33 6 Vol .33 No.6
2016 12 Journal of East China Jiaotong University Dec . , 2016
:1005-0523(2016)06-0001-14
’ ’ ’ ’
( , 300072)
s TIG
; ; ;TIG ;
:TG405 :A
DOI:10.16749/j.cnki.jecjtu.2016.06.001
; SCR
:2016-10-12
(51275343,51375331)
(1972—), , , . 2008
N . 2002 1 ;2004
L N 10 EI  SCI 60 °

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



2016
,TIG N N N
= TIG R AWS . I-

IW DNV o

) ) , TIG o

9 [4]7
1
1.1 &
o , ) I, 2 o

0.02  [0.5 mm]

1
Fig.1 Process and basic requirement of grinding

) .
IIwW  AWS
15 000~40 000  :min™'; 5~7
0.25 t(¢ )o
IIW  AWS
30~45° ;
40 mm s 7%
14 172, 4,
. 1 mm ; B
) ’ 6 o

(
1w
10~50 mm 10~25 mm;
45~60° , ;
0.5 mm;
40 mm 3 mm,
(B= )
0.5 mm,r/t0.25,r/d4 ( ,d T

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



@)}

S @ 7 m w=L/2

.
V')H_ &é& % ] Depth of grinding
b = % ﬁ Depth of grinding
2S % & should be 0.5mm
e\ | % below boton of
l t| and visible undercul
Dir¢ction Max. of 2mm
of tfavel ! or 7% of plate
thickness
3 4
Angle and direction of grinding Fig.4 Requirement of depth of grinding

d=0.5 below undercut

/1>0.25
r/d>4

Bragé wall ~

- Weld face

Ground
profile

Original

!
(NOT TO SSCALE)

6
Fig.5 Grinding parameters Fig.6 Grinding parameters of pipe weld joints
T ,OIW
9 b ’ 7 o
Large diameter
cylindrical burr
Small diameter
herical b
(f spherieat i - l d=required final depth

I

7
Fig.7 Sketch map of two—step burring process

’

(b)
8

Fig.8 Correct and incorrect weld toe grinding

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



4 2016

AWS DI1.1 ,  1IIW ,
, : 0.8~1.0 mm
0.5~0.8 mm, 2mm 5% ;
IIW (IIW-X111-2460-13/XV-1440-13) (
): (0<355 MPa) (0,=355 MPa), FAT 112 MPa,
FAT 125 MPa; , FAT 45 MPa, FAT 50 MPa,
1.2 “
nmw  AWS ,
4 mm 8 mm ;
’ b 9 ’ 9 ’
( ) H 45°
, , 10 ; , o
) ) 4 50~100 mm-min™",
; 800 mm-min',

Lap—type feature
produced by

hammer peening

9 & ”
Fig.9 The “fold defect” of weld joints after hammer peening

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



Bright,shiny
surface

]

" Peening

epth 0.5 mm

Fig.10 Processing of hammer and needle impact peening

’ ’ ’

, ; ( 12 mm),

K,

‘N \ u (g ' '.'W" \
”*”" 2
».: ‘ ’Q&Q’l '

11
Fig.11 Comparison of hammer and peening of steel weld joints
( )
. : 0.5 mm, 0.3 mm, 1 mm, “
! ; ( 12),
Inw  AWS : 350 MPa ,
FAT (2x10° ) 1.6 4 350 MPa
, FAT 1.3 22
AWS DI1.1 :
0.250 ; S-N R:
R<0, Ao; 0<R<04,
Oyax; R>0.4, o
1.3 TIG “
TIG :TIG o TIG

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



2016

TIG

12 & ”
Fig.12 Magnetic particle inspection of the ''fold defect"
at the toe after hammering

TIG H ’

TIG
° , TIG

TIG ,

TIG 0.12% ,
TIG o
nw TIG )

TIG ;
14(b)  (c) : o
TIG o

) ) Diaection of trawell

14 TIG

_ "_0.02~0.06
[0.5~1.5 mm|

13 TIG
Fig.13 Schematic diagram of TIG dressing

5 N N o

900 MPa 10 mm s

, 14(b)  (c) o

A
(a) N s Optimum shape
N s ar ==
o
F—1.5~0.5 mm

\

(b) W = :
\1 @Aﬁ =
\_‘"’_ 0.5~toe

(c) \ L P
“ = - e

—+—10e~0.5 mm

Fig.14 Location selection principle of TIG dressing zone

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



6 mm s
15(a) ; ,
, 15(b) ; )
15(c) o
o ; ~ gh:;g;gmwm
, TIG °
TIG
(
355 MPa) FAT
112 MPa, FAT 125 MPa; 15 TIG
( 355 MPa) Fig.15 TIG dressing technique of arc striking and stabilizing
FAT 112 MPa, FAT 125 MPa; FAT 45 MPa,
FAT 50 MPa,
TIG s o , Yidirim 311 s
Inw S—-N m=3 R m>3
TIG s
; , FAT ;
TIG s N
; ; ,TIG o
2
2.1
2.1.1
TIG
[y,
(low transformation temperature , LTT) (Ms
350°C), S
20 LLTT o :LTT
|12—I3|; R , LTT
, [14-15] ; I.TT ,
el _
2.1.2 LIT
; ; (A) (k). (B) (M)
. [

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



8 2016

- ; ; LTT
o 350~600 C , ,
100~350 °C, , ,
[ , : LTT
2.1.3 LTIT
60 ,
, : Mn
, ; , 0.16%~0.2%, ;
Mn [11]0
LTT Akihiko Ohta , 1998
o, 10Cr-10Ni,
HT580  HT780 , 100% ., LTT
; : 30%, s
Chitoshi MIKI 3 sy Cr15-Ni7 .Cr13-Ni9  Nil9,
TIG .J.Eckerlid (SSAB ), L.Karlsson(ESAB ) 2002
0] TIG SMAW LTT , 25%~90% ,
Ohta TWI  S.J.Maddox P! : LLTT
-2004 = Ms LTT , :Ms 180 C ,
. 2011 . ] LTT ,
70%
Denis Thibault *¥ LTT 410NiMo
, ; LTT
HAZ,
Kromm A :Ms ;
Bhatti A A ™7 . LTT ;
Scandella Fabrice ™ 2013 5 : (EN ISO
17633-A-T Z 16 5 1,Ms=225 C) o
ALGHAMDI T ™ LTT :Ms LTT ,
,Ms o
Ramjaun T 1,001 SW B : s LTT
; , , HAZ
;  LIT , LTT
) ; Ms i

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



Kromm A LTT , Cr,Ni,Mn LTT
, :Cr,Ni, Mn o
2.2

2.2.1

(ultrasonic impact treatment ) ,

o ’ ’

[32-33]

16

1. Power supply
2. Backing part
3. Piezoelectric
4. Electrod

5. Matching part —_—

ek
8. Flat spring R
9. Elastomeric |, N3 B

element

10. Steel plate
11. Rod pins . -
12. Workpiece ?
13. Projection 10
14. plastic casing 9
15. Coolant L]

13N
5

(a) SINTES (b)
16
Fig.16 The graph of ultrasonic impact equipment

222
, 20 50

Mukhanov ~ Golubev o s
o Krylov  Polischuk

’

1960 ,

[37]
’

o

20 70 , Statnikov o

20 90

,2000 , o 1995 1997

38]

’ N

[39] . 3 D R

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



10 2016

223

Nascimento , ,

. Guo“)
[43]
o (3] 45# o
2009 “a S-N m=10,
. 2010

#2012 ,Yildirim H C ®9 s S-N

m=5 . 2013 Rana Tehrani Yekta )

Liu™ ( 17 ),

o Abdullah™ , 18 .
(a) (b)
17
Fig.17 SEM micrographs
Fig.18 SEM micrographs of cross—section of the specimen with UIT damage
[50]
) D 0.5 R

Maddox BV : , ,
Kudryavtsev Y %%/ 50% ,

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



6 , 11
30%, o 3
) o 4
3
S—N M=3 5 N o
, TG, .
5 LTT ) )
o ) 5 MS
, (
);LTT ;LTT ,
) ; , (N,0
4
, TIG N .

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



12 2016

I]JTR . [M]. : ,1988.284-285.
2] . [M]. : ,2000:358-363.
3] MADDOX S. Fatigue strength of welded structures|[M]. Cambridge : Woodhead Publishing, 1991.
4] HAAGENSEN P,MADDOX S. IIW recommendations on methods for improving the fatigue lives of welded joints|M]. Cambridge :
Woodhead Publishing Ltd,2013.
[5] WATKINSON F,BODGER PH,HARRISON JD. The fatigue strength of welded joints in high strength steels an methods for its
improvement|M]. UK :The Welding Institute, 1971.
[6] DNV-RP-C203. Recommended practice for fatigue design of offshore steel structures|]M]. Det Norske Veritas,Norway,2010.
[7]1 VAN ES S,KOLSTEIN M, PIJPERS R, et al. TIG—dressing of high strength butt welded connections[J]. Physical Testing and
Modelling Proc Eng,2013,66:126-37.
[8] PIJPERS R. Fatigue strength of welded connections made of very high strength cast and rolled steels[D]. Delft : Delft University of
Technology ,2011.
[9] HOBBACHER A. IIW recommendations for fatigue design of welded joints and components|M]. New York : WRC,2009.
[10] FRICKE W. IIW recommendations for the fatigue assessment of welded structures by notch stress analysis|[M]. Cambridge : Wood-
head Publishing Ltd,2012.
[11] . [D]. : ,2002.
[12] 001 SW,GARNHAM JE,RAMJAUN TI. Review:low transformation temperature weld filler for tensile residual stress reduction
[J]. Materials & Design,2014,56(4):773-781.
[13] KROMM A,DIXNEIT J,KANNENGIESSER T. Residual stress engineering by low transformation temperature alloys—state of the
art and recent developments|]J]. Welding in the World ,2014,58(5) :729-741.
[14] ZENITANI S,HAYAKAWA N. Development of new low transformation temperature welding consumable to prevent cold cracking
in high strength steel welds[J]. Science & Technology of Welding & Joining ,2007,12(6) :516-522.
[15] PAQUIN M, THIBAULT D. Assessment of cold cracking tests for low transformation temperature martensitic stainless steel mul-
tipass welds[J]. Welding in the World,2015,59(4) :1-12.
[16] THOMAS SH,LIU S. Analysis of low transformation temperature welding (LTTW )consumables - distortion control and evolution
of stresses[J]. Science & Technology of Welding & Joining,2014,19(5) :392-401.
[17] OHTA A,WATANABE O. Fatigue strength improvement by using newly developed low transformation temperature welding ma-
terial[J]. Welding in the World,199,43(6) .38-42.
[18] OHTA A,WATANABE O. Fatigue strength improvement of box weld by using low—temperature transformation welding material
[J]. Welding International ,2000, 14(10) : 801-805.
[19] MIKI C,ANAMI K,HIGUCHI Y. Fatigue strength improvement by additional welding with low temperature transformation weld-
ing material[J]. Proceedings of the Japan Society of Civil Engineers,2002(710):311-319.
[20] ECKERLID J,NILSSON T,KARLSSON L. Fatigue properties of longitudinal attachments welded using low transformation tem-
perature filler[J]. Science & Technology of Welding & Joining,2003,8(8) :353-359.
[21] OHTA A,SUZUKIN,MADDOX S J. Fatigue strength improvement of lap welded joints by low transformation temperature weld-

[
[
[
[

ing wire—superior improvement with strength of steel[J]. Welding in the World ,2003,47(31) :38-43.

[22] LIXING H,DONGPO W ,WENXIAN W. Ultrasonic peening and low transformation temperature electrodes used for improving
the fatigue strength of welded joints[J]. Welding in the World ,2004,48(3/4) :34-39.

[23] ZHAO X H,WANG D P,DENG C Y. Research on fatigue behavior of welded joint spraying fused by low transformation temper-
ature alloy powder]J]. Materials & Design,2014,53(1) :490-496.

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



6 , 2 13

[24] THIBAULT D,BOCHER P,THOMAS M. Residual stress and microstructure in welds of 13%Cr-4%Ni martensitic stainless steel
[J]. Journal of Materials Processing Technology,2009,209(4) :2195-2202.

[25] KROMM A ,KANNENGIESSER T. In-situ—phase analysis using synchrotron radiation of low transformation temperature (LTT)
welding material[J]. Bme Bioinformatics,2009,10(1):1-11.

[26] ALTENKIRCH,GIBMEIER J,KROMM A. In situ study of structural integrity of low transformation temperature (LTT)-welds[J].
Materials Science & Engineering A,2011,528(161) :5566-5575.

[27] BHATTI A A,BARSOUM Z,KROMM A. Fatigue strength improvement of welded structures using new low transformation tem-
perature filler materials|J]. Procedia Engineering,2013,66C:192-201.

[28] SCANDELLA F,CAVALLIN N,GRESSEL P. Use of martensitic stainless steel welding ionsumable to substantially improve the
fatigue strength of low alloy steel welded structures[J]. Procedia Engineering ,2013,66:108-125.

[29] ALGHAMDI T,LIU S. Low transformation temperature welding consumables for residual stress management:a numerical model
for the prediction of phase transformation—induced compressive residual stresses[]]. Welding Journal ,2014,93(12) .458-471.

[30] RAMJAUN T I,STONE H J,00I S W. Effects of dilution and baseplate strength on stress distributions in multipass welds de-
posited using low transformation temperature filler alloys|J]. Science & Technology of Welding & Joining,2014,19(6) :461-467.

[31] KROMM A,KANNENGIESSER T. Properties and weldability of modified low transformation temperature filler wires[J]. Welding
in the World,2015,59(3) :413-425.

[32] , , , . [J]. ,1999,20(3) : 158-163.
(33] [D]. : ,1997.
[34] MALAKI M,DING H. A review of ultrasonic peening treatment|J]|. Materials & Design,2015,87:1072-86.

]

[35] PROKOPENKO G I,KOZLOV O I,KLEIMAN ] I,et al. Device for ultrasonic peening of metals:US Patent,US6467321-B2[P],
IntegrityTesting Laboratory , Inc, United States,2002.

[36] MUKHANOV I,GOLUBEV Y M. Strengthening steel components by ultrasonically vibrating ball[J]. Vestn Mashin, 1966,11 :
2-53.

[37] KRYLOV N,POLISCHUK A. The use of ultrasonic equipment for metal structure stabilization[]]. Basic Physics of Industrial Ul-
trasonic Applications , Part, 1970, 70.

[38] , , .. [7]. ,2007,40(2) :228-233.

[39] , , . 1, ,2006,13(3):23-29.

[40] NASCIMENTO MP,SOUZA RC,PIGATIN WL, et al. Effects of surface treatments on the fatigue strength of AISI 4340 aeronau-
tical steel[J]. International Journal of Fatigue,2001,23(7):607-18.

[41] GUO C,HU S,WANG D, et al. Finite element analysis of the effect of the controlled parameters on plate forming induced by ul-
trasonic impact forming (UIF)process[J]. Applied Surface Science,2015,353:382-90.

[42] GUO C,WANG Z,WANG D, et al. Numerical analysis of the residual stress in ultrasonic impact treatment process with single—
impact and two—impact models[J]. Applied Surface Science,2015,347:596-601.

[43] , , , 16MnR [JI- ,2011,32(5) :96-99.

[44] WANG TING, WANG DONGPO,HUOLIXING,et al. Discussion on fatigue design of welded joints enhanced by ultrasonic peen-
ing treatment (UPT)[J]. International Journal of Fatigue,2009,31:644-650.

[45] AASHTO LREFD. Bridge Construction Specifications|M]. 3rd Editon,2010.

[46 ] YILDIRIM H C,MARQUIS G B. Overview of fatigue data for high frequency mechanical impact treated welded joints[J]. Weld-
ing in the World,2012,56:82-96.

[47] RANA TEHRANI YEKTA ,KASRA GHAHREMANI,SCOTT WALBRIDGE. Effect of quality control parameter variations on the
fatigue performance of ultrasonic impact treated welds[J]. International Journal of Fatigue ,2013,55:245-256.

[48] LIU Y,WANG D,DENG C,et al. Influence of re—ultrasonic impact treatment on fatigue behaviors of S690QL welded joints[J].
International Journal of Fatigue,2014,66:155-60.

[49] ABDULLAH A ,MALAKI M,ESKANDARI A. Strength enhancement of the welded structures by ultrasonic peening[J]. Materials
& Design,2012,38.7-18.

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



14 2016

[50] HUO L,WANG D,ZHANG Y. Investigation of the fatigue behaviour of the welded joints treated by TIG dressing and ultrasonic
peening under variable—amplitude load[J]. International Journal of Fatigue ,2005,27(1):95-101.

[51] MADDOX SJ,DORE MJ,SMITH SD. A case study of the use of ultrasonic peening for upgrading a welded steel structure[J].
Welding in the World,2011,55(9) :56-67.

[52] KUDRYAVTSEV Y,KLEIMAN J,LUGOVSKOY A, et al. Rehabilitation and repair of welded elements and structures by ultra-
sonic peening|J|. Welding in the World,2007,51(7/8).

[53] ZHANG HAI,WANG DONGPO,XIA LIQIAN, et al. Effects of ultrasonic impact treatment on pre—fatigue loaded high—strength
steel welded joints[J]. International Journal of Fatigue,2015,80.:278-287.

[54] FENG Y,HU S,WANG D, et al. Formation of short crack and its effect on fatigue properties of ultrasonic peening treatment
S355 steel[J]. Materials & Design,2016,89:507-515.

Research Review on Fatigue Life Improvement of
Welding Joint and Structure

Wang Dongpo, Gong Baoming, Wu Shipin,Zhang Hai, Feng Yanyan

(School of Materials Science and Engineering, Tianjin University, Tianjin 300072, China)

Abstract: The current status and development of fatigue life improvement technology of welding joint and struc-
ture was reviewed in this paper. The specifications for the practical use of the traditional welding improvement
methods such as weld toe grinding, TIG dressing, hammer peening and needle peening were introduced accord-
ing to the international guidelines. The recent development about the methods of ultrasonic peening and low
transformation temperature welding material were also discussed in details. It is thought that the fatigue life im-
provement technology of welding structure is still the international focus for a quite long period in future. More
researches need to be conducted in the following areas: the mechanism and influencing factors of defects forming
during hammer peening and ultrasonic peening process; the toughness increase of welding metal, the stability of
retained austenite and the effect of base metal dilution on the microstructure of weld metal for low transformation
temperature welding material; the design and evaluation of the structure treated by the improvement methods; the
stability of the fatigue life improvement under complex load. It maintains that fatigue life improvement technolo-
gy can be more widely used in high—end manufacturing industries.

Key words: welding structure ;fatigue life ;ultrasonic peening;TIG dressing; grinding
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