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Effects of Ultrasonic Impact Technology on Surface
Quality of 16MnR Cross Joint
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ABSTRACT: The work aims to improve surface quality of welded joints. Ultrasonic impact treatment (UIT) was applied to weld
toes of 16 MnR cross joint, and comparison test and comparative analysis were applied to surface quality of weld toes as-welded and
treated under different UIT parameters. After UIT, transition radius at weld toes of welded joint increased, and transition from base
metal to weld became smooth. Surface microstructure of weld toes was significantly refined, and refined depth and refining de-
gree varied with UIT parameters. Tensile stress state of the weld toe as-welded transformed compressive stress state, surface micro-
hardness increased greatly after UIT. The compressive stress was the maximum (269.8 MPa) and surface microhardness was also the
maximum (340.5HV) under the effect of 1.5 A/20 min UIT. Meanwhile, surface roughness tended to increase after UIT, and improper
UIT would lead to different kinds of defects on the surface of welded joint, thus affecting overall surface quality of welded joint. Surface
quality of joint depends on not only impact time and impact current, but also location among impact points during single-channel im-

pact and impact channels during multi-channel reciprocating impact as well as tightness of connection. Not all surface quality indicators
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are positively related to or linearly dependent on ultrasonic impact parameters.

KEY WORDS: UIT technology; cross joint; surface quality; surface microstructure; residual stress; microhardness
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Tab.1 Chemical composition of 16MnR

Element C Mn Si P S Cr Ni Ti

Content/ o 16 140 0.35 0.023 0.017 0.06 0.07 0.018
wt%
*x2 16MnR #HRI =B FERE
Tab.2 Mechanical properties of 16MnR
EMPa  o/MPa oy/MPa /% v W% HB
2.1x10° 360 580 27 028 58 172
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Tab.3 Welding parameters of 16MnR

Welding
joint type

Welding- Electrode Electrode

Groove type current/A type diameter/mm

Cross Double uni-

joint lateral "V" 220~280 1507 >

50 7 50 50
< > ér\' F—»\ < >
A
A
2 =
A
Y
B 190 N
A
2 1=¢
A
Lg

I B e e o 2 NS AN

Fig.1 Shape and dimension of 16MnR cross joints
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Tab.4 Divided test groups
Sample Impact Impact Impact
number current/A  amplitude/uym  time/min
1”7, 2" 1.2 16 10
3. 47 1.2 16 20
5°. 6" 1.2 16 30
7", 8" 1.5 20 10
9%, 10" 1.5 20 20
1, 12 1.5 20 30
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Fig.2 Surface morphology of weld toes:(a) untreated; (b) UIT

P 3 A i i AR AR S B
Fig.3 Shape parameter measurement for treated and
un-treated weld toes: (a) untreated; (b) UIT
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Tab.5 Geometric shape parameters of welded joints

State p/mm a/(°)
As-welded 0.83 36.0
Treated 4.40 30.0
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Fig.4 Surface roughness and macroscopic morphology of treated and un-treated surfaces
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Fig.5 Cross-sectional SEM morphology of samples after different UITs
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Fig.6 A bright-field TEM image and a corresponding SAED pattern of surface layer on 16MnR cross joint weld
toe after UIT: (a) base metal microstructure, (b)10 min/1.2 A, (c¢) 20 min/1.2 A, (d) 30 min/1.2 A



- 300 - * wm #H R

2018 4 8 H

x6 BEREMPELERF 16MnR +FH#k
IRELREH AR SE

Tab.6 Surface residual stress of weld toe of
16MnR crossjoint after UIT

Sample I?,ii‘;t Residual stress/MPa

number Point 1 Point2 Point3 Average
2" 10min/l1.2A -148.7 -173.5 162.0 -161.4
4% 20min/1.2A -199.8 -201.1 180.2 —193.7
6  30min/l.2A -169.0 -187.2 197.9 -184.7
8  10min/1.5A -1835 -167.8 1803 —177.2
10 20min/1.5A -237.7 -2732 298.5 —269.8
12" 30min/1.5A -188.0 -197.1 1783 —187.8
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Tab.7 Microhardness of weld toe of 16MnR crossjoint provided with different UIT parameters

Microhardness ( HV )

Sample number Impact time/min  Current/A
Point 1 Point 2 Point 3 Point 4 Point 5 Average
2" 10 1.2 290.5 300.6 286.3 303.4 298.4 296.5
4* 20 1.2 337.7 339.8 337.9 340.8 338.5 338.7
6" 30 1.2 324.5 336.4 310.6 315.7 329.8 323.1
8" 10 1.5 304.6 310.9 302.3 300.7 312.5 305.9
10" 20 1.5 340.6 342.5 356.2 346.3 339.5 340.5
12% 30 1.5 336.8 334.4 325.4 3394 337.4 336.2
Base metal 182.5 184.5 180.6 182.9 183.6 182.82
Untreated 178.3 191.9 189.4 180.7 185.2 185.1
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Fig.7 Microhardness from weld toe surface to core
of 16MnR cross joint after different UITs
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