVER, AUG/06/08
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Experimental conditions
Instrument Misalignments

Diffractometer Components
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Tube System Eammd  1ESoller Shit
Aperture Slit
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e
Eulerian System - —

Detector System g
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Experimental conditions
Instrument Misalignments

LaB4 Case
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Experimental conditions
Instrument Misalignments

LaB, Case (zoom)

10000

—— Experiment

— Calculated ,¥=0’

_ /A — Calculated ,¥=70°
— Calculated ,¥=80°

5000

Intencity (counts)

20 (deg.)

Zero peaks shift means ideal alignment
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Experimental conditions
Instrument Misalignments

LaB,sample displacement

Hypothetical 20 shift Fe (211)

006 T T T T T T T T T
| |
0.04 | .
—~ 0.02} .
Ov .
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|
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Criterion for well aligned diffractometer: |Ad
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Hypothetical d-spacing shift Fe (211)
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Influence on Final Results
(example)

PSI>=0

-219

PSI<=0 + PSI>=0

-238

Sample : LAST(000)[B0]_2 [g:-103.72(40.40);e:-1247 92(52 8B (X 1E-6) Sample : LAST(000,180)[60]_2 [g:6.68(5.21);:-1356.80(23.08)](x 1E-£)
d0: 1.171046 (0.000022} ; SRS: -18.20 (7.08) ; NRS: -218.93 (9.28) d0: 1.170888 (0.000011); SRS: 1.17 (1.44) ; NRS: -238.03 (4.05)
14710
14708 =08
1.1708-
1.17074
1.1706-
1.1705-
£ 11704 g
B e g
0%, . H
= 1.1702- =
1.17014
1.17004
1.1899-
1.1688-
1.1687+
1.1696-
000 005 010 045 020 025 030 035 040 045 050 055 060 085 070 075 080 085 080 085 100 000 005 010 015 020 025 030 035 040 045 050 055 060 065 070 075 080 08 080 095 100
Sin2(Psi) Sin2(PSi)
[Based on (2 1 1) of Ferrite (~Martensite} | [1/2 [Based on (21 1) of Ferrite (~Martensite) | [172
Sample : LAST(000)_2 [g:-238 72(26.12);8:-1058.01(25.42)](x 1E-6) Sample : LAST(000,180)_2 [5:5.11(7.78):2-1151 58(16 64)1(x1E-6)
d0: 1.17108B (0.000020) ; SRS: —41.88 (4.58) ; NRS: ~185.79 (4.45) d0: 1170951 (0.000010) ; SRS: 0.80 (1.37) ; NRS: -202.03 (292)
147114 11710
14710+ 11708
1.1708- 11708
1.17084 1.17074
1.17074 1.1706+
11706+ 117054
£ E
£ 1.17054 £ 11704
) E)
800 £ 117044 £ 117034
SR © 117024
1 1702] 1.17014
el 1.17004
1.1689-
1.17004
1.1688+
1.1689-
1.16874
1.1688-
T T T T T T T T T T T T T T T T T 11696 T T T T T T T T T T T T T T T T T T T T T
000 005 010 015 020 025 030 035 040 045 050 055 060 065 070 075 080 085 080 095 100 000 005 010 015 020 025 030 035 040 045 050 055 060 065 070 075 080 085 080 085 100
Sin2(PS)) Sin2(PSI)
[Based on (2 1 1) of Ferrite (~Martensite) | [1/252: 5.700] [Based on (2 1 1) of Ferrite (~Marensie} ] [1/252: 5.700]
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Conclusions

1.The selected material is suitable for national round robin (homogeneity,
surface state).

2.Scattering of the results in the acceptable range can be expected in PSI
geometry for wide range of experimental conditions.

3.Comparison of the data processing method with the method based on
fundamental parameter approach to peak fitting (TOPAS) showed small
differences in residual stress values.
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