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Measurement of residual stress butt welding
using speckle interferometry
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ABSTRACT

Measurement of residual stress butt w elding

using speckle interferometry

By Baek, Sang Kyu
Advisor : Prof. Kim, Koung Suk
Dept. of Mechanical Design Engineering,

Graduate School, Chosun University

The state that exists in the bulk of some materials without application
of an external load or other stress sources such as thermal gradients, is
known as residual stress. They may be produced by fabrication
operations such as casting, rolling, welding, heat treating or forging, or
may occur during the life of a structural or mechanical component. The
magnitude and distribution of residual stresses are very important to be
known since the mechanical behavior of different materials will be
affected when they are present.

The hole drilling method is one of the most widespread techniques for
measuring residual stresses. This technique involves monitoring the
strains generated by the relieved stresses when a small hole is drilled
into a stressed material. These strains are usually measured by means of

strain gage rosettes. However, they have some practical and economical

_|X_



drawbacks. For instance, the hole must be drilled in the centre of the
rosette since misalignments can cause significant errors.

The difficulty can be overcome using optical techniques. Among them,
electronic speckle pattern interferometry (ESPI) is a technique which is
very attractive in optical metrology not only for its non-contacting nature
but also for its relative speed of inspection procedure, mainly due to the
use of video detection and digital image processing. The application of
digital techniques in ESPI allows the automation of the data analysis
process, which is usually based on the extraction of the optical phase
distribution encoded by the generated correlation fringes. From these
data, in-plane displacement fields can be measured over the whole surface
of any rough object without making contact with it.

The objective of this study is to measure residual stress of butt welding
using in-plane displacement sensitive ESPI. In experiment, the butt-welded
stainless steel specimen are extended by tensile testing machine and The
strain distribution at right-angle to welding line is measured by y-axis
displacement sensitive ESPI and the strain profile indicates base metal
and welding zone. Also, Young’s modulus of base metal and welding zone
are respectively determined by tensile testing. The residual stress
distribution of butt-welded specimen can be estimated from the strain
profile of ESPI and two Young's modules. The presented method offers
improved speed of evaluation due to elimination of the surface

preparation time of hole-drilling technique.
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Laser source

CCD camera

Fig. 2.5 Optical path change as the object deformation
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1. YAo]=7]"H(phase shifting method)
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Fig. 3.1 Schematic of 3D-ESPI System

_29_



oo
wm
S
>,
[>

T

lo
o\
r>~l
1o
ofg
1%
ol
=
2
o
&
Ay
N
N
2
O-E
1%
—
K
o

>
=
oo
ol
ol
&
-4
ox,

il
BN
[
oty
ol
ol
Q.
2,
)
i,
Y
o
fi
X
ot
1%
ol
(z
=2,
>
R
i
X,
it
-
)
>
o
e
o
=)
f

Table 1 Specification of the ESPI system

3D - ESPI System

Description Technical data

Measuring Sensitivity 0.03- 1 um adjustable

static 1 - 20 pym per measuring step,
Measuring range any with serial measurement dynamic
0.3 - 3 um amplitude

static up to 1 m” dynamic up to
400%600 mm” (16"x24")

Working distance variable, 0.1 ... > 2.5m(4 ... >60")

Measuring area

automatic, manual, static, dynamic 1D-

Operation modes ,2D—-, 3D-operation

Data interface TIFF, ASCII, Windows metafile

Data acquisition speed | 2.5 sec for 3D—analysis

Data analysis automatic or semi automatic
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2. UTM A|£H

UTM(universal testing machine) A& &= WA A7 24 dE
SHIMADZUAF] 48 Al2=®lS& o]&3}31 o™ F42 Photo 1 2 Zo] ZA

Main frame(floor—-type)@} Control panel, 1831 PCE FA o] ¢l

Floor type (100kN) Model MO

Photo 2 UTM(Universal Testing Machine) system
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Table 2 Specification of the UTM system

UTM System

Description

Technical data

Model name

AG-100kN IS / Floor type

Capacity

100kN

Crosshead speed range

0.0005~1000 mm/min

Crosshead-table clearance

(tensile stroke)

Max. 1250mm
(760mm)

Range 1,2,3,10,20,50,100 times (7steps)
Accessories Load cell For 100kN
Frame rigidity (approx.) 300kN/mm

Dimensions main frame

WXDXH(mm) = 1170X750X2162

Precision

Within+0.5% if displayed test force
Conforms to JIS B7721 class 0.5,
EN 10002-2 grade 0.5, ISO 7500-1
BS1610 0.5, DIN
51221 class 1 and ASTM E4.

class 1, class
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Table 3 Chemical compositions of ASTM A 240/A240M-05a

Stainless Steel.

(Wt.%)

Carbon|Manganese | Phos—phorus| silicon |Chromium| Nikel | Sulfur

0.08 2.00 0.045 0.75 |18.0-20.0|8.0-10.5] 0.03

AlgHe ASTM A370-0594 #AAISH AldH 748 #Fx3to A=
om * Fig. 3.201E B AFoA AFRE AFHY JA 2 AFE JERRN

o},

B A B
N J
____________________________ fiw\ coeld
G
R/’ | ke
T

Fig. 3.2 Dimension and mechanical properties of specimen
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Table. 4 Dimension and mechanical properties

of specimen

(Unit:mm)
Abbrev. Description Dimension
L Over—all length 200
A Length of reduced section 60
B Length of grip section 50
C Width of grip section 40
G Gage length 50
W Width of reduced section 10
T Thickness 1.0
R Radius of fillet 20

Mechanical Properties

Specification

Material STS 304
Young's modulus 206 GPa
Poisson's ratio 0.29
Density 7800 kg/m”
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AZARHE wEFA e Age] &9 XAHol FL ol GTAW(gas
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Photo 3 Welding conditions of GTAW
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Fig. 3.3 Schematic illustration of producing specimen
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Fig. 3.4 Schematic of ESPI & UTM system
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Photo 4 Equipment of ESPI & UTM System
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Table. 5 ESPI phase-map according to force difference variation

Phase map : AP(kg;)
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Sta27E S7kge wel YR Ze] vEhd HEEFHY U AAdoe=
D 98T ¢+ Aor, BARANE AUEFUA ZAR
Hastal e ZAT F AU Fig. 4.1901A4 Fig. 4.57HA4 zkz4e] st
o W& W3y A3}E Profile, 3D-Plot, 3D-Deformation Distributions 2.
= ehe] Hmsac
(a)3D-Plot ’
(c)3D-Deformation Distribution
(b)Profile of Y-axis

Fig. 4.1 ESPI Result of Deformation, Tensil-Force: 5.265kg
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Fig. 4.3 ESPI Result of Deformation, Tensil-Force: 9.143kg;
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Table. 6 Result of Young's Modulus & Residual Stress

Data P1 P2 P3 P4 P5
Force [kgf] 5.265 7.122 9.143 11.551 14.627
Stress[kgf/mm”~2] 0.468 0.633 0.813 1.027 1.301
Stress[MPa] 4.588 6.206 7.967 10.065 12.745
Strain : Base metal | 2.22E-05| 3.00E-05 | 3.85E-05 | 4.86E-05 | 6.16E-05
Strain : Welded 3.36E-05| 4.35E-05| 5.35E-05 | 6.43E-05 | 7.45E-05
Strain Ratio 0.66 0.66 0.66 0.66 0.66
E_welded[GPal 136.7 136.7 136.7 136.7 136.7
Residual stress[MPa]  2.36 3.19 4.10 5.18 6.56
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