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Abstract: Ultrasonic impact was conducted on the weld toe region of Q420qD/20MnMoNb thick plate
dissimilar steel T-type welded joints with 18, 27 um impact amplitudes, and the microstructure, residual stress and
microhardness at the weld toe were analyzed under different impact amplitudes. and compared with those before
ultrasonic impact. The results show that after ultrasonic impact, a plastic deformation layer, a lot of dislocations
and a high compressive stress appeared on the surface layer of the weld toe, the grains were refined, and the
hardness increased. When the ultrasonic impact amplitude increased from 18 pm to 27 um, the depth of the plastic
deformation layer increased from about 120 pm to 144 pm, the subcrystalline was further refined to about 25 nm in

% the residual compressive stress on the surface

size, and the dislocation density increased to about 2,48 X 10" m
increased to about 433 MPa and its affected depth increased to about 1 410 pm; the surface hardness increased to
about 400 HV and the depth of hardening layer increased to about 900 pm.
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Table 1 Chemical composition of base metal and deposited metal of welding wire
s %
g
C Mn Si P S Cr Ni Mo Nb
Q420gD 0.070 1.53 0.20 0.014 0.003 0.17 0.15 0.010 0.031
20MnMoNb 4 0.190 1.43 0.23 0.006 0.002 0.10 0.14 0.510 0.033
AR 0.061 1.55 0.62 0.012 0.008 0.31 0.01 0.002 —
®2 BHMEBLBEHSENNFMEE 1.2 KEHE

Table 2 Mechanical properties of base metal and

deposited metal of welding wire

kL Je I3 /MPa. HUHI3R S /MPa W5 K 3R/ %
Q420qD X 483 588 22.0
20MnMoNb 4 505 639 23.0
e 532 614 26.0

FIFRL I 2 D) T RS REIIREE R — MR
Fa P b I, A RT 5 mm X5 mmX5 mm,
R R T ' RSB 4 90 RS R £ 19
VRS R AxioVert AT 2% i (g Xof i ik
Ak r AT S 2 2 HE AT W %6, SR A Miniflex
6 00 71 X S 28 AT B (XRD) X 4 75 b o i J5 KLk 1
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Fig. 1 Bevel form (a) and welding channel arrangement (b) of
welded joint
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Table 3 Welding process parameters

- e~ R RERE/ MR/
A A% (mmemin )
FTRHE 1~5 220~240 30~32 29~34
WM 6~22,26~28  240~260 32~34 40~45
EMMR 23~25,29~31  240~260 32~34 40~45
|

B2 BEpEAEIRA
Fig. 2 Ultrasonic impact treatment site

FIIGEE 2 FRTHHEA T OW S5 76 43 A7, SR AR B0, A i e
RS HLITR B 40 KV FI 30 mALFHHEZE K 2 ()
min LKA 0.02°, R Voigt B> BT
PEI XRD % AT LRI A A Ab B TS B R
JZ W i RSE AU R A . AL Williamson 5
PR B AR R R AR T o TR AR

2./3 (e?)V?

°=Ts] D
Hrb HAKKE,2.482 5 nm; () RO ZE
8

(D

FIIASC-34946 s D S W fi RSE

FIH p-X360s B 5 50 X P58 4 1V 1 40 Bt
SO S e TS T 7R AR e 4 S AR B Ak 1 5 A 1
JIHEATINAE S DN AR A Vi Y PR AT S22 R B T 1l 7
DU A SR FH F A I TR 2R 4 7 R T2 J
FIJZ  HLALF T DAY T AR A NaCl %W, LR R
15 VL BRI 10 s, 8§ 1l S FH 2 B DS i Xof 35 T
HEATHER . R HV-1000A 7 5 (50 A B 3 X 6 ik
TSN IR AS [ R T A7 00 3K, 3t 7 e ik
T RO - LT R 1T 7 1)« 38 2o F 2 S kR
JEAE PR BRI R B L 2R B S B T R
DA, Al J ol J2 2ok R 5 83 o ) D e — 3
T IR 2 7 A 1,96 N ARZRISHE] A 15 s I3 ]
A 50 pms,

2 WBEERSITIE

2.1 REHEEEMBETHERE

oI P 3l LG 3. 248 A o R 06 0 18 pm
IR, J 3K AR Ak 2R 1T MV AN, 1T SRR A S E R
o 5 U 2R o0 A e A, SRR AR R R IR E A
120 pm, BIPEARIE S22 5 R AR T X 0d P R 4, R H B
W 5 I 5 2 P el IR A O 27 pm L SR T
M AR BESE N, SR SR R 2 144 pm,
X IR TR P e o IR W 2 4 22 Sk K A A 2R

B3 ZFRERIEEEDEEEL 1 AHEEEHMAR
Fig. 3 Sectional microstructures at weld toe 1 after ultrasonic

impact with different amplitudes
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Fig. 4 Surface XRD spectra of unimpacted weld toe and of weld toe

after ultrasonic impact with different amplitudes
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Table 4 Subcrystalline size, microstrain and dislocation
density of weld toe surface layer before and after

ultrasonic impact

- SR RSF/ ONAE /(AR

nm 10*3 m*Z
A vh Sk 291.15 1.307 6.26>10"
18 o MRl 7 ol AR B 1 33.08 4.796 2.02X 10"
18 pm PRURHFE Wbl 2 40.15 4.370 1.52x 10"
27 pmn YR WREE 7S e 1 25.09 4,458 2.48X10™
27 pm PRUGES sl RBE 2 29.03 4,974 2.39X 10"
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Fig. 5 Residual stress distribution on surface of non-ultrasonic

impact weld toe
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Fig. 6 Curves of residual stress vs distance from surface of weld
toe 1 and weld toe 2 after ultrasonic impact with different

amplitudes



ML EH

MATERIALS FOR MECHANICAL ENGINEERING

ETALF RS EAEBGHAR T AR AR E R E R

ANFISE M R BE A7 7R 22 52, BV BE 1 A A0 R 1w A% 4%
JE N 1B AH S R B ik 2 T 2 A~
X IR HI IR L2 AR AR N 1 SE A 25 57
A [v) e o s oo A EL IS 0 SR PR AR T R AR — 3
24 EREE

M1 7 AT LUE B e b B AR BE AL 2R T
F14) S PRl e sy o B 5 T B 5 %) 34 A Tl 3 3%
P RAARS B B RARE R (250 HV), £33 ¥RiIEN 18 pm
127 peen FRER 7 s A B L L E 1 Ak A % D A
A3IA 315,400 HV SR = T 26 Y0 H1 60 %6, 1
KL 2 Ah ) e T 43500k 287,390 HV , B3EAAR
SR T 2200 F 6650, M iR IE A 18 pm
B, AL A AL)Z2 AR E 2R 600 pem, 1T 24 wp b PR
$EEE) 27 pm B BEALZUREE BN Z22Y 900 pm, A
DL it s PR A 1, o AR R IR B R R

450 ——18 pm, 28k
——18 um, #E#k2
400 | ——27 um, 15k

+—27 um, JERHE2

350
P
E 300
250 +
200 : : - : :
0 200 400 600 800 1000
1 2R THI PE 25/um
7 AEIRIEEE IR FEN 1 FIERE 2 A REER
BERERENT Lk

Fig. 7 Curves of microhardness vs distance from surface of weld
toe 1 and weld toe 2 after ultrasonic impact with different

amplitudes
TABOR S ANy o 8 B J3 T A A 4 S Ao
BN TAEAL AR B, 18] 42 S WA Ao 14 it i 5 2 R/ )N
EERE H 5 5RE o ZRAFELLFRR,
H=Cs (2)
X C HEL 0.3,
AU Hall-Petch 2820200 Jo R 580 2 10 AL
RGP Z )RR
6=0, +KD * (3)
X o0 APPRIFESIB O BT MR B s K o Bk
T4 ARG 4 ) H R
Ak, AT LA Bailey-Hirsch 23 222 S 3R {7
Y 2 R AR B 2 T ) G R, AT
o =0, + Bubp"” €Y)
e AR D) 5 3 R E
Hy 20 (3D AN (4D T, 98070 dfoRE RUSE R oz
G R Y RERS IR S ARG E B, AR ek Ab PR

10

AAl TR Bk XIS R B R R RSE IR I T R AR A
B IR 27 g pbele PRI B0 3R 1T AR 20 AL R T
1 s LAY B 22 o DR PR 38 B

3 4 it

(1) #7 vhidi kb B S Q4209D/20MnMoNb 5
P T UK R R S L X 3 2 BRI 2
2R IRIE R 18 pm B E 27 pm B SRR IE
JFIRFEH 2 120 pm 3K E 144 pm; 588 5 ohf A
AHEE B et S R 28 J2 A0 30 & RO B S 08D B
PUNIRES b N DA ) o =T R a6 S S R U
T IRIE R 18 pm HEANZE 27 pm J5, WA SFE—2
22 25 nm, (5 R L — PR B2 2.48 X
10" m ™%,

(2) M A PR KRR 2 T I T 8 /K
FIBRAR RN 7 o e RER AR RN gt BUAE R 18 5 24 s
PRl 18 pm BINZE 27 pm J5 . R RAEN 754
KEZ) 433 MPa, ZHEEH KZEZ) 1 410 pm,

(3) 75 phifiim g0 Ak o g L AL EE BT T
FRE R AR, LA R A R Hh BT 5 > i i
MR 18 pm HEINZE 27 pom B, 2% 10 A B R 44
400 HV, L2 R I 2= 29 900 pm,

S 30k

(1] EG L, ERYE XBRH, S5, R w5 B S KR 4 3 3k 0 95 77

ArBEE L) ], KR4, 2019,40(12) : 149-153,
BAI'Y L, WANG D P,DENG C Y, et al. Effect of ultrasonic
impact strength on fatigue life of welded joints [ ] ].
Transactions of the China Welding Institution, 2019,40(12):
149-153.

(2] ZEFRMS ATHE IREA. S5 Q345/SUS304 SR 3 5 Ay

N RVRTE (43 B L) ). A543, 2016, 37(1) : 71-75.
CAIJ P,HE J,ZHANG Y J.et al. Study on welding residual
stress and distortion of Q345/SUS304 dissimilar steel butt
weld[ ] ]. Transactions of the China Welding Institution, 2016,
37(1):71-75.

(3] ZEWTbRAE, TR KT 55, B 2R R A AL IV /B e K AT A

P BE IR HEER AR 435 L) 1. AU AR AR, 2019, 43 (1)
82-86.
LI M, LIN J, LEI 'Y P, et al. Welding residual stress
distribution of heat transfer tube inner wall of tube-to-
tubesheet joint in nuclear steam generator[ J]. Materials for
Mechanical Engineering,2019,43(1) :82-86.

[4] DONG W C,GAO D B, LU S P. Numerical investigation on
residual stresses of the safe-end/nozzle dissimilar metal welded
joint in CAP1400 nuclear power plants[ J]. Acta Metallurgica
Sinica (English Letters),2019.32(5):618-628.



ML EH

MATERIALS FOR MECHANICAL ENGINEERING

(5]

(6]

7]

[s]

(9]

[10]

[11]

[12]

ET4LF A

Pk dxd B T AR R A8 5 E YR

ROY S,FISHER ] W, YEN B T. Fatigue resistance of welded
details enhanced by ultrasonic impact treatment (UIT) [J].
International Journal of Fatigue, 2003, 25 (9/10/11): 1239-
1247.

GUJBA A,MEDRA] M. Laser peening process and its impact

on materials properties in comparison with shot peening and

[13]

[14]
ultrasonic impact peening [ J ]. Materials, 2014, 7 (12): 7925-
7974.

HATAMLEH O. A comprehensive investigation on the effects [15]
of laser and shot peening on fatigue crack growth in friction
stir welded AA 2195 joints [ J ]. International Journal of
Fatigue,2009,31(5):974-988.

THEEE ATRUbR, EAARS , 45, 7S i % AZ91D BE & it i ik
MERERE M), #Un T 12, 2015,44(20) :138-141.

YU Y X,HE B L, XIA S S, et al. Effect of ultrasonic impact
treatment on corrosion resistance of AZ91D Mg alloy[]]. Hot
Working Technology,2015,44(20) :138-141.

QIAN S H, ZHANG T M, CHEN Y H, et al. Effect of

ultrasonic impact treatment on microstructure and corrosion

[16]

[(17]

behavior of friction stir welding joints of 2219 aluminum alloy [18]
[J]. Journal of Materials Research and Technology, 2022, 18
1631-1642.
XURGEE  WR2es. B i AL TAS2 $H A4 VPPA-MIG 47
etk ny o7 PEREL) ). MR AR . 2022,36(15) : 141-145.
LIU C H,CHEN F R. Fatigue properties of the VPPA-MIG
welded joint of the 7A52 aluminum alloy strengthened by
ultrasonic impact[ ] ]. Materials Reports, 2022, 36 (15): 141-
145.
ATAMR S B, 25 0. B bty SR GE A = X 6082 FRA At
Here S o7tk Re sz LT ] o A (g R 224, 2019, 29(7)
1377-1383.
HE B L, FENG Y M, LI L. Effects of UIT and weld

[19]

[20]

[21]
reinforcement on fatigue properties of 6082 aluminum alloy
welded joint[ J]. The Chinese Journal of Nonferrous Metals,
2019,29(7):1377-1383.

DAAVARI M, SADOUGH VANINI S A. Corrosion fatigue

[22]

enhancement of welded steel pipes by ultrasonic impact

treatment[ ] |. Materials Letters,2015,139:462-466.

FECE. B b A B XT TAS2 ARG A AR S R S5 M RE Y
M D]. R AR - 5t Tl R 2, 2015.

TANG D F. Effect of ultrasonic shock treatment on fatigue
properties of 7A52 aluminum alloy welded joint[ D]. Hohhot:
Inner Mongolia University of Tehchnology,2015.

VIVES S, GAFFET E, MEUNIER C. X-ray diffraction line
profile analysis of iron ball milled powders[]]. Materials
Science and Engineering: A,2004,366(2) :229-238.
LANGFORD ] 1. A rapid method for analysing the breadths
of diffraction and spectral lines using the Voigt function[J].
Journal of Applied Crystallography,1978,11(1):10-14.
WILLIAMSON G K, SMALLMAN R E. IIL Dislocation
densities in some annealed and cold-worked metals from
measurements on the X-ray Debye-Scherrer spectrum [ ] ].
Philosophical Magazine,1956,1(1) :34-46.

LIU H B, GAN J, JIANG C H, et al. Work softening
mechanism and microstructure evolution of nanostructured
Mg-8Gd-3Y alloy during severe shot peening[J]. Surface and
Coatings Technology, 2022, 441:128601.

WOHLFAHRT H. The influence of peening conditions on
the resulting distribution of residual stress[ CJ//Proceedings
of the Proceedings of the Second International Conference on
Shot Peening, F. Chicago: [s.n. ], 1984.

TABOR D. A simple theory of static and dynamic hardness
[J]. Proceedings of the Royal Society of London Series A
Mathematical and Physical Sciences, 1948, 192 (1029): 247-
274.

STARINK M J,CHENG X Y, YANG S F. Hardening of pure
metals by high-pressure torsion: A physically based model
employing volume-averaged defect evolutions [ ] ]. Acta
Materialia, 2013,61(1) :183-192.

HANSEN N. Hall-Petch relation and boundary strengthening
[J. Scripta Materialia, 2004 ,51(8) :801-806.

NAKASHIMA K, FUJIMURA Y, MATSUBAYASHI H, et
al. Yielding behavior and change in dislocation substructure in
an ultralow carbon martensitic steel[ ] |. Tetsu-to-Hagane,

2007,93(6) :459-465.

MEANENNEANOSNENNEA MO MO NENNEANEANENNEA RO MO NEN MO MO NENNEA MO NENNEN MO MO NEN NN MO NEON NN NENANENNEN MO MO NEN NN MO MO NEN MO MO NON NN NON MO NG,

(EEE 5T

[12]

[13]

[14]

TUGCU K, SHA G, LIAO X Z. et al. Enhanced grain
refinement of an Al-Mg-Si alloy by high-pressure torsion
processing at 100 °C [J]. Materials Science and Engineering:
A,2012,552:415-418.

MOHAMED I F,LEE S,EDALATI K, et al. Aging behavior
of Al6061 alloy processed by high-pressure torsion and

[15]

aging [ ] ]. Metallurgical and Materials
Transactions A,2015,46(6) :2664-2673.

HU ] M,ZHANG W G,FU D F, et al. Improvement of the

subsequent

mechanical properties of Al-Mg-Si alloys with nano-scale
precipitates after repetitive continuous extrusion forming and
T8 tempering [ J |. Journal of Materials Research and
Technology,2019,8(6) :5950-5960.

S8 IMAE R HRIZS. BRINES RS Al-Mg-Si & 4 ik 1 4L Rk
REAYRZIA LT . LB TR A1}, 2006.30(4) : 60-63.

JIN M.SUN B L.SHAO G ]. Effect of addition Zr on aging
microstructure and property of Al-Mg-Si alloy[ ] ]. Materials
for Mechanical Engineering,2006,30(4) :60-63.

11



