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1. SE08ZEE9r Briefing on Lab

23058 == 2 36 B B 2zt {ulak ik — 16
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R DERREAR, BETHhESERMD
tHRRIEISRIR .

The Lab is only one qualified division with CMA and
CNAS accreditation and certificationin in the field of
residual stress determination in China. The Lab is
possessed of own stress measuring method such as

“Indentation strain-gage method” , “Deep-Hole
Drilling method” , “R-N Sectioning relaxation
strain-gage method” , etc. On the other hand, the
Lab has exclusively some stress-relief techniques.
Five national standards have been prepared.

facwexr CNAS
™

China National Accreditation Service for Conformity Assessment

LABORATORY ACCREDITATION CERTIFICATE
(Registration No. CNAS L4975 )

Testing Center of Metal Research Institute, Chinese
Academy of Sciences
(Legal Entity: Metal Research Institute, Chinese Academy of Sciences)
No.72, Wenhua R n) jaonin i
Is accredited in accordance with ISO/IEC 17025: 2017 General
for the Comp of Testing and Calibration

Criteria for the Competence of
Testing and C: L for the fo
the service in the to this

The scope of accreditation is detailed in the attached schedule

bearing the same registration number as above. The schedule forms an
integral part of this certificate.

HE 7704010
LU

e A RS G R I S bR

GB/T 24179—2009

EEHHE BREEAWE EREEZ

Metallic bs—Residual siress imalion=—
The indentation strain-gage method

F008-06-25 H W . 2010-04-01 ¥
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2. RN IBIYER Influence of Residual Stress
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3. TBFEMONEEAR Methods for RS Determination

N ERMDNETG ZEM
Evaluation of some leading measuring methods
& XPi&%fHi89iE (X-ray diffraction, XRD)
ZRAPERMHEAEEI—E, ZNOERIMEREIELLFRIIIEL.

The crystal plane spacing d of polycrystalline metal materials is constant, which is changed in proportion to stress.

—RIBEKAVNEBEBETH—XFTZELAFAONGFEEISERE (hkl) B, WMgEHE
BraggAt: 2dsiné=nai

XSS ERBASAETSMIE (RS | 17 _:%:Tkxﬁfjj;
ER—FENTREE. DRRAEANBGEETN 1] e
HAFSHINE, EEABRR, S IER. L - I

X-rays satisfying Bragg's law are strengthened by interference in

the direction of the reflection angle (diffraction peaks obtained). pitraction produced from a monochromatic
According to this principle, the d value can be obtained. light reflecting off the adjacent crystal plane
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3. %BFEMNAONEEAR Methods for RS Determination

, § WIS

XS nTatiZR AR, BRSATFNERRERAHENERN], BSXIENE
HREZKREE, 20umEERAFTEFSIAMIMRS. LWEEZREEMARTINEX
(BALKD, RIEF) |, MEeERE, ERARBHERE.
XRD method is nondestructive, it is mainly applied to determine the RS in the
surface layer permitting no additonal stress during surface preparetion within 20pm

depth. It is affected seriously by microstructures including grain sizes and textures.
On the other hand, the equipment is expensive, operation is not flexible.
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3. TBFRMONSEIEZEAR Methods for RS Determination

& (hFLRITE (§FliL, Hole-Drilling Strain-Gage Method)

BERAETHO1.5~2.5mmEH, ($FEANMTFARE) . RAMTRNSEMME. WirE
i, NERBERS, FEVMHARELWRN, 2EIESURILERRITHAZE. EE
ASTMF1973FFINIEXERHE (E837) , EEIREHNGB/T 31310,

$1.5~2.5mm blind holes is drilled on the surface of the component (the depth is more than the hole diameter), and
the strain gauge is used to measure the relaxed strains. The destructiveness is small, the measurement accuracy is
high, and it is not affected by the microstructures. It is a popular method in the current engineering structure. ASTM
listed it in the standard E837 in 1973, and the Chinese national standard is GB/T 31310.

Dr|IIer/M|IIer BE120-2CA-B

< Straln -gage

e sy & /W/

| Three-way
rectangular rosette

Schematic diagram of the principle of measuring
residual stress by hole-drilling method
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3. TBFRMONSEIEZEAR Methods for RS Determination

[FIaEREIIE (0,00 Omin) P, MBEASCZHEHAMNER, HILGHEMRME:, (
=1, 2, 3) 5®RRMIMXZER: In the original residual stress field (c,,.,, Omin), 45°
three-direction right-angle strain-gages is attached, and the relationship between the
relaxed strain g; and the residual stress after drilling:

,=A (o +B (o cos (-2B)
&,=A (o +B (o,.,0..) cos (90°-23)
¢;=A (o,.*to,.,) +B (o,.-0,..) cos (180-2p)
A. BIROEMREEITERS, ENERFENFEE. ALXATE: A and B are called

calibration coefficients, which are constants of the measurement system.

max /77//7) max m/n)

max /77//7}

o o :51+53i\/(53_51)2+(53+51_252)2
max ! min 4A 4B
Yo _ g —
S = 1 arctan =223 4
2 & — &,
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3. TBFEMONEEAR Methods for RS Determination

FREA, BAHITREHEEING AIRESE
The coefficients A&B may be achieved by the calculation or experimental coliberation.
B SAER KRR R ASEINIRE

It is better to achieve the coefficients A&B by experimental coliberation than calculation
under high-level stress field or adopting low speed drilling.

20 20
« 450 >
10-12
. | [ - T
7 83 I (@)
— -Gy —é ------------ - (D= 120
Y N l
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3. %BFEMNAONEEAR Methods for RS Determination

A EEERNRAMEZRNEX. YARNZRET, EIFERIEHE 1N
3MMXPRMEEXA R, BUMTATR:

The biaxial rectangular rosette may be applied directly to the determination of RS along

the defined direction X and Y, as following formula:

&(A+B)—-¢&,(A-B)
O. =
" 4AB
&, (A+B)-¢,(A-B)
o, =
4AB
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3. BFEMONEEAR Methods for RS Determination

B SENERRNMIM2MRERR: FLBMAOSEPE/RNEEIER:,; TRIEIM~%E
RYNN LR3E,

There are two error sources for the drilling hole method to determine residual stress: plastic deformation
caused by stress concentration at the edge of the hole; machining strains caused by cutting of the tool.

B FERNAEIE60%0 /), FInhIliRE. RRMDXR o M, HFLDEZS|EAIRE
XR10%ERA.

When the residual stress exceeds 60%ocy, error begins to appear. When the residual stress reaches oy, the
error caused by the plastic deformation of the hole edge reaches about 10%.

B NITMESERMRESHATZBX: 400%/SrIEREEL, MIMNEATLIZE.
(RESE etk E R IR IMNERK, FRSRRMDKETR. BRMIEX,
MIMERHX, BS5SEHNERS.

The error caused by the machining strain is related to the hole-making method: The machining strain
may be ignored for the ultra-high-speed grinding head of 400,000 rpm. The machining strain from a
low-speed twist drill or milling cutter is relatively large, which is also related to the level of residual
stress. The greater the residual stress, the greater the machining strain.
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3. TBFRMAONSEIEZEAR Methods for RS Determination

& 2EERMETX (Sectioning relaxation strain-gage method)

R ERZE, BEEmIEIRE RN DS LEBEFENmNE = E=4ND. NEFRE
BE, BERS, BIERECeH ERXELIEIE. A kind of destructive method, the residual

stress can be fully relaxed by sectioning and 2D or 3D stress measured. The principle is simple and
the accuracy is high, and it is often used as a comparative verification of other methods.

1) #]J55i% (Slitting method for two-dimensional stress determination)

o, = ) o __Eathe J(Ae, —A,)? + (A, + Ae, — 2A¢,)?
max ! = min 2 1_ ﬂ - 1+ ﬂ
o, = fe 1 arctan Ag; + Ag, - 2A¢,
2 Ag; — Ag,
maiie: EINNOENEE/ EEL N N
N
EIQSIZiﬁJéE%. MRMRAMDBEERK, EF ) cuting e ~
[EEiE, The stress relaxed is the average result [ RIS e e
on the entire section. If the stress gradient in the N anstalling > il
utting line
block is large, the thickness must be reduced. N N
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3. %BFEMNAONEEAR Methods for RS Determination

2) R-N1JJEliZ (R-N method for three-dimensional stress determination)

ANE=ZER, RAEEZFEESHREFRR: —RG
ReRIIARER, —RGERRELRETNERER.

X4 (SeYih) HEMEZCRNZEE, B

iNEINm (Ektam) EhHal, SELTREHAWNER, BEE j

In order to measure the three-dimensional stress, the original method 2

X
needs to prepare two identical test plates: one to cut the longitudinal
slice along the weld axis, and the other to cut the transverse slice along y

the vertical weld direction. Before cutting the longitudinal (or transverse)

slat, install the strain gauges on the upper and lower surfaces first, the

strain change in the X-axis (or Y-axis) direction is approximately linear:

Ao, =E{As g + (Ae,; —Asg)Z In}+ u(o, +o,)

BERFIREEE LAWNIER, BIENRER LKEMNNNARRDNERMNER,
EtaRERGERMONEERRMDNERMNIZR, PARFSEIKIN. Then install the strain

gauge on the middle section of the slat: the strain gauge for measuring the longitudinal stress horizontally on the

longitudinal slat, and the strain gauge for measuring the transverse stress and the stress in the thickness direction
on the transverse sheet, and then dividing it.

14/36



3. %BFEMNAONEEAR Methods for RS Determination

ICS 77.040.10
H 22

: Strain-gage
v A BS 36 R I [E 5 bR dE .(...cmt,...(....(“..(..,} N—

GB/T 31218—2014 ,/

3

ERME RREAME _
BN % Use a single test plate to detect

three-dimensional stress

Metallic materials—Determination of residual stress—

Sectioning relaxation strain-gage method
Strain-gage
Tt
-
2014-09-30 £ 2015-05-01 3
o AT AR 5 B B R0 A R4 i i ' '
R U A improving method using a single test plate to

| detect three-dimensional stress
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3. %BFEMNAONEEAR Methods for RS Determination

¢ [EIRMEL (Indentation strain-gage method)

QOFN ERBFME AR ERME RS LR
LR, ARTHERRE, W6l 5ERTE.

AAPENRFIEER, MERCRERIMEME
XMIER ST, RE: BKEERFENONEESS
RIIAREIRIENERRIELL (ZiR7)

In the 1990's, the IMR independently studied the feature and
engineering practicability of the indentation strain method,
developed related equipment, and compiled national standard.

The indentation made by impact loading and strain change
recorded by strain rosette installed in the elastic zone outside
the indentation, it shows that the strain produced by the ball
indentation is proportional to the elastic strain in stress field.

Strain Ac *

Stress-free
plastic zone

Indentation”” |
r

Ball indenter

Elasto-plastic boundary, ¢>0
/ Elasto-plastic boundary, =0
i l‘/:Elasto-plastic boundary, ¢<0

Compressive stress relaxation

curve induced by indentation
Distance from
- r

indentation center

Tensile stress relaxation
curve induced by indentation

i Stress-free strain curve
i induced by indentation

_____________________ & i
- = = o S A =g -
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3. TBFRMAONSEIEZEAR Methods for RS Determination

BERRMENEAT SN, TREME <] e
EFfRNARE—RINNSEHET, EEtEils |
EREREN AR R B A B T e 5
RENE, BSREMASE,

Rrhilited, FIBFEREN=RARTE ot
B, REBREE (e, ¢,) . HHEEETEA i i
iz A T EATE R 0= (6, +18) 0= (e, +e)

1-v -V

1500

When determining the stress calculation function of different materials, the method shown on the right
figure can be used to obtain the strain increment Ae—elastic strain g, relationship curve of the material
under a series of stress conditions with a fixed energy. The equation should be fitted as cubic relation.

In the stress measurement, use the cubic stress calculation function obtained by calibration to obtain
the residual strain (g, and g,), and calculate the original residual stress along the direction of the strain
gauge according to Hooke's law.
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3. %BFEMNAONEEAR Methods for RS Determination

GE
il | =
ot ARG 2 IE [R5 bR Uk

GB/T 24179—2)08

ERHMR BREREANE EREEZ

Metallic materia bs— Residual stress delerminalion—
The indentation strabn-gage methad

2009-06-25 B ) 2010-04-01 5

Type KJS-3P
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3. TBFRMONEEAR Methods for RS Determination

2 8 8 8

:

WRZIR AN ) /MPa

=]

600

500 |
400
300 |

200 4

REIR AR /WPa

Biaxial tensile testing machine

T
60

40
22450 FE B /mn

T T
30 100

120

Comparing biaxial tensile results with indentation strain-gage method

Test Biaxial tensile result Indentation strain-gage mehtod
Point Load ratio Dislpay strain | Related stress ratio | Measued strain | Measured stress ratio
Fx/Fy, kN ex/ey ox/cy, MPa Aex/Agy ox/cy, MPa

1 39.2/39.2 382/413 113/119 -242/-253 103/109

2 44.8/44.8 657/547 185/167 -303/-307 164/166

3 50.0/46.0 828/767 234/228 -307/-368 208/218

4 44.8/22.4 799/259 199/110 -337/-231 171/111

5 50.0/30.0 743/459 199/152 -350/-271 190/148

19/36



3. %BFEMNAONEEAR Methods for RS Determination

& DHDi#fli% (Deep-Hole Drilling Method)

FRTEEF. EEERAE——HD
SRR, B NEEAA,
MAERE, HEEEENE, FIF N !
BB A RIRTE RE, | s gsin

H‘rﬂﬁn

7 % TR ]
Developed a low-cost, high-precision Deep-Hole /

Drilling method — a strain relief method for local

damage. By measuring the diameter change of the Z -

) Step 3: Bore the column core Step 4: Repeat Step 2, calculate
hole before and after the trepanning, the value of the residual stresses
strain relief is calculated, and the corresponding

: - TRTT €09, z;) 3 —1 01]ox@)
reS|d.uaI stress is calculated by the flexibility 02| = -1 1 1 4‘ ()
matI’IX. 8(690,2,:) -1 3 0 O'xy(zl)

_ C(ek Z.', CO(Bk Zr,
O 20 == G20




3. %BFEMNAONEEAR Methods for RS Determination

6009 =R - 600
400 - - 400
g
g 2001 - 200
=
(2]
8 0 T T T T T T T 0
= 20 30 40 50 60 70
T -200 ) + -200
g Distance from surface B /mm
% 4004 -400
12
-600 —=— Hoop - -600
i i —e— Radial
Stainless steel -800 | 4 -800

347H Tube sheet

welded joint
FIRERENA g E i
o= : i
=R ; !
=5 | [
/| DHD A | | A
\,;\, H H 300 300
/ —=— Direction |
PIES -
JE%E‘FUN
200 L 200
200
£
150 100 L 100
=
2
100 A 2
z 0 :>'/ T T T T T 0
& s0- = 10 20 30 40 50 o
T =
= 2 100 4 Distance from the surface /mm L 100
R e A o
=
%
4R 501 -200 - -200
-100 4
-300 =300
-150 - - -150
-200 T T T T T —- -200
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EJRIRAEIRRS /mm
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4. YeF=MNHOEEE]EL Simulation of RS

FeRNDNRERMZ—IRERRA, ALETNARNITISHTEE. BESH
FEMNDINSHRITHR, BEERENERMFE. KIRLGEENRERRS, 6l
FISIR SRR EREREW, WFIREESLRRNAER.

IR HR ARG HEARAR, ALIREEEEIARXE, SEFZ,. H
X FNEIRISERRDF1ERE, T LASS A% RRIDIARIFSIEE,

The simulation of residual stress is an important way, which may analyze the whole field, transient
state and residual state of stress for different processing, being is an important supplement to the
experimental method. There are many factors affecting the accuracy of the simulation. For example,
the exact change of material physical properties with temperature is important for welded joint.

The Lab applied a unique instrumented indentation technology to obtain the actual mechanical
properties of different areas of the welded joint, including the nugget, heat-affected zone (HAZ)
and base metal, and then realized the accurate simulation of the residual stress field.
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4. YeF=MHOEEIE]EL Simulation of RS

SMAFEIRSE RS RMIGEIRN A
Accurate simulation of residual stress in spot welded joints of
dissimilar aluminum alloys with unequal thickness

—o-5083BM
200+ —o-5083HAZ
—~— 7NO1BM
——TNO1HAZ
Z 150
o
]
Y
6 100
L
50

E——— ol | | >
_ Test points by 0.00 0.04 0.08 0.12
instrumented indentation Displacement h/mm

700
Indented test
600 - Tensile test 7N01 base-metal
7N01 base-metal |,
& 500 &
s 2
% 400 a
5 300 Indented test g
wn 5083 base-metal v
200 Tensile test
100k 5083 base-metal
Type IBIS-3 meChanicaI property Instrumented indentation
- 0 L L 1 L 0 ! I I I
tester based on instrumented 000 005 o010 015 020 000 005 010 015 020

indentation technique

Strain

Strain
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4. YeF=MHOEEIE]EL Simulation of RS

1 1 1 1 1 1
0 5 10 15 20 25

RIS FZ 0BRSS d/mm

-150

5 10 15 20 25
PEAAAZ RN EE S d/mm

Residual stress distribution: case 1: Unused local property; case 2: Used local property;

measuring method: sectioning relaxation

24/36



5. FERMNDAIEEAR Stress-relief techniques

NEFTEAITESRE, —RRNSHDES THEEZE~miBhMIREESX,
EEMEEGBIHRIR T, Sk LIFERIR TEMHEERERE—EHE.

From economic and feasibility, stress-relief requirement is generally only proposed for important products under
special occasions, such as in corrosive or fatigue environment, or working at low temperature with a heavy section.

e & ~, —_— M = KN 4
=8 = E2{KI1B Kintegrally annealed

= elevated :
temperature creep FSERIE KLocal annealed

- ﬁﬁ;ﬁﬁiOverload tensile

ERENDREERE HNERE ~  ¥REILIBVibrate treatment

. o M h i I . . .
Stress-relief methods deforrantion - [EhEParticle peening

- JRYERLEREXplosion treatment

;B 2= pp —| (S hI{HLow thermal tensile
Thermal force _ EEEBH?&%E AWHT
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5.

RN DEAERIAR Stress-relief techniques

& IR (Heat Treatment, HT/PWHT)

(FhE) &b
F?*%?M*K#% HERAE, REEAHERRAEEL

BEREAL

RERGE (HIRRIIMRERF80%, BER30%) . FREEIH
29h, KEB ARy

B, PWHTERIgERLZE:

(1) RN ‘?,ﬂ_’,Stress relaxation;
(2) BREEFDFEGEREHENT{L Changes in microstructures and properties;

(3) BAM HESES=E (JB#EEk) Reduction in diffusion H (welded joint);

(4) iHFRRI3E

> A {E Elimilate strain-age brittlement;

(5) =%

H2Deformation produced;

(6) B8 _\L'Eﬂfﬁ'ﬂﬂ High-temperature strain brittlement;
(7) =Rt {tBrittiement produed by alloy element segregation;
(8) MR IZFGICracking indued by thermal stress;

(9) BRZG[Reheat cracking,
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5. RN IEERAR Stress-relief techniques

$55%Cast iron
{KiREMild steel

AEMFEHRRRR
IRHRRR =

PWHT feature for
different materials

v

C-MnifIC-Mn steel

High-strength Q&T steel

v

Austenite stainless steel

|FIMN(S51R)

"|Dissimilar steel (clad plate)

v

| |FEREEN I

BAECIF AN SR

« T=550~650°C
e 5¢38mm(B.F.)
* Possibly decrease in strength

 T<Temper Tem.
e 5¢32mm(B.F.)

« Decrease in strength, brittlement

« T >850~900°C
« SCC is main problem
 Usually no application

« SCC is main problem
« No obvious effect

27136



5. RN IEERAR Stress-relief techniques

& JEHI{HLLEE (Overload Tensile Treatment) —----H—-ﬁ?ﬁﬁ—e -
AL, MERE. XESHETS. & (&
HHIRN DRI RFIEHNIKFE o, TEEFE Querlondsess o

SHORI G 3 - s

Opy — R R —¢_

5,=0, 00, _ |-

Overload tensile treatment includes such as mechanical Elastic Plastic
stretching, mechanical rolling, and hydraulic overload. : :

The effect of overload stress-relief depends on the éﬁ

overload stress level o,,, the residual stress o, after the I o e e I
overload is o,-0,, 6 O

Schematic diagram of stress relief
by overload tensile treatment
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5. BRMNIEERAR Stress-relief techniques

& IRTHERVE RN IR (Vibrate Stress-Relief Treatment, VSR)

RS E— P S MRS I RS —ER
[ESCIR R PR G A, HIRBEMERIRITETE, RRIRS.
IREhS RSB DFN%RN O ENES R EIR =R ~=EN D
A5,

VSRMBRYRE ALY IR IEAY10%, BERiEIE IR IERY
1%, HBFENARYERE, EERREEISEEHRT.

The vibration exciter makes a structure produce one or more resonances
or sub-resonances for a certain period of time to achieve stress reduction.
After resonance, the resonance frequency of the structure decreases and
the amplitude increases. When the superposition of dynamic stress and
residual stress caused by vibration exceeds the yield point of the material,
the stress relaxation occurs.

The cost of VSR treatment is about 10% of heat treatment, and energy
consumption is 1% of heat treatment. Due to the limitation of the effect, its
main application is to stabilize the size of the component.

29/36
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5. FERMNMDAIERAR Stress-relief techniques

& GBI (Particle Peening Treatment)

ABELEkEERF (ER) HELHFRE, KRER
AEIRIIEIHRE, AIERAEAENRERE, 5IA
EdE%RE. BEERANRREIEMESE, (B
ZEE, TJESIANRY. FENFERLSF. BAIES
MEFEDIEEEN, AERFNRETEE, ERRIE
HAEPFIEZNA, BERERELE. RiE, LIE
CERE, ENDEEE.

The surface of a workpiece is impacted with a hammer or high-speed
particles (shot peening), or hit the surface with an ultrasonic impact
tool, which can form a plastic deformation layer on the surface and
iIntroduce compressive residual stress. Hammering can effectively
improve the fatigue resistance of the structure, but the controllability
Is low, and it may introduce micro-cracks and strain embrittlement.
Shot peening is very effective in improving fatigue resistance, and
has better quality controllability, and it has been used more in
solving fatigue problems. The ultrasonic impact is convenient and
flexible, and the compressive stress layer is thin.

Iif e inera

1
TE 10%
W A

The effect of shot peening times

on fatigue life

Application of Ultrasonic peening
on the vessel

30/36



5. FERMNMDAIEEAR Stress-relief techniques

& ISVEHERRN IR (Local Explosion Treatment)

&g B EE R4 FLS IR IR RIE R
AP RIIFERM IR EIER, FEERER
BRARREFERMEERE, LEiEMRMIE
A, BRIELIERE RERIBRIFERERNIN
R, HiZaERE. SESEHXRPERSELE
SREEH. ESREHGB/T 26078, Explosive Iaytc:sl: SII::\::O of welding

Through the interaction of the shock wave and residual stress caused by the detonation by the
explosive installed on the welded joint, a large depth of microscopic plastic deformation is
generated inside the metal, then the purpose of stress-relief is achieved. Explosive treatment
has a significant effect of eliminating welding residual stress, and the method is simple and
flexible. It has been used in hundreds of large and medium-sized welded structures. The
national standard is GB/T 26078.
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5. BRMNIEERAR Stress-relief techniques

600 - - S S 4 600
—a— |2 fSEE
—o— VEfSHHER o o
PN I e {o | Three-dimentional RS
o
E [ ] [ ] [ ]
2 oo ., | distribution before and after
= . .
& ' explsion treatment in 60mm
0 0
\>o><; thick HSLA weldment
-200 - -200
1248
-80 -60 -40 -20 0 20 40 60 80
PEIREZMER mm
800 As-Welded 600
—m— Longitudinal stress As-Exploded
600 —@— Transversal stress 400 ] —m— Longitudinal stress
—A— Stress through thickness 1 —@— Transversal stress
g 400 _: g —A— Stress through thickness
= ] =
g_ 200 . g A
® o
— ] =
é 200 ] o é
n ] i)
& 400 ] o ]
] 400 +
600 — ° |
-800 4 . T . T . T . T . T . -600 - T T T T T T T T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Distance from the surface with large groove, mm Distance from the surface with large groove, mm

32/36



5. BRMNIEERAR Stress-relief techniques

SR B I NI RS A2
Explosive treatment of reactors for the
catalyse-cracking facility

=k TR /740 (012.4m X 60mm) i@ JE b 38

Penstocks of the Three-Gorges Project
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5. FERMNMDAIEEAR Stress-relief techniques
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Contrary to welding heating, the cooling
medium is used to produce a negative

d(Anti-Welding Heating Treatment, AWHT)

As-welded
10h corrosion test

After AWHT
61h corrosion test

-+ Original stress o
-+ Original stress T,
—— 0, after AWVHT

Fesidual stress, MFPa

300 4 3041 16Mn

temperature difference in the treatment area /= : —o— o, after AWHT
than the adjacent area, which causes the e
cooling and shrinkage of this area to produce Distance from treated surface, mm

elongation plastic deformation, achieving the The distribution of RS before and After AWHT Corrosion test results
purpose of eliminating stress and even before and After AWHT
forming two-way compressive stress. SCC

problem of stainless steel composite plate

containers can be solved thoroughly.

34/36



5. FERMNDAIEEAR Stress-relief techniques

¢ IMEEEELIE (Thermal-difference Treatment for tubes)
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Utilizing the characteristics of the formation of
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induction heating expansion process is used to
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stretch the weld to achieve the purpose of
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reducing weld stress. It completely solves the R I % e @ o
Disatance from weld centerline L/ mm Disatance from weld centerline L/ mm

o

problem of corrosion leakage of tubes.
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Thank you
for your attention!



